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with planning, co-ordination and leadership at the national level,
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reprocessing", including the necessity for critical reviews,
evaluations and consolidation of information in particular
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made for improving these activities, including the provision of
grants from funding agencies to ensure the utilization of work they
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June 1969

Dr. Leland J. Haworth
Director
National Science Foundation
1800 0 Street, N.W.
Washington, D.C. 20550

Dear Dr. Haworth:

The Committee on Scientific and Technical Communication
(satcom) was established in February of 1966 by the National Academy
of Sciences and the National Academy of Engineering to investigate the
present status and future requirements of the scientific and engineering
communities with respect to the flow and transfer of information. The
Committee was established in response to the National Science Founda-
tion's request of October 20, 1965.

Fulfilling the assigned tasks of broadly surveying the complex interre-
lationship of federal and privately operated information activities and
of °onside:lag the most effective intellectual, economic, and technologi-
cal means of increitsing the efficiency of Information transfer and use
has required the full three years allotted the Committee.

Because of the extreme diversity and complexity of U.S. scientific-
and-technical-inform:Mon systems and services, this committee's recom-
mendations ire many and far-reaching. They reflect the. Committee's
firm convinoe that generators and users of scientific and technical
infoluation must assume increasing responsibility for the more effective
transfer of such Information --a responsibility which entails: (a) fos-
tering the availability of the products of the 6,1sic access services and
their reprocessing and consolidation to serve specialized areas of need;
and (b) strengthening our present decentralized system of operation
through more-effective coordinating mechanisms, thereby ensuring con-
tinued flexibility and increased responsiveness to user requirements as
well as preserving the independence of the private for-profit and not-for-
profit organizations.

A major recommendation Is the establishment of a Joint Commission
on Scientific an1 Technical Cbmmunication, responsible to the Councils
of the two Academies. The Commission would provide guidance useful
to public and private organizations in the development of more - effective
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scientific-and-technical-information programs. It also would lead private
organizations in the coordination of their interests and programs and
would foster their interaction with appropriate federal agencies involved
in the evolution of plans and policies affecting scientific and technical
communication.

We agree with this central recommendation and with the basic phi-
losophy and approach to communication problems outlined in this
report, which we submit in fulfillment of our contract.

Sincerely yours,

FREDERICK SEITZ ERIC A. WALKER
President President
National Academy of Sciences National Academy of Engineering
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ICHAPTER

The Committee on
Scientific and Technical Communication

A. BACKGROUND AND INCEPTION

How to communicate and use scientific and technical information ef-
fectively has been a problem of serious and growing concern to both
government and private organizations for at least the past two decades.
The steadily expanding volume of scientific and technical information,
the emergence of new disciplines and of new links between existing
ones, and the increasing number and diversity of user groups and user
needs are three obvious and urgent aspects of the information problem.

Scientific and technical information and the insight it provides are
indeed hard won; this information constitutes the principal result of an
annual research-and-development expenditure in the United States
alone that is mounting above $27 billion, with little indication of
leveling off. New science and technology rest firmly on the base or
information generated in the past; thus the effectiveness of future work
in universities, government laboratories, and industry depends on the
efficiency of present information transfer. Information costs are usually
no more than a few percent, at most, of the cost of doing scientific and
technical work. The improvement in the efficiency of such work that
would result from increasing the effectiveness of information-handling
procedures would offseteasily and severalfoldinformation costs
substantially greater than the present level of expenditures for this
purpose.

Unfortunately, the proliferation of useful research together with a
burgeoning increase in the numbers of trained people involved in science
rind technology has overcome the capacity of the classical information
services to respond effectively. To avert a crisis of major proportions,
the only present alternative is a strong effort to accelerate the utilization
of modern computer-aided techniques for handling information. Since

1
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2 SCIENTIFIC AND TECHNICAL COMMUNICATION

success in this effort must rely on a proper blend of intellectual effort and
complex machine processing, shortcuts are not available. The volumi-
nous nature of this report speaks well for the complexities of this
problem.

The reappraisal of our country's scientific and technological effort
that occurred in the late 1950's stimulated increased attention to
problems of scientific and technical communication. Special committees
and subcommittees of the U.S. Senate and House of Representatives
conducted a number of major studies of such problems, among which
outstanding examples were those of the Senate Committee on Govern-
ment Operations and of the House Committees on Science and Astro-
nautics, Education and Labor, and Government Research (see Chapter
8, Section B). In addition, the executive branch appointed a series of
special panels and task groups to conduct short -term analyses and
assessments of scientific-and-technical-information problems and to
recommend possible solutions. Examples of these efforts are the reports
of the Baker Panel," the Crawford Task Group," the Weinberg
Panel,'" and the Licklider Panel.'" (See Chapter 8, Section B, for a
summary of the main objectives and findings of each of these reports.)

Three major results of these various congressional and White House
studies were the creation of an Office of Science Information Service
in the National Science Foundation (Ns1), acceptance of a presidential
reorganization plan to establish the Office of Science and Technology
(osT) in the Executive Office of the President, and the organization of
the Committee on Scientific and Technical Information (cosATI) of the
Federal Council for Science and Technology, which endeavored to
develop standard practices and procedures among the information-
handling activities of federal agencies and to foster greater coordination
among them. At the same time, major scientific and technical societies
and libraries begat to take steps to enhance the effectiveness of their
communication programs, many such efforts being stimulated and
funded by the NSF. In short, during these years federal and private
organizations came to recognize that "strong science and technology
is a national necessity and adequate communication is a prerequisite
for strong science and technology.""

Unified and continuing surveillance and coordination of federal in-
formation activities were made possible through COSATI, but there was
still no comparable perspective or coordinating mechanism for the
ever-increasing number of information-related activities of non-
federal groups. Though previous studies, notably that of the Weinberg
Panel,'" had recommended certain broad policies to the scientific and
engineering community, specific implementation was left to the unco-
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ordinated judgment of many diverse individuals and organizations.
Therefore, both the OST and the NSF came to recognize the need for a
nonfederal body to facilitate coordinated planning by the many diverse
private organizations, as COSATI does for the federal agencies. A careful
assessment of the over-all scientific-and-technical-communication com-
plex and of the interrelationships between government programs and
those of the for-profit and not-for-profit organizations was essential to
effective planning. And there was need for a mechanism that would
facilitate effective interaction between the government and private or-
ganizations in regard to scientific-and-technical-information problems.
As a first step toward the fulfillment of these functions, a study was
needed by a group broadly representative of the many kinds of private
information activities, a study that could survey these activities in much
more detail than any of the previous panels and make more sharply
directed recommendations, some of which would be aimed at ways of
ensuring continuing coordination and at the proper division of responsi-
bility between the federal and private organizations. Therefore, the
NSF, with OST concurrence, requested the National Academy of Sciences
(NAs), in cooperation with the National Academy of Engineering (NAE),
to appoint a committee for this purpose.

As a result, the Committee on Scientific and Technical Communica-
tion (smcom) came into being in February 1966, with support for
three years provided by the NSF. Its membership was chosen to represent
various segments of the nonfederal community (major scientific and tech-
nical disciplines, libraries, commercial publishers, industry, and universi-
ties), subject to the exigencies of personal commitments, The member-
ship also included a wide range of interests and types of expertise in
scientific-and-technical-inromation activities to assure insight, awareness
of the implications of new technologies, and sensitivity to the information
problems and needs of the everyday working scientist, engineer, and
practitioner.

The Committee's charter (Figure 1), with minor modifications, corre-
sponded to its original assignment from the NSF.

To define the scope of its activities more precisely, SATCOM distin-
guished between literature that presents the results of research, de-
velopment, analysis, or experimentation and documents that describe
work in progress or planned. The Committee agreed to make the publi-
cation, dissemination, and utilization of information on completed work
the main subject of its study, to devote less attention to work in progress,
and to exclude from its consideration the problems of handling informa-
tion on planned programs of future activity.

From the beginning, and consistent with its charter, SATCOM regarded
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COMMITTEE ON

SCIENTIFIC AND TECHNICAL COMMUNICATION

Revised Charter

The Committee will be expected to examine in broad perspective and
to make recommendations on the present status and future require-
ments of the members of the scientific and engineering community
with respect to the structuring, flow, and transfer of scientific and
technical information and insight.

Sirce information activities of the federal government combine with
those conducted in the private sector (by groups and organizations
of all kindsin the United States, and to a lesser degree, abroad)
to serve all the individual scientists and engineers in the United States
and their organizations, and since the demands upon this combined
effort are rapidly Increasing, the Committee will give special attention
to:

I. Information activities, policies, and relationships, interrelating
the groups and organizations of the private sector (both at
borne and, as relevant, abroad),

2. Interactions and interrelationships between the federal gov-
ernment and the private sector in connection with scientific
and technical information, especially federal executive or legis-
lative actions or operations that affect substantial portions of
the private sector,

with a view to making recommendations to the organizations and
individuals of the private sector, as well as to the federal government.

The Committee will also consider, particularly (but not exclusively)
in the light of the overall problem:

I. Methods for promoting more effective relationships between
information systems and scientists and engineers, the principal
producers and users of scientific and technical information

2. Techniques and systems for facilitating the effectiveness of
information transfer

3. Needs for new means of providing greater selectivity and
consolidation in information transfer

FIGURE 1 Charter of the Committee on Scientific and Technical Communica-
tion.
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the scope of its survey as encompassing the entire series of organized
activities involved in the transmission of information from early informal
communication through formal publication, announcement in secondary
media, and, finally, review and consolidation to adapt it to the working
context of a potential user. Therefore, our survey focused chiefly on the
efforts of people and functions of organizations rather than only on
documents a,:d documentation tools.

SATCOM'S activities during its three years of existence have been of
several sorts, as detailed in Appendix A. To gain perspective, we
surveyed in depth each of a large number of private and governmental
information-handling activities, often by visiting the headquarters of an
activity. To assist in the resolution of some currently acute issues as well
as to develop perspectives on possible coordination procedures in certain
special fields, we organized four ad hoc Task Groups (see Appendix A).
Finally, to sound out the opinions of the scientific, technical, and infor-
mation-handling communities, and to secure their broad participation in
the formulation and resolution of policy questions, we selected and
maintained contact with a group of about 200 key individuals from
diverse institutions and disciplines (see Appendixes A and B), called
SATCOM'S Consulting Correspondents.

B. ORGANIZATION OF THE SATCOM REPORT

Following this introductory chapter is one that briefly presents SATCOM'S
basic philosophy and the subject areas treated in its recommendations.
The third and core chapter of the report introduces each recommenda-
tion in its entirety, with accompanying discussion to indicate the thinking
that led to its formulation as well as its action implications. Subsequent
chapters provide additional detailed informatin on topics and problems
treated in the recommendations. Chapter 4 deals with primary communi-
cations and includes material on generators and users as well as on
such major tapes of primary communications as meetings, preprints,
technical reports, serials, and translations. Chapter 5 describes basic
access services and emphasizes especially the functions of libraries
and of basic abstracting and indexing services. Consolidation and re-
processingservices that replace the incoherent mass of primary infor-
mation with a concise, coherent, and evaluated account, and when
appropriate tailor it to specific user groups to facilitate its application
are discussed in Chapter 6. Chapter 7 describes the implications and
applications of new technologies in relation to the processing and trans-
mission of scientific and technical information and briefly discusses
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some of the related problems of copyright. National concern with the
over-all planning and coordination of scientific-and-technical-informa-
tion activities and some of the major studies and recommendations of
legislative and executive bodies are summarized in Chapter 8. Chapter
9 turns to the international arena and three types of cooperative arrange-
ments to facilitate the exchange of scientific and technical information
across national boundaries. Finally, in Chapter 10, we describe more
fully the role and functions of the proposed NAS-NAE Joint Commission
on Scientific and Technical Communication.

For the hasty reader, Chapters 1 and 2 are suggested as essential,
together with the list of recommendations in Appendix C. For greater
detail, Chapter 3 gives the recommendations in complete form, with
accompanying discussion, and Chapters 4 through 10 offer back-up
material in depth.
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2CHAPTER

A Summary of SATCOM'S Thinking
and Recommendations on
Scientific and Technical Communication

A. BASIC PRINCIPLES

A primary concern throughout our survey was to relate the complex
network of scientific-and-technical-communication activities to the en-
vironment that has shaped it, supports its current operation, and will
influence the course of its future development. A variety of factors
affect and, in turn, are affected by patterns of scientific and technical
communication. These include:

1. The education, objectives, And work habits of those who guide
or participate in the conduct of science and technology

2. The missions, resources, and intellectual authority of the organiza-
tions and institutions that establish policies, set standards of perfor-
mance, and determine the allocation of resources

3. The emergence of new technological and procedural tools

The philosophy that we have developed during our three years
of existence accords with and builds on that expressed in the earlier
reports of the Baker Panel" and the Weinberg Panel 1i9 Our philosophy
also has been strongly influenced by the txtraordinary diversity of
the things we have learned about information services and systems
and about the needs and aspirations of those whom they serve. This
diversity, of which we hope the reader will get at least a taste in
Chapters 4 through 9, can be bewildering, yet at the same time filled
with opportunities, and it is the latter aspect that has impressed us meat.

Our recommendations reflect our effort to stimulate recognition of
some of the major opportunities and acceptance of responsibility for ac-
tion. For example, we have tried to challenge the scientific and technical

7
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societies to appreciate the crucial role they must play and have pointed
to some specific areas in which they can take steps to fulfill this role. We
have emphasized to sponsors of research and development that such work
is of value only when the results are accessible and capable of being
adapted to the contexts in which they can be applied. In other words,
the sponsors' responsibility for such work includes whatever steps are
appropriate (patent, publication, or announcement, for example) and
necessary to assure its availability.

We have pointed to the feasibility and necessity of serving special
user groups (each numbering a thonsand or so) who have common
information needs that often cut across several disciplines or encompass
only oae particular subdivision of a broad discipline. Effective service
to such groups is a first approach to the future goal of individual service
geared to each user's specific requirements.

We have called particular attention, as have several committees and
panels before us (for example, the Weinberg Panel".), to the ever-grow-
ing need to silt, evaluate, compile, and consolidate the rapidly expanding
store of scientific and technical information.

And possibly most crucial, we have suggested mechanisms and
policies that we believe will be the most effective means of coordinating
and focusing scientific-and-technical-communication efforts during this
transitional period of burgeoning activity and rapid change.

Fundamental to the SATCOM philosophy it our recognition that a
basic element of strength in our country's ov:r-all scientific-and-technical-
communication effort is the participation of the members of the scientific
and technical community In its development and admimistratiou. As a
result of their broad participation, our extraordinarily diverse commu-
nication programs and services have maintained a flexible responsive-
ness to changing and newly emerging needs as well as fulfilling a variety
of other functions not entirely relevant to communication but re-
flecting firmly established traditions and work habits of scientists,
engineers, and practitioners or of the organizations with which they
are associated. Because so many kinds of information must be com-
municated, and because there are Increasingly wide variations among
groups of users in regard to the types of information that they need
and the forms and language in which they need it (see Chapter 4,
Sections A and B), this flexibility and responsiveness must remain
intrinsic to our scientific- and - technical - communication network.

In out concern for maximizing the strengda implicit in our diversity
(diverse components, fulfilling an ever-expanding range of functions,
and associated with various managing, producing, using, and marketing
groups) and for providing continuing responsiveness and progress in
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meeting new and increasing demands, we have developed a few broad
guidint principles that have colored nearly all out recon-mendaticns
and supplied criteria for our decisions on difficult and controversial issues.

The first of these guiding principles is: The management of all
scientific-and-technical-communication activities must be as responsive
as possible to the needs, desires, and innovative ideas of the scientific
and technical groups that they serve. These activities must be suffi-
ciently flexible to adapt rapidly to changes in user needs and communi-
cation techniques. In this context, we especially emphasize the need
for an equitable balance of influence among the managers of informa-
tion programs, the generators and users of information, and those who
market information products. Therefore, there should be ample oppor-
tunities for interaction among these groups, both within particular
programs and between ehflerent programs.

Though we have emphasized diversity in speaking of today's scientific-
and-technical-Information needs and concerns, the most obvious problem
is that of sheer size. The great bulk of material to be handled poses
administrative, economic, and Intellectual problems, which have been
further aggravated by the rapid expansion of our country's research-
and-development effort, the accelerated pare of science and technology,
and the ever-growing diversity of needs. While there are obvious advan-
tages to centralizing authority over large areas of information and
communication activities, overcentralization can negate the respon-
siveness that we regard as so vital to the continued effectiveness of
scientific and technical communication. Consequently, as a second
guiding principle, we believe that: The administrative entities respon-
sible for scientific-and-technical-information programs must be so or-
ganized and coordinated that they represent a logical and efficient divi-
sion of functions, but authority over them must be sufficiently widely
distributed to achieve the responsiveness we deem essential.

Third, we feel that it would be fatal to ignore the purely intellectual
problems posed by the mass of knowledge that is inexorably accumu-
lating; therefore: The planning of our information activities must involve
constant attention to the simplificcion and consolidation of existing
knowledge and its frequent reprocessing to adapt It to the needs of
diverse users, especially those engaged primarily In the practical applica-
tion of scientific and technical information.

A brief discussion of three vitally haportant problem areas will fur-
ther illustrate the SATCOM philosophy. The fi.14 such problem area
is that of defining the relative roles of the federal government and private
organizationsboth those not for profit and Most for profitIn the
communication of scientific and technical information. Private and
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government organizations have, or should have, the common objective
of providing information services that are increasingly responsive to
the needs of users of scientific and technical information. However, there
are basic differences in the motivation and capabilities inherently iden-
tided with not-for-profit, for-profit, and government organizations, and
each of these types of organi..ations has characteristics or attributes that
are uniquely its own. The roles of these various kinds of organizations
should be mutually reinforcing, with each being assisted in or given
the opportunity to fulfill those communication functions to wif4.11 it
is best suited.

The not-for-profit private organizations have a vital part to play
in the communication of scientific and technical information. Such or-
ganizations include the vast array of scientific and technical societies that
came into existence principally to serve the information needs of the dis-
ciplines that they represent. Because their members typically are among
the principal generators and users of scientific and technical information,
the societies are uniquely able to collect, assemble, and ass'rre the quality
of the information that they distribute through their basic primary- and
secondary-publications programs. And they have a widely recognized
and generally accepted responsibility for assuring the continuity and
progress of their particular domains of science or technclogy.

The unique at'ribute of the private for-prof s organizations in the ful.
fillment of their equally vital role in the communication of scientific and
technical information is that their survival and growth depend directly on
their ability to recognize, understand, and adequately serve users' needs.
This ability has important applications in the service of both scientific
and technical societies and the federal government and should be fully
utilized. Such organizations traditionally have been particularly effectife
in providing information for the iractitioner and in developing special-
ized, highly user-oriented services, some of which are designed especially
to serve the research community.

Every government agency must support the sdentiflc-and-technical-
information activities that are required in the accomplishment of is
mission. In addition, the federal government inevitably must provide
substantia support, through certain of its agencies, to scientific-and-
tectinkal-information efforts in the public intemst. Clearly such support
cannot be extended without the exercise of responsible management and
control. Minimizing the danger of conflict between such control and a
ready response to the needs and views of the scientific and technkal
communities is a difficult task. We believe that such difficulties can be
minimized if the support of a discipline's scientific-and-technical-infor-
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mation services does not become more narrowly concentrated than is
support of that discipline's over-all research-and-development effort.

The economics of information services constitutes a second major
and pervasive problem area. At the present time, different mechanisms
provide fcr the revenues and determine the market prices of primary
publications and secondary awareness and access services, though both
types of services are directly related to our government's massive com-
mitment to science and technology. In the case of primary publications,
the practice of allowing the payment of page charges for publication of
work generated under research-and-development contruts has provided
a logical distribution of responsibility between generators and users
and has afforded financial stability to journals in spite of fluctuations in
amount of input and number of subscribers (see Chapter 4, Section 13).
But at no time has this practice been universally accepted (bee the
recent study of the Biological Sciences. Communication Project of The
George Washirgton University tl Scientific lotunal Page Charge Free-
rice"), and, as budgets tighten, opposition is increasing. The collection
of adequate data on costs and experimentation with new publishing
procedures and with other, possibly more feasible, means of supporting
publication are sorely needed. And the situation Is even more complex
iu regard to secondary services that provide for bibliographic control,
document availability, and abstracting and indexing. Such services have
derived federal support under lcgislatiuely authorized programs, through
direct subsidy, and from indirect charges under government contracts.
Therefore, they are geared to widely differing demands and market
conditions. Asa result, any comparison of efficiency is difficult, and
obstacles to seemingly practical cooperative arrangements are numerous.

Tbe costs of scientific sad technical communication undoubtedly will
increase, both absolutely and as a fraction of the over-all cost of re-
search ani development, and our recommendations recognize the strong
dependence of the scope, nature, and time scale of further develop-
ments in scientific and technical communication on economic factors.
The economic efficiency of all services, and the %lability of unsubsidized
ones, would be greatly enhanced by a rational division of functtLis
among different types of organizations, by their recognition and ac-
ceptance of such coordination, and by the provis:un of se -quate channels
for communication and cmperation among them. In addition, operators
of scientific-and-technical-information programs should incorporate into
their services on a continuous and systematic basis appropriate feedback
mechanisms and methods of performance evaluation and should con-
tinually explore the possibilities of establishing a closer relationship
between costs and the effectiveness of services. Unless d-h-te are palpable
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indications to the contrary, market rates that establish themselves for
services should be used as empirical guides to user needs (though
sluggish use' responses to new services must be taken into considera-
tion). In many instances, sufficient assured support (from government
or private sources) should be provided to permit necessary modifications
or Innovations to be applied vomptly.

A third vitally important area is the impact of new techniques or
scientific-and-technical-zuminunication programs and practices. New
information-handling tezhnology offers the key to further promising
advances, but it al.io raises difficult problems. We expect oe:Ainued
changes, probably maj(ir ones, in the near future its many aspects of
scientific and technical communication as a result of such new develop-
ments 8: tezhniques of inexpensive and rapid photoduplication (full-
scale and microform). In the more Ottani future, the on-line use of
modern electronic computer systems in combination with more effec-
tive communkation facilities holds great promise. These techniques offer
opportunities to make information services more responsive than ever
before to the needs of diverse groups of users. To realize this objective,
the management of such Information programs and services should
foster imaginative innovations and provide ample opportunities for tric
exploration and testing of new procedures. Because of the complexity
of the problems to be solved and the need for experimental approiches
to many of hem, it is d:fficult to predict the forms Ott new informa-
tion services will assume o: the times at which they will come into being.
in many lnstancss, the development of new services should be gradual,
often involving some parallelism with existing ones; the latter should not
be allowed to cease operation before the abilhy cal new ones to replace
them has been tested adequately.

R. ORGANIZATION OF AND SUBJECT AREAS TREATED
IN SATCOM RECOMMENDATIONS

In the following chapter, "The Recommendations Discussed," our 35
,..commendations are presented in full, with accompanying discussion
to indicate the rationale int and implkatians of cash. The purpose of
this section is to sketch briefly the organization and general subject
matter of the recommendations. (A guide to the IATCOM recommenda-
tions appears in Appendix C and summarizes the specific content of
each recommendation for the reader who swig to locate particular
ones rapidly.)
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since a chief objective cf SAIGON( is to build upon and strengthen the
present pluralistic and de:cntralized scientific-and-uximical-commu-
aication complex by foste:ing ,,reater cooperation and coordination
among its diverse components, o.'r first 11 recommendations in the
initial section of Chapter 3 deal with "Planning, Coordination, and
Leadership at the National Level.' P-remost among these recom-
mendations is one that calls for the c -cation of a broadly representative
and high-prestige nongovernmental body to stimulate greater coordina-
tion among private interests both rot-for-profit and for-profit--and to
serve as a charnel for their interaction widi governmental policy-making
bodies (Recommendation Al). The proposcd body would operate
within the structure of the National Academies where (a) maximum
knowledge and evertise would be available to it; (b) there would be
blood representation of the organizations, groups. and individuals whose
efforts depend on and influence scientific and technical communication;
(c) the desired type of interaction with the federal government would
be facilitated; and (d) a tradition of diversified and intensive involve -
ment in scientific-and-technical-communication activities exists. The pro-
posed organization would be a continuing one with a lull-time profes-
s!onal staff.

Pour subsequent recommendations emphasize n philosophy of eusred
responsibility between the federal government and private for-profit
and not-for-profit organizations for the effective commuoication of
scientific and technical information. Thew recommendations (A2A5)
define the relative roles of each of the. e types of organizations and in-
dicate specific areas of responsibility.

Looking beyond national boundaries, which signify little in scientific
and technical communication, we next addres1 a series of reoommenda-
tions (A6A9) to the principal types of International communication
activitia. (a) direct arrangements Setween soJeties or government-
agency programs for shari..4 the work and products of information ser-
vices; (b) cooperative international research projects, such as the Inter-
national Geophysical Year and the International Biological Program;
and (c) efforts of international organizations to stimulate or develop
coop2rative arrtngements among nations that will facilitate lie flow of
seentifIc and technical information.

Li the final two of the initial group of recommendaticm, we deal with
two complex problem areas, copyright legislation atld the evolution
of standards affecting scientific and technical communication. Since, in
both instances, we feel that no rapid and easy solutions can be achieved,
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we suggest careful study and continuing attention to the development
of appropriate and feasible arrangements (Recommendations A10 and
All).

In a second group of 16 recommendations entitled "Consolidation and
ReprocessingServices for the User," we icok at the ever more diversi-
Led and specialized demands for scientific and technical information
and the ways in which such demands can and must be met. First, review
and consolidation always have been among th3 best means of facilitating
the effective use of information and, with the accelerating growth of
the existing body of information and data, must assume an even more
prominent role. Therefore, four recommendations (131B4) urge i.e.,
ognition and acceptance of responsibilities for the consolidation of the
information generated in research and development, measures to increase
the allocation of resourcesboth economic and intellectualto this
funcdon, and steps to enhance access to such consolidations.

Recommendations 135 through B9 deal with the provision of spe-
cialized services that will facihrute the practical application of informa-
tion, especially in engineering, ag,ricultlre, and medicine. Hand-tailored
services for groups of at least a thousand who share common informa-
tion needs can and must be provided. Such groups must be identified
and their needs clearly defined so that they can be served more effectively.
In this area, the private for-profit organizations have been especially
active, and their expaience and capabilities should be utilized to the
fullest. Such specialized services typically involve the reprocessing o:
the products of basic abstracting and indexing services; therefore, funding
policies that VII foster the ready availability of such information prod-
ucts for reprocessing are urgently required. We regard the stimulation
and expansion of reprocessing activities as the most important thrust
in making scientific and technical Information effective for those who
use it, and suggestions that will further this enact appear in Recom-
mendations B 10 through B12.

Even as access to reviews presents a problem, so too does access to
the bask abstracting and indexing services appropriate to the particular
needs of diverse user groups; Recommendation h13 is addressed to this
problem. The largely unrealized potential of the information-analysis
centers fin's) in the provision of specialized services is the subject
of Recommendation 1314, and two final recommendations treat manage-
ment problems which, though encountered in all forms and levels of
scientific and technical communication, are especially prominent in
providing highly user-oriented services. The development of adequate
and continuing feedback mechanisms to assure the relevance of services
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and increased recognition of the need for Fubtantial inaiketing and
educational efforts to overcome the so-called "in a rut" and "line of
least resistance" behavior patterns of users faced with new :lad im
proved services are the concerns of the two concluding recommendations
in this section (B15 and B16).

The third group of 16 recommendations deals with "The Classical Ser-
vices" of basic abstracting and indexing, library functions, formal and
semiformal publications, and meetings. In line with the principles advo-
cated in the initial section with regard to the government and private -
sector roles in the communication of scientific and technical information,
we explicitly advocate management of discipline-wide bath abstrarting
and indexing services by appropriate scientific and technical societies
and the management of other broad bibliographic services (e.g., title
listings and citation indexes) by commercial organizations, national
libraries, or societies, with support of these activities, when necessary,
by the government agencies to whose operations they are relevant (Rec-
ommendation Cl). Three subsequent recommendations (C2-C4) sug-
gest measures that will enhance the effectiveness of basic abstracting and
indexing services.

The crucial role of libraries as nodes in a vast switching network is
an area of particular concern and is the fetus of the recent report of
the National Advisory Commission on Libraries (see Chapter 3, Sec-
tion C, and Reference 121). We believe that pouring more and more
money indiscriminately Into libraries will not solve their complex prob-
lems. Recommendation CS advocates a funding policy aimed at intro-
ducing: (a) a more realistic reflection of library costs into the conduct
of scientific and technological work; (b) a I:loser relationship between
costs and services; and (c) more options of extra service for an extra
price. A subsequent recommendation (C6) focuses on educationboth
education of users in rehtion to the existing array of library services
and training programs that place greater emphasis on the operational
analysis of library services. Such measures would help libraries to per-
form more aid ntly and effectively.

Seven recommendations (C7-C13) are directed to the organizations
and institutions that exercise stewardship and control over primary
scientific and technkal publications. The increasing volume and diversity
of primary communications raise special problems, particularly in the
area of pricing and funding. Difficulties underlying much of the existing
controversy about the appropriate placement of financial responsibility
for the publication of new findings result from (a) the dependence of
ttie way of funding scientific and technical communication on tbe ways
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our nation funds education and research; and (b) the economics of
supply and demand relating to scientific and technical communication,
which depart so far from the classical pattern that allowing the fate of
publications to rest entirely on the test of the marketplace frequently is
not feasible. Systematic study and analysis of the economics of formal
publications are required for the development of flexible and feasible
funding and pricing policies (Recommendation C7). Further, in this
transitional stage when new and more-effective funding mechanisms have
yet to emerge, it is essential that sponsors of research and development
continue to recognize their responsibilities for the dissemination of
results by observing the established page-charge policy. This policy
offers a logical division of responsibility between producer and consumer
and has lielp:d to stabilize the economic position of journals in the face
of fluctuations in input and subscriptions (Recommendation C8). Suc-
ceeding recommendations in this group (aLc,13) suggest measures to
stimulate experimentation with new media and techniques of formal
publication (for example, with systems for the selective dissemination of
information) and efforts to enhance the effectiveness of formal metda.

Two recommendations pertaining to semiformal communication cen-
tee on (a) ensuring, insofar as is practicable, adequate bibliographic
control, so that such material can be Identified and located; (b) affording
general accessibility through storage In depositories; and (c) limiting
distribution to the extent necessary to protect formal, refereed publica-
tions. Measures to facilitate the use of technical reports with substantive
content also are suggested (Recommendations C14 and C15).

In the last recommendation of this group, we recognize the effective-
ness of meetings In providing current information and facilitating
productive informal interaction and urge a more innovative and forward-
looking approach to the planning and conduct of meetings by sponsor-
ing groups (Recommendation C16).

The fourth section deals with the major role of "Personal Informal Corn-
munkation" In the conduct of research and the application of scientific
and technical knowledge and describes some of the (retort that foster
widespread dependence on this type of information exchange. Pending
the conduct of studies that will clarify and provide more-comprehensive
data on the ways in which informal channels operate, we offer in this
area only two recommendations (DI and 1)2), which are directed
toward facilitating the occurrence of informal interaction in certain
contexts.

Throughout the preceding groups of recommendations, the need for addi-
tional data and for experiments with new approaches and technologies
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appears and reappears. In a final section on "Studies, Research, and
ExNriments," ten recommendations intricate the types of studies and
experiments most urgentli, needed and guidelines for their conduct.
High priority is accorded the initiation of comprehensive analyses of
and xperimt.nts on the functioning of different parts of the network o:
scientific and technical communication as well as its over-all opera-
tion (Recommendation 131), Efforts to develop measures of the value
of information services and means of overcoming user apathy or resist-
ance In the fact of new options and services should receive major
emphasis in such studies (Recommendation E2). Additionally, com-
parisons of various means of storage and transmission, and careful
consideration of their implications for information - handing practices,
deserve special attention (Recommendation E3).

The application of advanced technologies to the scientific-and-tech-
nicai. .ommunication process presents multifaceted and challenging prob-
lems. Recommendations E4 through E9 suggest significant and much-
needed types of experiments involving (a) machine-aided indexing,
(b) evolutionary indexing of small, widely used, single-interest-area
files, (c) development and evaluation of languages for describing the
formats of files and of other types of digital communication systems,
and (d) development of standard structures for each widely used
bibliographic documentary information element. The participation of
highly competent scientists, engineers, and practitioners in such experi-
ments is of vital importance; consequently, the responsibility of the
scientific and technical societies for encouraging this participation re-
ceives special emphasis (Recommendation 137).

Large-scale experiments that invvive large populations and the use
of advanced technologies are necessary for the fulfillment of increasingly
diverse needs; such experiments constitute exploratory development as
well as research. As a result, they require special provisions for planning
and fundingprovisions that assure continuity by assigning responsi-
bility for the development of a unified program of critical experiments
to a silgle group and by adequately supporting this group (accommen-
dation 1310).

C. IMPLICATIONS FOR WE FUTURE

Implicit in SATCOM'S philosophy, and the recommendations that follow
from it, is recognition of the need for continuing change in the ways of
doing the work of science and technology. By calling upon scientists,
engineers, and practitioners to take a gi eater personal role in the develop-
ment and use of their communication systems; by summoning adminis-
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trators of information systems, be they university officials, scientific and
technical society officers, corporation presidents, or government offi-
cials, to recognize the pervasive role of economics in scientific and
technical communication and to adapt or modify their policies and prac-
tices accordingly; and by presenting to policy planners new options in
organization and methodology, we are, in effect, seeking appropriate
changes in their values and behavior, and, ultimately, in the methodolo-
gies of science and technology.

Corollary to this effort is the role of education. If such changes as we
are recommending are necessary to strengthen science ani technology
and we believe they arcthen efforts must be made et all levels to
effect such changes. We have refrainedwisely, we be'eve, given the
complicated nature of our own topicfrom making recommendations
on the !uture course of scientific and technological education. We hope,
however, that those of our colleagues who are actively engaged in edu-
cating the next generation of szientists, engineers, and practitioners will
find in this report stimuli for new approaches and ideas.
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The Recommendations Discussed

In the 55 recommendations presented In this chapter, we propose policies
and courses of action that we consider essential for the effective com-
munication of scientific and technical information. A brief discussion
accompanies each recommendation to relate it to the framework of basic
concepts developed in our survey and to indicate specific implications or
applications. Subsequent chapters (4-10) offer detailed background
and supporting material (acquired principally during 1966, 1967, and
early 1968).

Our recommendations recognize and reflect the extraordinary diversity
of our country's Information requirements and of the scientific and
technical organizations that contribute to the development and main'e-
nance of information-exchange media and services. They deal with the
management, performance, and economics of the principal functions
demanded of this complex network of interacting efforts and advocate
the adoption of certain principles and courses of action without, how-
ever, subjecting the activities of any particular organization to individual
criticism. We hope that the leadership of the major institutions engaged
in developing and operating information programs and in marketing
their output will review these recommendations In their entirety. The
priority assigned by them to specific recommendations will vary, depend-
ing on the status of current efforts toward implementation and on the
intellectual and material resources that can be mobilized.

The recommendations deal with problems in five general areas. The
first of these areas, which we have titled "Planning, Coordination, and
Leadership at the National Level," has to do with those policies and
mechanisms for fostering effective communication that can be considered
national in scope, whether they pertain to the federal government, to
private organizations, or to both. 11 such policies and mechanisms are

19
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to evolve effectively, there must be provision for a continuing broad and
farsighted assessment of the activities of the government and of the for-
profit and not-for-profit private organizations. Also necessary are mecha-
nisms through which the various agencies and organizations involved in
scientific and technical communication can be given guidelines and incen-
tives for greater cooperation and can be stimulated to perceive and accept
their responsibilities. A second major problem is that of stimulating the al-
location of increased effort and support to the functions of reviewing, con-
solidating, and producing compilations of accruing information and
data. Policies and programs to further this objective and to encourage
the development and proliferation of access services meeting the re-
quirements of specific groups whose members have common professional
interests comprise the second grouping, "Consolidation and Reproces-
singServices for the User." The so-called "Classical Services"
including the information-exchange mechanisms of meetings; formal and
informal primary publications; the selection, acquisition, bibliographic
control, reference, storage, document-delivery, and other service func-
tions of libraries; and abstracting and indexing servicesare the sub-
jects of the third set of recommendations. In view of the continuing rapid
growth of scientific and technical information, these recommendations
advocate steps for improving its documentation and effective diffusion as
it becomes part of the body of recorded contemporary knowledge. A
clearer understanding of the functions of "Personal Informal Communi-
cation," so vital to the transmission and application of scientific and
technical information, and of its relationship to more-formal media, is
necessary to guide the development of measures that will foster its
occurrence and enhance its effectiveness. In the absence of sufficient in-
formation on the operation of informal interpersonal channels, we con-
fine our treatment of this topic to a brief discussion and to two recom-
mended policies to facilitate such interaction. In a final group of
recommendations, we recognize the pressing need for "Studies, Research,
and Experiments," especially critical experiments involving large popula-
tions and large stores of information. Since the future development of
scientific and technical communication will depend to an increasing
extent on such experiments of operational scale, provision for their
planning, conduct, and support must be assured.

A. PLANNING, COORDINATION, AND LEADERSHIP AT THE
NATIONAL LEVEL

Today in the United States, scientific and technical communication ex-
hibits the characteristic heterogeneity of a system that evolved by fits
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and starts through adaptations to locally perceived needs and oppor-
tunities. No master plan prepared by experts guided its evolution, nor
are our information services staffed by an organized body of such experts.
Instead, decisions have been made, and are still being made, at numerous
points and with a considerable degree of autonomy, often by leaders of
seentific and technical societies who function as volunteers in the man-
ag.ment of information programs.

Though the performance of this heterogeneous aggregate of activities
has been criticized on many counts, there is no evidence of critically in-
efficient operation or catastrophic failure. Nevertheless, with the neces-
sary and continued expansion of information services, scientific and
technical communication presents increasingly diverse problems, and
our ability to maintain high-quality services under such unstructured
coordination and leadership is frequently questioned. As long as it con-
tinues to function reasonably well, the present dispersed system of
decision-making is a source of great strength. Moreover, deeply
rooted principles and traditions of this country's scientific and technical
community argue against placing scientific and technical communication
under centralized management. Therefore, rather than urging imme-
diate and radical change at the present time, we see the implementation
of recommendations directed toward more effective coordination, plan-
ning, and decentralized management as the best means of coping with
the growing and increasingly varied demands for scientific and technical
information.

As a prime objective, we urge that the initiative of individuals,
institutions, and organizations continue to be accorded substantial scope
in the development and operation of those scientific-and-technical-com-
munication services that they consider to be in their best interest.
Such information activities should be designed and operated as indi-
vidual 4nd somewhat independent parts of a comprehensive network,
and, as a matter of policy or principle, no attempt should be made to
centralize them either physically or managerially, The conversion at
this time to a national monolithic system, comprehensively planned,
developed, and operated, for recording, structuring, and distributing
scientific and technical information would be exceedingly costly and
would not ensure improved performance.*

Economics and the increasing overlap of various disciplines even-

* Such a comprehensive system has been established in the Soviet Union for many
years. Subject to both the advantages and disadvantages of operation in a social
and economic system that is much more conducive to central planning than is
that of the United States, it appears in sum to have an operational effectiveness
and sophistication of methodology well behind our best disciplinary and
mission-oriented systems.
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tually must force greater cooperation, with a consequent decrease in
duplication of intellectual effort. It is vitally important that continued
efforts toward effective coordination and voluntary cooperation be
vigorously fostered. SATCOM was strongly impressed by the e ridence
that currently existing mechanisms have not been sufficient to elicit the
required degree of cooperation among private not-for-profit and for-
profit organizations. Nor have the private organizations as a whole been
able to work closely enough, and to their mutual benefit, with federal
information services and systems. There is need for a body through
which private organizations can coordinate their interests and cooperate
with a similarly representative government group in formulating, and
fostering acceptance of, necessary new or modified national policy.

ZCOMMENDATION Al

We recommend the establishment of a Joint Commission on Scien-
tific and Technical Communication, responsible to the Councils of
the National Academy of Sciences and the National Academy of
Engineering. This Commission should be conversant with activities in
scientific and technical information and should provide guidance useful
to public and private organizations in the development of more-effective
scientific and technical communication. The Commission should be
a group with as broad a representation as feasible of the major scientific
and technical communities and the principal kinds of organizations
engaged in related information-handling activities. It should be sup-
ported by a professional secretariat. The Commission should be
responsible for leading the private sector in the coordination of its
interests and programs and in the development of broad and farsighted
plans. It should also be responsible for working with appropriate
government groups in formulating needed national policies and pro-
grams and for gaining broad acceptance of them.

Several considerations prompted the selection of the National Acad-
emy of Sciences (NAs) and the National Academy of Engineering
(NAB) as the optimum location for the recommended Commission.
First, a major goal of this body will be to effect a closer coupling of the
development of the scientific-and-technical-communication network to
the pattern and requirements inherent in the development of science
and technology; therefore, the Commission should be placed where it
has ready access to the greatest competence and knowledge in regard
to science and technology. Second, no existing institution comes as
close as do the two Academies and the National Research Council to
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embracing the representative organizations, groups, and individuals
whose efforts depend on or influence the pattern of scientific and tech-
nical communication. Such broad representation is essential if the Com-
mission is to foster increased awareness of and participation in the
development of policies affecting scientific and technical communication
and to stimulate efforts toward implementation. Third, the type of
interaction with the federal government envisioned for the proposed
Commission is completely in accord with that which has characterized
the Academies from their inception and was, in fact, the principal rea-
son for their creation, as reflected in their charters. Finally, the very
substantial and diversified involvement of the two Academies and the
National Research Council in scientific-and-technical-communication
activities is well recognized and of long standing (see Chapter 10, Sec-
tion D, for illustrative examples). Moreover, the charter of the National
Research Council specifically directs this body to assume certain re-
sponsibilities in scientific and technical communication (see Chapter 10,
Section C). Thus, it seems clear that the structure of the Academies
makes them the most effective location for the type of coordinating
Commission proposed, a Commission whose mission entails:

1. Serving the scientific and technical community as a foremost agency
in fostering coordination and in consolidating its interests in the handling
of scientific and technical information

2. Serving the government by providing representatively compre-
hensive and authoritative information and advice on the activities,
needs, and ideas of the scientific and technical community in this field

Among the possible alternatives considered by SATCOM was that of
establishing a new federal agency or entrusting an existing one with
the responsibility to supervise and regulate the national aggregate of
scientific-and-technical-communication activities. We rejected this pos-
sibility because we did not believe that at the present time such a course
would produce gains sufficient to offset the decrease in effectiveness
likely to result if the participation of the scientific acrd technical com-
munity is the management of communication programs and services
were reduced, a view that was held also by the earlier Baker Panel
(see Chapter 8, Section B, and Reference 14). A second alternative
was that of creating an entirely new and independent nongovernmental
organization to take an active role in coordinating scientific-and-techni-
cal-communication activities; however, it appeared to us that no newly
created body outside the government could offer or soon achieve the
prestige, authority, and broad representation so vital to the performance
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of its intended function. We subscribe instead to a third alternative:
to locate the proposed coordinating body within the structure of an
existing organizationthe one most nearly fulfilling the required condi-
tions for its successful operation and with whose traditions and objectives
it would be in complete accord.

In addition, we believe that the recommended Commission, working
in cooperation with an active Committee on Scientific and Technical
Information (cosATI), which advises and assists the Federal Council
for Science and Technology (FcsT) in coordinating the government's
programs, would reflect the spirit, if not all administrative details, of
a recent recommendation made by the Science Ministers of the Or-
ganization for Economic Cooperation and Development (oEcD). This
group urged each member country to establish a single high-level focus
for all national activities in scientific and technical communication.

In recommending such a Commission, SATCOM emphatically is not
providing for its own continuation under a new name. We have inter-
preted our task as surveying the complex and evolving patterns of com-
munication and, on the basis of our findings, suggesting constructive
approaches to the future planning of information-transfer activities and
productive forms of interaction among the responsible groups involved.
Though we have discussed the directions in which certain trends are
leading us, and have expressed specific preferences for alternatives in
policy and action, we cannot forecast the probable broad outcomes even
within the next five years. The rate of change in information activities
is so rapid, and the interplay of private organizations among themselves
and with the federal government so complex, that even the broadest
issues require continuing attention. The major tasks of the proposed
Commission must go far beyond those undertaken by SATCOM. Meta-
phorically, one could say that we reconnoitered a complex landscape;
the Commission must supply the leadership necessary to get bridges
built, expenditures assigned, and a viable economy established.

There should be no protracted hiatus between the discharge of SATCOM
and the establishment of the Commission. To assure some degree of
continuity, several of our recommended policies and principles can
serve as selected points of departure for on-going and future Commission
activities (see Chapter 10, Section A). Further, the Commission should
maintain and enlarge the relationships established by SATCOM with
the scientific, technical, and information-handling communities through
its group of some 200 Consulting Correspondents.
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THE ROLES AND RESPONSIBILITIES OF FEDERAL AND PRIVATE
ORGANIZATIONS IN THE PLANNING AND COORDINATION
OF SCIENTIFIC AND TECHNICAL COMMUNICATION

With regard to the present role of the federal government in the
planning and coordination of scientific and technical communication
at the national level, an understanding formalized in 1964 between
the President's Special Assistant for Science and Technology and the
Director of the National Science Foundation (Nat?) resulted in a clear
apportionment of responsibility for two major domains (see Reference
43). The Office of Science and Technology (osT) was to "provide
leadership in effecting cooperation and coordination among Federal
agencies with respect to their scientific and technical information ac-
tivities." Such leadership would be exercised through the Federal Council
for Science and Technology, with the assistance and advice of its
Committee on Scientific and Technical Information. The responsibility
for "providing leadership in effecting cooperation and coordination
among non-Federal scientific and technical information services and
organizations toward the end of developing adequate systems for the
collection, organization, and dissemination of information" was assigned
to the NSF. In the fulfillment of its assignment, the NSF supported the
development of more-effective information-handling systems in major
scientific and technical disciplines and provided for the widespread
dissemination of information on federal and nonfederal information
programs and Activities. However, a federal agency could not fulfill,
among nonfederal organizations, a role comparable to that of COSATI
in relation to federal agencies. The need for a broaoly representative
nonfederal body to interact with private organizations and provide in-
formation on their communication requirements and capabilities was
recognized and led to the creation of SATCOM in the NaConal Academies
at the request, and with the support, of the NSF. (See also Chapter 8,
Sections B and C.)

It is vital that the role of the government and private organizations
be mutually reinforcing. Therefore, it is important that, as a basic
philosophy of management of this country's information programs, the
involvement of private organizations be encouraged by the government
to the maximum extent possible. Such encouragement should include
government financial support as warranted. As we emphasize later in
this section and in subsequent portions of this chapter (e.g., Sections
B and C), there are certain situations in which we feel that the not-for-
profit organizations should be the preferred instruments for fulfilling a
particular objective. In other instances, the for-profit organizations
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should be preferred. In any event, financial support policies should be
permissive and should not automatically preclude support for any
group.

In recent years, a number of studies and discussions have dealt with
proposed arrangements for the comprehensive planning and coordina-
tion of the complex network of scientific-and-technical-communication
activities. Foremost among these studies are the ones catalyzed by the
COSATI Task Group on National Systems, three of which deal with
national document-handling systems,." abstracting and indexing ser-
vices,1" and scientific and technical data-handling services."° In these
and other major planning efforts, the importance of establishing suitable
forms of cooperation between the operations of private organizations and
the federal government was recognized, but little consensus developed
with regard to the hierarchical level and scope of responsibility assigned
to private institutions. One approach entailed complete operational and
policy control by a new independent government agency; another con-
cept was that of a government-chartered private corporation, with a
board of directors drawn from both the government and private organi-
zations. This private corporation's operating activities would be sup-
plemented by a governmental commission to establish and define policy.
(See Reference 37 or Reference 46 for a detailed review of various pro-
posed plans.) A more recent suggestion"? involves the creation of a
quasi-governmental body, an NAS-NAE office, directed by a board com-
posed initially of COSATI and SATCOM members and funded through
congressional appropriation. Possibly, the plan which has stimulated
widest discussion is that of a governmental "capping" agency which
would delegate responsibility for information handling in various subject
areas to appropriate government agencies; the latter, in turn, could in-
teract and cooperate with private organizations in the development and
operation of needed information programs and services (see Reference
37).

At one time, the Task Group on National Systems advocated the trial
operation of the latter plan in four disciplinesagriculture, chemistry,
medicine, and nuclear science, This trial was to include a National Sys-
tems Planning Staff of modest sire at th3 White House twel to coordinate,
monitor, and appraise the experiment. "Am mission - oriented information
needs of the designated responsible agents were expected to give each
a major stake in at least a part of its assigned area. Information pro-
grams would operate as extensions of agency programs and would
include provision of services, research and development, and education
for use.

The policies of the NSF rei-esent yet another approach to the sharing
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of responsibility for the management of scientific and technical com-
munication. Through incentives of support for not-for-profit bodies,
the NSF attempts to stimulate major disciplines to improve and strengthen
their scientific-and-technical-communication programs and thereby ful-
fill more effectively the information needs of these disciplines as well
as those of closely allied mission-oriented endeavors. Further, the NSF
facilitates the coordination of information activities through wide-sale
dissemination of information about national and international informa-
tion programs and projects of private and governmental organizations.*

Since we believe that our pluralistic network of inforniation activities
has many advantages and strengths, we subscribe to a philosophy of
shared responsibility between the government and not-for-profit and
for-profit private organizations in the management of scientific and tech-
nical communication as outlined in the following recommendation.

RECOMMENDATION A2

Effectiveness and economy demand a basic philosophy of shared re-
sponsibility between private organizationsthose for profit and those
not for profitand the federal government in the management of sci-
entific and technical information. In this sharing, the major scientific and
technical communities and organizations involved in major information-
handling activities should exercise leadership in improvement and
management, recognizing the place of their activities as part of a na-
tional aggregate of endeavor in which the government also plays a major
role. Equally, all government agencies should rely on organizations of
the relevant scientific, technical, and information-handling communi-
ties for a major share in the management of the information services
required by agency missions and activities.

Implementing this recommendation and establishing the proposed Joint
Commission on Scientific and Technical Communication (Recommen-
dation Al) would provide the mechanisms necessary to guide the evolu-
tion of scientific-and-technical-communication programs in balanced
and flexible responsiveness to the requirements of both governmental
and private institutions. But these mechanisms must be supplemented
by a framework of supporting policies and principles.

Foremost among the required policies is one that clarifies and defines
the relative roles of the government and the private organizations.

* Unfortunately, the NSF'S very useful Scientific Information Notes was discon-
tinued in the recent economy movean untimely step backward in a crisis
period for the information field.
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The federal government has many reasons for starting, expanding, P.nd
supporting information programs, some of which are narrowly mission-
oriented and others so broad that they cover whole fields of science.
Few can be fully effective if conducted in a routine way; insight and
guidance from persons skilled in relevant fields of science and technology
and in the communication of information are nearly always necessary to
ensure the usefulness of these programs.

In the management of information programs, scientific and technical
societies, or jointly established institutions of such societies, can fulfill
three conditions essential to effective operation. The first is continuity;
erratic shifts of emphasis with the drift of fashion and major excursions
in annual budget are controlled in the interest of the long-term unfolding
of science. Second, many highly competent people, because of their
lively and devoted interest in the information services so essential to the
advancement of their respective disciplines, are willing to assume re-
sponsibility for the professional quality of such services and to work
on a voluntary or part-time basis. This point was emphasized in a 1958
report issued by a special panel of the President's Science Advisory
Committee," and more recently a cosAn task group report" also
referred to the ability of the scientific and technical societies to marshal
the best efforts of their members to their publication programs. Third,
when scientific and technical societies provide necessary information
services, operating as they inevitably must with government assistance,
their performance can be carefully monitored and assessed by the con-
tracting agency in the best interest of the public. Substantive expes on
the staff of a funding agency act as public advocates, ensuring that qual-
ity and responsiveness are intrinsic to the supported programs. When
the government provides such services itself, its substantive experts fre-
quently must function in an operating role, which may detract from or
obstruct their power of deliberate review in the interest of the public.

In regard to for-profit bodies, their responsiveness to user needs and
their sensitivity to the marketplace enables them in certain instances to
accomplish most effectively the objectives of the government.

RECOMMENDATION A3

We recommend that, as a guiding principle, all government-sponsored
scientific -and- technical - information programs directed in major part to
workers outside government service, or to workers in government whose
activities are similar to those outside, should be managed, in whole or
in part, by the appropriate societies or institutions jointly created by
such societies or by commercial organizations.
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In support of this principle, we recommend, in addition, that federal
agencies engaged in setting up and operating mission-uriented infor-
mation programs be guided by a government-wide policy, to be developed
by the Federal Comricil for Science and Technology, which directs
the use of and, if necessary, appropriate steps to upgrade or stimulate
the initiation of the privately operated basic information services which
could serve as component elements in such programs.

Three obvious exceptions to this guiding principle are the national
libraries (the Library of Congress, the National Library of Medicine,
and the National Agricultural Library). In addition, when an appro-
priate society or private body does not exist, a federal agency must
provide for the fulfillment of its information needs in other ways.
In such cases, private for-profit organizations often can supply valuable
assistance. Frequently, too, the federal agency can stimulate the organi-
zation of a society that not only will take an active part in developing
services to meet mission-oriented agency needs but also will serve the
emerging or evolving discipline more effectively. The establishment of
the American Institute of Aeronautics and Astronautics (a merger of
the American Rocket Society and the Institute of the Aerospace Sci-
ences), which was fostered by the National Aeronautics and Space Ad-
ministration (NASA), exemplifies such an effort.

The fields of aerospace and geology provide illustrative instances
of shared responsibility between private organizations and the federal
government in the management of major scientific-and-technical-infor-
mation programs. In the former, NASA provides access to relevant world-
wide technical report literature through Scientific and Technical Aero-
space Reports (STAR), which is managed by a commercial enterprise
under contract to NASA. Complementing STAR'S coverage is International
Aerospace Abstracts, operated by the American Institute of Aeronautics
and Astronautics, also under contract to NASA, which covers the world's
journal literature, books, and meeting papers in this field. In the case
of geology and the earth sciences, the United States Geological Survey
(uses) has afforded access to the technical report and journal literature
of North America, with the American Geological Institute (Act) as-
suming responsibility for coverage of relevant literature from other
parts of the world. Currently, the Act has accepted responsibility for
the preparation of an index (Bibliography and Index of Geology) that
consolidates all entries assembled by the uses and the AGI and that is
issued by the Geological Society of America in cooperation with the
AGI.
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RECOMMENDATION A4

In consonance with the above recommendation, we call on the Fed-
eral Council for Science and Technology to extend its 1961 policy
statement (NsF Press Release, NSF 61-147, October 25, 1961; Scientific
Information Notes, Vol. 3, No. 5, p. 1, 1961),* revising it to embrace
as integral to the sponsorship of research and development not only the
publication but also the processing of the information so generated for
access, consolidation, and use in education, training, and application.

As the size of the accumulating body of scientific and technical in-
formation and the variety of means and purposes for its communication
ini:rease, publication no longer completes the job of making the results
available to the community for whose use they were acquired. The con-
solidation of information through critical review and evaluation, its
condensation for use in announcement, awareness, and access services,
and its preparation for storage in computer-managed structures providing
for search, retrieval, and selective disseminationall these are as es-
sential to effective diffusion as is initial publication. (See also Recom-
mendations B2, B3, CI, C2, and pertinent discussion, Sections B and C
of this chapter.)

The operations of a lumber of federal agencies present specialized
information-handling problems, the magnitude of which requires the
creation of highly structured and centrally managed mission-oriented
programs. Some of these agencies, such as the Atomic Energy Commis-
sion, the National Aeronautics and Space Administration, and the
Public Health Service, have statutorily assigned information functions
relating to their missions. Others, for example, the Department of De-
fense or certain agencies of the Department of Commerce, require broad
and diverse information programs in support of the numerous teams
and organizations with which they work. Because of their scope and the
resources they command, they exert a dominant influence on the evolving
patterns of scientific and technical communication. Progressively better
coordination of their activities is a vital task in the performance of which
COSATI deserves all possible support from governmental as well as private
sources.

The FCST policy allows budgeting and payment of page charges under federal
research grants and contracts in accordance with four criteria: (a) work reported
is government supported; (b) charges are levied impartially on all papers pub-
lished by a journal; (c) payment is not a conditiLn of acceptance; and (d) jour-
nals operate on a not-for-profit basis.
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Of particular significance in this context are the slowly knitting, mas-
sive programs that have emerged in recent years to deal with such major
social concerns as natural resources, education, transportation, pollution,
and urban problems. For each of these, the role that science and tech-
nology ultimately will play still is evolving, and so, too, are the nature,
scope, and structure of the information programs that will be required.

RECOMMENDATION A5

We urge that the sponsors of major programs of research, analysis, and,
in particular, field experimentation in such contexts as resources manage-
ment, environmental control, transportation systems development, and
urban renewal consider it one of their central tasks to develop the
information systems that their scope and impact require. Information-
management acIvities should receive focused attention at a high level,
assuring continuity and authority In their administration. Full use should
be made of the institutions and pertinent resources in both the govern-
ment and private organizations under the policies and procedures we have
advocated.

The application of the policies and practices that we recommend for the
effective operation of scientific and technical communication is especially
important in this new range of national endeavors. The extent to which
we shall ultimately succeed in marshaling the full potential of science and
technology for such purposes as control of environment, husbandry of
natural resources, or plannel modification of the urban community
pattern is difficult to foretell, but one thing is certain: This objective
will not be achieved without data bases and information systems that are
substantially more extensive than those that previously have supported
our major scientific and engineering ventures. Information of economic,
demographic, and sociological character, which in research contexts
would be considered the exclusive domain of the social sciences, must
now be available and used in complete integration with engineering, en-
vironmental, and geographic information.

INTERNATIONAL COOPERATION

The need for international cooperation in establishing and operating
scientific-and-technical-information services already is great and will
continue to grow. Knowledge has little to do with national boundaries,
and as the rapid expansion of knowledge demands more extensive and
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diversified information services, the waste entailed when each nation
provides a complete set of services for itself becomes more and more
inexcusable. We in the United States should recognize that our contribu-
tion to the world's primary literature has always been only a fraction of
the total, and that this fraction is decreasing as more of the world's coun-
tries achieve high productivity. The need for cooperative efforts of inter-
national scope is apparent; the only question is how best to effect such
cooperation.

The four recommendations that follow result from our survey of the
many and diverse endeavors to achieve international cooperation now
in progress and of the difficulties they so often encounter. Such en-
deavors, a number of which are described in Chapter 9, comprise three
broad categories:

I. Direct cooperative arrangements between information-handling pro-
grams of societies or groups in the same discipline or of equivalent
mission orientation (An example of discipline-oriented cooperation is
that of the Institute of Electrical and Electronics Engineers with the
London-based Institution of Electrical Engineers in the production of
Electrical and Electronics Abstracts. An example of mission-oriented
cooperative activities is the development of the International Nuclear In-
formation System in which the Atomic Energy Commission is an active
participant.)

2. Cooperative stewardship of the information resulting from large
international research programs, such as the International Geophysical
Year

3. Internationally sponsored programs integrating the erorts of many
countries in the solution of information-handling problems and the de-
velopment of more-extensive information networks (An example is
the Committee on Data for Science and Technology, sponsored by the
International Council of Scientific Unions.)

Leadership in and support of our so-called national programs Increas-
ingly involve concomitant responsibility for Ge development of more-
effective international scientific-and -technkal-commtutication systems.
Our recommendations emphasize this responsibility in relation to the
three types of endeavors described above.

It ECOMMENDATION A6

The ;vile) snaking groups of our scientific and technical societies must
encourage bte managers of their maior Information services to develop
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ways in which access and transfer activities can operate on a more
truly international basis through sharing the work as well as the products
across national boundaries.

Of particular importance in the development of direct cooperative ar-
rangements of international scope is the introduction of such considera-
tions during the early stages of planning new advanced information
programs and services. In every instance, maximal receptiveness to inter-
national partnership should be emphasized and suitable mechanisms
of cooperation developed. Further, there is great need for the significant
involvement of planners and managers of information programs in the
special problems of access faced by the developing countries. Such
involvement can best be achieved through direct professional contacts.

The federal government has provided guidance and strong encourage-
ment to international arrangements effected by its various agencies
through a 1968 policy statement of the Federal Council for Science and
Technology," which is discussed in detail in Chapter 9. The following
recommendation results from our recognition of a comparable, though
somewhat different, need for guidance and assistance from the federal
government with regard to the international aspects of nonfederal pro-
grams.

RECOMMENDATION A7

To minimize the delays and frustrations that so often beset professional
groups striving for international agreements, the appropriate agencies
of the federal government should explicitly acknowledge their responsi-
bility to encourage and, if necessary, officially assist such groups in their
efforts to set up cnd implement International agreements for sharing the
work and products of scientific-and-technical-information services. in
turn, professional organizations in the private sector should inform
appropriate government agencies of their international activities in scien-
tific and technical communication, Inc tiding the planning of international
meetings.

The federal agencies whose assistance will most often be required are
the Office of International Scientific and Technological Affairs of the
Department of State, the Office of Science and Technology, and the
Office of Science Informa Jon Service of the National Science Founda-
tion. Such assistance may take a variety of forms: e.g., issuance of United
States visas for visiting representatives of Fastern European information
activities, encouragement of measures to facilitate the export of technical
information, or provision of travel funds lot American delegations.
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Past international research programs sometimes have not made ade-
quate provision for the storage and dissemination of the information
they have generated, or have done so only belatedly (see Chapter 9,
Section B). There should be an early effort to anticipate and identify
the requirements for special information programs, to determine their
scope and cost, to appraise the impact of the program output on exist-
ing informatir . activities, and to determine whether the latter are
adequate for iew demands, need modification, or should be sup-
plemented by ad hoc activities. (Examples of new information activi-
ties generated by an international research program appear in the
discussion of the International Geophysical Year in Chapter 9.)

RECOMMENDATION A8

We recommend that, whenever any large international research program
Is undertaken, the central management of the program provide, from the
earliest stages of planning, a special effort addressed to the handling of
the information and data pertaining to and generated by the projected
research.

Programs of particular relevance to less-developed countries will require
special efforts to develop ways of making newly generated information
available to them in forms that will facilitate its most effective use.

Our final recommendation of this group on international communica-
tion deals with U.S. participation in information activities sponsored by
international organizations.

RECOMMENDATION A9

When federal agencies participate in internationally managed informa-
tion activities that touch areas of significant interest to nongovernmental
organizations or strikes, the federal government should ensure that the
U.S. delegations include knowledgeable representative,, of the major
groups affected.

Such action is important (a) to ensure proper regard for the legitimate
concerns of nongovernmental groups and (b) to provide for maximum
effectiveness, breadth of outlook, and technical expertise within
groups representing our country.

SPECIAL PROBLEM AREAS OF NATIONAL CONCERN

The Implications of copyright law and practice present a number of
issues and problems at the national level for the development of infonna-
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tion systems. The statutory basis of contemporary copyright practice
dates from 1909, and the law has undergon; no major revisions since
that time. Rapid advances in information-handling technology during
recent years have brought into increasingly sharp focus the often con-
flicting needs to provide for the free flow of information by every pos-
sible means, to assure authors recognition and, when applicable, ma-
terial returns for their effort, to protect the integrity and identity of
original intellectual work, and to protect the equity of those who venture
resources to assure the availability of information. Major problem areas
relevant to scientific and technical communication are of three general
types (see Chapter 7, Section C, for further details):

1. Questions of copyright coverage for certain types of works, such as
critical or informative abstracts, computer programs, and documents
resulting from federally funded research or educational programs

2. Questions related to exemptions of the use of copyrighted works
for certain limited purposes; e.g., the definition and interpretation of
the doctrine of fair use

3. Questions of the appropriate conditions and mechanisms for
compensating copyright holders in connection with on-demand docu-
ment services, computer transmission and display of information, and
new machine methods of establishing and maintaining library collections

Before the development of new statutory language for use in arbitrating
these various issues, SATCOM believes that thorough studies should be
conducted to obtain data on and evaluate experiences in the operation of
affects .1 information services. Legislation " has been introduced that
would establish a National Commission on New Technological Uses of
Copyrighted Works (this Commission is not related to the Joint Com-
mission on Scientific and Technical Communication described and
discussed in Recommendation Al) to st'idy and compile data on the
reproduction and use of copyrighted %vas in automatic systems and by
various forms of machine reproduction.

RECOMMENDATION Al 0

SATCOM endorses the statte.,ry establishment of a national commis-
sion to study and repots on the impact of the new information-transfer
technologies on copyright principles. At the present intermediate stage in
the development of information-handling technology, only a flexible and
evaluative approach can provide an adequate basis for future legislation
that will best satisfy the needs for broad and rapid accessibility of to /or-
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motion, maintenance of incentives, and protection of investments in
copyrighted resources.

The Commission proposed in Senate Bill S.2216 would be chaired by the
Librarian of Congress and composed of members who represent the
Congress, authors and publishers, information users, and the general
public. Following its studies and analyses of the data collected, this Com-
mission would recommend legislative language and interpretive pro-
cedures to be incorporated into copyright law and practice. Our endorse-
ment is of the general concept of a commission to study copyright
problems; it does not cover this or any other relevant proposal in every
detail.

A second major problem area pertains to standardization and con-
vertibility. Margins of increased performance and reduced costs, afford-
ing greater opportunities for information service systems to adapt to
changing conditions, can be achieved through mechanisms that foster
broader utilization among information services of one another's tools
and products. Efforts toward standardization typically relate to this
problem area, yet outright standardization often may be inappropriate
or not feasible. A broader range of alternatives is needed to minimize
inadvertent incompatibilities and to avoid excessive duplication in the
effort of fitting the same information into different service structures.
New forms of conventions and agreements, in addition to the adoption
of suitable standards, can help to reduce the seemingly arbitrary
multiplicity of procedures and products of the many organizations, sub-
systems, and components contributing to the structuring, transfer, and
use of scientific and technical information. The need for better standards
and their wider use is particularly important it operators of information
services are to take full advantage of modern computer-processing
methods.

The principal substantive problems of standardization that affect sci-
entific and technical communication are of concern to so many other
fields that we cannot expect to exert a dominant influence, but, in efforts
addressed to their resolution, it is important that the needs of scientific
and technical communication receive adequate consideration. Beyond
ensuring this consideration, SATCOM and the proposed Commission (see
Recommendation Al) should devote their best efforts to fostering de-
velopments that will enhance the compatibility and coherence of infor-
mation transfer and processing in this field, such as encouraging the
establishment of working groups that bring together leading activities,
especially in the large-scale computer handling of scientific and technical
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information, for joint consideration of questions concerning compati-
bility of equiprrent, programs, and data formats.

RECOMMENDATION Al 1

Responsible to the Joint Commission proposed in Recommendation Al,
there should be a working group charged with keeping abreast of de-
velopments in standards that pertain to the transfer and processing of
scientific and technical information and with reporting to the Commis-
sion on: (a) the adequacy with which scientific-and-technical-communka-
lion activities are represented; (b) the degree to which standards activi-
ties ore meeting the needs of this field; and (c) the foreseeable Impact
of on-going standards activities on scientific and technical communica-
tion. Other working groups also should be created and assigned to prob-
lems relevant to the handling of scientific and technical information,
such as the formulation and implementation of agreements to enhance
software compatibility among organizations In the field.

Such working groups should have representatives from appropriate or-
ganizations in both the government and private institutionsthe network
of private, university, and national libraries, major government-agency
information programs, leading university programs, the principal ab-
stracting and indexing services, and commercial information enterprises.

In its concern with information transfer, scientific and technical com-
munication overlaps the over-all domain of communication where prob-
lems of equipment ar 1 procedural compatibility involving such technical
matters as byte size, character set, or transmission rate and mode are re-
ceiving the systematic attention of established standards organizations.
However, the problems of securing interchangeability of certain widely
applicable computer programs and of many files of substantive informa-
tion have only recently become the targets of comparable efforts. A
recent and encouraging development in this area was the formation of
the Joint Agreement Group (JAM in mid-1968 (see Chapter 5, Sec-
tion 13) to foster agreement on definitions of data elements, structure
for tapes, and specifications for tape formats.

The task of fostering interchangeability requires accomplishments
ranging from a common file description language to the coordinated
planning and design of system programs to make the various information-
processing systems compatible with one another. The working group
proposed in Recommendation Al 1 should use the year 1973 as its target
date for accomplishing such interchangeability on a significant scale.
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B. CONSOLIDATION AND REPROCESSINGSERVICES FOR
THE USER

The history of scientific communication, as seen by the user, is one of
repeated innovation, with ever newer mechanisms connecting him to a
rapidly growing body of information. About three centuries ago the
progress of science became so rapid that waiting for the writing of books
w, s impractical, and the scientific journal emerged as a new mechanism
for announcing current advances. Some 150 years ago, the abstract
journal came into existence to meet the need for access to a rapidly
growing journal literature. And today the facility of the modern computer
in selecting and sorting offers the possibility of another major step in
assisting users to acquire needed answers and insights.

If we could afford it, we would give each worker his own hand-tailored
information system, which would best accelerate the progress of all who
use science and technology. The special features of these individualized
systems would be most apparent in those media in which a user seeks first
for facts, ideas, and suggestions:

1. Consolidations of accumulated knowledge (articles reviewing re-
search progress in specific fields, critical compilations of numerical data,
state.of-the-art articles in the literature of practice, and the like)

2. Handbooks
3. Abstracting and indexing services
4. Library catalogs

The time when we can afford to supply hand-tailored access for an
Individual or a very small group is not yet in sight; what is done about
this will depend on the efforts of the individual or small group concerned.
What can be done for groups of reasonable sizea thousand or so
ts a very different matter. It is both feasible and necessary to hand-tailor
access to information for what we shall call "need groups." Because
science and technology cannot make progress when completely frag-
mented any more than they can without rather detailed specialization, a
need group cannot be an isolatable set of people. In the field of heat
transfer, for example, we find one or two thousand people deeply in-
volved In it on a continuing basis. Yet many others in related fields will
have less frequent but similar needs for access to heat-transfer Informa-
tion and will belong from time to time to this "heat-transfer need group."

The information service that suyports such need groups occurs at a
level beyond primary (initial publication) and secondary (basic abstract.
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Ing and indexing) communications; therefore, we shall call these special-
ized need-group services "third-level services" and refer to them as such
in subsequent portions of this chapter. The emergence of the third-level
need-group service is an inevitable consequence of the rapid growth of
knowledge, and, in its emphasis on "how to find" rather than on "what is
known," it closely parallels the shift that has necessarily occurred In sci-
entific education.

How then do matters stand with each of the major component services
toward which a user is likely to turn? Scholarly consolidations of current
advancesarticles reviewing research progressalmost by necessity
cover fields of limited scope; often they are of Immediate and continuing
interest to far less than a thousand people (see Chapter 6, Section A).
However, since science and technology are not and cannot be tightly
compartmented, and since each worker, no matter how specialized,
must occasionally have access to knowledge in broader areas, the number
who eventually make use of such consolidations is much larger.

Of broader appeal are the survey articles that account for a sizable
fraction of the material commercially published by the technical press.
These articles typically employ less-technical language and are more
superficial in treatment than the scholarly reviews and tend to be strongly
practice-oriented. As a result, they command a wide market, which
suggests their usefulness in facilitating the transfer and application of
scientific information.

Critical collections of data (Chapter 6, Section A) have passed through
a dark age, but during the last few years the necessity of making them
less comprehensive, of hand-tailoring them for special-Interest areas of
reasonable size to facilitate their use, has gained broader acceptance.

Handbooks typically have attempted to cover whole disciplines.
Today, there is growing difficulty in adequately covering entire disciplines
as well as an increasing need to supplement such compendia with
smaller reference sources more nearly hand-tailored to specific re-
qu4rements.

Abstracting and Indexing services play an irreplaceable part in the
use of scientific and technical Information (see also Section C of this
chapter). These services 2eveloped in relation to broad disciplines, such
as chemistry or biology, and tended to cover only the scholany journals,
a trend that recently has been followed by a proliferation of more-
specialized services or by major efforts among the traditional services.
Some degree of coverage is now provided in some disciplines (e.g.,
chemistry) for the wide variety of practice-oriented literature, especially
patents and trade publications. The resulting general growth has brought
apparent disorder and difficulty, which we are beginning to recognize as
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the early stage of a major step in hand-tailoring information access for
our need groups. Rather than less of such growth, we must expect more,
both in numbers and in diversity, for the time has come when we badly
need and are able to separate in our thinking and planning: (a) the basic
abstracting and indexing function, in which abstracts are obtained, as-
sembled, and indexed (often in great depth); and (b) the reprocessing
function, in which these collected abstracts are made available to need
groups in a number of diverse ways. The latter function may be as
simple as sorting out the abstracts associated with part of the field cov-
ered by a basic service, though even here pressures for modified
emphasis in the abstract and different schemes of organization and index-
ing are great. At an intermediate level, it might be necessary to combine
abstracts from a number of basic services; heat transfer, again a natural
example, would require information from mathematics, physics, chem-
istry, aerodynamics, and astronomy. At a deeper levelone not yet
attainedreprocessing might include a steady accumulation of com-
ments, observed relationships, and modified descriptions through which
the active members of a need group could keep their information in a
much more nearly consolidated state. For the near future, stimulating
and expanding reprocessing Is the single most important thrust In
making scientific and technical information effective for those who use It.

Library catalogs until recently have shown little evidence of hand-
tailoring. Ourent emphasis on special catalogs in book format and the
initiation of research directed toward effecting a better match of card
catalog information with user needs and research patterns "I are en-
couraging signs. But here, too, greater effort is necessary.

CONSOLIDATION

A singularly pervasive conclusion In regard to scientific and technical
communication is that the functions performed by critical reviews and
compilationsdigesting, consolidating, simplifying, and repackaging for
specific categories of usersare essential if Information is to be used
effectively. Such endeawrs, though necessary for research-front scientists,
are of particular importance to engineers and other practice-oriented
users concerned with applying contemporary knowledge to the provision
of better goods and services.

The broad range of requirements for critical reviews and data compi-
lations includes not only the need for periodic syntheses and compilations
of the accumulated literature in particular scientific and technical fields
but also the need to record systematically the results of research-and-
development programs that generate new technologies, often without
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an accompanying body of published literature (e.g., research and de-
velopment aimed at the construction of prototype hardware and spon-
sored by mission-oriented agencies of the federal government, such as
the Department of Defense, the Atomic Energy Commission, and the
National Aeronautics and Space Administration). In engineering, peri-
odic syntheses of progress are accomplished largely through articles in
technical journals published for private profit. Such articles typically
are easy to read and of limited scope. Representing another level of
consolidation are a wide variety of series of "Annual Reviews of . . ."
or "Advances in . . .," in which strict delineation of the time interval
to be covered necessarily prevents deep synthesis. Least often en-
countered but among the most useful forms of consolidation are critical
and evaluative reviews that relate and clarify findings and their implica-
tions within a given field or establish relationships between fields (see
Chapter 6, Section A).

RECOMMENDATION B1

Scientific and technical societies must develop, propose, and assist in
implementing new and better ways to identify needs for critical reviews
and data compilations and to further efficient preparation of them. They
should also give greater emphasis to fostering awareness of the existence
of such reviews among potential users and stimulating education in their
use.

Individual experts might be mobilized for reviews of particular dis-
ciplines, teams of experts could serve in larger areas, and systematic use
should be made of the numerous information-analysis centers now In
operation (see Chapter 6, Section 13). Fiscal support and prestige must
provide the incentives: Coveted fellowships, possibly combined with
arrangements under which royalties from published work accrue to the
author(s), might help to increase to a more nearly adequate level the
fraction of their time that scientists, engineers, and practitioners would
dedicate to this purpose. Additionally, assistance with the location and
excerpting of references, numerical calculations, the preparation of
graphs, and other mechanical tasks in the editing of manuscripts should
be provided.

RECOMMENDATION 132

Supporters of research and development should recognize their responsi-
bility to provide for the preparation of critical reviews and data cornpila-
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(ions. In most cases, this effort will involve the investment of a larger
fraction of their resources in this activity than heretofore.

In addition, sponsors must recognize their more specific responsibilities
for consolidation.

RECOMMENDATION B3

Sponsors of major programs of research and engineering experimentation,
such as those agencies of the federal government so engaged, must recog-
nize, as a matter of principle, that each such program has as a part of its
task the critical filtering, reviewing, and consolidating of the publications
that it engenders and recording In a systematic manner the new tech-
nologies that result from it. It is mandatory that each major program
bo evaluated to determine the level of synthesis and condensation of
tie accumulating primary literature that is required. Appropriate steps
should be taken to carry out any indicated critical surveys.

The conduct of such critical reviews and consolidations on a continuing
basis should be supported through the allocation of funds that, as a
matter of policy, would be related to the total support assigned to re-
search and experimentation. In certain instances, the preparation of such
reviews could be an explicit contractual requirement for large-scale,
long-term projects. Additionally, special opportunities for appraisal and
consolidation occur when a major regrouping of our country's scientific
and technical resources is necessary. The end of World War II provided
such an opportunity and stimulated the preparation of such reports as
the Radiation Laboratory Series, which summarized advances in elec-
tronic engineering during the war years. When our involvement in
Vietnam draws to a close, the military agencies should consider the
preparation of similarly comprehensive surveys, which will critically
review what has accumulated in the way of classified or inadequately
reported information and make it generally available, if and when this
can be done safely and usefully.

The problem of access to reviews is critical and merits serious attention
(see Chapter 6, Section A, for a description of this problem).

RECOMMENDATION 134

The Commission should determine what steps, such as a greater assembly
of reviews into series or the development of Indexes and guides, should
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be taken to foster easier and more-effective access to the reviews ap-
propriate to a user's specific need.

NEED-GROUP SERVICES

The scientific and technical societies, like so many of our political and
social institutions, face increasing feelings of alienation among a growing
number of their members. Together with significant pressures toward one
large unified society serving all scientists and technologists in each
discipline, the feeling is already rife in some disciplines that societies have
become too large and distant to be effective. Though it is too early to
predict the re cults of these diverse pressures, one possibility deserves
attention. Stha, scientific and technical communication is the central
purpose of the societies, a change in the user's view of such communica-
tion could influence the organization of these societies. Possibly, a two-
level structure, attained in very different ways in different disciplines,
will develop: Small societies, and divisions, professional groups, and
committees of larger ones, may exist in large measure to serve need
groups, while large societies and federations of stalk t ones would
carry out tasks, such as basic abstracting and indexing, that require
greater size and scope to make them effective.

If the information requirements that define need groups are to be met,
both formal and informal organizations must marticipate in meeting them.
The problems of doing this change radically as we move from research
through development to practice. Active researchers typically participate
effectively in organizations and interact with those working on similar
problems. Workers involved in development form a transitional group.
Those engaged in practice are least accustomed to such organizational
participation and interaction; consequently, the problems of meeting
their needs are greater and more puzzling. In the recent repent of the
Committee on Science and Public Policy (cosPDP) of the National
Academy of Sciences, Applied Science and Technological Progress,"
Harvey Brooks describes the information problem of the practice-
oriented scientist or technologist as follows:

. . the scientists in a given area of work are much it SI 13.ely to know each
other or each other's work in applied science than in basic science, This Is partly
because of the fact that in technology the method of conmunkation Is much
more by personal contact than by literature. Documentation, especially public
documentation, of new Ideas, is given much less attention by technologists
than by scientists. In tracing the history of innovation, one Is struck by the
frequency of reinvention of ideas by different groups without knowledge of each
other's work."
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This finding suggests that the scientific traditions of public documenta-
tion should be extended as far as possible into the literature on applica-
tions of scienceand that the extension will not be easy.

A matter requiring special attention is the practical application of
information used primarily by engineers, agriculturalists, physicians,
and other practitioners and less frequently or importantly by research
scientists. Information programs designed to meet these needs must be
fairly specific and, therefore, often r.re small and numerous. Many that
can be lucratively operated are run by commercial groups, but a number
of requirements have not been met. Additionally, industrial concerns
often provide practice-oriented information programs to meet their own
needs (Chapter 6, Section C).

In attempting to fulfill the needs relevant to the practical application
of information, we must remember that much of this kind of information
resides in the research literature as well as in various technical publica-
tions and patents. Another body of useful information that is less acces-
sible is prodwed by commercial concerns. Convenient access to and
reprocessing an repackaging of these various kinds of technical infor-
mation are sorely needed.

RECOMMENDATION B5

Each society or association, the memb:rship of which includes many per-
sons concerned with practice, especially in engineering, medicine, and
agriculture, should increase substantially its attention to information
programs that will:

1. Ensure that access, awareness, and appraisal services comparable
to those supplied for the body of research literature are provided also
for publications of particular interest to the practitioner, such as text-
books, monographs, handbooks, manuals, patents, trade journal publica-
tions, company reports, catalogs, specifications, and standards

2. Stimulate the production of critical reviews and surveys of con-
temporary fields of knowledge, the condensation being focused on par-
ticular domains of application of interest to the practitioner and adapted
to his needs

3. Identify types of data banks, including diverse types such as
Sweet's Catalog, the Chemical Compound Registry (of Chemical Ab-
stracts Service), and the Thermophysical Properties Research Center at
Purdue, which need to be established in a field; establish or foster the
creation of required data banks; and provide an indexed inventory for
existing ones that describes coverage and conditions of access

4. Meet the needs resulting from requirements of continued education
to keep practitioners in its field up to date
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Since many of the services enumerated in this recommendation tradi-
tionally have been handled by for-profit organizations, scientific and
technical societies should take the initiative in encouraging these organiza-
tions to undertake them. In instances in which it is clear that such
services will not be available fr for-profit organizations, then societies
should undertake, them directly .

Many of the smaller need groups, with the exception of those served by
small societies, feel particularly the lack of specialized services. We need
to create organizational structures that will foster the initiation and
development of services for such groups.

RECOMMENDATION B6

Each larger scientific or technical society or association should assist
and encourage its natural subdisciplinary groups to organize for and
initiate the conduct of appropriate need-group services.

Leadership in obtaining specialized services and in the management of
repackaging, updating, and annotating current bibliographic files and
their associated literature very frequently will have to rest with sub-
disciplinary groups. In engineering, for example, estimates suggest 200
such groups, with varying degrees of overlap, whose efforts, if mobilized
toward these ends, could greatly enhance the development and provision
of such services.

A salient point with regard to need-group services is that informa-
tion must be transferred in usable form, which is not the same as simply
disseminating documents. The information must be recast into the
language of the professional community through stwhinedia as brochures,
specifications, performance and characteristics compilations, standards,
and handbooks. Often, it also must be conveyed personally if effective
transfer is to take place (see Chapter 4, Section A). And here the tradi-
tions and institutions of the individual professions must determine the
most suitable arrangements.

In agriculture, for example, the information activities of the Depart-
ment of Agriculture, centered on the National Agricultural Library,
work closely with the Extension Service and the County Agents System
to reach the researcher, business manager, and individual farmer, each in
his own terms. In engineering, the State Technical Services Program,169
recently established by the Department of Commerce, explores ways and
means of filling a major gap (see Chapter 6, Section C); others remain
unattended.

In medicine, there are several ways in which a highly motivated practi-
tioner may get the information he needs to keep up with advances and to
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assist him in meeting specific problems of diagnosis, treatment, prognosis,
and technique. Special journals, books, manuals, and brochures addressed
to his needs exist; nor have medical libraries overlooked his needs.
Hospitals, through their various conferences and professional meetings,
serve as focal points for continuing education, and medical schools and
professional organizations offer postgraduate courses. A program that
serves the purpose of education is the Self-Assessment Test for Physi-
cians, sponsored by the American College of Physicians, now available
to all physicians. However, most of the recasting of information for
the general practitioner ase still is left to commercial organizations, and
mast of the personal dissemination, to the detail men of pharmaceutical
firms. We suggest a re-evaluation of physicians' information needs in this
period of technological advance to take better advantage of modern
techniques of information handling.

Especially in areas of development and practice, third-level informa-
tion systems (i.e., specialized services beyond the primary and secondary
levels) pose many detailed problems for which we have no answers. It is
far easier to say what such an information system ought to do than to say
how to do it. Once more, as an illustration, we consider a group of spe-
cialist; in heat transfer, the Asmn-Aichn* Heat Transfer Committee,
which holds annual technical meetings. The generation of an information
file that would serve the members of this group would enhance the trans-
fer and application of information from disciplines such as physics, chem-
istry, aerodynamics, and astronomy. Further, it would greatly assist those
just beginning work in this specialized area. Abstracts and bibliographic
aids to past literature, including reports awl current catalogs of equip-
ment, would be compiled, annotated, organized, and maintained by a
group of interested and competent individuals from the Heat Transfer
Committee. The structure of the file, definition of terms, and selection of
peripheral subjects could be made jointly by practitioners expert in the
field covered and experts in system design and use. Once established,
such a system would be continually and iteratively updated through the
use of field profiles filed with the discipline-oriented secondary services
and through continuing interaction and annotation by the individuals
who use the system. Thus, the information system on beat transfer could
be developed to serve 2,000 to 3,000 individuals.

Only through the provision of such service will the individual be able
to cope with the ever-growing body of knowledge and use the new tech-
nologies effectively. The breadth of activity within a field, from practice

*American Society of Mechanical Engineers and American Institute of Chemical
Engineers.
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to pure researchin universities, industry, or governmentdepends
upon having the entire range of information in it available to the student
and neophyte as well as to the active professional long identified with it.
(See Chapter 6, Section D, for a more detailed discussion of the scope
and potential of need-group services.)

Learning how to operate such services most effectively will require
the best efforts of all concerned, as will the relatively difficult task of
communicating one group's experiences to the many other parallel
groups.

RECOMMENDATION B7

While need-group information services eventually should be supported
through their users, experimental and developmental stages will re-
quire funds. A wide variety of sponsors, including private foundations,
the NSF, and mission-oriented government agencies, should provide
support for these early stages.

RECOMMENDATION B8

As experience in the operation of need-group information services de-
velops, a suitable organization, perhaps the American Society for In-
formation Science,* should seek support as required from private and
government sources for a program that, through publications, workshops,
and meetings, will advance know-how and general understanding of the
design and operation of such services.

The vital importance of developments in this area for scientific and
technical communication during the next decade or two cannot be over-
emphasized. They present difficult new problems that undoubtedly will
be with us for some time to come (see Chapter 6, Sections C, D, and E).

RECOMM3NDATION B9

The Co,,:mission (proposed in Recommendation Al) should aid in the
growth of appropriate need-group information services. It will need to
do thin in a variety of ways.

STIMULATION OF REPROCESSING

In developing information services for need groups we must be careful
to separate a near future in the next decade, using tested tools, from a

Formerly the American Documentation Institute.
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more distant future when still newer tools would provide even more effec-
tive services. Today we can: (a) sort out abstracts, especially if available
in machine-readable form; (b) rearrange and merge selected abstracts;
and (c) reproduce copies of the results in readable form, either on paper
or in microform. The early information services for need groups will have
to take such an approach for both technological and economic reasons.
Consequently, immediate attention should be given to making abstracts
and associated indexing information readily available for reprocessing,
which, in turn, requires special attention to low cost and machine
readability.

In the far future., so attractive yet so dotted with technological and
economic question marks, this paper or film approach would be replaced
by conversational, en -line access to computer-mediated files. The pos-
sibilities of on-going file modification alone (see Recommendation E6
and associated discussion in the final section of this chapter) are ex-
tremely attractive. A; the motivation to seek out and use available in-
formation continues to increase, work habits and patterns of acquiring
information will change and lead to still greater modifications and further
advances,

The immediate task in expanding the implementation of need-group
information services is to stimulate the reprocessing of abstracts and
associated indexing information prepared by the basic abstracting and
indexing services. The most effective way to do so would be to restructure
the support of abstracting services, providing sufficient funds from the
sponsors of researchgovernmental or nongovernmental--to nearly
cover the input costs of the baste services. If this were done, these
services could make their abstracts (and index entries) available for re-
processing at output costs (actual runoff costs or the nearest equivalent
thereto) without endangering their solvency (see Section C of this chap-
ter; Chapter 5, Section C; and Chapter 6, Section D). It is important to
move toward such a situation, but it would be unrealistic to ignore the
major barriers that stand in the way, not the least of whvzh is the develop-
ment of feasible international agreements and arrangements.

RECOMMENDATION B10

Those societies and agencies concerned with the conduct and support of
abstracting services should seek actively to identify difficulties, find solu-
tions, and take the initiative in proposing and testing arrangements
through which au increasing contribution by the sponsors of research to
the input costs of the basic abstracting services can make transfer for
reprocessing financially possible at approximately output costs.
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In the interim, the responsibility not only to encourage but to make real
a diversified and healthy growth of reprocessing must rest on those or-
ganizations now conducting the basic abstracting services.

RECOMMENDATION B11

Each basic abstracting service ritist take active responsibility, as part
of its obligation to science, for the launching of diverse and useful re-
processing efforts and for helping to ensure, by the provision of infor-
mation and education, efieclive use of the resulting products.

As the situation evolves toward adequate author-referee-editor abstract-
ing and more nearly adequate sponsor-of-research support for input
costs, the opportunities for assuming responsibility in reprocessing will
spread.

RECOMMENDATION B12

Not only major societies and federations of societies, but smaller societies
and divisions within larger ones, should begin now to prepare for the day
when provision for adequate broadly used reprocessing of access in-
formation is one of their major responsibilities, both to their members
and to the future of the fields of science and technololy they represent.
The aid of commercial services should be actively sought for the fullest
development of useful information reprocessing.

ACCESS TO BASIC SERVICES

Need-group information services, even those based on simple reprocess-
ing of abstracts and associated indexing information, will not spring into
being at once. For a long time many workers will have to rely on the
basic services, while all workers probably will do so when seeking in-
formation outside their areas of specialization.

Indexing and abstracting services have developed in a wide variety
of patterns. The Guide to the World's Indexing and Abstracting Services
in Science and Technology lists over 1,800 such services, but it is of
limited value to the seeker who wishes to find either a service available
in his library system that covers his area of search reasonably well or a
collection of services that will give him almost exhaustive coverage.
Frequently, all that keeps the user from complete bewilderment is his
ignorance of what is available. We badly need a tool, or tools, that will
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provide guidance to users of diverse backgrounds and with varying
requirements for completeness of coverage.

A well-structured index to the indexing and abstracting services, pos-
sibly incorporating a classification scheme, could be valuable. Similarly,
subject entries In library catalogs might play an important role in guiding
users to the most appropriate secondary services. This whole area de-
serves careful attention, initially in a working conference, later through
the development of tools and techniques. Research may be required
as an intermediate step.

RECOMMENDATION B13

The National Federation of Science Abstracting and Indexing Services
and an appropriate library group or groups, perhaps the Association of
Research Libraries, should organize jointlyif necessary with support
from the Cott Ica of Library Resources and/or the NSFa working con-
ference with broad participation for the purpose of exploring means of
facilitating the guidance of all library users in their choke of the indexing
and abstracting services appropriate to specific information searches.

INFORMATION ANALYSIS CENTERS

A potentially useful tool for the transfer of scientific and technical
information exists in the information analysis centers (Chapter 6, Sec-
tion B). Such centers, usually serving specific fields in which large
amounts of data exist and require critical evaluation, consist of one or
more actiee specialists who (a) systematically collect. index, and store
information in a field; (b) analyze and evaluate this information; and
(c) make it available in a form ani language keyed to the needs of
specific groups of users. Over 100 such centers are sponsored by the
federal government, usually in connection with mission-oriented pro-
grams; a number of others operate under private or local sponsorship.
The larger centers ate capable of preparing critical reviews of topics in
their areas of operation or of assisting the preparation of reviews by
specialists from other institutions. The potential benefits of expanding
the number and scope of information analysis centers were emphasized in
the 1963 report of the President's Science Advisory Committee "°:
"Ultimately we believe the specialized center will become the accepted
retailer of information." While present experience seems to limit the
intellectual and economic viability of such centers to certain rather
specific fields, it is clear that their potential is still far from fully exploited.
The pricing of services provided by the centers requires careful con-
sideration to ensure both economic viability and wide use.
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RECOMMENDATION B14

The Commission (proposed in Recommendation Al) should assist in
the identification of major information analysis centers that are operating
In particular subject areas and have the capability of offering services
fulfilling need-group requirements in these areas. Further, the Com-
miscion should stimulate and aid in the exploration of ways in which
such services can be made more widely available.

MANAGEMENT CONSIDERATIONS

Certain problems of management arise in relation to all forms of sci-
entific and technical communicationinitial publication, basic abstract-
ing and indexing, and need-group services. We discuss them in this
section of the report because their importance increases as the services
involved become more specialized and user-oriented.

RECOMMENDATION B15

All agencies which either operate or sponsor the operation of major
scientific-and-technical-information programs should take steps to in-
corporate into their services on a continuous and systematic basis some
appropriate method of performance evaluation. Provision should be
made for using s:,:ch evaluation measurements as a basis for modification
and improvement of the services.

Most present information systems, particularly libraries, suffer from
inadequate feedback mechanisms. Typically, they lack a sufficient degree
of "statistical quality control." The usual measures of economic viability
often are inapplicable because of the lack of any visible relationship
between the cost of providing a service and the price paid by a user. In
most cases, however, implementation of reasonable and practical mea-
sures of quality control, usually based on sampling the end product or
services offered, need not awa't further research in order to provide
useful results. Information services operated by for-profit organizations
typically are highly sensitive to users' needs and employ effective
methods for marketing their products and services. Feedback controls
and market sensitivities should be employed more widely by the not-for-
profit information services.

In a number of disciplines, resporksible staff members of informa-
tion services operated by societies maintain a booth at the national meet-
ings of these societies to discuss problems with users. Staff members also
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hold open forums to discuss or explain new services and solicit construc-
tive criticism of their products and services, Most information services
have advisory boards of expert consultants and also hire professional
groups to make pefiodie user studies and surveys. Additionally, members
of the operating staffs meet regularly to discuss methods for improving
their information services. Many whet methods are used, and should be;
obtaining critical feedback and keeping services tuned to user needs is a
continuous process, and its importance cannot be overemphasized.

Each formal link in the information-transfer process must function
effectively and convey :nformation to the next link to assure efficient
communication; therefore, prospective users must be made aware of the
existence of the component information products and services if the
process is to operate smoothly and usefully. Fostering such awareness
is the marketing function. No matter how good information is, the ad-
vantages of having created it are lost or greatly reduc"d unless this
marketing function receives sufficient attention.

RECOMMENDATION B16

It should be recognized that one of the legitimate and vital aspects of the
process of creating and disseminating information is marketing the out-
put; therefore, organizations that are involved in developing and dis-
seminating information products should use the most effective and ap-
propriate marketing techniques available.

Basic policies for handling the dissemination of scientific and technical
information, particularly in the relevant societies, usually are formulated
by members of the scientific and technical community who, for the most
part, have rejected the view that information must be marketed, The
general belief is that, if the information is valuable, the people for whom
it is intended will find it. In fact, there is little basis for such a belief.

In the commercial publishing world one obvious test of the success of
any information product is black ink on the profit-and-loss statement.
The size of the profit very frequently is directly proportional to the in-
genuity and intensity of the marketing effort, which typically is part of
an over-all plan developed prior to the actual creation of an information
product, with an appreciable part of the publishing budget assigned to it,
perhaps 20 percent to 30 percent of the anticipated revenues. The mar-
keting effort also involves a coordinated program of publicity in the form
of advertising and direct mail and, where the anticipated revenue is
sufficiently large, a sale, staff.

Two categories of information responsibility may well emergewhole-
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sating and retailing. And these two functions may be handled by two
different kinds of organizations, according to their capabilities. For
example, scientific and technical societies and federal information ser-
vices might focus their efforts on wholesaling information, while sub-
disciplinary groups and, wilerevr appropriate, commercial organizations
might handle the retailing function.

C. THE CLASSICAL SERVICES

The consolidation ar d reprocessing activities strongly advocated in the
preceding s.;ction depend on and originate in the classics' -imormation
services, which include:

1. Basic abstracting and indexing services
2. Selection, acquisition, bibliographic control, reference, housing,

document delivery, and other service functions of libraries
3. Formal and semiformal publication of scientific information (in

monographs, journal articles, patents, reports, and the like)
4. Informal information-exchange functions of meetings

The operation, funding, and improvement of these basic services pose a
number of problems for the effective communication of scientific and
technical information.

BASIC ABSTRACTING AND INDEXING SERVICES

The rapid expansion of research and development during the postwar
decades led to uncoordinated growth in the number and variety of
media and techniques providing awareness of and access to the primary
scientific and technical literature. Consequently, the basic abstracting
and indexing services present a complex and confusing picture. They
urgently require a clearer mtionale of operation and sounder funding
arrangements.

In contrast to primary communication, there is no mechanism through
which resources available for the operation of secondary information
services are coupled directly to over-all expenditures on science and
technology (see Chapter 5, Section C). In an effort to effect such a
coupling, the American Institute of Physics recently experimented with
extending the page-charge policy to include partial support for abstract-
ing and indexing; this was accomplished by levying a $10 charge per
article in addition to page charges (Chapter 4, Section E). As yet, how-
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ever, no widely accepted or generally feasible plan has emerged, cnd
no comprehensive policy with regard to funding bas been established.

The ready suggestion of letting this mechanism be supplied by the
forces of the marketplace ignores the highly anomalous supply and de-
mand economics of information services. For many of the present sys-
tems, there are no options of "extra service for extra price," while
others are operated by the government in the fulfillment of statutorily
assigned missions, with access provided, if at all, either as a privilege
at no charge or at a nominal price. In regard to demand, the mounting
costs, especially of the major abstracting and indexing services, have
all but driven out the individual subscribers and are heginning to make
inroads on the smaller institutional subscribers.

The impediments to the establishment of a bona fide marketplace
for secondary information services have conuibuttd to expanding the
direct operat;on of such services by the government. in view of the
general mission orientation of the government, the scientific and tech-
nical community perceives this trend as potentially jeopardizing the com-
munity's control of discipline-oriented services and gearing what should
be a long-term, stable, and orderly evolution to the vagaries of federal
budgets.

In part, the difficulty in developing satisfactory mechanisms for fed-
eral support of basic abstracting and indexing services may result from
some of the inherent differences between primary and secondary com-
munications. Ideally, efficient production of abstracts should be done
but onceat least for a single broad field of coverage and a single
langLage of abstractingand the authrx should have no choice as to the
bask abstracting journal that will cover a particular paper. Research is
under way to determine the extent to which abstracts prepared by dif-
ferent services are equivalent with respect to their representational
capacity, and data giving some indication of the adequacy of abstracts
prepared under one orientation for persons of other orientations should
be available soon. A second difference is that while U.S. primary publica-
tions need cover only this country's research (though it may benefit our
coudtry to do somewhat more), abstracting in English must cover the
worldwide literature in one unit it it is to serve the United States
effectively.

In seeking new ways to support abstracting and indexing services and
to improve existing support mechanisms, special care is required to en-
sure the broad usefulness of the product and maximum responsiveness
to the progress of science and teenolcgy. Tan issues are of major
importance in this context:
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1. Sensitivity of management, particularly in regard to scope of
coverage and adequacy of abstracting and indexing

2. Availability of abstracts for purposes of reprocessing and re-
packaging

Sensitivity of management depends largely oa who manages. Private
for-profit organizations are most sensitive to the felt wants of users as
reflected in willingness to subscribe; however, they probably would give
less attention to the progress of the science as a whole and preparation
for progress in the future than would scientific and technical societies
(or federations of these societies) to whom such considerations are of
major importance. These societies also are sensitive to the felt wants of
users, although usually less so than the private, for-profit publishers. As
a result, we have concluded (see Recommendations A3 and A4 of this
chapter) that both short- and long-term interests will be served best if
the basic preparation and assembly of abstracts is significantly supported
by federal grants, but managed, in the case of discipline-wide services
covering broad fields of science and technology, by an appropriate so-
ciety or federation of societies. However, there may be instances in
which for-profit publishers are the desired managers of an abstracting
service. Such possibilities should be compatible with the enunciation of
federal support policies.

Mechanisms of federal support should be such that they make re-
processing and repackaging of abstracts easy and frequent. The need
for collections of abstracts selected to meet the requirements of special-
ized groups daily becomes more ethical and so, also, does the need for
collections of abstracts that cut across two, three, or several broad fields
of science. The scope of such boundary-crossing needs varies from tech-
nological fields of modest size, such as heat transfer (which involves
mathematics, physics, chemistry, astronomy, and several branches of
engineering), to nuclear science or biomedicine. Many fields need much
more effective abstract coverage by selection, which can be obtained
economically only by repackaging. The duality between mission- and
discipline-oriented services, emphasized in the Weinberg Report,no is a
major reason for the increasing need for reprocessing and repackaging;
increasing specialization, in both missions and disciplines, is equally
important.

The tasks of abstracting and indexing are of vital importance in
assuring that all important information contained in original manuscripts
enters the information-transfer system and In serving as a foundation for
the generation of specialized services. The distinctive characteristics of
these bask functions are threefold. First, the production of new abstracts
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and the correction and completion of old ones are still demanding and
challenging intellectual tasks, although the use of authorrefereeeditor-
produced abstracts is increasing and eventually may become the source
of virtually all abstracts. Second, indexing in depth, as practiced by the
best abstracting services, requires qualified personnel with expertise and
insight in the fields relevant to the processed informationnot only for
the indexing of individual abstracts but for the reshaping of index
structures in accordance with the growth and internal restructuring of
the fields concerned. Major abstracting efforts often spend as much on
indexing as on abstracting; however, the prestige and remuneration
associated with this task generally are not commensurate with the key
role it plays in scientific-and-technical-communication services. Third,
abstracting and indexing can be handled best in no larger units than
such broad fields as chemistry or aerospace, principally because of the
structure of science and technology and the intellectual demands inherent
In the tasks of abstracting and indexing. On the other hand, difficulties
with gaps and duplication Increase rapidly if the scope of coverage of
individual services becomes too narrow.

The basic discipline-wide amss services are not the only ones that we
have today or will need badly tomorrow. Title listings (some with index-
ing of moderate depth) and citation indexes are samples of other very
useful access services. Such services differ in nature and scope from basic
abstracting and indexing and need not be managed is the some way.
Private for-profit organizations, with their sensitiviths to user needs, and
the national libraries, with their responsibilities and ties to the library
world, do and should continue to play important roles in developing and
providing them.

RECOMMENDATION Cl

The departments and agencies of the federal government should fund
the literature-access services that are r:..:ded for the effective utilization
of the knowledge resulting from the research and technical activities that
they sponsor. in doing so. they should ensure, to the greatest practical
degree:

1. Management of basic disciene-wide abstracting and indexing by
the appropriate scientific and technical societies or federations thereof.
though the use of for-profit services in special costs should not be pre-
cluded

2. Management of other broad bibliographic. ervices (e.g., title listings
or citation indexes) by private for-profit organizations, national libraries,
or societies
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The conduct of major access activities within the federal government,
the national libraries aside, should be regarded as a transient phenome-
non, provided adequate nongovernmental capabilities can be developed.

RECOMMENDATION C2

The scientific and technical societies should play their responsible part
in the basic abstracting process, forming federations where appropriate,
learning to increase timeliness where necessary, and treating reprocess-
ing and repackaging of their material by others as normal and desirable.
(See also Recommendation B10.)

The use of primary literature inevitably will be mediated to an increasing
extent by secondary information concerning the content and relevance
of the accumulating documents; therefore, it is important to facilitate the
prompt and cogent entry of primary information into the basic secondary
service structures.

RECOMMENDATION C3

Editors of primary publications should make it a general policy that each
item submitted for publication lie accompanied by an author-prepared
docurizmtation unit, which will undergo editorial and referee review to
ensure its adequacy.

The trend in scientific-and-technical-information programs is toward
increasing integration of primary and secondary services, with the ob-
jective of publishing and offering for subscription both primary docu-
ments and appropriate secondary information about them--all pro-
duced and disseminated by a series of efficiently coordinated operations.
The purpose of our recommendation is to further this trend. The required
documentation unit should include bibliographic data, aids for recover-
ing index terms and primary data, and an abstract.

Implementation of this recommendation will present difficulties, such
as obtaining uniform observance and cooperation and learning to cope
with the diverse sources that feed Into major services. Special problems
involve:

1. Publications on the border of the professional literature and foreign
source; of input to the major abstracting and indexing services. ?bough
the inclusion of the former is important, there may be practical obstacles
and no particular motivation to achieve cooperation.
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1 Economics. How will the costs incurred in preparing and editing
such documentation units be covered? What rules of equity shall govern
their use if the publications of which they are a part are copyrighted?
What should the attitude be in regard to the formation of service organi-
zations to undertake the preparation of documentation units for smaller
journals?

1 The relative efficiency of documentation specialists as compared
with subject specialists in preparing documentation units. The most
difficult and important aspects of preparation are to ensure that the
documentation unit adequately represents the content of the parent
document and that it is ;ffor-free.

In order to enhance the usefulness and uniformity of the documenta-
tion units prepared as part of primal), publications, litors of journals
published by organizations that neither operate nor are directly affiliated
with the operation of a secondary information service program should
be provided with the assistance, as required, of an associate with access-
rervice expertise who can establish the policy and monitor the practice
of documentation-unit preparation at the source.

RECOMMENDATION C4

The National Feeeration of Science Abstracting and Indexing Services
should seek sur-ort for the development and promulgation of guidelines
to be followed by editors and publishers of primary information In speci-
fying the required documentation units.

National organizations, such as the Engineers Joint Council and the
American Institute of Physics, as well as the Abstracting Board of the
International Council of Scientific Unions, have promulgated guidelines
for the preparation of documentation units; however, their lack of uni-
formity has limited their voluntary adoption. By eliminating some of
the more obvious and frequent incompatibilities, the recommended
guidelines should remove a major obstacle to the acceptance of the
documentation-unit concept. Further, the National Federation of Science
Abstracting and Indexing Services should enlist the cooperation of ex-
perienced editors and the principal editors' councils in this endeavor as
a step toward increasing broad acceptance.

Because a multiplicity of basic services will want to employ such
documentation units, many comparisons among the leading information
programs and their potential standardizations will be necessary. In
Section B of this chapter, we advocate certain studies of machine index-
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ing and standardization in the secondary information field to meet this
need.

LIBRARY FUNCTIONS

The role of libraries, particularly research libraries and special libraries,
is central in the process of tlommunicating scientific and technical infor-
mation. The great research libraries store and make accessible primary
scientific and technical journals as well as secondary publications (ab-
stracts and Indexes that constitute the means of finding articles according
to author, title, or subject), and even guides to these secondary services.
They maintain bibliographic control, custody, and a delivery system for
enormous collections of monographs and journals and provide a rich
variety of reference books and services. They act in many respects as
nodes in a switching network that makes available information from
other sources (see Chapter 6, Section'E). Through many thousands of
special libraries in various types of corporations and institutions, a multi-
plicity of highly specialized mission-oriented services are provided.
Though the role that libraries play is crucial, the tradition of informal
person-to-person communication as a way of keeping up with what is
taking place in a scientific specialty Is strong, and very often the ser-
vices of libraries are bypassed through unwillingness to put up with
slower and more cumbersome procedures or through ignorance of their
availability.

A3 the backlog of knowledge accumulates, and scientific communica-
tion therefore becomes more and more complex, it is clear that many
traditionpl practices will become Increasingly unresponsive. Two main
lines of attack on the problem are clearly indicated: First, library ser-
vices should be improved, and second, scientists should become more
familiar with the various types of information services that are provided.

The push-button library of the futurea vast store of machine-
recorded data Interrogated in a rapidly responsive on-line interactive
system and supported by a great communication network --will eventu-
ally come about in some form cr, in fact, in a variety of forms. It is not
our purpose to prognosticate the detailed nature or the rate of develop-
ment of such systems bit to attempt to point out at least some of the
crucial charges of an Institutional, organizational, and philosophic
nature that must be brought about in order to create the kind of environ-
ment within which technological innovation and the evoltitionarj im-
provement of libraries can fic wish.

If the application of modern technology seems to lag in libraries as
compared with other areas, 't is because the scope of the problem is
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immense, and more particularly, because our society and its institutions
are not effectively organized for a direct attack on the broad systems-
planning problems that 'de at the heart of the matter. The large research
libraries, in particular, face serious problems which cut across institu-
tional bouddaries. None of them can hope to be fully self-sufficient even
for the relatively limited community of scientists and scholars which it
serves; instead, each must rely heavily on national bibliographic services
and on the cooperative use of information resovrces with other libraries.
The same is true, but even more strongly of course, for the smaller
college and research libraries.

Simply to say that more money must be poured indiscriminately into
libraries is not enough, for without the proper guidelines and a reason-
able degree of over-all planning on a nationwide basis, the need for funds
could become a bottomless pit. A deep reappraisal of the method of
funding library services should be made. The possibilities of a closer tie
between obtaining library services and paying for them should be care-
fully explored. Even assuming some base level of "free" library service,
if users had the option of extra service for an extra price, the test of the
marketplace might provide valuable guidance on 1' optimal allocation
of library resources toward the most valuable services. Very often, how-
ever, user response to new, even good, servi^es is characteristically slow;
therefore, a greater marketing effort must be mounted. Probably scien-
tists and scholars are slow to acquaint themselves with existing li-
brary and information services simply because society tends to reward
originality rather than thorough literature searching. Yet, it Is hard to
believe that this state of affairs will continue when it becomes widely
apparent that much rediscovery of what is already known is taking
place. Though the process may be slow and cumbersome, it seems clear
filet a readjustment of the habits of the scientific community is neces-
sary. A different balance must be struck between the allocation of time
for original research and the time spent searching, assimilating, review-
ing, and consolidating the literature.

In view of this obligation of the scientific community, it is imperative
that library services be made much more responsive. There are few
limits to what can be done, given adequate resources. However, the
burgeoning federal support of the scientific and technical research of
the last two decades has not been tnatcbed with sufficient support of the
library and information services that are necessary to ensure effective
communication of the results of scientific research.

The following recommendations are addressed to these shortcomings
and offer hope of creating an environment in which there is large scope
for private for -profit and not- for - profit initiative, innovation, and the
application of new technology.
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RECOMMENDATION CS

More support should be provided for library services in colleges, univer-
sities, and other institutions with .substantial educational and research
programs in science and engineering. This should be done principally in
two ways:

I. Through direct grants by the National Science Foundation, and
other granting agencies where appropriate, for the strengthening of
research-library services, with emphasis on .start-up cos (3 for innovative
services

2. Through provision in ere various research grants to these institu-
tions, whatever the graining agency, of adequate funds specifically for
library and information services, referably provided in such a way that
researdwrs can exercise discreh'on in the use of these funds for services
that they find most valuable

The Intent of this recommendation is to bring about a more realistic
reflection of library costs in the conduct of scientific and technical
research, a closer reationship between costs and services, and more
options for the user of "extra services at a ptice." We emphasize the term
library services, since such services may and usually should cut acress
institutional lines and Involve the concept of networks and the cooperative
use of library resources. It is presumptive that the institutions most
deserving of support are those that most adequately plan and analyze
library operations In terms of cost, effectiveness, and optimum allocation
of resources with other Institutions. However, In small colleges and uni-
versities, even the conventional resources of current journals and eb-
stracting and indexing services often are seriously deficient, and we
cannot uncritically assume that Improvement is to be brought about only
by the sharing of resources.

The program suggested In the first part of Recommendation CS
might be structured and administered in a manner similar to the NSF'S
program itt computer facilities for universities and, in many Instances,
should be coordinated with the latter.

RECOMMENDATION C6

The U.S. Office of Education should support a broad program in library
education (in addition to or S pare I rrevnt program imd:r Title 11
D of the Nigher Education 4c1), 'ntion to the following
obfertives:
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1. The training of more students in systems analysis, systems plan-
ning, and operational analysis of libraries and library services

2. The training of all students as well as faculty (throughout their
college careers if feasible) in the use of the increasingly complex array
of exisang library and information services

Marketing of library services should begin with better efforts to make
the use of such services an Integral part of the education process. Support
of this recommended program may imply in many casos the support of
library services essentially as educational laboratories for t_ smaller
colleges and universities, which may not have research programs ex-
tensive enough to justify library support under Recommendation CS.

The mechanism of formula grants by geographic districts, based on
the number of graduates from eligible undergraduate Institutions, may
prove appropriate here. Arrangements should include the use of ap-
propriate reimbursement for such services.

COMMENTS ON THE REPORT OF THE NATICNAL tkINISORY COMMISSION
ON I IBAARIES

The National Advisory Commission on Libraries was directed (a) to
study and appraise the role of libraries "as resources (N. scholarly
pursuits, as centers for the dissemination of knowledge, end as com-
ponents of the evolving national information systems" t"; (b) to ap-
praise institutional policies and practices affecting the use of libraries;
(c) to appraise library funding; and (d) to develop recor'r 1 '
for action. The recent report of the National Advisory Ce ut ,s, en
Libraries 1" makes a series of five recommendations, the hat inrIort
of which is compatible with the recommendations of SATCOM. While
it is not our purpose to offer either critique or ov,.rall endorsement
of their report, the following quotations from it are so much in harmony
with our thinking that we invite special attention to these points. First:

The Commission believes that libraries are both essential and major elements in
providing resources for scholarship in almost all kids of knowledge, In seeing
as centers for the dissemination of knowledge, and in serving as components In
the evoking national information over s. The library role In thee matters is
In fact so critical that the Commission <neves that libraries knit', these pur-
poses must be significantly strengthened. Is Increased strength will require a
'gritty c.; diffeteet approaches and tea federal support, long -range
planning, and better coordination it 1 titger, requirements.

In their common recognition of th.: oi.r of what ''..t.vNI has
called need groups, it is clear that both sArcuM and the National Ad-
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visory Commission have the common objective of maximizing and
taking advantage of the strength of diversity in the pluralistic system
of library and information services presently existing in the nation:

No monolithic Federal or other centralized administrative control seems either
feasible or desirable. There will have to be many different kinds of information
systems and working relationships among a variety of institutions if we are to
provide effective awes' to relevant information for our society. New systems,
roles, and relationships are likely to emerge at very different rates of speed In
response to widely varying user needs.

Further, to ensure responsiveness of services and to fulfill user needs
effectively:

It follows . . . that naturally evolving systems that clearly serve the needs of
users should be given supra in their on right at this time. No one can per-
ceive the final nature of communications and information-exchange networks,
nor the quality of a national information system with a single exception. The
exception is that such a system will finally be made up of a large number of
highly specialized individual components, ace one of which should be designed
to serve the needs of a defined user group.

Finally, the need for increased library support to reflect the increasing
demands of federally sponsored research also is brought out clearly.

The lacrtase in research conducted by universities and sponsored by Federal and
State agencies, corporations, and foundations has made demands upon university
libraries that have not been satisfied by either the math of library colleeicess or
staffs. All agencies of government, foundations, industries, and other organize.
tions that subsidize research by contracts, grants-in-aid, fellowships, and other
means should be made aware of the greatly augmented burden on the library
that their rants and subventions commonly entail. This should f e taken into
account in the planning of grants and programs. Continuity of such funding is
critically important.

Among the five recommendations resulting from the National Ad-
visory Commission's emensive studies, analyses, and deliberations is
one that calls for the establishment of a National Commission on li-
braries and InformaCon Science, to be established by the congress and
located within the Office of the Secretary of Health, Ed, k- tion, and
Welfare. Such a Commission would serve as a continuing planning
agency and as a means nf developing and implementing new poncies
and library services to meet the nation's needs. This Commission would
advise the federal government and other institutions on library and
hiformatiem needs, would conduct studies, and recommend legislation
to strent,then the nation's libray an information services.

We do not feel that the Commission proposed by the National Ad-
visory Commission conflicts with our Recommendation Al, which
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advocates the creation of a Joint Commission on Scientific and Technical
Communication responsible to the Councils of the National Academy
of Sciences and the National Academy of Engineering. Rather, we
believe that these two proposed bodies could complement and supple-
ment each other's efforts to cope with a vast and multifaceted array
of problems. The important role that the libraries of the future will
play as components in national information systems and networks
suggests that, if the proposed Natinnal Commission on Libraries and
Information Science comes into being, it could provide valuable input
to the sawom-proposed Joint Commission on Scientific and Technical
Communication, which, in turn, frequently could aid and assist the
efforts of the former. We believe that the philosophies of SATCOM and
the National Advisory Commission are much the same; however, we
believe that those aspects of the information problem that transcend
the library problem can be best handled by the mechanisms we propose,
and that there is ample need and scope for the efforts of both the
proposed Commissions.

FORMAL PUBLICATION

The stewardship and control of formal and informal primary communi-
cations exercised by the professional community of scientists, engineers,
and practitioners, together with the scientific and technical publishing
houses, constitute their foremost contribution to the effective utilization
of such Information. Therefore, the recommendations inekded in this
and the following section are addressed to the organizations and institu-
tions through which stewardship and control are effected.

The growth in volume and diversity of primary scientific literature, the
distribution of producers of information throughout the scientific and
technical tmunity, and the relative roles of individual items in the
over-all stream of publications have been extensively analyzed in recent
years and have yielded data on such major trends as:

1. The growing difference betwren the rate at which an active field
of inquiry advances and the rate at which any individual scientist can
contribute to its advance

2. The thinking fraction of the world's total publications contributed
by any one of the currently leading nations, or any of the present large
centers of scientific and technical activity, and the Increasing concern
of these nations And centers with keeping abreast of the scientific and
technical literature
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3. The increasing volume of 11!erature that need not and probably
will not be read again

4. The rising cost to the scientific and technical community of the
entire publication effort

Since publication costs have constituted a perennial problem, especially
for the not-for-profit scientific and technical organizations, a variety
of economic mechanisms have been devised to meet them costs and
have resulted in a complex pattern of interdependencies. During the last
few years, the allowance of page charges under government contracts
and grants (Chapter 4, Section E) helped to alleviate the problem,
but inexorably growing requirements and the introduction of modern
technology are subjecting the fiscal bases of publication programs to
new and serious stress.

The discussion accompanying the next seven recommendations relates
to the need for thorough study of the economics of formal publications
and further illuminates Recommendation C?, which is placed first for
emphasis.

RECON1 M EN DATION C7

IVe recognize the need for systematic analysis and study of the economic
aspects of formal scientific and technical publications over the next
five to ten years. Such a study should examine the income returned
to such pb(ications from their principal marketsusers, authors, and
the public --- together with trends in cost factors and the impact of new
technologies, to serve as a basis for the development of flexible funding
and pricing policies, which, in a changing environment, should be
responsive to the needs of each interested party without being unduly
responsive to any.

A few questions highlight the need for such a study. For example, how
and to what extent should users and authors contribute to the revenues
of a publication venture that is of service to both? How are the revenues
derived from advertisements used in support of scientific and tecbnial
society publications, and how should they be figured in assessing the
fiscal load to be carried by generators and users? At what level and in
what form is public subsidy of such publication warranted?

The striking postwar growth of both established publishing houses and
newly launched commercial enterprises in scientific and technical publi-
cation shows that under good management a wide range of primary
communications can be provided with profit. Moreover, commercial
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publishers are making significant progress in extending the range of
services offered on the open market. Yet, the demand for technical
publications can be fully met only by the complementary efforts of
activities that are funded and function in the public interest.

In their role as publishers, scientific and technical societies must
realize that publishing is "big business" and requires the taut manage-
ment which commercial publishers have learned to give it. k number
of current developments are radically changing whatever equilibrium
former procedures and policies afforded, and their impact on the
economics of journal publication must be assessed. Major examples are:

1. The demand for the option of selective dissemination of separates
to individual subcribers and the concomitant requirement, primarily
among institutions, for the traditional service of full subscription

2. The development and use of reprographic techniques, allowed
under present interpretations of the doctrine of fair use, to supplement
primary distribution

3. The changing balance between editorial and setup costs (cost
of the first copy) and subsequent runoff and distribution costs resulting
from the changing volume and structure of the market

4. The possibility of dividing publication of a paper between letter-
press and microformthat is, a condensed version some 20 percent
of the original length in the former, with the remaining 80 percent
available in microform

During the present transitional stage, and consistent with the belief
that research and development are not complete until the results are
made available, we urge that sponsors of such efforts continue to
recognize their responsibility for the dissemination of results.

RECOMMENDATION C8

It must remain the established policy for governmental or private
sponsors of research to provide, as an item inseparable from the cost
of such research, funds for an appropriate part of the publication
process; therefore, we strongly advocate the continuance, as a matter
of policy, of the provision of funds by sponsors of research and de-
velopment for page chargesi.e., payments requested by journals from
contributors and normally approximately covering the editorial and
setup costs of the publication process.

Conflicting views exist on the proper division of financial responsibility
for the essential task of publishing new findings. Two principal causes
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of controversy are: (a) the economics of supply and demand in scientific
and technical publication, which depart so far from the classical pattern
that it is unrealistic to let the entire fate of publication hang on the test
of the marketplace through complete user support; and (b) the inevitable
dependence of the ways of funding scientific and technical commutiica-
tion on the manner in which our nation funds education and research
in general. A logical division of responsibility between producer and
consumer is to let the producer's task include all that is necessary
to provide a truly free-market option for each consumer. The page-
charge practice (described in greater detail in Chapter 4, Section E;
see also Chapter 5, Section C) does this and affords the related advan-
tage of stabilizing the economic position of the journal with respect to
fluctuations in input or in subscriptions, (Lack of funds for page charges
has no adverse effect on publication of a paper, since payment is volun-
tary.) We feel that funds for publication of new results should be
provided not only in research-and-development grants but also in fellow-
ships and traineeships that support new research.

The page-charge concept, though greatly strengthened by the 1961
',cm' policy ", allowing government support of page charges for in-house
and contractual work, is still far from universally employed and con-
tinues to enlounter opposition. Critics point out that abuses are possible
and, in fact, occur. On the other hand, some journals are in serious
financial difficulty as a result of decisions to cease honoring page charges,
payment of which always has been voluntary. Future changes in con-
ditions under which primary publications operate may require modifi-
cation of this policy; the study proposed in Recommendation C7
should provide the basis for such modifications.

The so-called copying revolution has implications relevant to the
page-charge issue. Publishers of primary journals fulfill two very dif-
ferent functions: (a) attracting, reviewing, correcting, editing, and
issuing valuable material in reasonably attractive, reproducible form;
(b) running off and distributing reproduced copies. Prior to page
charges, the return on the second function had to bear the costs of both.
We now face a dilemma regarding the extent to which there shall be
free competition between publisher and copying machine in performing
the second function. Such competition would tend to lower costs and
afford greater flexibility of services, but without the development of
mechanisms that function in the same way as page charges to support
the first function, such competition would destroy the economic viability
of primary publications. Though this problem is becoming increasingly
serious, specific recommendations must await the results of the study
advocated in Recommendation C7.

Formal media traditionally have fulfilled a broad range of functions,
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including the announcement of new results, provision of current and
general awareness, and creation of the archival record. In short, they
have provided for the orderly communication of scientific and technical
information, assuring to the user technical quality, timeliness, and
permanent accessibility, and to the author, rewards commensurate
with his service, These media include the journals, proceedings, and
transactions of the scientific and technical societies, currently estimated
as numbering more than 30,000; a monograph and technical report
literature conservatively estimated at two million titles; a growing patent
literature; and finally, an increasing number of nontextual records of
primary information, such as computer media and audiovisual records.
Today, formal publications face several difficult problems. First, the
time scale of advance in many fields has contracted to the point at which
the usual delay between submission of a paper and its publication makes
inroads on the interest in reading it. Second, the proliferation and un-
controlled dissemination of unrefereed semiformal publications (Chapter
4, Section D) renders much that appears in formal media redundant.
Finally, any attempt to see a substantial fraction of the primary litera-
ture that is of interest floods the prospective reader with a mass of
irrelevant and useless material.

RECOMMENDATION C9

Scientific and technical organizations and other publishers must make
a systematic effort to improve the quality and timeliness of formal publi-
cations. Lag times in publication of as much as a year must be con-
sidered intolerable. We believe that at present competently refereed
publication is nearly always possible in six months or less, and that
advancing technology will make further time reductions feasible.

Some major journals, by utilizing new methods and technologies to the
fullest, have reduced the time between submission and publication of a
manuscript to approximately three months. Frequently, however, the
principal cause for excessive delays stems from the backlog that a
journal has built up rather than from the editorial and production chain.

Shifting some of the load of research-front communication to semi-
formal publications should facilitate the maintenance of higher standards
in formal media. Additionally, measures should be instituted to cope
with such abuses as publishing nearly identical material in several places,
a practize fostered by the pressure for publication exerted on scientists,
engineers, and practitioners by their employing institutions. The pre-
dominant need is for greater differentiation of services with appropriate



www.manaraa.com

The Recommendations Discussed 69

gradations in price. We advocate the development of new kinds of
media and the exploration of alternative subscription arrangements in
order to rive, respectively, st!,11 diffcrent purposa .11. rapid announce-
ment and scholarly complete presentations, and such difi.trent categories
of customers as individual and institutional subscribers.

RECOMMENDATION CIO

Major scientific and technical societies (if not already doing so) should
experiment with:

1. A Journal for brief, refereed, and promptly published papers
(letter Journal), with issue period and publication :ag not exceeding
cn r month

i. Organized reprinting, from a group of journals covering either
a narrow area or a group of cognate fields, of selected papers recognized
as most outstanding

The Physical Review Letters cf the American Physical Society is a most
successful venture of the first kind. More recently Pergamon Press has
established a number of similar journals in several of the most active
fields of the physickl and engineering' sciences.

In disciplines in which much of the technical report liter/true is not
submitted for formal publication, societies might consider establishing
a periodical that reprints the best of these technical reports. Such an
effort would be one way of giving the second concept described in Rec-
ommendation C10 a trial and of fostering greater familiarity with and
use of the technical report literature.

Scientific and technical societies also could perform a valuable and
much-needed service by facilitating informal interpersonal communica-
tion within and between disciplines.

RECOMMENDATION CI I

Scientific and technical societies should recognize the need for publishing
information that facilitates informal scientific and technical communica-
tion in their fields (sometimes referred to as meta information). Infor-
mation on "who is doing what and where" can appear in newsletters,
as supplements to substantive journals, or as separate publications. This
support of interpersonal and intraorganizational communication should
be but one approach in a continuing program to facilitate information
exchange.
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News organs that supply informat:on about the inception of and current

information on conferences and meetings have been (mod most useful
developments in major research projects in a field and provide timely

in this context (e.g., Physics Today and 0;emical and Engineering
News). This activity fails in the delicate area totween scientific infor-
mation and scientific intelligence; the degice to which it is useful,
feasible, and appropriate and the choice of the most suitable media
to employ depend on sensitive editorial judgment and must be left
to the control of each individual discipline.

Two technical developments offer major oppor'anities for effecting
filo lads of changes in the traditional patterns of disseminating scientific
and ttchnical information that we consider nc:essari: (a) the processing
of information by high-speed computers, and (I)) the increasingly
flo.ib/e, rapid, and inexpensive methods of recording and reproducing
graphic material. Increasingly sophisticated forms of texts end figures
can be handled by computer - controlled photocomposition, and the
ready reproduction of offprints end separates in full -scale or microform
versions affords comparable capabilities in the &Aribution of copy.
Of particular importance in this context is the systematic use of compute:
processes for the purpose of matching availaUe documents Na prospec-
tive readers, both being described in machine-readable representation.

RACOMM9NDATION C12

To protect users from unwanted and irrelevant litaatu,e, greater use
mutt be rand.: of different methods for the selective disserdnat'ot, of
information (SDI). particular, full-scale experiments should be
initiated to provide information on the costs and the effectiveness in
various research-and-development end techn;cal communities of the
major typa of schemes for the distribution of separates.

Possible distribution schemes are: (a) outright selective dissemination
of information (sin) systems; (b) separates furnished as requested on
the basis of widely circulated lists of document descriptions; and (c)
publication of a concise version of each paper, either accompanied by
a microfiche of full text or by the option of getting the full text in hard
copy on request. Such procedures, geared to individual subscribers, dif-
ferentiate the services offered them from those offered to institutional
subscribers. The option of receiving all material must remain available to
the latter, and, in such circumstances, the price for this service could
be set in keeping with the institutional subscribers' market.

In addition to experimentation with various procedures for distribu-
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tion, we also urge widespread attention to the possibil:ties offered by
new techniques of computer composition.

RECOMMENDATION C13

Me jor publishers of scientific and technical literature already are h. 'king
vigorous efforts in the utilization of modern methods of computer com-
position; we urge the publishers 9f the smaller journals of more limited
scop., to see' arrangements for merging their production activities in
order to take advantage of the economies of scale implicit In such
modem technclogy.

Consolilation of the production function will lead not only to econorole3
in what is generally a particularly costly form of printing but also will
contribute to the increased availability of full text in machine-readable
fr,rm for subsequent processing in the production of access tools.

The current bottleneck appears to be the limited capacity of firms
that are able to produce machine-readable records of scientific.. and
technical text. Since this demand will continue to expand, special efforts
air uecessaty to train appropriately qualified manpower, thus pros iding
n entry into the information-processing field at a relatively low level of

skill.

SEMIFORMAL PUBLICATION

Scientific and technical information can, be given a type of dissemination
which, though somewhat irfoimal and thus highly user-directed, is
subjea to some formalizing constraints. A wide variety cf media, such as
information-exchange memoranda, preprints of papers to be presented at
meetings, preliminary versions of papers prepared for publication, or
technical reports, exemplify this semiformal type of publication.

RECOMMENDATION C14

The scientific and technical societies should give careful attention to needs
for and practices in the circulation of the various types of semiformal
communications (report literature, preprints, newsletters, and the like);
should subject this material, somewhat selectively, to bibliographic con-
trol; and should be prepared to supervise distribution to whatever extent
is necessary to preserve a proper balance between the advantages of
broader availability of semiformal publications and the continued
strength of formal archival journals. Bibliographic control in this context
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refers to orderly announcement and, in those cases that involve circula-
tion of substantive information not scheduled for formal publication to
a significant number of people, the provision of indexing, abstracting,
and availability in a central depository.

Informal or semiformal communications, such as letters and reports in-
tended for limited distribution, historically have been the forerunners
of formal publication; the scientific journal had its origin in such prac-
tices. Information exchange groups recently have been the subject of
much discussion, experimentation, and controversy (Chapter 4, Section
D). The proponents have stressed the advantages of circumventing the
delays and overdistribution charccteristic of journal publication; those
opposed have deplored the proliferation of unrefereed, uncontrolled
literature that competes with and threatens the existence of the -cientific
journal. This concern is valid but does not imply that semiformal com-
munication should be discouraged. Instead, adequate measures to ensure
that such material is accessiblethat is, indexed and capable of being
located and obtainedare highly desirable. Distribution typically should
be very limited to minimize competition with journals. A single repro-
ducible micrograph copy in a depository (in addition to the initial
distribution of possibly no more than a few dozen copies) might well
suffice to maintain bibliographic control and an adequate level of access.

It may not always be easy for the scientific and technical societies to
preserve the status and economic viability of refereed journals and, at
the same time, provide producers and users of information with swift
and nigEy accessible channels of research-front communication. Since
much of the preprint material now circulated is submitted for formal
publication, both the comr +Won with formal journals and much of
the need for additional bibliographic control will vanish for material
that is circulated with a statement indicating that it has been submitted
to a certain journal (though not necessarily accepted). (See the descrip-
;icn of the preprint circulation plan of the Institute of Electrical and
Electronics Engineers in Chapter 7, Section A.) This mode of operation
also exerts pressure on authors to mid circulating low-grade material.
nteznatively, any circulation scheme accompanied by indexing and

arrn awnt retrievability also will encourage attention to quality, since
authors will ralize that their work is reviewable by all who follow.
Distribution can be kept to a minimum, without discriminating against
any possible recipients, if all those interested order from a list of an-
nounced titles aad pay for what they get. Finally, much d the pressure
for extensive preprint circulation can be relieved if unnecessary delays in
formal publication are eliminated (Recommendation C9).
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In fostering the effective utilization of semiformal media under the
suggested bibliographic control, scientific and technical societies could
benefit from ready access to and more extensive use of suitable technical
reports, especially those prepared under the aegis of the federal govern-
ment. In any case, the availability of this information in hard copy or
microform can be used to advantage in reducing the economic load of
pr Auction and distribution.

RECOMMENDATION C15

We urge that the agencies of the federal government that sponsor re-
search and development devise and agree to a policy, to be issued
by the Federal Council for Science and Technology, which establishes:

1. A clear differentiation between reports whose preparation is re-
quired for contractual purposes (periodic progress reports, some final
reports, and the like) and substantive reports prepared as the status of
work warrants

2. Standards of uniformity in the documentation of all substantive
reports that permit the exercise of the bibliographic control advocated
in Recommendation C14

The distribution of mandatorily prepared reports should be left to the
discretion of the sponsoring agency and need not become the concern
of the professional community. Substantive portions of such reports
could be included in independent app-ndixes to be issued when appro-
priate as separate technical reports. All substantive reports should be
treated as any other primary publications.

MEETINGS

To date only a small number of meetings, though in a representative
sample of disciplines, have been analyzed from the viewpoint of what
they contribute to the communication pattern. The findings of these
analyses indicate that meetings generally fulfill a number of information
needs, but they also frequently suggest possible improvements and pro-
ductive innovations. Among the aspects most intensively studied are:
(a) the role of meeting inter action in strengthening and expanding in-
formal communication networks; (b) the impact of information received
on the on-going or planned work of meeting participants; and (c) the
effect of information generated through meetings (and typically dis-
seminated through publication of meeting programs) on the communi-
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cation activities and relevant work of nonparticipants (see Chapter 4,
Section C; and Reference 50).

Criticism of the growing number and size of meetings continues to
be frequent; and, in fact, many have poorly defined objectives, occur
at ill-chosen sites and times, and employ facilities and arrangements that
discourage rather than facilitate communication. Often, too many must
be attended to get any one story in full, or the frequency of those dealing
with temporarily popular subjects becomes too great and the material
presented redundant. On the other hand, in terms of the currency of the
information exchanged and the speed at which it can be filtered and
applied to the interests of the individuals concerned, meetings are among
the most effective media of dissemination. We believe that meetings have
a crucial role to play in scientific and technical communication and
that fulfilling that role more effectively is a major challenge.

RECOMMENDATION C16

National and international meetings can constitute an essential and effec-
tive basis for scientific and technical communication. Their predominant
role can and should be given a more objective confirmation than the
present intuitive backing. Societies and other groups sponsoring such
meetings must acquire better insight into the purposes and functions
of their meetings and must provide the appropriate logistic arrangements
and measures of quality control. Additionally, the economic advantages
of large meetings as a means of combining the meetings of overlapping
interest groups should be exploited.

The vital significance of meetings lies in the contact they offer with
current research-and-development efforts in a field and with active fellow
workers. The criticism that numerous small working conferences would
be better than large meetings fails to recognize that, if properly arranged,
meetings can provide an especially economical way to schedule many
such working conferences in which intersecting interest communities
can participate. A procedure found effective by some societies is the
scheduling of small special-interest-group meetings or forum sessions
within the context of a large annual meeting to give participants an
opportunity to question authors further about the work they have pre-
sented, to discuss problems encountered in work, and to describe pro-
cedures and apps ratus more fully.

Om recommendation explicitly abstains from suggesting an increased
formalization, nor do we wish to make a general recommendation on
requiring preprints of major papers on a program. Although there is
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evidence that the availability of preprints tends to enhance the effective-
ness of meetings and that the material presented at meetings where thq
were required was on the average no older than that presented at meetings
of the same society when there was no preprint requirement, the prob-
lems of preparing and getting preprints released in time can have an ad-
verse effect on meetings in some disciplines. Therefore, the advisability
of providing for the availability of preprints before or at the time of a
meeting must be left to the judgment of the organizing committee. One
alternative explored in some groups is the submission, shortly before
a meeting, of detailed summaries or extended abstracts, which are in-
cluded in the printed program or are available at the time of registration.
Session time for such papers is devoted largely to discussion and question-
ing. Measures that increase the opportunities for interaction, both during
and after sessions, greatly enhance the effectiveness of meetings. Espe-
cially to be avoided are very lengthy or day-long sessions, with no time
allocated to discussion.

In addition to urging meeting sponsors to adopt an innovative ap-
proach to the planning of such gatherings, we also suggest that agencies
and organizations engaged in research and development continue to
support the participation of staff members in scientific and technical
meetings. To subject meeting attendance to excessive restrictions in the
face of necessary budget reductions would decrease the communications
effectiveness of meetings.

D. PERSONAL INFORMAL COMMUNICATION

The major role played by informal, person-to-person communication
in the dissemination of information is generally recognized and has
been confirmed in systematic studies of communication channels. Such
communication may take the form of verbal exchanges and correspon-
dence and frequently deals with very recent developments. Much of the
scientific and technical information on which we depend is stored in
the human brain rather than in the literature or in mechanical devices
and much of it never gets beyond this repository. The situation was
summarized briefly by Philip Abelson 1 in a recent editorial in which
be stated:

"In a short time and after a few telephone calls, the skilled scholar is in a
position to tap much of the world's store of knowledge. Reliance on this human
network provides more than raw information. It provides judgement, and
suggestions of more feasible approaches to the problem being considered. In
view of the many strengths of this Information network, computer technology
has far to go to match it in effectiveness and especially in cost."
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Several attributes of informal interpersonal communication have re-
sulted in heavy reliance on it as a principal information source. First, it
is prompt and conveys timely information on current and on-going work.
Additionally, it is interactive and thus provides the feedback and con-
structive criticism so highly valued by scientists and technologists. Be-
cause it is user-directed, interpersonal communication is one of the
most effective means of "translating" research findings into the contexts
and terminology of those who can apply them and of bringing to the
attention of a potential user information applicable to his work but
originating in subject areas in which he generally would not search.
Further, the types of information typically carried by interpersonal
channels are those that often do not find their way into the more formal
literature, such as information on methodology, hardware, pilot and
exploratory work, and unsuccessful efforts. Finally, not the least impor-
tant of the reasons underlying dependence upon informal interaction is
the small expenditure of time and effort it usually requires. (See Chapter
4, Sections A and B, for a more detailed discussion.)

Informal interpersonal communication fulfills two major functions:

1. It stimulates and fosters the progress of research
2. It is one of the most effective ways of transferring technology to

the point of application

In the performance of the first function, informal interaction supple-
ments and enriches more-formal media by providing much of the specific
information, frequently of a procedural nature, needed in the course of
work, by advancing new ideas and hypotheses for investigation or
pointing out factors influencing results that should be considered, and
by supplying the impetus and encouragement (aften referred to as social
support) necessary to bring about the implementation of ideas and to
accelerate work. In regard to the second major function, although
there is no uniform pattern for breaking the knowledge-application
barrier, there is general agreement that the transmission and "trans-
lation" necessary to adapt scientific and technical knowledge for applica-
tion is basically a "people transfer" process, and that report writing
and document retrieval are not the main issues in this context.'"

Although numerous studies of information-exchange behavior show
the significant and diversified role of interpersonal communication in
scientific and technological work, we still require fuller understanding of
(a) how this type of communication operates and is affected by the
characteristics of the persons involved and by the work environment,
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and (b) how government agencies, societies, industrial management,
and other groups can increase its effectiveness. The types of studies
advocated in R..commendation El (in the final section of this chapter)
can help to advance our knowledge in this area. Increased reliar
mechanized media of storage and transfer also adds to the difficulty of
developing farsighted recommendations to ensure the continued effec-
tiveness of interpersonal communication or to guide its evolution. Be-
cause of these difficulties, the Committee has formulated only two
recommendations in this area, both of which suggest measures to facili-
tate the occurrence of interpersonal interaction.

RECOMMENDATION Dl

When appointing and advising the groups in charge of arrangements and
the scheduling of events at scientific and technical meetings, the sponsor-
ing societies, government agencies, or other organizations responsible
for the planning of such meetings should emphasize the importance of
providing adequate time and facilities for personal encounters.

In the case of international meetings, these aspects received attention
in the recent studies and deliberations of the NAS Committee on the
Quality and Organization of International Scientific Meetings, and
figured specifically in the recommendations of this group. Additionally,
this Committee pointed out the effectiveness with which U.S. attendants
at international meetings widely and informally reported the highlights of
such gatherings to their colleagues on their return.

The mechanics of informal communication also have been studied
recently in other contexts, and suggestions for stimulating and enhancing
this type of interaction offered; the study conducted by the ,kmerican
Institute of Research Ts and stimulated by COSATI provides an example.
We believe that one aspect of interpersonal communication that can be
significantly influenced by organizational policies is the development of
close personal contacts between workers in different organizations. Such
relationships lead to the transfer of information through encounters at
meetings and through correspondence and preprint exchange. Addi-
tionally, workers who have developed good interactive information-
exchange relationships typically contribute much to one another's efforts.

RECOMMENDATION D2

Employers of scientists and technologistsunivvsities, industrial and
government laboratories, and othersshould provide systematic oppor-
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tunities, through leave and exchange arrangements, for long-term or
summer visits to other institutions by stall members likely to benefit
from them and, in turn, should welcome such visitors from other institu-
tions. There should be general acceptance of this responsibility. In addi-
tion, the funding of fellowship programs should take into account the
need for the continued generation of new contacts by mature profes-
sionals as well as younger ones. Special attention should be given to
the needs of workers in small or out-of-the-way ag4titutions.

Sabbaticals, fellowship programs, summer jobs, small week-long confer-
ences, and other such opportunities foster the development of close
professional associations and thus help to strengthen and extend the in-
formal information-transfer network.

The two recommendations included in this section obviously only
scratch the surface of the important field of personal informal com-
munication. The studies advocated in Recommendation El in the fol-
lowing section probably will point to major and long-range changes in
the organization of research and development in our nation. Therefore,
those charged with the responsibility for the management of research
and development, and with formulation of policies relating to the acquisi-
tion of information during the conduct of work, should maintain aware-
ness of the findings and implications of such studies of information-
exchange behavior and experiment with the implementation of those
results that are appropriate to their particular circumstances.

E. STUDIES, RESEARCH, AND EXPERIMENTS

Judg.nents, often of a quantitative nature, about the influence of various
factors or innovations on the effectiveness of scientific and technical
communication will dttermine and guide the implementation of the
recommendations in our report. Estimates of the cost-effectiveness of
existing communication media and of possible changes in them will be
crucial; therefore, it is essential that a much more serious effort be
made In the future to analyze and understand the operation of the entire
network of scientific and technical communication. The network aspects
deserve special emphasis; early and intermediate links and cross-links
are as important as the final links that ultimately deliver information to
a user (Outptct 6, Section E).

Past analyses of scientific and technical communication, generally re-
ferred to as user studies (Chapter 4, Section 8), now number well into
the hundreds. Though they have been conducted in a variety of
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disciplines and work settings, the different methods, sampling tech-
niques, and analyses employed limit the generality and usefulness of their
findings. As a consequence, there is need for better coordinated, more
clearly focused work to provide badly needed data and answers to many
vital questions.

RECOMMENTAilON El

Under the over-all guidance of the proposed Commission and of
COSATI, appropriate organizations should initiate and carry out com-
prehensive analyses of and experiments on the functioning of the differ-
ent parts of the network of scientific and technical communication as
well as of the network as a whole. It should be a long-term policy to
provide adequate funds for such studies, and scientists, engineers, prac-
titioners, andas warranted by the subject of the study commercial
entrepreneurs of abundant experience and imaginative insight should
always be active participants.

Among the appropriate organizations to undertake the recommended
studies are the major scientific and technical societies, the NSP'S Office
of Science Information Service, governmental agencies engaged in the
operation of large information services, and commercial publishing
houses. To be meaningful, these studies will have to deal realistically
with many elusive or complicated factorsfor example, inertia in be-
havior patterns and its effect o% the acceptance of new services or the
interrelationship of various communication media. The significance of
such factors can be properly assessed only by persons with working ex-
perience in the fields studied.

STUDIES OF COST AND VALUE

Pattkularly important among the recommended studies will be those
addressed to factors of cost and value. The difficulty of developing
quantitative measures of the value of information services, as illustrated
by the prevalence of such terms as "user satisfaction" or "document
relevance to a request," suggests the need for greater ingenuity and rmre-
systematic procedures in the conduct of such studies. Needed measures
must include not only the value of different types of information but also
the value of the time devoted to actively seeking information and of the
waiting or lag time before it is receivedthat is, the "response time"
of an information service. Is situations in which a free market exists,
the price the user is willing to pay for different information services
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provides a measure of such factors; however, this measure must be
viewed with caution until the behavior of users, especially so-called
"in a rut" behavior, is better understood. Collections of offhand opinions
of scientists and technologists about the information services they think
they want have little utility; often such opinions call for an exhaustive
service when a less comprehensive but more reasonably priced one
would be more valuable, or for an exceedingly fast service when a
slower but cheaper one would be a better buy.

RECOMMENDATION 132

Among the principal objectives of the previously recommended studies
(Recommendation El) should be the development of measures of value
for information services that embody various combinations of accuracy,
completeness, discrimination, timeliness, and similar factors. Where ap-
propriate, these studies should include experiments on user response
to new services (see also Recommendation E4). The facility of pro-
viding additional or specialized information services at appropriately
scaled prices should receive particular attention.

Such studies .11 provide a better foundation for monitoring the per-
formance of information programs as advocated in Recommendation
1315 (see Section 13 of this chapter).

Documents can be transmitted today either electronically or by mail
over great distances in a relatively short time and at moderate cost.
This general statement needs to be made explicit and quantitative as a
basis for decisions on centralized versus decentralized depositories.
Perhaps nowhere are the issues better exemplified than in the in-
efficiency of interlibrary loan procedures that characterize most libraries.
For the larger research libraries, the question of whether to collect
"everything" or to be selective and cooperate with other institutions is
becoming increasingly critical. Definitive system studies are clearly
needed and should include all aspects of retrieval, handling time, and
costs.

RECOMMENDATION 133

Studies should be initiated to determine the relative costs of different
methods of storage and transmission of recorded information. in con-
junction with studies of the type described in Recommenelatirm E2,
estimates should be developed fci the optimum number and location of
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depositories with respect to their users so that questions of centralization
versus decentralization can be clarified.

ADVANCED TECHNOLOGIES

Implicit in Recommendation E3 is a far-reaching study of the role of
electronic computers in the storage and delivery of information. Such a
study must deal not only with the optimum combination of input costs,
storage costs, communication costs, and access costs, but also with
guidelines to determine what information is electronically stored. In
addition to storage and transmission, computers may play a vital part in
access. The most trivial of the human functions traditionally associated
with information access involve copying, reformating, and sorting, tasks
to which computers are making increasing contributions. Among the
remaining functions, one to which the computer can contribute most
readily and effectively is tho preparation of indexes, for to be of value,
the computer need not do the entire indexing task but only reduce sig-
nificantly the requirement for human effort. In comparing indexes pro-
duced by a combination of human and computer effort, the emphasis
should be on effectiveness rather than appearance; the tests of per-
formance should be whether they lead the user to what he wishes to
find and how easily and rapidly they do so rather than the degree of
similarity or dissimilarity to former indexes.

A number of approaches to machine-aided indexing currently are
being explored, and a continuing program of comparative evaluation
involving users of specified backgrounds and skills is necessary to
measure progress in this field.

RECOMMENDATION E4

The comparison of machine-aided Indesing with wholly human-prepared
indexing should receive continuing, active attention. Such comparisons
should focus primarily on documents retrieved in sample searches, and
secondarily on acceptability to users.

Computers also can enhance access to information by operating in a
question-answering mode, performing logical analyses of the telative
"distance" or similarity between documents, and sorting out clusters of
related ones.

RECOMMENDATION ES

Continued experimentation in the design and use of effective combina-
tions of machine and human functions, both in ;,eparing for and con-
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denting searches for Information, should be supported. Such combina-
tions very possibly may not involve indexes of any conventional sort.

More exciting than retrieval of information from a static store is evolu-
tionary indexing, in which users' additions, modifications, restructuring,
and critical commentaries steadily improve the initial indexing of a col-
lection and not only provide more-efficient access for subsequent users,
but constitute a significant step in the evaluation and consolidation of
primary information. If widely and wisely applied, such evolutionary
indexing could make the judgments of a large number of knowledgeable
experts available to the authors of reviews. So far, we know of no
publicly described experiments with evolutionary indexing, though
Project INTREX (see Chapter 5, Section A), in its augmented catalog
experiment, plans to provide for the utilization of user comments for
this purpose. This lack may have resulted in part from difficulties with
motivation of user participants, tut the increasing utilization of real-time
computer systems for such experiments promises both greater 6.otiva-
tion and the availability of a clearly specified set of facilities and rules.

RECOMMENDATION E6

The National Science Foundation should fund one or more experiments In
which a small, widely used, single-Interest-area file is subject to evolu-
tionary indexing by authorized users who are permitted to make addi-
tions, modify the structure, and Insert critical commentaries. One attrac-
tive approach is to perform such experiments on a real-time computer
system.

The rather extensive and often difficult studies urged in Recommenda-
tions E4 through E6 in many cases will require experiments with sizable
populations of scientists, engineers, and practitioners representing users
of information stems and services. If such experiments are to be produc-
tive, the user participants must bring Interest and competence to bear on
these efforts.

RECOMMENDATION E7

The scientific and technical societies must use their information and
publication programs to familiarize their members with experiments that
explore the uses of advanced technology as a working tool In the com-
munication of scientific and technical information, rather than just in
support of documentation functions, and must Insist on the participation
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of scientists, engineers, and practitioners with proven discipline compe-
tence in guiding and evaluating such experiments.

In the discussion relevant to Recommendation Al (Section A of this
chapter), we emphasize the importance to scientific and technical com-
munciation of standardization activities directed toward facilitating inter-
communication between computer-processible files of diverse origins.
The variety of structures encountered gives rise to problems that are pre-
dominantly of a basic conceptual nature rather than problems of equip-
ment and implementation. An example of a file-structure problem is how
to organize large collections of bibliographic information for efficient
on-line search; an example of a data-structure problem is how to repre-
sent, in a hierarchical computer memory, the structure of chemical com-
pounds in an economical way that still permits the use of these data as an
index to the related chemical literature. These are difficult problems,
and all too often appalling errors in logical design still creep into schemes
for the manipulation of large files. What is needed now in this area is
not so much standardization as insight.

RECOMMENDATION E8

On-going activities directed toward the development and evaluation of
languages for describing the formats of files as well as of alphanumeric
and other digital communication are of immediate and key importance to
:dentific and technical communication. Thus, the National Science
Foundo'ion should cooperate with other federal agencies pursuing active
programs in this area, especially the Advanced Research Projects
Agency, to ensure rapid and coordinated progress. In particular, an
evaluation program for a file-format language should demonstrate com-
puter conversion from one format to another as soon as possible
and for an extensive set of samples.

Once such a language Is developed, a description in its terms should
accompany every file, being the fu it r kg available to any human or
machine system that processes the fil;,. One can hypothesize future com-
putes systems that, after interpreting this description in the standard
format, could then process any given file without ever having encountered
one of this particular structure previously.

Any language with the required properties has many of the character-
istics of a fully developed computer language for text manipulation. The
generation of such a language is approximately equivalent to writing a
program that permits the insertion of any new datum into the file In the
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proper manner or the recovery of any old datum. These are difficult and
important objectives.

Another important problem of standardization concerns the closer
integration of the literature access, search, and appraisal tools developed,
respectively, by the libraries and the abstracting and indexing services.

P.ECOMMENDATION E9

Several libraries, documentation centers, and abstracting and indexing
services should be supported by the NSF Office of Science Information
Service in efforts to develop agreed-upon canonical forms for each
widely used bibliographic documentary information element.

It would not be advisable for the Commission to attempt the development
of some single-standard structures in this context. Instead, it should
bring about greater coherence in the effort to discover and develop such
structures. Closer interaction is needed among those people in scientific
and technical communication who best understand the methods. In the
final stages of reaching the desired agreement, the mechanism of the
United States of Anierka Standards Institute (usAst) Committee Z39 on
Standardization in the Field of Library Work, Documentation, and Re-
lated Publishing Practices will be needed.

LARGE-SCALE EXPERIMENTS

Many of the recommended studies will require experiments with sci-
entists, engineers, and practitioners as they perform their regular tasks.
Some of these experiments will be suitable for funding as small-scale
research projects in communication, but certain questions will remain
that only experiments with large populations and large stores of in-
formation can answer. Large experiments should be undertaken, of
course, only when a favorable outcome has been suggested by studies of
smaller scale and when desired by the professional group or society
representing the scientists ot technologists concerned. But even such a
desirable experiment may Involve a capital outlay or a financial risk
especially where the use of advanced technologies is requiredthat
would be excessive for a society as long as the outcome remained un-
certain. Additionally, coordinated and coherent planning of such ex-
periments in various areas is essential. Since these large-scale experi-
ments will differ from the smaller ones in that they constitute exploratory
development as well as research, it is appropriate that they should
be planned and funded differently.
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RECOMMENDATION E10

In addition to funding programs of basic research in scientific and tech-
nical communication, as well as research and development in this field
that more directly supports the MISSi0111 of individual agencies, the
federal government should establish a single group to plan a unified
program of critical experiments of operational scale in scientific and
technical communication and to find, guide, and support contrackes in
the conduct of these experiments.

Both the initiative and the detailed responsibility for planning and di-
recting the conduct of this program must be taken by the proposed
government group. The program must neither exclude nor discriminate
against for-profit organizations. An agency that is not too narrowly con-
fined in its involvement in science and technology to a specific mission
would be preferred for this e,s gnment.

In closing this section o studies, research, and experiments, we must
stress that we have souglit to Identify only the most urgent needsthat
a continuing flow of work on a wide variety of problems is essential to
progress.
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CHAPTER

Primary Communications

A fundamental article of faith in scientific and technical communication
is that research is not complete until the results are made available. But
inherent in the phrase "made available" are complex problers of defini-
tion and of placement of responsibility. Exactly what constitutes avail-
ability? Where does the originating scientist's or technologist's obligation
for the achievement of this goal begin and end? How much of the re-
sponsibility for ensuring availability rests with his laboratory, the sponsor
of the research beir.g reported, appropriate scientific societies, the gov-
ernment, the scientific community, and others? Who should worry about
the exact nature and limitations of these several sub-obligations? Who
should have the responsibility for identifying gaps and areas of overlap,
and who should lace steps to minimize these flaws? Such proVierns have
been among SATCOM'S central concerns.

Among primary communications we include media and procedures
that typically provide what might be called "first-time-around access"
to new scientific or technological knowledge. Primary communkations
are the kind that say, in effect, "Here it is, come and get it rather than
either "We'll dig it out for you" or "Don't call uswe'll send you what
you need." Specifically, the forms of communication dealt with in this
chapter extend from the first informal conversations with laboratory
colleagues that accompany the conduct of scientific and technical work
through initial publication in a primary archival journal or its equivalent.
They compromise a continuum of communication methods rather than
falling neatly into tidy, mutually exclusive subclasses.

The patent literature constitutes a form of primary communication
of technical information that falls to some extent outside this continuum.
Because it is an important information source, it should be covered by
appropriate access mechanisms; however, its operation is dictated largely

86
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by requirements other than those strictly serving scientific and technical
communication. Nor does it reflect the trends characterizing other forms
of primary communication. For example, the patent literature has not
shown a steady exponential growth, and it is an ineffectual means of
measuring technological output (see Reference 75). The submission of
patent applications in the United States reached ; highest annual rate
during the depression years of the 1930's, and only within the past
few years has the rate again approached that high point. Possible reasons
are the larger proportion of small corporations then in existence and
government policies that frequently do not stimulate contractors to
seek patents for technology developed in connection with government
projects. Since scientific and technical communication is not the ma jar
function of patents, SATCOM has not attempted to analyze the evolutitn
of thin body of literature in the '3 and detail that typify its considera-
tion of other forms of primary ,unication.

The material discussed in this chapter supplies further background
and detail for Recommendations C7 through CI6 (Chapter 3, Sec-
tion C), which deal with "Formal Publication," "Semiformal Publica-
tion," and "Means," and those of Section D of Chapter 3 on "Personal
Informal Communication." This chapter presents firs: a broad overview
of the "Forms and Growth" of primary communications, followed by a
discussion of their generation and use ("Originators and Users"). The
succeeding sections deal in greater detail with "Meetings," "Preprints and
Technical Reports," "Serials," and "Translations."

A. FORMS AND GROWTH

Traditionally, formal publication in the established literature has been
the mats of making accruing scientific and technical information avail-
able, and, with necessary modifications resulting from expanding re-
quirements and new technologies, we expect the basic book and journal
article to perform this function for the foreseeable future. Various other
forms of primary communication have developed over the years to
complement these two, usually in a supporting but occasionally in a
competing role. Figure 2 outlines the diverse mediaincluding personal
informal communication and meetings as well as preprints and technical
reportsutilized by scientists and engineers to report their results. It
gives some indication of the varied and numerous communication ac-
tivities employed to diffuse new scientific and technical knowledge from
the time when it first takes shape in the mind of an investigator to the
point at which it becomes firmly integrated into the recorded body of
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information. The component elements of this complex network are
subtly inteffelrted; therefore, judicious balances among them are neces-
sary to ensure the best and most economical use of recorded information.

FORMAL PUBLICATION

Among the major trends of the past few decades which have created
serious problems for almost every aspect of scientific and technical pub-
lication are:

I. The widening &titre:ace between the rate et which an active field
of inquiry advances anti that at vhkh any Individual scientist can con-
trib.ate to this ad vance

2. The shrinking fraction of the world's scientific and technical Meta-
tun: contributed by the present-day industrialized nations

3. *Ile enormous growth of science and the resulting increase not only
in the total volume of technical literature but in that portion which need
not (and probably will not) be read again

4. The increasingly urgent need for prompt access to information
about new developments
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5. The continually rising cost to the scientific community of every
element of the entire scientific-and-technical-communication effort.

In recent years, factors contributing to these developments have
been investigated and reinvestigated, analyzed and reanalyzed, in-
terpreted and reinterpreted, and hS a result much is known about the
trends as such. But much study and testing still are necessary if we are
to develop effective remedial measures for the many specific publication
problems that result.

The greatest single villain in the scientific publication picture prob-
ably is simply the enormous increase in the magnitude of the scientific
and technical literature, the so-called "information explosion." This
term is used often to describe what observers consider to be a rapid, un-
controlled, and potentially destructive increase in the growth rate and
volume of information. Since this information explosion has been used
to justify many of the proposals for new information systems and services,
SATCOM had reason to consider whether there actually is such an
explosion.

Statistics on the increases in different forms of communication, such
as books, journals, and scientific papers, though often piecemeal and not
always consistent, generally substantiate the existence of great and ac-
celerating growth. A brief review of some of these statistics gives an in-
dication of the magnitude of the problem and the probable direction of
future trends.

In the biomedkcal field, Orr and Leeds ", have provided statistics
on the rate of growth and have indicated that production of technical
biomedical books in the United States increased by 38 percent over three
decades, or roughly one percent per year. Using the collection of mono-
graphs at the National Library of Medicine to determine the world out-
put, they concluded that "the world-wide accumulation of biomedical
books has been doubling about every 32 years. In contrast, during the
same period, the shelf space occuvied by taNt's book collection has
doubled every 25 years." For science and technology as a whole, the
number of books published per year also seems to have been increasing,
but slowly. The 1963 Census of Manufactures shows that the annual
number of scientific and technical books sold from 1958 to 1963 almost
doubled (from 15.6 million to 29.6 million cc Dies). During this same
period, medical-book sales increased from 2.4 million to 4.1 million
copies per annum." Though the number of books published is quantita-
tively different from the number of titles published, data of both types
give evidence of growth, and estimates made by staff members of the
Library of Congress in discussions with SATCOM indicate that the
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Library's holdings in the category of scientific and technical monographs
and books number well over 2 million monograph and technical report
titles.

The volumo of book publication in recent years has received a sub-
stantial boost from the subcategory of conference proceedings. The seem-
ingly common belief that every scientific conference must be followed
by publication of a proceedings probably should be examined critically,
and scientific societies appear to be the logical groups to make such a
study. Criteria such as those applied by the Natio. al Science Founda-
tion's Office of Science Information Service (osis) to support of the
publication of proceedings volumes deserve consideration. The osis
position is that: (a) Occurrence of a conference is not in itself sufficient
reason for a proceedings; (b) the content of any such volume should be
scientifically significant aside from a conference connection; and (c)
other things being equal, it probably is better for individual papers to
be submitted to appropriate journals where they will be refereed in the
same way as nonconference articles. In regard to the latter point, SATCOM
has noticed a tendency in a number of societies and conference groups to
publish their proceedings in regular or spcial issues of a standard
journal, with the customary refereeing exercised by such publications.

The increase in the number of scientific and technical journals and
their associated articles is difficult to determine with any degree of
certainty. Recent estimates of current titles range from 26,000 to 50,000.
The lower est:mate represents the number of currently available serials
received by the National Lending Library for Science and Technology
in England, a library that attempts to acquire every such serial.
Recent work on the National Serials Data Project of the Library of
Congress indicates that there are about 400,000 to 600,000 different
serial titles in all fields of scholarly endeavor, with no reliable estimate
yet of the fraction of titles that are still alive. Since there is no firm
basis for determining how many titles classed as serials are issued more
than once a year and are truly what we commonly call periodicals, these
estimates must be further qualified.

Gottschalk and Desmond Ta used foreign national library lists and
Library of Congress records as guides and decided that 35,000 ±10%
was a reasonable figure for the total number of currently published
titles. They did not estimate an over-all growth rate, but noted that,
although the library definition of a periodical includes a plan to con-
tinue publication indefinitely, many titles do cease publication. They
found mortality rates varying from 33 percent over a period of 50 years
in radioactivity to 66 percent over a period of 60 years in aeronautics
and space sciences. A sampling from the Library of Congress Serial'
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Record showed that 40 percent of the titles had ceased publication,
The authors concluded that individual specialties might show rapid
growth, but that "Phenomenal growth in serial titles from year to year
assumed in most estimates cannot be supported."

Price "3 has assembled data showing an increase in the number of
scientific journals from about ten in the late 1600's to about 100 at the
beginning of the nineteenth century, and some 10,000 by 1900, and he
also reports that examination of the World List of Scientific Pedodicals
indicates that we are now well on the way to the 100,000 mark. These
data show a remarkably constant doubling time of 15 years, now main-
tained for nearly three centuries. Further, Price shows that the law of
exponential increase also characterizes the number of scientific papers
appearing in journals in physics. Another recent study " indicates a
general increase in the number of papers per jou:nal in all fields of
science and technology. One example given was that the core journals
covered by Physics Abstracts had grown 13 percent in volume in three
years. Moreover, the individual papers in these journals, although main-
taining their same average length because of editorial pressure, were
covering more material. Such data emphasize the problems faced not
only by abstracting and indexing services but by the reviewer as well.

Data from individual scientific and societies illustrate the
greatly expanded volume of primary publication. The American Institute
of Physics (An3), for example, reports that the number of pages it pub-
lished each year increased from about 3,000 in 1910 to 54,000 in 1966,
a growth of 575 percent over a period of 27 years."' Institute of
Electrical and Electronics Engineers (IEEE) reports that its volume of
primary publication has increased from 3,000 editorial pages in three
journals in 1946 to over 30,000 pages in 42 journals in 1966, a tenfold
increase in 21 years." And a survey of 18 engineering societies shows
the following increases in number of pages published in three types of
primary publications: (a) proceedings, 1,000 pages in 1946 to 26,700
pages in 1966, a 2,500 percent increase; (b) transactions, 11,800 pages
in 1946 to 62,000 pages in 1966, a 420 percent increase; and (c) peri-
odicals, 4,400 pages in 1946 to 10,000 pages in 1966, a 125 percent
increase.'" As a final example, the Federation of American Societies for
Experimental Biology has witnessed an increase from 2,200 to 3,100
papers at its annual meetings between 1958 and 1968."

When queried about the growth in volume and variety of the scientific
and technical literature, most technical librarians are quick to point out
that they do not know the figures, but they do know that last year's
journals took up more room than the previous year's journals. For the
research library, there is really no way to avoid an increase in size of
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coverage if it still wishes to maintain the scope of coverage desired by
its users. Such libraries seem to double their collections every 18 to
20 years.

Licklider 'I° has said, "Only in high hyperbole does a thing 'explode'
that takes 10 to 15 years to double its volume." He suggests instead the
analogy to a flood, in which the rise is gradual, hitting first one area and
then anothernot all simultaneouslyand in which the overflow may be
sudden and dramatic. With all forms of scientific and technical literature
showing increases over time, both institutions and individuals using
such information must expect increasing difficulty in finding, obtaining,
and assimilating it. The prospect of a university library collection's
doubling from three million to six million volumes in the next 15 years,
with a concurrent trebling of cost, is an outlook that suggests the an-
ticipation of change and of some planning for it.°° For the individual
user, either gradual concentration on a narrower srecialty or greater
reliance on access aids to the literature, or probably a combination of
both, will be needed. As Sarett 14' has pointed out, assuming that a
scientist could read technical material at a rate -f 200 to 300 words per
minute, ". . . if all publications were to stop and a man were to try to
catch up with a single year's output alone, reading 24 hours a day, 7 days
a week, it would take him 50 years." Herring 87 (see also Chapter 6,
Section A) graphically describes the dil una facing the individual
scientist as the width of the domain of knowledge with which he can
keep abreast narrows and, at the same time, the amount of information
relevant to his work increases. Clearly, the flood of information raises
serious problems, :specially in some fields, and taxes the ability of cur-
rent means of coping with it.

OTHER MODES OF PRIMARY COMMUNICATION

Historically, informal and semiformal communications, such as personal
contacts and letters as well as memoranda and reports with limited dis-
tribution, have been the forerunners of formal publication. Their co-
existence with scientific journals is established firmly in the traditions of
scientific and technical communication, and so, too, are the manifold
interdependencies that tie them together.

In comparison with formal media, such semiformal ones as pre-
prints, technical reports, or information exehange memoranda offer
greater speed, greater flexibility in adapting communications to context,
and the increased possibility of including speculation, accounts of failures,
and procedural details. They have prc .d of particular value in serving
the needs of emerging scientific disciplines during their awkward "inter-
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disciplinary" years. The number of items carried by the major govern-
ment services for access to technical reports provides a rough measure
of the volume of this semiformal literature. In 1967, the Technical
Abstracts Bulletin (TAB) of the Defense Documentation Centcr re-
ported 47,000 items; U.S. Government Research and Development Re-
ports, 45,000 items; and Scientific and Technical Aerospace Re,. its
(STAR), 31,000 items. Since sizable overlaps exist among these servic,
these figures are not additive. Figures on growth rate are even more tenta-
tive, for the various services are still in the process of enhancing the com-
pleteness of their coverage. Thus, TAB reported 32,000 items in 1963
as compared with 47,000 in 1967, an increase of 44 percent in five years.
Section D of this chapter discusses more fully the growth of such forms
of communication.

Documented primary communications appear to be evolving in the
direction of three ever more clearly differentiated classes that function in
complementary fashion:

1. Formal literature, traditionally refereed, edited, and given biblio-
graphic services for archival and access purposes

2. Semiformal publications, such as technical reports, which typically
should carry reasonable bibliographic controls, but usually should not
be subjected to formal refereeing or editorial review

3. Rapid early announcement publications, refereed on a go/no-go
basis and given the barest minimum of bibliographic control

The danger that semiformal media will undercut formal publications
is a serious one (see Section D of this chapter) which must be minimized
by keeping down the automatic circulation of the former. Such control
also will keep down costs. In addition to a strictly limited primary
distribution, there should be arrangements to provide an early announce-
ment secondary service and reprographic copies on demand and at cost.
Moreover, since a substantial fraction of the semiformal material prob-
ably will find its way ultimately into the formal literature, it is necessary
to identify those semiformal publications that have been superseded.
These considerations resulted in recommendations advocating proper
bibliographic control for semiformal documents (Recommendations C14
and C15).

In a qualitative sense, we know that personal informal exchanges
play a major role in the transfer of scientific and technical information.
The increasing number of invisible colleges, the steadily growing
tendency toward collaborative and team research, and the current
emphasis on conferences, meetings, interinstitutional visits, and other
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occasions that facilitate informal interaction are evidence of both
general awareness of the role of informal communication and increasing
dependence on it. Such emphasis and dependence have resulted in
numerous studies to determine the characteristics, content, and functions
of interpersonal communication and the reasons that it predominates as
first resort when information is needed. The goals of such efforts 0,7pically
are to discover those functions that could be better performed by more
formal media, if appropriately modified, and to enhance the effectiveness
of informal communication in the performance of certain functions
that are peculiarly its own.

Accurate, quantitative comparison of the effectiveness of the very
informal interpersonal techniques of communicationinformal con-
versations in the laboratory or at lunch, personal telephone calls and
correspondence, casual get-togethers at meetings of various kinds, un-
planned parleys on airplanes and in airports, and the likewith that of
other communication methods would be difficult to achieve, for it would
require a precisely defined unit of information or knowledge that in-
corporated some kind of index of significance. Additionally, attempts to
collect the necessary data probably would interfere to some extent with
the informality of the procedure, thus affecting the phenomenon being
measured. However, the qualitative evidence makes it very clear that a
substantial portion of initial, day-to-day communication about de-
velopments and discoveries in science and technology occurs in this
manner.

Several attributes of informal communication have led to heavy re-
liance on it as a major source of information. One such characteristic is
timeliness. The claim is sometimes made that for leaders in a field refer-
ence to formal information sources is virtually unnecessary, and that the
content of the more formal media is largely "stale bread." A Russian
scientist recently commented on the "invisible collectives" for the
exchange of information and stated:

Our scientific workers, as a rule, do not er,ter into these invisible international
collectives. The foreign scientist who participates in such a collective becomes
acquainted with new ideas during the process of their formation long before they
will be published. . . . Some publications turn out to be difficult to understand
because we are not acquainted with all the long discussion which precedes, them.is

Further study probably will show that, at least in some fields, exclusive
dependence on informal communication is not sufficient to provide
ail adequate level of current awareness. For example, a physicist who,
for a year, substituted dependence on the grapevine for browsing through
the current literature reported (after checking back to see what he had
missed): "Out of the few hundred articles whose titles were of most
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Interest to me, a sizable majority had not come to my attention through
any other channel daring the year or two subsequent to their appear-
ance." "

The interactive nature of interpersonal communication is another im-
portant characteristic; seldom are any of the techniques employed con-
fined to one-way communication traffic. Consequently, it is the principal
source of the feedback so highly valued by scientists and technologists.
When scientist A discusses his research with colleague B in the company
cafeteria or with scientist C on the telephone or with confreres D, B,
and F in a hotel lobby between formal sessions of a meeting, he in-
variably obtains immediate reactions to which he in turn reacts. When
he sends another scientist the draft of a paper he plans to publish, he
typically solicits criticism, which probably will be forthcoming whether
he asks for it or not, and which enables him to test ideas and shape in-
formation before it finds its way into more formal media.

Further, informal communication is user-directed; the decision on
what, when, and to whom to corm tunicatr, rests almost Pntirely with the
scientist who solicits or volunteers 'nformation. And t user-directed-
ness greatly enhances the intelligibity of that which is communicated.
For example, Coleman et al." point out that, although the medical
practitioner relies to some extent on compendia, digest magazines, and
other shortcut methods, he also depends very heavily on the advice of
either colleagues or detail men, and on word-of-mouth information. Fre-
quently, he is seel-..lng a recommended course of action, a weighing of
alternatives, and nceds someone to extract action implications from the
theoretical language of research reports. In industry, too, this translation
function plays an important role. Allen 4 has described a "boundary
impedance" which exists between organizations, partly as a result of
their adoption of what amounts to their own coding systems in order to
cut down on "noise" and increase the efficiency of their operations.
Consequently, certain individuals, in a more or less unplanned manner,
have come to act as bridges or gatekeepers, translating and channeling
information to those for whom it appears appropriate and linking mem-
bers of one organization with those of other or different (i.e., academic,
governmental) organizations. Another important consequence of user-
directedness is the frequent fulfillment of as unrecognized, unvoiced in-
formation needthe provision of information that proves valuable to a
user though he had not specifically looked for it, either because he did
not realize that it existed or did not perceive its utility for his purpose.

A fourth important attribute accounting for the prevalence of in-
formal communication is that these interpersonal channels typically carry
ancillary information and, in effect, complement the operation of the
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more formal ones. One type of information very often transmitted by
informal interpersonal interaction pertains to methodology and hard-
ware, the kind of "how to" information which often does not find its
way into the literature or, when it does, is not sufficiently detailed to be
meaningful. Negative results and details of preliminary or on-going
work also are conveyed most often through informal interaction rather
than more formal outlets. Additionally, much informal communication
relates to the more formal literature, either providing leads to useful
published sources of relevant information or filling in the details lacking
in a published report of work. A detailed breakdown on the types of
content typically encountered in informal channels appears in a
recent study stimulated by COSATI."

Last but not least of the characteristics that underlie the predominance
of informal interpersonal channels as information sources is the rela-
tively small expenditure of effort and time that they typically involve.
Allen and Gerstberger 5 have assembled evidence in a series of studies
which indicates that: "Engineers, in selecting among information chan-
nels, act in a manner which is intended not to maximize gain, but rather
to minimize loss. The loss to be minimized is the cost in terms of
effort . . . which must be expended to gain access to an information
channel." They conclude that accessibility is the single most important
determinant of the over-all extent of a channel's use, and that, though
technical quality is usually recognized, its consideration is delayed until
after a channel has been selected, a situation which they label_ "an
appallingly inefficient way of doing things. . . ." However, other data
suggest that, in addition to being readily accessible, informal channels
are prompt and relatively efficient. For example, in summarizing studies
conducted in the Department of Defense (non), Carlson 86 reported that
70 percent of the first attempts to locate information needed for research-
and-development work were informal in nature, and that the engineers
who went first to inform! sources received a higher proportion of the
information that they needed, within the time limits imposed by their
tasks, than did those who went first to formal sources.

These characteristics of informal communication all play their parts
in enhancing its effectiveness in the performance of two principal func-
onns: fostering the progress of research and facilitating the application
of knowledge. With regard to the first of these fflnctions, informal com-
munication is a very frequent source of ideas and of approaches to
problems. According to one estimate,

. . . of the conimunication that is used by each researcher as an inspiration and
as a data flow that makes his cwn work possible . . . some 80 percent . . .

comes to him from other researchers at a stage before formal communication
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and through the informal channels of the grapevine, the conference, the seminar,
the preprint, and the other tentacles of what we now call the Invisible College.144

A number of studies, though not suggesting so high a percentage,
demonstrate the prominent role of interpersonal interaction in gen-
erating hypotheses or pointing out alternative interpretations to be
explored, which, in turn, lead to a new projects and new directions of
research effort. Further, informal interpersonal interaction is the princi-
pal source of the encouragement or social support so necessary to
convert ideas into action. Colleagues and peer groups not only evaluate
completed work, they determine in large measure which ideas are acted
upon and which studies actually are performed, through their interest
and their assurance that what is planned is of potential value in a field.
Additionally, and most clearly documented in the many studies of the
ways in which informal communication stimulates and fosters research
effort, is the provision of information needed to solve the various prob-
lems occurring in the course of work. PeIz,142 for example, has shown
that frequent interaction with numerous colleagues, especially those who
differ in technical strategies and afford intellectual competition in arriving
at the best solutions to problems, greatly improves performance. He
recommends that supervisors encourage consultation outside the im-
mediate work team, establish evaluation groups to review the work of
various teams, and regroup work teams periodically.

In a current review of studies of information needs and uses,i"
the author suggests that many of the recent investigations of informal
communication in industrial and government laboratories have implica-
tions for organizational policy makers, and he anticipates increased ex-
perimentation with such policies as those governing long-distance tele-
phone calls, travel, and the attachment of technical staff members to
research teams as "information men."

The second principal function of informal communication relates to
the knowledgeapplication interface. To be applied, scientific or tech-
nical knowledge must be adapted to the "applier." At the present time,
this transmissiontranslation function typically is accomplished verbally.
Thus Kimball 101 suggests that science-and-technology transfer and use
should be dealt with as a "people transfer" process and that the problem
of document retrieval is not the main issue in this context. To date, there
is no uniform pattern for crossing the knowledgeapplication inter-
face, but on two points there is consensus: that report writing alone
does not do the job, and that one of the most effective procedures is
to arrange for research-and-development personnel to work side by side
with, and to interact with, operational and production personnel at
various stages throughout the course of work."' Evidence for the latter
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point is found in DOD studies of the factors involved in the generation and
use of significant developments contributing to specific DOD vistems; the
investigators " found that in nearly all instances the developers of par-
ticular pieces of technology remained closely associated with the
eventual implementation of their concepts. Additionally, subsequent
studies showed that some three fourths of the inputs that advanced the
work of the projects under study were personal communications during
the development and production-engineering stages, and that much of the
information input resulted from on-the-job experimentation in the solu-
tion of problems."

Recognition of the importance of personal communication in the
transfer and application of science and technology has resulted in at-
tempts in both industry and government-sponsored projects to foster
employee mobility. Such efforts probably have played a large part in
reducing the median time between discovery and application from some
30 years in the 1920's to about ten years in the 1960's. Yet such lag
still is too great in an era of rapid change and accelerating technological
development.

Employee mobility takes two principal forms: verticalupward in a
company through promotions; and horizontalmovement of persons
between component divisions or laboratories of the same company or
between companies. In regard to vertical mobility, the trend since the
turn of the century has been clearly in the direction of bringing scientific
and technically trained personnel into the front office. For example, in
1900, only 7 percent of industrial management in this country was
composed of technically trained personnel; by 1950, the proportion had
increased to 20 percent; in 1968, it was 36 percent; and a figure of
50 percent has been projected for 1980. The effect of this tendency
toward moving scientists and engineers into positions of greater manage-
ment responsibility has been interpreted as that of increasing receptivity
to the use of technologically advanced methods and procedures."

Probably of even greater importance in the transfer and application of
science and technology is horizontal mobility of employees between com-
ponents of the same company or between companies. Such movement
currently is fostered by the policies of many industrial organizations.
For example, General Electric has experimented with the practice of
having newly employed professional personnel from the Materials and
Processes Laboratory assigned to the Research Laboratory for a time
in order to broaden their outlook by having them work with the research
group and become acquainted with projects and facilities."' A number
of government organizations have taken a variety of steps to expedite
the spread and utilization of technology. One example, sponsored by
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NASA's Office of Technology Utilization, is the formation of biomedical
application teams which contact groups doing research in biology and
medicine and help to identify problems or phases of work that might
benefit from the application of aerospace technology.

Though the personal communication aspects of the application of
scientific and technical knowledge have been recognized and efforts have
been directed toward enhancing the effectiveness of this people-trans-
mission process, a major difficulty is that too many scientists and tech-
nologists make poor transfer agents. Their education and experience fre-
quently do not equip them to deal effectively with the major economic
factors that influence application. These mediating agents or catalysts
need to possess a broad scientific or technical background as well as
knowledge of the operation of commercial pressures and constraints so
that they can adapt technological capabilities in feasible and appropriate
ways to user problems and opportunities. Currently, the acquisition of
such commercial experience usually tees place gradually while scientists
and technologists are employed in industrial settings; however, the de-
velopment of special training programs that would enable more scientists
and technologistsboth students and those already professionally ac-
tiveto acquire commercial and public purpose awareness could assist
them in becoming more effective transmitters of science and technology.

And there is need also for further study (a) to discover how best to
combine such techniques as the exchange of software, demonstrations,
lectures, and movement of personnel and (b) to determine those phases
of the entire developmentproductionmarketing process in which the
interaction of personnel representing different aspects of work is most
fruitful. Such studies as those advocated in Recommendation El
(Chapter 3, Section E) could teach us things about this field that would
point to profound and long-range changes in the organization of research
and development in our society. For example, one might ask: What is
the optimum distribution of sizes for research-and-development or-
ganizations? While the answer to this question depends considerably ol
the factors determining the sizes of the educational, industrial, or other
enterprises to which research-and-development groups often are attached,
it also depends on the relation of the efficiency of the !atter groups to
their sizes. Here, interpersonal relationships can be of major importance.
The results of such studies could provide guidelines for developing poli-
cies that would accelerate the transfer and application of new knowledge.
One such effort is a recently initiated project of the National Academy
of Engineering," involving six universities, which has the objective of
discovering improved ways of using modern technological develop-
ments to enhance biomedical research and health care. Each university
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will endeavor to Jevise better ways of relating university activities in
engineering to efforts in such fields as biology, medicine, and manage-
ment science, with the goal of accelerating the development of new
instrumehts, artificial organs, new devices for therapy and diagnosis, and
other medical tools.

Although SATCOM has not attempted to crystallize into specific recom-
mendations the implications of the numerous and varied stun 'es dealing
with informal interpersonal communication, the Committee has dealt in
its recommendations with mechanisms and policies which can help to
nurture and strengthen the informal communication network. Our
Recommendations C11, D1, D2, and El (see Chapter 3, Sections C, D,
and E) arc addressed to these ends.

Scientific meetings constitute an important coupling mechanism
between truly personal and more formal modes of communication. The
maintenance of their effectiveness in this role within the changing pat-
terns of scientific and technical communication deserves particular atten-
tion. Presumably no one would argue that large conventions should be
staged solely to provide attendants with opportunities to talk informally
between sessions; yet, the suggestion, occasionally voiced, that most
large scientific meetings should be eliminated altogether and replaced by
numerous small working-group meetings ignores the fact that a major
conference, in addition to fulfilling its own over-all function, is a par-
ticularly economical and effective mechanism for bringing together small
groups having like interests. For the other aspect of communication
through meetings, dissemination via the formal sessions, the nature
and organization of such sessions clearly play a role of vital significance.
Section C of this chapter deals in more detail with studies of the effective-
ness of informal interaction and presentations at meetings in a number
of disciplines.

The principal criticism of meetings has focused on two charges: that
their continuing growth in size and number is unwarranted, and that
their purposes too frequently seem to be ill-defined. Since meetings
play a major part in the advancement of science and technology, it
is of vital importance that greater effort be directed toward match-
ing their effectiveness and efficiency to contemporary requirements.
Such is the purpose of our more detailed review of this topic in Section C
of this chapter and of our Recommendation C16 (Chapter 3).

B. ORIGINATORS AND USERS

The originators and users of scientific and technical information are
largely the same individuals, for almost everyone who generates scientific
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and technical information also makes use of it, while, in their turn, many
users are originators of scientific and technical communications. Wo
consider them separately simply because sharply differing interests are
involved in these two aspects of scientists' and technologists' concern
with communication, even though communicators and receivers of in-
formation frequently are the same people.

ORIGINATORS

Ideally, the technical paper serves the purpose of reporting significant
research results for the advancement of human knowledge and the
betterment of mankind. Were this its only purpose, publication should
bs assured and provided completely at public expense. In the real world,
the situation is not this simple; other reasons include arbitrary external
requirements, professional advancement, kudos of various kinds, and
money. Most such motives are not inherently bad, but all can detract
from the effectiveness of the over-all communication system if applied
capriciously or without restraint. A brief indication of some of these
not wholly communicational roles shows the mix of motives which fuels
scientific and technical publication. For example, individuals write
papers to:

1. Maintain or enhance their professional status and recognition in a
particular field or within an organization

2. Develop a better r6sum6 and list of publications in order to estab-
lish a better bargaining position for salary reviews or job interviews

3. Conform to the traditions of science by making their work avail-
able upon completion for the judgment of their peers and colleagues

4. Obtain the satisfaction of seeing their work in print
5. Facilitate new contacts with others doing similar work

Research organizations also have a number of motives for sponsoring
the writing of papers by their staffs; for example, to:

1. Establish or maintain, for purposes of recruiting, sales, or project
support, a public image of their organization as a place where most of
the work, or the most interesting work, in a field is taking place

2. Obtain a measure of the productivity and quality of the efforts of
the professional staff

3. Develop better staff biographies to enhance sales proposals or
satisfy necessary accreditation procedures

4. Advertise particular products or services
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5. Reinforce patent protection and obtain royalties or revenues from
publication sales

Further, professional organizations and societies encourage the writing
of papers by their members for such reasons as:

1. Improving the profession and its skills
2. Sustaining their programs of services to members, such as publica-

tions and conventions
3. Maintaining their status as active organizations and thus encourag-

ing increased membership

Finally, there are the commercial publishers, whose efforts necessarily
are guided more by profit than by enhancing the effective flow of sci-
entifi,: and technical information. They compete with scientific and tech-
nical society publications in fields of broad appeal, thus adding to the
volume of communications in such fields, but leave to the societies the
coverage of areas that interest relatively smaller groups of readers or
those less involved in industry and applications.

At times, scientific and technical societies also yield to market pres-
sures and opportunities to the detriment of the effective flow of informa-
tion. As a result of tight budgets, editors may hold papers and allow a
backlog to develop rather than suggest to authors that they publish
elsewhere in order to obtain faster service. Further, some societies re-
quire papers presented at their conventions to be published in their
Journals (or editors reserve at least a right of first refusal). Such a
restriction takes from the author the option of placing the article in a
Journal which might permit earlier publication or wider dissemination.

These various motives dilute the primary purpose of scientific and
technkal publication and produce a complex structure of producer
interests and equities, the strengths and inadequacies of which require
much clearer understanding (Recommendation C7), For example,
though it is possible to differentiate clearly between technkal paper and
technical patent, the sociological forces which resulted in the institution
of the tatter also affect the former, just as the patent fulfills a number of
the same information purposes that the paper does. Such overlaps,
constraints, and pressures must be recognized and considered in planning
for more-effective scientific and technical communication.

USERS

The determination of scientists' and technologists' habits in the use of
scientific and technical information and the reliable identification of their
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information needs present difficult and challenging problems. How they
$ay they obtain information and what they say they do or do not
want obviously cannot be ignored; however, it is equally clear that such
expressions arc not always reliable. For example, when one circulates a
list of journal titles on which some nonexistent publications have been in-
cluded and asks scientists to indicate those which they read regularly,
an appreciable number of respondents invariably will check one or more
of the mythical periodicals. Additionally, scientists' opinions on what
information services they would like to have necessarily are formed
largely in the context of what is familiar to them. They might respond
differently in some framework other than their present oneor in the
light of broader knowledge about potential services.

Another aspect of the operation of the communication network which
we need to understand more fully is the sluggishness with which indi-
vidual working habits respond to new opportunities or challenges. There
is evidence that not only individuals but whole blocs of scientists or
technologists often will get into a rut and for years fail to take advantage
of information tools that could help their work significantly. Allen' has
found with some consistency that the channels used with the greatest
frequency are not the ones providing the greatest number of acceptable
responses. Further, Parker "' suggests that much seemingly unproduc-
tive, "low payoff" communication behavior fulfills the functions of
morale building or channel maintenance:. A better understanding of these
aspects of communication behavior is necessary before we can effectively
design and promote the use of new communication techniques and media.

The application of external testing techniques to the determination of
the Information habits of scientists and technologists is complicated by
the likelihood that the experiment itself may distort the phenomenon
under study, a situation further aggravated by the aforementioned un-
reliability of user reports and user adherence to firmly entrenched pat-
terns of behavior. On the other hand, experiments in which the testing
does not directly Involve the subjectso-called "unobtrusive measure-
rce.nt"are difficult to devise.* A number of measuring techniques have
been tried In this area with varying degrees of suexess and are now
being modified and combined with one another to meet more effectively
the problems inherent in assessing user behavior. Such techniques
have been described in detail and appraised in recent rev;ews (e.g., in

runkhouser mentions the following two nontechnical illustrations of the
unobtrusive measurement technique: (a) gauging roughly the sire of a total TV
audience by measuring the drop in city viva pressure during commercials; and
(b) placement of radio advertising by an automobile dealer on the basis of his
words of stations to which radios are tuned in cars brought in for service.
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those by Menzel 114 and by Parker and Paisley "0. Briefly, they include
questionnaires; diaries; records made by a trained observer who "pops
in" and checks information activities in a particular setting at random
intervals; analyses of records, such as library withdrawal lists or de-
mands made on an information center; citation studies; interviews;
sociometric analyses; and the "controlled experiment" types of studies.
A method employed by Halbert and Ackoff a' to circumvent the omissions
and exaggerations of the diary and the neglect of out-of-working-hours
acquisition of Information that characterizes the participant-observer
technique was to have each participating scientist or engineer carry a
specially designed alarm watch during all his waking hours. The alarm
was set to go off at random intervals and, when it did so, the wearer noted
whether his activity was related to scientific and technical communica-
tion. If it was, he described it more fully. Another variation on the diary
approach is the so-called solution development record,' a record of the
approaches identified, selected, and rejected throughout the progress of
a team's work toward the solution of a design or development problem.
This record, when combined with interview data on information inputs
to a work group, gives an indication of the nature and utility of informa-
tion sources and of the effects of information on the progress of work.

A recent trend with regard to interview and questionnaire studies
of user behavior is to focus on a "critical incident," a particular piece
of information received, and to ascertain the source or sources, content,
nature of acquisition (directly sought for a specific purpose or acciden-
tally acquired), application to a task, nature of the task, and further
information activities that the information stimulated. This emphasis
has helped to enhance the meaning and usefulness of the resulting data.

Another technique receiving increasing attention, typically in combina-
tion with other methods, consists in the use of sociometric analysis to
demonstrate the influence of personal characteristics, attitudes, and inter-
personal relationships on the flow of information. Typical phenomena
that this technique serves to explore are: the existence and functions of
the "information man" or "gatekeeper," who acts as a kind of informa-
tion source and communication channel for his colleagues; the factors
determining the scope of the so-called invisible colleges and the kind
and amount of information that circulates within them; and the correla-
tion of information needs and of behavior patterns in the exchange of
information with particular user characteristics and relationships in the
work environment.

Finally, the methodological developments of recent years are showing
more concentrated effort in the direction of the "controlled experiment."
One example is the comparison of the age of work reported, types and
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impact of information received, and informal interaction stimulated at
a number of "experimental" meeting sessions for which papers were
distributed six weeks prior to the the meeting and at "control" sessions
which took place at the same or previous meetings and for which such
a practice was not followed." Another type of experiment compared
the utilization of information by several research-and-development groups
engaged in the solution of the same problem and competing against one
another for government contracts.4 Experiments, such as those of Kessler
mir,"° in which computer techniques could be employed to monitor
and modify the flow of information among users, offer an approach of
great potential value, the possibilities of which are as yet largely
untapped.

Though the various methodologies employed are few in number and
not without serious defects, their modification, use in combination, and
more careful application have advanced substantially the art of designing
and conductiAg studies of user behavior in recent years. In the past,
such studies frequently focused on highly subjective "opinion poll" types
of data dealing with preferences and evaluations, on simple use-nonuse
data unrelated to context or consequences, or on the determination of
user skills and practices, such as foreign-language facility or the number
of hours spent reading in a library, which are chiefly of value in guiding
the management of local information services. Current emphases in
data collection pertain to:

1. Functionsthe relationship of (a) the media from which infor-
mation is r.,-zived, (b) the nature of the information, and (c) its in-
tended purpose to the specific uses made of it

2. Performancethe effect of information received or of patterns
of information exchange behavior on the accomplishment of a specific
task

3. Dissemination patternsthe media utilized and audiences reached
from the time work is fiat reported through the time of its publication
and eventual secondary coverage, and the time intervals associated with
the process

Consequently, certain major themes and perspectives are emerging now
that invite further study or follow - through. The first of these is the
increasing adoption of a systems approach in the study of a given
community's scientific and technical communicationthe recognition
that all information exchange arrangements, information functions, and
interconnections among receivers need to be examined in order to ap-
praise the flow of information. Corollary is a ,7owing awareness of the
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ways in which varied information channels complement and supplement
one another in the effective transmission of information; Menzel "' refers
to this as synergistic activity of channels in the transmission of a single
message. Crucial in this context is the role of informal communication
and the need for a better understanding of the regularity and order in
its occurrence and of the implications of this orderliness. Finally, there
is a tendency to view scientists and technologists as specialized publics,
whose communication institrtions are shaped and operated for many
purposes other than the bange of information.

Notwithstanding thew tcouraging developments, two recent reviews
point to serious shortcomings that still are with us. Herner and Herner,'
in reviewing material on communication needs and uses, list the follow-
ing: (a) the relatively few techniques used; (b) the diversity of the
groups to which these few techniques are applied; (c) the ambiguity
of the terminology employed; (d) the failure to profit from past mistakes
or to build on past gains; (e) the lack of innovation; and (f) the fre-
quent absence of rigorous experimental designs. They additionally cite
instances in which excellent data w; re collected, but inadequately
analyzed and interpreted, because their potential was not recognized,
and, on the other hand, studies in which mediocre or barely adequate
data were over-analyzed, only because the statistical and mechanized
techniques for doing so were known and available.

In his review of this area for the subsequent year, Paisley "6 indicated
that "the study of information needs/uses has matured methodologically
(in most projects, most of the time),' and he suggested as the crucial
shortcoming the nrrrow and shallow conceptualization that so often
results in such instances of inappropriate handling of findings as those
pointed out by Herner and Hefner." In selecting a limited area for
exploration, some investigators fail to keep in mind the over-all context
end thus ignore possibly significant factors and influences as well as
the broader implications of their findings. Four suggested questions, to
which future studies should give emphasis, are:

I. What are the factors determining channel selection?
2, What are the effects of quality, quantity, currency, and diversity

on productivity?
3. What is the role of background and personality factors in shaping

information-exchange behavior?
4. In what ways do the social, economic, and other systems that

Impinge on the user and his communication system affect information
exchange behavior?
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In addition, SATCOM urges investigation and clarification of three
areas in which data are lacking. First, except for the observation of last-
link transfers, exploration of the ways in which the diffusion pattern of
information throughout a network is influenced by user demands has
been limited. Second, the lack of awareness of the existence of informa-
tion services rather than their (imputed or experienced) ineffectiveness
continues to contribute in a major way to the heavy dependence on
informal channels. Finally, there is little effort to apply or implement
what is learned from user studies; for example, what steps should be
taken to deter users from returning to familiar and easily accessible
sources, even when the expected yield is low, and to tap instead sources
that promise a higher yield, albeit at greater effort.

The findings of the studies briefly mentioned in this section and of
the many other user studies of recent pars are too varied and numerous
to permit detailed discussion (the final results of the massive User Needs
Study of the Department of Defense comprise six volumes). ". In They
offer a wealth of suggestions for further investigations of the communi-
cation patterns and information needs of scientists, engineers, and
practitioners. Particularly important in following up on these suggested
lines of endeavor is the involvement of highly competent persons with
a broad working knowledge in the substantive fields being studied, as
we emphasize in our Recommendations El and E7. The absence of
such involvenient has accounted in large measure for the lack of con-
tinuity among earlier studies, for the frequent failure to concentrate
effort on major and crucial problems and questions, and for much of the
rather widespread apathy with regard to follow-up or implementation of
significant findings. Broader awareness and participation among scien-
tists, engineers, and practitioners of proven discipline competence are
essential to the success of future studies and to the continued and,
hopefully, more rapid progress of this field.

C. MEETINGS

The term "scientific meeting" covers a broad range of gatherings from
small seminars and discussion groups to major national and international
conventions. For the most part, however, "scientific meeting" brings to
mind conferences, symposia, and annual conventions at which some
appreciable level of over-all planning and control is exerted by someone
other than the communicator. Two aspects of communication must be
considered In studying such occasions: the informal, between-sessions
colloquies among the attendants and the formal sessions themselves.
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It is a well-known saying about scientific meetings that "You always
learn more from conversations in the hallways (a euphemism that takes
in a wide variety of locales) than you do from the formal papers." While
this statement undoubtedly is exaggerated, there is no doubt that corridor
talks at meetings can be immensely valuable, both concretely for the
actual information exchanged and somewhat less tangibly because of
the scientific fellowship and enthusiasm they nurture. Here, as with
purely informal exchanges, content and audience largely are (or can be)
controlled by the communicators. Timing, of course, depends basically
on those who plan the conference or meeting. Thus, accompanying almost
all large professional meetings are many related and very worthwhile
breakfast, luncheon, and other working sessions of committees, panels,
task forces, boards, and the like.

For the other aspect of communication through meetingsdis-
semination through the formal sessionsneither audience nor timing
is controlled by the communicator. Within the framework of the partic-
ular conference's or session's theme, he does largely determine the
content of what he says, if he has the chance to say it; his control over
the latter factor varies from near zero for major invited papers (of course,
he can decline) to being virtually complete for presentations in certain
kinds of free-for-all sessions.

In order to enhance the effectiveness of meetings in the fulfillment of
their characteristic dual function, substantially better information than
previously has been available on various aspects of meetings will be
needed. Data on optimum patterns of presentation fur example, read-
ing versus discussion of prcdistributed papers versus panel sessions; on
timeliness of papers versus the value of premeeting refereeing or screen-
ing (since either is achieved at the expense of the other); on postrneeting
evaluation of benefitsthe sources and types of information that proved
useful in work; and on many other aspects would be useful in guiding
efforts toward modification and improvement.

The provision of such data was one of the main objectives of a series
of studies begun by The Johns Hopkins University Center for Research
in Scientific Communication in 1966. The Center obtained comparative
data on a variety of aspects of the dissemination of information at the
annual meetings of a number of scientific and engineering societies.'
Among the groups studied in relation to each meeting were the authors
of program material, random samples of session attendants, participants

Disciplines studied included: optkal science, geophysics, meteorology, geog-
raphy, rociology, aeronautical and astronautical engineering, metallurgical engi-
neering, and beating, ittrigetatina, and air-conditioning engineering.
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in special program events (e.g., demonstrations at exhibit booths, special-
interest-group discussion sessicns), and persons who purchased or re-
quested copies of meeting papers (many of whom were not present at
the meetings). The analysis " of the October 1966 Annual Meeting of
the Optical Society of America (osA) illustrates the types of data ob-
tained in these meeting studies. Response rates for the participating
groups at the Optical Society meeting ranged from 71 percent to 78
percent. Ameilg the principal findings were the following:

1. The meeting attracted persons with a higher level of academic
training than wes typical of the field of optics as a whole.

2. Research and development were the paramount areas of effort of
most participants, with authors of papers especially emphasizing basic
research and the preparation of manuscripts on their work.

3. While most of the material presented dealt with single research
projects, a fourth of the presentations were reviews of a series of experi-
ments in which the speakers were involved.

4. Generally, work covered in a presentation began about a year
before the meeting and became reportable a few months before it.

5. Though most of the work had been presented in oral and/or
written form prior to the meeting, such dissemination tended to be of
limited scope; therefore, more than three fourths of the authors planned
further reports, typically as journal articles, very soon after the meeting.

6. Substantial percentages of all groups reported significant informal
interaction at the meeting, with postmeeting follow-up planned in most
Mgt

7. Respondents who had modified, or who planned to modify, their
own work as a iesult of infermation received from specific formal papers
about which they were questioned, or from interaction about these
papers, varied from a seventh (for session attendants) to a fourth (for
authors).

8. Additionally, more than half of the attendants reported some
modification of their week as a result of aspects of the meeting other
than the specific papers e bout which they were questioned.

In the report of the Center's study of this osA meeting," the authors
concluded that, taken together, the findings depicted a stimulating and
effective annual meeting.

Once reliable data of these and related kinds have been obtained
and analyzed, societies and other concerned groups will be able to
Insist that their implications be reflected in the imnrovement of meeting
arrangements. Meanwhile, funding organizations must be convinced,
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first, that vigorous steps are being taken toward the achievement of
maximum meeting effectiveness, and second, that meetings are an es-
sential element in the communication complexnot merely a luxury that
can be sloughed off without serious damage to scientific and technical
communication. (See Recommendations C16 and Dl.)

D. PREPRINTS AND TECHNICAL REPORTS

Originally the name "preprint" was limited to documents in manu-
script form that would be published later, as its literal meaning implies.
Current usage minimizes the significance of the second syllable and the
term now applies to a sizable range of items, from communications just
slightly more formal than many of those described in the latter portion
of Section A of this chapter to finished manuscripts that have been
accepted by a journal and are scheduled for publication. Between these
extremes lie interim reports on research projects that authors reproduce
and send to friends (including the invisible-college kind of round-robin
communication); multiple copies of papers that speakers stack on a
chair for help-yourself distribution at conference sessions and which
may or may not be formally published at some future date; semiformal
drafts of articles that authors plan or hope to publish after further
revision; and other variations on the general preprint theme. The "pre-
print problem" frequently referred to involves principally members of
the family in the more nearly formal portion of the spread, and it is with
these that we deal primarily in this section.

Preprints distributed by, and largely at the whim of, their authors
unquestionably enjoy many attractive advantages over their more formal
cousins. They permit prompt dissemination of information; they allow
greater flexibility in adapting communication to context; they are for
the most part free of arbitrary space restrictions; and they include
conjecture and accounts of failures as well as documented successes.
And so, as publication time lags have lengthened for conventional jour-
nals, and as space and cost limitations have become more severe, it is
not surprising that scientists and technologists have turned *ncreasingly
to the preprint kind of medium. Although its superposition upon the
existing journal structure leads inevitably to redundancy and duplication,
the few instances where analyses have been made have indicated the
combined effect to be beneficial rather than otherwise.

But communication by preprint also has drawbacks. No permanent
record is assured, at least under current conditions of insufficient biblio-
graphic control, to provide for reliable subsequent search. Completely
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decentralized control of dissemination by authors means little or no
standardization of, or consistency in, dissemination patterns; one who
receives preprints in a given field from scientist A this year may or may
not receive them from scientist B, who works in the same field, or from
scientist A next year. Dependable, comprehensive indexes are almost
impossible to prepare, and even if prepared would have limited use-
fulness because of problems of access to the documents indexed. Al-
though the ultimate publication of preprint content in formal papers
may be a net asset, the absence of any consistent way of identifying what
has received duplicate recording unquestionably makes for a considerable
degree of confusion.

Even more serious is the threat that preprint circulation may under-
cut the primary journals. When the distribution of preprints involves
large areas of specialization or is worldwide in scope, it does, in fact,
compete with formal types of dissemination. Though such distributior
may not be intended as a substitute for journal publication, it can make
widely available a complete manuscript, which is cited in bibliographies
and accepted by some as sufficient to establish priority. As a result, the
journal may be relegated to the role of archival depository, with low
readership and use. But the preprint typically lacks refereeing and
editing, the filtering and evaluation so crucial for trustworthy and effec-
tive scientific and technical communication, and its purported failure to
be conscientious about citations of prior work tends to raise questions
about the quality and authenticity of such communications. Nevertheless,
the preprint can fulfill an important function without undercutting the
more formal publications. If used to convey information, at the author's
discretion, on procedures, pilot or exploratory work, brief reports on
the current status of work, or extensive collections of primary data,
tables, illustrations, and the like, and if automatic distribution is care-
fully controlled, the preprint can constructively complement rather than
compete with the functions of the archival journal.

Here, as with meetings, scientific societies and similar organizations
should take the lead in exploring various aspects of semiformal written
communication within clusters of specialists. Such groups should cer-
tainly be kept small, but we need to know more precisely their optimum
size, that is to say, the size beyond which they become economically
impractical and self-defeating by reason of increased cumbersomeness
of operation (greater distribution delays, lowered quality, excessive
volume). In view of proposals that have been advanced for partially
centralizing preprint distribution in order to ensure that all interested par-
ties are included in the exchange and to introduce at least minimal
bibliographic control, it is necessary to know horn far one can go in
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these directions without nullifying the peculiar advantages of the preprint
medium. Answers to these and similar questions should go far toward
clarifying the desirability and feasibility (or lack thereof) of attempting
to impose some degree of centralized control upon preprint distribution
and should point the way toward effective future action. It is within
such a framework that Recommendations C14 and C15 (Chapter 3)
were formulated.*

Two projects, in particular, are relevant to our consideration of
preprint distribution; the first is a six-year operational study conducted
by the National Institutes of Health (NIH), and the other, a feasibility
study carried out by the American Institute of Physics (Alp), with partial
support from the Atomic Energy Commission (AEC). The former, which
NIH called its Information Exchange Group (ma) program, was initiated
in 1961 to examine experimentally various aspects of the informal,
rapid exchange of information common within small groups of scientists
with similar research interests. Basic to the design of the experiment was
the belief that each special-interest or profile group contains a core
of "elite," representing roughly five percent of the total group. Members
of this core group are "in the know" at all times, since they function as
referees and editors and as competent critics in relation to their students,
staff members, or colleagues. nrther, they exchange information with
one another for reaction and stimulation. A principal objective of the
experiment was to make information as rapidly available to the entire
profile group as it was to the core of elite so that all would be able
to base their day-to-day research decisions on the latest information.
A second basic belief was that a rapid flow of information would
accelerate scientific advance throughout a profile group. The experiment
was intended to gather data relevant to this thesisi.e., to document
those instances of a saving of research time or money that resulted
from having had access to a preprint that was distribute,z1 well in advance
of a journal article.

The mechanics of operation, as planned by the NIH, were relatively
simple. The Institutes established a communication center to which the
research papers originating within a group of scientists with common
research interests could be sent, there to be duplicated (by photo-offset),
with copies mailed promptly to all members of the group. The Institutes

Tigre is, of course, a practical limit to the amount of bibliographic control
that can be exerted over preprint distribution. The author of a paper undoubt-
edly will continue to send copies to friends, wio have friends, etc. However, the
,cope of such dissemination probably will remain very small, and the existence
of some uncontrolled informal interaction should not deter societies from seeking
to introduce as much order as is practicable.
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exercised no control whatever within any group, referring any problems
with regard to input to each group's chairman for decisions. Also, the
Nut made no changes in any scientific communication, but served, in
effect, only as a mail drop. The program was carried on for three years
with a single group of research scientists before others were added.
Eventually, there were seven. Table 1 presents the subject areas of these
groups, the initial and final membership of each, and the total number of
communications circulated.

Among the main findings of the experiment are the following:

1. Each of the subject groups became the nucleus of a growing body
of scientists which, probably, would have increased to the point of ap-
proximate saturation in the research fields involved had the experiment
continued,

2. Approximately half the communications were full research reports,
87% of which subsequently were published.

3. Participants generally appeared uninterested in back-and-forth
comments and frequently unwilling to call attention to points of error
or disagreement; however, there were indications of much private "back-
flow" from readers to authors.

4. Of two groups questioned after the program had operated nearly
four years, nearly all (98-99 percent) indicated that participation in

TABLE 1 Age, Growth, and Communications cf Information Exchange Groups
io the Nut Experiment

Groups
Final Age
(Years)

Total Membership
Total
Commu.
nications
SentInitial Final

I Oxidative Phosphor)la-
lion and Terminal
Electron TranSpOri 6.00 32 735 774

11 Hemostasis 2.92 19 127 176

III Computer Simulation
of Biological Systems 2.75 40 171 69

IV Molecular Basis of
Muscle Contraction 2.29 95 296 141

V Immunopathology 2.42 72 611 320

VI Interferon 2.21 98 230 275

VII Nucleic Acids and
the Genetic Code 2.00 222 1,472 806
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IEG helped them to keep up with current literature, and more than four
fifths (83-84 percent) believed that the rate of progress in their fields
increased as a result of tea,

5. In response to a final questionnaire, 466 participants reported
1,111 instances in which advanced information received through IEG
influenced their research decisions, cited 346 instances in which such
information prevented unnecessary duplication, and described 15 in-
stances in which they were misled by, detected an error in, or disagreed
with the advance data.

6. The 466 scientists also provided quantitative estimates of time and
money saved or lost as a result of IEG information; the data suggested
an overall saving (in man hours and money) on the order of $10,000,000
per year.

The Nut concluded that the IEG experiment had fulfilled its initial
objectives, and as it had been set up as a feasibility test, with no con-
templation of or provision for a continuing Nut-based preprint distribu-
tion service, the experiment was terminated some six years after its
inception.* The Nut also suggested that this kind of quick-communica-
tion program is well worth considering for subject areas that are highly
focused and readily definable, and that such a program will function
most efficiently and with least friction when managed by an appropriate
society or other group also involved in journal publication in a given
field.

The second project grew out of an AIPAEC discussion of the AEC'S
tentative plans to establish within its own organization a centralized
preprint distribution system in the field of theoretical high-energy physics.
Following this discussion and an Information Symposium sponsored by
the American Physical Society, it was decided that AIP would conduct
a study to determine the desirability of a centralized service for distrib-
uting informal communications in this field. If the results were affirma-
tive, the AIP would then draft the rough design of an experimental service.
This AIP study began in April 1966 with interviews of 45 high-energy
physicists and the mailing of questionnaires to more than 550 more; a
separate questionnaire was sent to 36 U.S. and 47 foreign institutions
likely to have "preprint libraries" of one kind or another. The main
questions raised in the interviews and the personal questionnaires were
the following: (a) Would the innovation under consideration affect

Another point of view with regard to the termination of this experiment appears
in an article by Green,
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the journal publication system adversely; and (b) if so, all things
considered, would any such effect be outweighed by the benefits of the
innovation? The crucial question then asked was: "Considering the
advantages and disadvantages you have listed, should a centralized
preprint service in theoretical high-energy physics be tried on an ex-
perimental basis?" A breakdown of the 543 replies showed that 42
percent wer: wholly in favor; 36 percent indicated "yes, with reserva-
tions"; 13 percent were against the idea; and 9 percent were undecided,
These results, together with the interview findings, which were com-
patiblo, suggested that at least an experiment in centralized preprint
distribution was warranted, with a final decision regarding establishment
of a full-fledged continuing service to await the results of such a test.
Consequently, the All' designed a trial system that would combine the
following services: announcement of preprints; maintenance and circu-
lation of a directory of high-energy theorists; and provision, at the
discretion of the author, of copies of preprints on request and/or
automatically in preselected categories.1"

The Division of Particles and Fields of the American Physical Society,
which was regarded as the most appropriate group to have cognizance
of such an experimental service, is considering the proposal but has
not reached a decision on its implementation. In the meantime, the Ac
and its laboratories probably will begin to provide this kind of service
within the nuclear-energy community.

A substantial and specialized segment of the semiformal literature
consists of technical reports, a form that has been described by one
writer as sired by World War II and damned by scientists and engineers
ever since. The main characteristics cf the technical report are the
following, the latter two of which it shares with the preprint, thus
permitting extensive substitution of one for the other:

1. It is written for an individual or organization that has the right
to require such reports.

2. It is basically a stewardship report to some agency that has funded
the research being reported.

3. It permits prompt dissemination of data and results on a typically
flexible distribution basis.

4. It can recount the total research story, including exhaustive ex-
position, detailed tables, ample illustrations, and full discussion of un-
successful approaches.

The individual's control of this medium is largely limited to report
content. He may influence distribution, but his laboratory or funding
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agency controls it. Timing for many technical reports is specified in
the contract under which work is done; for others, it may be the author's
responsibility. Other attributes of technical reports as a whole are so
heterogeneous that one can find ready examples to support almost any
generalization that happens to strike his f icy: that they are too long
or too short; badly refereed or well refereed or not refereed at all;
reliable or unreliable; inadequately distributed or too widely distributed;
too detailed and technical or not technical enough; too expensively
pric or shoddily assembled; a valuable complement to journals or
a serious handicap to conventional publication. One semigeneralization
that has some validity is that, while tu. appreciable fraction of the infor-
mation in technical reports appears within a year or two in conventionally
published form, a single report does not typically become a single
published article. More often, a journal article will contain material from
several technical reports plus data and conclusions that may never have
appeared in report form; or some of the contents of a particular report
may show up in several journal papers, each of which also contains
other material.

Spirited arguments as to whether technical reports of the kind just
described should exist have produced a little light, more heat, and a lot
of fun over the past 25 years. Surely, however, the time for such debate
is long past. Technical reports exist. For more than two decades they
have been turned out in increasing quantities under a variety of auspices
and conditions, and a sizable complex of accessory paraphernalia for
their bibliographic control has grown up. The total annual production
of these documents amounts to tens of thousands; and there are several
hundred offices and agencies with responsibility for the research-and-
development programs that prepare and issue the reports.

Under these circumstances, the appropriate role of scientific and
technical societies appears to lie in working to improve the effectiveness
of technical reports rather than in continued windmill jousting to try
to eliminate them. Among the objectives to which these organizations
might beneficially devote their efforts and influence is the development
of a better differentiation between reports whose preparation is required
for contractual purposes, such as periodic progress reports submitted at
set intervals, and substantive reports whose preparation is determined
by the status of work. Distribution of required reports would, of course,
be at the discretion of the sponsoring agency; however, substantive
reports should be treated as any other primary publications and given
uniform and adequate bibliographic control. The development and adop-
tion of such a policy could greatly enhance the usefulness of the technical
report literature and is the subject of our Recommendation C15. Other
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areas in which the influence and efforts of scientific and technical socie-
ties would be of value are:

1. Improving the quality of technical reports with regard to such
aspects as the writing itself or more effective presentation of data and
results

2. Making reports or information about them more easily occessible
through better or more fully coordinated services for announcement,
abstracting and indexing (or their equivalents), and provision of
copies

3. Achieving maximum coordination between technical report and
primary journal publication programs in order to minimize confusion
and undesirable duplication

E. SERIALS

Serials include such media as the conventional journals, same proceed-
ings of meetings, and transactions of scientific and technical societies.
Here, the communicator (the author) has substantially no control over
either timing or distribution. His control of content is analogous to
that which a federal agency has over its appropriation; he submits what
he wishes to communicate, after which referees and editors decide bow
much, if any, of it Kill be published.

The "average serial" (probably as mythical as the average man)
would have the following characteristics: repetitive (usually periodic)
issuance; a more or less well-defined subject area; some degree of
quality control of content; a fairly formal editorial structure; a format
as professionally impressive as the budget permits; and, generally, a
subscription price. Obviously, several of these features are not entirely
unknown within the semiformal communication family. For example,
the contents of some technical reports and preprints receive appreciable
refereeing prior to issuance; a long, periodic series of technicll reports
on the same general subject eventually may become difficult to dis-
tinguish from a journal; the technical stature of semiformal documents
often equals, and sometimes exceeds, that of many published papers;
contractor rivalry frequently results in reports far more elegant in ap-
pearance than most journals. The published serial literature perhaps
combines these various attributes more fully than does any one of
the other media and probably can be thought of as constituting a fairly
well-defined entity is the minds of scientists and technologists (see
References 85 and 125). There are now some 30,000 or more slim
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tific and technical journals, and for some years the birth rate has
exceeded the mortality rate. That apparently no more pipers per scien-
tist are being published today than were published some decades ago
is but cold comfort to the individual scientist or technologist with his
personal communication problems of choosing what to read and when
to write.

A further complication i3 that journals, in their ancient role as prin-
cipal purveyors of scientific knowledge, have been expected to be all
things to an scientiststo serve simultaneously as the chief medium
for the announcement of new knowledge, as the fundamental archival
repository of tested and accepted results, and as the major instruments
through which scientists build their professional reputations. In several
respects these functions ate inherently incompatible. Effective per-
formance of the announcement task requires prompt, rapid publication.
But provision of a complete, reliable archival record necessitates the
time-consuming tasks of prepublication refereeing and evaluation. And
to the extent that scientists are judged 'ay their professional peers (and
by administrative officials who hire and promote scientists) simply on
the number of their publications, the scientist is subjected to a kind of
built-in pressure to publish as many papers as he can, regardless of
the actual significance of their contents.* Rising costs in every phase
of publication, leading to limitations on the length of papers and on the
numbers of tables and illustrations that can be included, have added to
the complexity of the problem. Still another factor contributing to the
difficulties is the evolution of substantial areas of multidisciplinary re-
search, for example, astrophysics, biochemistry, and geophybics. As a
result, the typical individual research scientist finds himself in an in-
creasingly difficult situation with regard to the journal literature. To
cover his research interests, he needs to look at more and more different
journals, all of which are continually rowing in size, with "two for one
splits" not uncommon. In each of these, the quantity of material not of
interest to him, but within which the information he does want is sub-
mergel, also keeps expanding. Current awareness dividends are obtained
at the cost of reduced reliabilityand vice versa. He cannot afford to
subscribe to all the journals that he feels he should, and even if he could,
he would not have time to read them and get everything eho done. A
number of approaches have been and are being tried to assist the
scientist in this many-faceted predicament.

Currently, there are indications of the emergence of an opposing pressure to
avoid duplicative and trivial publication, ia tendency foetered by the tow es;eem
in which scientists hold collekes who indulge 1^ this practice and by the caustic
criticism that empty publication sometimes evokes.
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Two possible approaches to alleviating the ills caused by the sheer
quantity of the technical literature are (a) to publish less and (b) to
get rid of much that already has been published. Scientists have written
a great deal on the general theme of "Scientists write too much," or, at
least, write too much trash. A year or so ago, for example, physicist
Lewis M. Branscomb 27 wrote: "We must find e way to throw out, for
good and all, a good fraction of the published scientific literature"; many
others (e.g., Goudsmit ") have expressed similar views. The underlying
questions of the contemporary value of currently published scientific
and technical literature and of the length of time it will retain its value
can be subjected to some degree of quantitative analysis. For example,
the results of a small-scale study," using a random sample of solid-state-
physics papers of recent vintage, suggested that nearly half of all papers
in this field retain significant value and, in particular, are not out of date
or superseded even after five years have passed. Undoubtedly, many
papers that contain valuable information also contain nonsense or present
their cases very poorly. This fact, perhaps, is the source of the wide-
spread contempt of scientists for the bulk of their colleagues' writings.

To combat the publish-or-perish syndrome and its inflationary effect
on the quantity of scientific and technical literature, those who evaluate
and judge the work of scientists and engineers, and those who are
engaged in training the scientists and engineers of the future, should
emphasize quality of output over the number of papers. They should also
point out and stress such examples as that of the physicist, Albert Michel-
son, who, though his work exerted a major influence on science, published
a relatively small number of papers and books. Further, his total of
75 publications did not entail the repeated issuance of the same material
in slightly varying form.

The scientific and technical societies have a vital role to play both
in the achievement of better publication birth control and in the explora-
tion of procedures for the selective withdrawal or burial of useless or
superseded material. One plan offered in regard to the latter is to employ
two levels of abstracting: promptly issues: indicative abstracts to an-
nounce the existence and availability of information, followed by in-
formative and critical abstracts of the more useful and higher-quality
material. Material for reviews and other forms of consolidation would be
selected from the latter. A variety of approaches to the problem of
eliminating the chaff need to be developed and tested.

The dilemma facing primary journals in trying to fulfill the dual cur-
rent awareness and archival record functions has triggered various pro-
posals for both. The relatively recent growth of letters journalsfor
example, Physical Review Letters, published weekly by the American
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Physical Society, and Applied Physics Le tiers, issued semimonthly by
the AIPis a case in point. These periodicals for the most part have
developed from r.etters to the Editor departments in archival journals.
Typically, the refereeing or editorial treatment that these letters receive
is on a simple, often very stringent, acceptance or rejection basis. They
are offset-printed, and the time lag from receipt of manuscript to publica-
tion can be very short. Any given item may or may not be followed
eventually by a conventionally published full paper. Letters journals
provide their readers with a kind of early warning system regarding work
under way and give them prompt access to initial findings; they also serve
the author as a medium for establishing priority of his research (see
Recommendation C10).

The contradictory nature of the functions that journals have been ex-
pected to perform undoubtedly has contributed to the proliferation of
certain informal and semiformal media. In some of the latter, dissemina-
tion of information can be very rapid, and there are no arbitrary space
or other restrictions to prevent an author from giving a complete account
of whatever research he is reporting.

A specific type of informal publication with promising potential for
alleviating scientists' literature headaches is the recently proposed super-
journal, a reprinted composite of the best papers from about ten or more
journals of original publication (see Recommendation C10). It would
share with critical reviews (discussed in Chapter 6, Section A) the role
of substantially reducing the amount of material a scientist beginning
work in a particular field would have to read. Because of the delay
necessarily involved in such reprinting, the superjournal's principal
vAlue would be for general information rather than for communication
at the research front. Such a delay also would protect the journals of
original publication. The major problem presented by the publication of
a superjoumal is one that plagues the selection of the "best" of anything
determining the criteria for the selection and the individuals to make it.

The page-charge concept (pioneered by the American Institute of
Physics almost four decades ago ",104) has important implications both
for the cost of the journal literature to the individual scientist and for
the basic relationship between research and communication. It repre-
sents one specific practical implementation of the principal stated in the
first sentence of this chapterthat research is not complete until the
results are published or otherwise recorded so that the scientific com-
munity can have access to them. In other words, Researrh=Experi-
mentation+Maldug the Results Available; to spend research-and-de-
velopment funds for the latter purpose is as legitimate and proper as to
spend them for laboratory equipment, scientists' and technologists'
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salaries, and the like. Typically, the page charge Is set at an amount
approximately equal to the cost of getting an article ready for printing,
the so-called fixed cost of publication, which includes such things as
editing, preparation of manuscripts for the printer, typesetting, and
proofreading. The amount of work and cost of each of these steps ate
proportional to the number of pages to be published and independent
of the number of copies to be run. Not included in the page cha:ge are
such items es paper, folding, binding, addressing, postage, or billing, all
of which are proportional to the number of subscribers and, therefore,
should be covered by subscription rates. Thus, the policy recognizes that
the results of scientific and technological development have value to so-
ciety beyond that accruing personally to individual scientists and in-
dicates that, while readers should pay the distribution costs of putting
particular results into their hands, making the findings basically available.
is a proper charge against the over-all research-and-development budget.
Such a divsion of costs and responsibilities between producers and
users affords to publishers of primary journals reasonably good financial
stability in the face of fluctuations in number of pages and subscribers.
Though the amount of material to be published might vary, the cost and
income for the editorial and composition work would remain approxi-
mately in balance. Subscription rates, of course, would have to increase
somewhat with an increase in the annual total number of pages in a
journal.

For a number of years there was no standard pattern among govern-
ment agencies regarding the honoring of page charges; however, in
October 1961, the Federal Council for Science and Technology (Fcs'r)
recognized that research was not complete until published and recom-
mended that some part of the cost of publication be assessed, via page
charges, against the original research funding (see Reference 151).
The FCST stated several conditions under which it urged that all federal
granting agencies honor page charges for both grantees and employees.
According to a survey by the National Science Foundation,1" very few
societiesa total of 21had used the page-charge mechanism prior
to 1959. By 1962, some 38 scientific journals were levying such charges,
and a dozed more indicated that they expected to do so it 1963. A recent
study, funded by the NSF and conducted by the Biological Sciences Com-
munication Project of The George Washington University," provides
additional data on these trends. The tendency toward broader acceptance
of the page-charge concept appears to have been arrested under the
impact of tightening controls on research-and-development expendi-
tures.'"

In addition, there is a revival of the often-heard argument that in-
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formation services (secondary abstracting and indexing services, as well
as the primary services that concern us here) should be supported by
their users, because the users are the beneficiaries and are also the people
best qualified to evaluate the services. In an unsupported free market, so
the argument goes, valuable services will prosper and costly services of
little value will die out. The information market, in short, is compared
to that for orlinary consumer goods and services in which the stimulating
effect of free competition is widely acknowledged. We accept only partial
validity for this view. Surveying the response of free-market prices to
changes in quantity and quality of service, we are impressed with the
wide departures between the behavior of some types of information ser-
vices and the classical pattern for consumer goods. These departures arise
from several sources, including especially the large input costs that are
independent of the number of users served and the extreme sluggishness
of user response to new services. As an example of a departure fron
classical supplydemand behavior, we mention the situation in which
libraries feel it necessary to acquire very highly priced, privately pub-
lished journals as long as these contain some worthwhile material. Such
journals remain economically viable as a result, though they may not, in
fact, represent "good buys." At the same time, a high-quality journal
can run into serious economic difficulties when an economic fluctuation
causes its zontributors to fall behind in honoring page charges. Relevant
in this context is a comparison of journals in the field of physics with
regard to number of words of scientific material received by the sub-
scriber per subscripition dollar; the highest value of this ratio is more
than 40 times the lowest.

Clanging needs and opportunities require the development of more
appropriate mechanisms for the support of input costs of primary
journals, and the study effort advocated in Recommendation C7 (Chap-
ter 3) should provide data to guide and facilitate their evolution. Until
such time as a new dispensation can be put into effect, the continued
implementation of the page-charge policy is essential for the immediate
future of this country's major journals (see Reference 104). Therefore,
SATCOM urges in its Recommendation C8 the continued provision of
funds for publication charges not only in research-and-development
agreements but also, in those fellowships and traineeships that support
the conduct of research.

Increasing mechanization of the primary publication process has im-
portant implications for both increased economy and improved service.
The efforts of the Au to develop a "national physics information sys-
tem" (see References 6 and 103 and Chapter 7, Section B) provide an
illustration. One basic phase includes development of a computer-aided
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photocomposition capability for use with the AIP journals. Another is the
design of a new classification system for physics, to be wed in con-
junction with free-language index terms for intellectual organization of
the physics literature. It is anticipated that classifying, indexing, and
abstracting will be done by authors under the scrutiny of referees and
editors. The plan then envisions a computer store that will contain both
the text of a paper and the necessary bibliographic information for a
variety of services, including abstracts, indexes, and special bibliogra-
phies. Other mechanization programs have different specific character.
istics and vary somewhat in details of objectives, but this whole area of
development is art exceedingly promising one in which scientific and
technical societies can and should play a significant part (see Rzcom-
mendations C12 and C13).

The field of microforms also deserves special attention and study by
the scientific and technical societies, The good and bad points of micro-
film, microcards, and microfiche are too familiar to require extensive
discussion here. Perhaps only one society can be said to have gone "all
out" in the use of a microform for primary publication. This is the Wild-
life Disease Association, which publishes Wildlife Disease exclusively
on microcards, each issue consisting of a conventionally priuted pamphlet
of abstracts plus microcards of the full papers. Other combinations of
conventional print and microform may be well worth study to determine
the optimum matching of output with user needs for different situations.

F. TRANS'ATIONS

The non-English-language portion of the world's scientific and technical
literature required by U.S. scientists and teckologists probably .mounts
to as much as 50 percent, an estimate reached by the National Lending
Library of Great Britain in a recent survey.", It also has been estimated
that about one third of the world's scientific literature is published in
languages that are not read by most U.S. scientists and technologists. If
this proportion changes at all in the near future, it will only grow, pri-
marily because the technologies of the emerging nations are creating a
new body of literature in languages heretofore of little consequence in
the technical literature. This shift in language emphasis results from
both the nationalism and increasing importance of the Asian nations,
particularly Japan and China, in fields of science and technology.

At present, the most expedient way to make this body of foreign-
language material available is through the use of translations. Few U.S.
scientists have the time or the inclination to become proficient in several
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languages, and fewer do so now than was true a few decades ago. More-
over, a scarcity of formal Courts, qualified instructors, and adequate
technical dictionaries exists, especially for the lees common languages.
However, no shortage of translation services is apparent." Translations
exist for every form of publication utilized in science and technology- -
books, volumes of periodicals, technical reports, individual journal
articles, papers presented at conferences, and others. In many instances,
journals are translated from cover to cover and regularly issued; the first
of these, the Journal of General Chemistry of the USSR (Zhurnal
Obshchel Rhin: II), appeared in an English-language version In 1949.
By 1967, 183 foreign-language journals were available in English
cover-to-cover translations, 160 of them with U.S. Government as-
sistance. When publications containing selected articles or abstracts were
included, the total number of translation serials amounted to 283 in
1967. Table 2 depicts the historical growth of journal translation activity
in this country. Time lag from original publication to receipt of an
English-languPge version ranges from four to 18 months.

Although the number of cover-le-cover translation journals greatly
exceeds the number of selected or abstracted ones, there is some dis-
agreement about their value. While it is undoubtedly two that much of
what is translated is not worth the cost or effort, it is also extremely
difficult to decide exactly what should be included or excluded. N1/hat
is important to the engineer may seem trivial tc the physicist. Also, one
physkist's (engineer's) trash may be another physicist's (engineer's)
gold mine.

Sources of translatims vary widely and include individual translators,
government agencies, scientific and technical societies, and commercial
publishers, all of whom apparently offer this service in response to a
specifically expressed need. Table 3 depicts the numbers and sources
of English translation serials In 1967.

The practice of obtaining custom translations for the individual user,
while satisfactory to that particular user, tends to be wasteful and in-

TAft111 2 Growth of Journal Translation Activity In the United Stateskaa.
Year

Number of
Titles Published

1933 33
1953 'Os

1961 114
1964 224
1967 2$)
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TABLE 3 Number and Spoitsors of English Translation Serials Available in 196741

Type of Journal and
Price Range

Dover to cover

Selected articles or abstracts

Scheduled to begin publication In 1967

Ceased publication, but back Issues available
from publisher or in libraries

Price range

4.80/./Meam:/ Ammo 10.

Number of Journals by Sponsor

Cinsernment b
Professional Society
or Univergly

Commercial
Publisher Total

32 49 102 183

12 12 24 48

0 3 10 13

13 8 18 39

283

0430 per year, $3-87
per issue for material
obtained from cram
Erse subscriptions of
several Journals to
certain subscribers.

820483 per year 8104243 per year

Sources of data presented in this table are References 86 a 1 165.
b Includes governments other than the United States.
iSingk Issues from (tut cost 83.00 each.



www.manaraa.com

126 SCIENTIFIC AND TECHNICAL COMMUNICATION

efficient when the fraction of the literature covered becomes appreciable.
DifficulLes faced by technical librarians in identifying and locating avail-
able translations encouraged the Science and Technology Division of the
Special Libraries Association (sLA) to begin collecting copies of avail-
able translations on an organized basis in 1946. By 1953, this collection
and its use had increased to the extent that the need for a better system
of acquisition, cataloging, and dissemination of translations was recog-
nized and, as a re,uilt, the SLA Translations Center was establishtx1 at
the John Crerar Library.* This Center is a cooperative nonprofit enter-
prise and serves as a depository and information source for unpublished
translations. Its objectives are to attempt to eliminate duplication of
translation effort, to disseminate information regarding available trans-
lations, and to provide copies of translations or refer inquiries to other
sources. Since 1956, operating costs of the Center have been almost
wholly reimbursed by grants from various government and industrial
sources, principally the NSF; however, in 1967, a small service fee was
included in the price of each translation to help support the Center.
Translations are deposited on a voluntary basis, and Industrial participa-
tion is encouraged by the preservation of the anonymity of each trans-
lation's donor in order to safeguard the disclosure of proprietary interests
in various subject areas. A number c* periodic publications indicate
the Center's holdings:

1, Author list of Translations, 1953, and its Supplement, 1954
2. Bibliography of Translations of Russian Scientific and Technical

Literature, 1931-1956 (published by the Library of Congress)
3. Translation Monthly, 1955-1958
4. Technical Translations, 1959-1967
5. Translations Register - Index, initiated in 1967

The principal government agency responsible for providing transla-
tions cf technical Literature is the tot. The National Defense Education
Act of 1958 "' specifically directs the NSF to ". . provide tut, or
arrange for the provision of . . . translations and other services. . ."
The NSF handles its translations program urkier two different edministra-
tive arrangements. Foreign scientific literature of critical interest is made
available by direct support of the publication of covet-to-covet or selec-
tive translations by U.S. scientific and technical societies. In the case of
each such journal, NSF support Is intended to be partial and temporary,

The Win Croat Library recently has asserned responsibility for the sus Trans-
latices Center std has changed the name to the National Translation Center.
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continuing only until the publication becomes self-supporting. Although
the NSP supported 51 translation serials--41 on a cover-to-cover basis
and ten on a selective basisat the peak of its translation program (see
Reference 152), this number had decreased to 21 cover-to-cover trans-
lations and six selective serials by 1967. The others had become self-
supporting. Whenever possible, commercial translation-journal efforts
were encouraged, with the NSF provkling financial support in some
instances. Other foreign material of basic but not necessarily current in-
terest is translated overseas under the Special Foreign Oirrency Science
Information Program. This program, utilizing PL 480 funds, 'Iso pro-
vides English abstracts, critical reviews, and bibliographies of foreign
technical literature.

While the NSF directs its translation activities toward the needs of
the scientific community as a whole, other government agencies under-
take such activities primarily to sstisfy their mission requirements. The
Joint Publications Research Service ()pas), a component that acts as a
service bureau of the Clearinghouse for Federal Scientific and Technical
Information (cFsti), handles the major portion of custom translation
work for government agencies. The JPRS was established in 1957 with
a small core of professional linguists and currently has contractual ar-
rangements with some 4,000 individual translators. Since it provides
translations for all government agencies, its scope is not limited to science
and technology; in 1964, for example, this category accout.tcd for only
35 percent of its total output. Individual JPRS reports are ay. tlable in
hard copy from both crate and the U.S. Government Printing Office
(oPo) as well as on microfilm from Research and Microfilm Publica-
tions, Inc.

Among the large government customers and users of translations are
the Department of Defense (Don), the National Aeronautics and Space
Administration (NASA), and the Department of Health, Education, and
Welfare (taw). They announce their translation accessions through
U.S. Government Research and Development Reports and through their
own publicationsTechnicaf Abstracts Bulletin, Scientific and Technical
Aerospace Reports, and Nlli Library Translations Index, respectively
and make them available through theii corresponding document - delivery
systems.

Scientific and technical organizations other than SLA have been active
In providing translations lot the scientific and technical community.
Many of the cover-totoser journals, originally published with NSP
support, are now totally the responsibility of such groups as the AIP and
the American Mathematical Society (A44s). The greatest number of
translation journals, both cover-to-cover and selective, are issued by
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commercial publishers, as Table 3 shows. The price range for these
journals. although higher than that of the government-supported or
society publications, does not appear to be an intolerable burden for sub-
scribers, since few of these journals have ceased publication; in fact, the
total number has increased each year.

Just as commercial publishers fins tt profitable to provide translation
journals, commercial translation firms provide custom or individual trans-
lations for fees ranging from S6 to S40 per thousand words of English.
A director of the American Translators Association estimated that the
commercial translation agencies in the United States have an annual
volume of about S7.5 million." No estimate is available for the scientific
and technical fraction of this business. Additionally, there are large
numbers of freelance translators providing translations that vary widely
in quality and price. The 1956 edition of Translators and Translationu
lists more than 800 government agencies, freelance translators, and com-
mercial firms that serve as sources of translations.

Projects involving automatic processing of foreign-language materials
(machine translation) have been supported by various government
agenciesnoci, NSF, Central Intelligence Agency (cIA)for almost a
decade. In 1964, the Automatic Language Processing Advisory Com-
mittee (at.PAc) was formed under the aegis of the NSF to study the
progress and achievements of the projects and make recommenda-
tions concerning their future development. 'The ALPAC'S unanimous con-
clusion was that machine translation at that time was not feasible on a
production basis and that further research shonld concentrr te on com-
putational linguistics.

Although the volume of translation activity in the United States is
great, efforts at coordinating this activity and providing some measure
of control have not teen effective. European efforts at establishing
national translation centers also have met with difficulties, although
international centers, such as the European Atomic Energy Community
(euxAtom) and the European Translation Center at Delft (Ere) have
achieved some measure of success in their efforts. The t.tc was estab-
lished In 1961 under the sponsorship of the Organization for Economk
Cooperation and Development to compile or make accessible trans-
lations into major European languages from Russian, Chinese, Japanese,
and other non-Western languages. It has compiled a union catalog of
translated texts and a collection r4 poi nary translations, and it issues
a monthly listing of accessions as v?ell as maintaining a file of translators.

In the United States, two organizations have been primanly re-
sponsible for making translations of scientific and technical literature.
available--erstt and the SLA 'Ttanslalions Center (currently the Na-
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tional Translations Center). From 1959 through 1966, these organiza-
tions cooperated in listing their holdings in Technical Translations.
The CFSTI disseminated information on translations available through
foreign government sources as well as those obtained by the J.S. Govern-
ment; the SLA listed fts accessions from private sources, such as Individual
translators and industrial organizations. Some commercial firms, for
example, Brutcher Technical Translations, also listed their available
translations through this medium. As a part of this cooperative effort, the
SLA Translations Center received partial support from ciao; however,
this support ceased in January 1967, and subsequently Technical Trans-
lations ceased publication. With the support of an NSF grant, the SLA
started a successor publication, Translations Register-Index, in June
1967, which lists all SLA translations and Indexes translations from all
available sources.

Current services to announce available translations, though far from
adequate, include the following:

1. Guide to Scientific and Technical Journals In Translation, pub-
lished by the sui since May 1968

2. U.S. Government Research and Development Reports, including
government translations acquired primarily from Russian and Chinese
sources (though not identified as translations in a separate section of the
index)

3. Translations Register-Index, attempting to cover all translations into
English (including the accessions of the SLA Translations Center and
government translations, with efforts under way to incorporate the
listings of the European Translation Center and the National Lending
Library of Great Britain )

4. Comprehensive Guide to Scitrttific and Technical Translation!, a
cumulative index being compiled by the SLA Translations Center with
support from the NSF (that was scheduled for publication late in 1968)

Major inadequnies in the current announcement media are the lack
of comprehensive coverage of all .wailabte translations, the delay in
announcement of available translation , and the failure to provide any
mechanisms for announcement of translations in progress.
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The Basic Access ServicesDocument
Availability, Bibliographic Control,
and Abstracting and Indexing

This chapter reviews the traditional bask services that provide awareness
and access to primary scientific and itchnkal information. These services
are nonspecific as to particular context or customer category and include
document availability, bibliographic control, and bask abstracting and
indexing. The aspects examined in this chapter are: (a) scope, coverage,
and growth; (b) the nature and extent of cooperative efforts; and (c)
economics and utility. The increasingly important custom-tailored,
automatic or on-demand services based on the reprocessing and/or
consolidation of primary and secondary information are discussed in
Chapter 6.

Traditional secondary services in the numerous disciplines of science
and technology vary greatly in scope, coverage, and growth. Abstracts of
some kind are available in almost every subject field and range along a
continuum from the infraindkative to the ultrainformative. Indexes vary
similarly in type, comprehensiveness, and pattern cumulation. In several
fields a single servicelibrary, abstract journal, or indexis recognized
as this official authority for that discipline; in others, a number of services
function under multiple auspices and with varying degrees of co-

An indkatist or purely descriptive abstract states only what the parent docu.
mot Is about; an informative abstract also sumrnarires the principal texts, ideas,
todints, and contusions; a critical of evaluative abstract prosides some assets-
roost of the worth or function of the content. Abstracts typically mate or vary
moat these types.

130
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ordination. The extent of dependence on government programs also
varies widely. In some cases, secondary services are almost entirely in-
dependent of the federal agencies that have interests in the relevant
subject areas, although the latter may rely heavily on such services. In
other fields, the government provides the principal secondary access
services.

Cooperative efforts among the various secondary services uetil re-
cently have been the exception rather than the rule, with most services
pursuing their objectives and performing production processes inde-
pendently. Efforts to standardize on even the simplest matters generally
have been unsuccessful. Several major studies represent efforts to find
better ways to coordinate and improve the complex of services.

Users often have been critical of secondary services and have com-
plained of their high cost, inadequate coverage, and excessive time lag,
while at the same time affirming the need for such services and applaud-
ing many of the newer ones that attempt to remedy these cost and
time-lag problems. Although there is general agreement on the positive
value and utility of these services, hard economic data, particularly on
costbenefit ratios, are lacking. As a result, it is difficult to determine
how funds should be distributed among abstracting, indexing, biblio-
graphic description, and other possible means of document identification
to obtain the best performance for the investment. We do not know, for
a given scientific or technical field, whether it is worth the extra money
to prepare an abstract journal instead of en index journal, or to spend a
fraction of that money to prepare critical reviews in addition to the index
journal. Coosequently, little solid information is available to guide the
planning of comprehensive systems for improving literature access and
tire.

In recent years, the development of the traditional secondary services
has been characterized by growth in size as well as number, increasing
costs and financial pressures on their users, and a particularly pro-
nounced expansion in federally operated services. Knowledge of the
nature and composition of the user population of such services and of
changes in this population also is increasing. Mather, there is growing
recognition of the librarian or information specialist as an important
middleman in the flow of information from originator to consumer. In
their eons to provide the information required by the researchers the)
serve, these information specialists depend heavily on secondary pub-
lications and services. In many cases, they are the target audiences for
such sr ices, since thq possess the special experience which enables
them to exploit these resources more fully than could the researchers
themselves.
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A. SCOPE, COVERAGE, AND GROWTH OF ACCESS SERVICES

SERVICES ASSURING BIBLIOGRAPHIC CONTROL AND AVAILABILITY OF
DOCUMENTS

The dual functions of ensuring bibliographic control and availability
of documents have traditionally been performed by libraries, the oldest
of all purveyors of secondary communication services. By assuring both
the prompt availability of current information and the completeness of
retrospective knowledge, libraries have assisted the scientific and tech-
nical community in its research and in scholarly efforts of review and
analysis.

The common device utilized by all secondary services in characterizing
primary publications is the bibliographic citation which, alone or in
combination with a subject analysis, generally is referred to as the docu-
ment representation or documentation unit of a publication. More
specifically, this unit is composed of data elements which describe the
work bibliographically (i.e., author, title, number of pages, size of docu-
ment, and place published) and may be accompanied by identifications
of the subject content of the work (index terms, classification notations,
subject headings, abstracts, and the like). In a recent study sponsored
by the United States of America Standards Institute (tmast) Committee
on Library Work and Documentation, more than 400 distinctive data
elements for describing the bibliographic aspects and subject content
of major publication formsbooks, ..crials, journal articles, technical
reports, and conference proceedingswere identified.' The selection
made from these data elements, their representation, and the ways they
are manipulated and formated, as much as the coverage in subject
matter and time, give abstracting and indexing publications, library
catalogs, and other secondary tools their characteristics and individuality.

Traditionally, the responsibility for characterizim and recording the
basic bibliographic aspects (maintaining bibliographic control) of pri-
mary information has rested with libraries. (The more extensive subject
analysis required for documenting the journal literature has been the
principal reason for the development of abstracting and indexing services
in parallel with the libraries.) The main tools do-eloped by libraries
for this purpose include:

1. Cataloging rules, a set of conventions for characterizing biblio-
graphic aspects of a document

2. Library catalogs, a collection of unit records of bibliographic
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characterizations for each document In the library, which may appear
In a variety of formats (card catalogs, book catalogs, magnetic tape
records) and may be organized in a variety of ways (alphabetically by
title, author, or general subject of the document; classed by subject;
and the like).

The catalogs of the great national librariesthe Library of Congress,
the British Museum, the Bibliotheque Nationaleare of particular Im-
portance as bibliographic tools, because these libraries, in accordance
with national copyright laws, receive copies of all copyrighted publka-
dons registered in their respective countries. The principal (is: least In
magnitude) general secondary service that the Library of Congress pro-
vides is undoubtedly the preparation and sale of its printed catalog
cards. An estimated 500 million bits of information are distributed
daily to some segment of the approximately 20,000 subscribers to this
service. A sizable fraction of U.S. trade books is cataloged by the Library
prior to publication, and the catalog cards are available when the book
comes out. Some distributors include sets of Library of Congress cards
with books they sell to libraries.

Library catalogs are help'.ul adjuncts to the shelf access accorded
U.S. scholars. They are useful for verification of tides, authorship,
editions, and contenis; indication of the location of at least one copy;
and subject bibliographies. Efforts to publish the catalogs of the na-
tional and other major libraries in book form, thereby increasing their
availability and usefulness to researchers, continue. The adoption of
standards for common bibliographic elements and compatible heading.,
would make such catalogs of even grater help to researchers. (See
Recommendation E9.) In the United States, the Library of Congress,
the National Agricultural 1.torary, and the National Libary of Medicine
are attempting to coordinate their respective activities in this area (see
Section C of this chapter).

Numerous trade publications issued by and primarily for the book-
trade industries serve as additional bibliographic tools for libraries and
researchers. Compilations, such as Books in Print, Subject Guide to
Books In Print, and the American Book Publishing Record (01 by
13owket and Company) can function In much the same way as a library
catalog in verifying Wks and peoliding additional information. The
Cumulative Book Index (N. W. Wilson and Company), which, In ad
tion to works published in the United States, lists all other books the
English language., may be used in retrospective searching as well. Many
book and periodical dealers also publish announcement services listing
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books currently in stock or books in various subject areas (e.g., Black-
well's subject catalogs of new and out-ofprint titles or Stacey's Off the
Press).

Adequate documentation of the journal and report literature has
proved particularly difficult, since abstracting and indexing services have
adopted numerous and differing practices regarding the selection, manip-
ulation, formating, and representation of the data elements in their
citations. For example, the necessity of referring to the same journal
title over and over again, especially in discipline-oriented abstracting and
indexing services, resulted in various forms of title abbreviations with
which only frequent users of particular services are familiar. Such prac-
tices are inadequate and confusing for the larger Information milieu and
hamper ttoss-disciplinary communication. Whatever the arguments In
defense of the variety of formats and information content in secondary
sources, there Is clearly a need to minimize inadvertent Incompatibilities
and avoid excessive duplication of effort (see Recommendation All
and accompanying discussion). Section C of this chapter also discusses
current cooperative efforts to achieve more broadly useful bibliographic
conventions.

AVAILABILITY OF DOCUMENTS

Traditionally, the large and central research libraries (libraries of major
universities, national libraries, large public libraries such as the New
York (City) Public Library and the Cleveland Public Library, and
private libraries such as the John Crerer Library and the P.ngineering
Societies Library) rave attempted to obtain and make readily available
copies of ell documents of potential relevance to their communities of
users. Exemplifying this role is the Library of Congress (Lc), the only
federal ar,eney with a mandate to collect, organize, and make available
materials In all languages and on all subjects for use by any and all
groups.," This Institution, established In 1800, contains 35.5 million
items, employs a staff of 4,000, and has some 25,000 exchange agree-
ments with other organizations, both public and private. Its collections
in science and technology total over two million monograph title,, and it
receives more than 20,000 current journal titles. obliga-
tions (particularly those outlined under Title 11-C of the 1965 Higher
Education Act), the Libtar/ has Instituted a national Program foe
Acquisition and Cataloging (toAc) to acquire and catalog all current
publications of value to scholarship, wherever they may be published.
With support of the library, and staffed primarily by local personnel,
Regional Acquisition Centers and Shared Cataloging Centers have
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been established in a number of foreign countries. The former are con-
cerned primarily with acquiring publications in countries whose National
Bibliographies are in an emerging state of development; one such center
for East Africa has been established in Nairobi. The Shared Cataloging
Centers, in cooperation with the Library's book dealers in a particular
country or countries, and utilizing Indigenous National Bibliographies,
acquire and catalog pertinent publications issued in these countries; ten
such centers provking coverage for 22 countries had been established
by January 1969. Thrlugh another program, Lc staff members super-
vise local personnel in acquiring and cataloging materials in countries
where counterpart (PL 480) funds are available. such centers now
operate in five nations and at least one more is planned. Ninety-seven
large research libraries '1 013 United States also participate in the pro-
gam by notifying the Library of additions to their own collections that
it has not yet acquired or cataloged.

Because of the site and growth rate of the scientific and technical
literature (see Chapter 4, Section A), it is clear that the holdings of any
single library will constitute a steadily decreasing fraction of the total
resources required by that library's usual clientele. Recent estimates sug-
gest that not more than half a dozen U.S. university libraries acquire as
much as ten percent of the materials of scholarly relevancy published
throughout the world. The expectation that collections can be made
complementary by specialization has been justified in only a few special
cases (e.g., the Harvard and NIT libraries). The traditional interlibrary
loan of documents appears to be losifti ground because of practical
inadequacies. As a consequence, there is increasingly active develop-
ment and expansion of cooperative library efforts which include: (a) the
sharing and manipulation on an interlibrary basis of such access and
bibliographical tools as union lists (see below) and library catalogs;
(b) the use of back-stopping interlibrary services such as those extended
in the United States by the Comet for Re tarch Ubr*zies, the John
Crerar and Linda Hall libraries, and the three national libraries; and
(c) the use of fast, economic, and high-quality document- reproduction
techniques, thus making interlibrary use feasible without the actual ex-
change of materials.

Currently, evplotatory studies and projects are under way that voll
assist in and accelerate the mcckmization 0/ library procedures and the
growth of cooperative arrangements. One example is Project INTIMX
at MIT, which Involves a series of experiments aimed at providing neces-
sary data on usersystem interaction in a library environment to guide
efforts to design the computer-managed Wary communication networks
of the Mum Included among program objectives are the evolution of
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a digitally encoded, computer-manipulated catalog and display of full
text of documents at locations remote from the library. The first experi-
mental text-access system, which was projected for completion in late
1968, is based on the augmented catalog data and texts of 10,000 docu-
ments (from the research literature in two specific areas of materials
science and engineering), with access planned through three terminals.

The functions of announcement and retrieval are the basic ones of the
secondary services; however, finding a citation or abstractexcept for
the small proportion of adequately informative abstractsmerely initi-
ates the information-transfer process. As the coverage of a given secon-
dary service expands, it tends to include a larger number of citations from
sources not readily available to many of its users. Therefore, a n imber of
tools have been developed to assist in locating documents. Among them
are Catalogs of Libraries, which identify the location of monographs
and serials (on the assumption that the listed documents are, in fact, to
be found in the indicated collections). Union lists provide a directory
for the titles to be found in the libraries of a particular area and show
the libraries that hold any given title. Such lists may include all titles,
regardless of subject, or they may be limited to specific subjects or types
of publications. In some cases, they include only acquisitions; in others,
they give complete lists of holdings, including extinct publications.

The National Union Catalog, A Cumulative Author List, published by
the Library of Congress in monthly issues and in quarterly, annual, and
quinquennial cumulations, includes all works currently cataloged by the
Library and by the libraries participating in the Shared Cataloging Pro-
gram. In addition, the Catalog includes entries for monograph publica-
tions issued after 1955, reported by some 950 North American libraries,
and not represented by Lc printed cards. Begun in 1968, the retro-
spective National Union Catalog, Pre-1965 Imprints (about eight million
titles) is being published over a period of years, thus making available in
book form the total National Union Catalog maintained on cards by the
Library since 1901.

The most comprehensive of these lists for periodicals is the Union
List of Serials in the United States and Canada (third edition, 1965),
which lists more than 156,000 titles, with holdings in 956 cooperating
libraries. Unfortunately, this compilation only includes periodical titles
published prior to 1950. Present estimates indicate that there are be-
tween 400,000 and 500,000 serial titles in existence today, most of which
are for inactive serials. Because of the expense involved in the publica-
tion of such a compendium by conventional methods, no further editions
will be published. Instead, attempts are being made to update this listing
through the publication of New Serial Titles, which is issued monthly
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and cumulated annually and at five- and ten-year intervals. The National
Serials Data Program (see Section B of this chapter) is endeavoring to
establish a machine data base to characterize this entire file of informa-
tion.

Other regional and subject union lists of periodicals exist that may
be of more value to individual researchers because of their subject slant
or the nature of the cooperating libraries. Examples are:

1. Chemical Abstracts Service: List of Journals Abstracted in CA
2. North Carolina Union List of Scientific Serials
3. San Francisco Bay Area Union List of Periodicals: ScienceTech-

nologyEconomics
4. The State University of New York (SUNY ) Union List of Serials

The latter, the suffix List, is being augmented and viii eventually include
all the major periodical holdings of the State of New York. As a first step,
the holdings of the State Library will be added; the next major effort will
entail the addition of the New York Public Library's Central Research
Library holdings.

The major difficulties encountered in compiling union lists are those
of expense and incompatible bibliographic practices. The constantly in-
creasing number of periodical titles in science and technology makes it
difficult to undertake the compilation of these lists on a volunteer basis,
as was done formerly by members of professional associations and
scientific and technical societies.

As the secondary services improve in their efforts to identify relevant
literature, they increase the user's problem of locating and obtaining
copies of the publications to the existence of which he has been alerted.
As a result, a number of abstracting and indexing services have made
arrangements to provide copies on demand for all or part of the materM
cited in their publications. Examples of such on-demand document-
delivery systems, operated in coordination with secondary publications,
appear in Table 4. Since it is especially convenient for the user to be
able to turn to a known source in order to obtain the original publication,
it would be helpful if document-delivery systems or depots were clearly
identified and established to cover all the significant scientific and tech-
nical iiiizature. Such an approach, of course, would have to consider the
copyright question because of the impact on the original publishers,
especially as the volume and scope of coverage of such an on-demand
delivery system increased.

Book dealers and publishers are supplementing their traditional
bibliographic services to libraries with more sophisticated acquisition
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TABLE 4 Examples of Document-Delivery Systems Run In Conjunction with
Secondary Publications a

Provision of Primary Publications b Cited
Secondary Publications in Secondary Publications

Technical Abstracts Bulletin;
Scientific and Technical Aerospace
Reports

U.S. Government Research and
Development Reports index

Index Medicus

Bibliography of Agriculture

Chemical Abstracts

Current Contents (Institute for
Scientific Information, Inc.)

Government Printing Office
Monthly Catalog

Engineering index

Any report without release restrictions that
Is not otherwise available from com-
mercial sources or the Clearinghouse
for Federal Scientific and Technical In-
formation (cFsn)

All publications, available from CFSTI or
other sources

All publicationsphotocopies available to
libraries from National Library of
Medicine

All publicationsphotocopies available
from National Agricultural Library

Soviet publications held by CAS and ab-
stracted by CAS staff; other material
available from Center for Research
Libraries

All publications

Most publications, exceptions indicated

All publications, available from Engineer-
ing Societies Library

a Additional relevant material appears in Table 16.
b Available as original publication, Xerox, microfilm, or microfiche copy for
purchase or loan.

and delivery programs made possible by modern data-processing tech-
niques, The Books-Coming-Into-Print (actP) program of the Stacy
Division of Bro-Dart, Inc., is one e.xample. Libraries participating in this
program develop a Standing Order Profile with the assistance of profes-
sional librarians and the BCIP Thesaurus end specify other criteria for
their custom-tailored acquisitions programs (e.g., specific publishers to be
included, instructicns on order handling, additional cataloging services
desired, estimate of acquisitions budget available). Through this pre-
gram, libraries automatically can. (a) receive notices of all books to
be published in their areas of interest; (b) acquire immediately upon
publication all important books; (c) examine "on approval" all books
sent; and (d) receive information on additional books considered but
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not shipped, At the same time, simplified ordering and handling pro-
cedures make savings in money and time possible.

ABSTRACTS AND INDEXES: TYPES AND MODES OF PREPARATION, AND
THE SIZE AND SCOPE OF SUCH SERVICES

Abstracting and indexing services have been defined as continuing
bibliographic services--bulletins, journals, card services, microfonns,
and magnetic tapes and search servicesoffered by various types of
organizations and containing abstracts and/or references to currently
published literature, including periodical articles, pamphlets, books,
patents, technical reports, and related materials. Three types of functions
fulfilled by abstracting and indexing services are:

1. Current awarenessthe routine bombardment of each worker with
an appropriate amount of information about what is going on in his
specialty and in other areas relevant to his specialty. This information
need not be reviewed immediately by each worker, but the flow should
be so adjusted that the average worker will review 60-90 percent of it
during the first four to six weeks after delivery. Reprocessing and selec-
tive dissemination of information are geared especially to the fulfillment
of this function.

2. Spot look-upup-to-date, although not exhaustive, information on
a partiet.lar topic related to on-going work. Until remote computer access
and printout becomes economically feasible, this need usually will be
met by a service of comprehensive, at least discipline-wide, coverage.

3. Exhaustive searchcovering what is known in a certain area. Such
searches are necessary in the preparation of reviews, in initiating new
research programs, or in writing a major account of completed work.
They require the use of abstracting services with broad coverage and
the tell conoply of indexing services (including citation and permuted
tithl indexes) as well as major library facilities that afford access to
primary information.

The features of secondary services which make them useful for cur-
rent- awareness purpoLes may not be appropriate for the other two func-
tions and vice versa. For example, collections of reprir ;ed tables of
contents, such as those appearing in the Current Contents series, may
be very useful for current sswarenzcs but very cumbersome for retro-
spective searching.

Three general types of abstracts that are prepared for somewhat
different purposes and require different levels of subject competence for
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their preparation are: (a) indicative abstracts, which announce the
existence of a publication and allow the reader to decide whether he
wants to see the original; (b) informative abstracts, which provide sub-
stantive material from the original publication, sometimes with the pur-
pose of substituting for the original; and (c) critical abstracts, which re-
view and evaluate the contents of a publication.

The principal forms of indexing used by existing abstracting and
indexing services include:

1. Descriptive cataloging indexes (e.g., author, corporate author,
report number, contract number) that use elements of the basic biblio-
graphic record

2. Alphabetic subject indexes, in which references are entered under
subject termF (cross-references usually are employed to aid the user
in locating subject terms)

3. Keyword-in-context (Kwlc), keyword-out-of-context (twoc), and
keyword-and-context (kwAc) indexes, in which the key words of a title
or abstract appear as index terms accompanied by contextual matter and
keyed to a full citation

4. Citation indexes, in which subsequent citations that reference a
previous work are grouped with the reference to the original

Other special types of indexes include those for chemical compound
formulas or linear notations for chemical structures.

Assemblies of abstracts and indexes vary from traditionally printed,
all-inclusive publications, often grouping abstracts in broad subject
categories and incorporating supplementary indexes, such as those listed
above (e.g., Techmeal Abstracts Bulletin or Biological Abstracts), to
computer-produced special products, including specialized publications
(nlosrs's Abstracts of Mycology), abstracts on magnetic tape (Engineer-
ing Index's computerized system, COMPENDEX), and custom searches
(cAs's Polymer Science and Technology Custom Computer Searches).
Chapters 6 and 7 discuss other examples of these latter types of services
and their impact.

In regard to the preparation of abstracts and indexes, there is a trend
toward increased sharing of responsibility between authors and secondary
services. The requirement that reports be accompanied by abstracts is
spreading furlong government agencies, and regulations and guides for
this purpose have been published."." A 1962 study of scientific and
technical journals " showed that most of the abstracts that accompanied
primary publications were author-prepared, and another study" pro-
duced evidence that secondary publications make extensive use of such
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abstracts. By 1961, 60 percent of the papers cited in Physics Abstracts
were based upon author abstracts. Further, recent estimates suggest that
about half the 50,000 abstracts currently carried by Nuclear Science Ab-
stracts are author-prepared. Proponents of the author-prepared abstract
believe that an author is best able to digest the essence of his paper;
critics claim that an author is apt to put into the abstract what he wishes
the paper contained.

Similar activities and arguments occur with regard to author-prepared
index terms, although the use of such terms is still in the experimental
stage. The Institute of Electrical and Electronics Engineers (IEEE) cur-
rently is experimenting with author-assisted indexing of papers, and the
AIP has utilized author-prepared index terms since 1963. The latter has
instigated an extensive series of indexing and classification studies to
develop a new faceted classification for physics, together with separate
sets of subject index terms for each of the classes. In the future, authors
will be expected to use these subject terms to index their papers.

There is increasing activity in the development of thesauri for use
as indexing (and retrieval) tools by both secondary services and authors.
In the past year or so, NASA, the Educational Resources Information
Center (Earc), and the Department of Defense in cooperLtion with the
Engineers Joint Council (see Section B of this chapter) have issued
major thesauri. Additionally, there is renewed interest in classification
schemes as indexing tools; the ATP project described above and its re-
cently completed one on the evaluation of the Universal Decimal Clas-
sification as the indexing language for a mechanized reference-retrieval
system are examples of this interest.

Either the abstract or full text can serve as the source of indexing
terms. The prevailing trend is toward an increasing use of the former in
the development of subject-matter indexes, a procedure that places a
premium on quality abstracting, especially as computer-aided techniques
of indexing, which cannot compensate for inadequate abstracting, are
introduced (see Chapter 7, Section A).

Growth in the number of abstracting and indexing services in science
and technology has been spectacular: In 1900, there was one abstracting
service for every 46 primary journals in the United States; by 1930, the
ratio was 1 to 24; and by 1950, 1 to 18.62 Such services also have
experienced a rapid growth in volume of items cited, as Table 5 shows.
Some indication of the current volume processed by the major secondary
services appears in Tables 6 and 7.

Two quantitative measures are of fundamental importance in assessing
the performance of the aggregate of abstracting and indexing services:
(a) the degree to which these services fail to cover existing information;
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TABLE 5 Growth in Volume of Selected Abstracting and Indexing Services °

Number of Abstracts Published

% Increase Estimate
Publication c. 1927 c. 1947 c. 1957 c. 1967 1957-1967 for 1968

Applied Mechanics Review 4,245 8,802 107 9,400

Biological Abstracts b 21,000 40,061 125,026 212 130,000

Chemical Abstracts 33,000 101,027 240,000 138 240,000

Engineering Index 26,300 56,560 115 60,000

International Aerospace Abstracts 6,770 33,116 389 34,000
0-
.P. Mathematical Reviews 9,200 17,141 86 17,000
N

Meteorological & Geoastrophysical Abstracts 5,000 9,000 80 10,000

Nuclear Science Abstracts 2,000 14,000 50,000 251 50,000

Psychological Abstracts 9,074 17,202 90 19,500

Review of tlfetal Literature (Metals Abstracts
from 1968 on) 8,219 23,800 190 24,000

Tobacco Abstracts 1,798 2,966 65 3,200

°Data in this table are based on articles by Arntz 0 and Keenan ,07 on an informal report of BioSciences Information Service of Bio-
logical Abstracts, Inc.," and on News from Science Abstracting and Indexing Services.15'
b Does not include Bioresearch Index, which published 61,784 items in 1967 and had an estimated coverage of 84,000 in 1968.

Major publications only; does not include subsidiary publications, such as Basic Journal Abstracts, Chemical Titles, Chemical-Bio-
logical Activities, Polymer Science and Technology-Patents, and Polymer Science and Technology - Journals.
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TABLE 6 Selected U.S. Government Abstracting and Indexing Services

Service a Publishing Organization
Estimated Volume of
Service (rer year) b

Index Medicus

Bibliography of Agriculture

U.S. Government Research and Development
Reports (and Index)

Nuclear Science Abstracts

Scientific and Technical Aerospace Reports

Bibliography on Snow, Ice and Frozen Ground,
with Abstracts

National Library of Medicine

National Agricultural Library

Clearinghouse for Federal Scientific and
Technical Information

Atomic Energy Commission

National Aeronautics and Space Administration

Library of Congress

165,000 (1967)

94,238 (1967)

90,000 (1967)

47,000 (1967)

30,600 (1967)

1,200 (annual average)

Services listed by volume of service per year in descending order.
b Number of abstracts and/or bibliographic citations.
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TABLE 7 Selected Major, Nongovernmental, English-Language Abstracting and
Indexing Services

Service 4 Publishing Organization
Estimated Volume of
Service b

Scre.:ce Citation Index Institute for Scientific
Information 350,000 (1967)

Pander CCM Information Sciences, Inc. 290,000 (scheduled)

Chemical AI-shwas Chemical Abstracts Service 240,000 (1967)

BASIC BioSciences Information
Service of Biological Abstracts,
Inc. (BIOSIS) 125,000 (1967)

Biological Abstracts BIOSIS 125,000 (1967)

Applied Science and Wilson Co. 77,000 (1963)
Technology Index

Bloresearch Titles BIOSIS 70,000

Engineerinr? Index Engineering Index, Inc. 60,000 (1966)

Solid State Abstracts Cambridge Communications, Inc. 44,000 (1965)

Physics Abstracts Institution of Electrical
Engineers (London) 41,000 (1967)

Biological and AgriculturalWilson Co.
index

41,000 (1967)

International Aerospace American Institute of Aero-
Abstracts nautics and Astronautics 33,000 (1967)

Review of Metal American Society for Metals 25,000 (1967)
Literature

Electrical and Institution of Electrical Engineers
Electronics Abstracts (London) and (from Jan.

1968) the Institute of Electri-
cal and Electronics Engineers 24,000 (1967)

Psychological Abstracts American Psychological Associa-
tion 17,200 (1967)

Mathematical Reviews American Mathematical Society 17,1/1 (1967)

index Chemicus Institute for Scientific Information 10,000 (1967)

Applied Mechanics American Society of Mechanical
Reviews Engineers 9,800 (1967)

Meteorological and Geoas- American Meteorological Society
trophysical Abstracts

9,000 (1967)

s Services listed by volume of service per year in descending order.
b Estimated volume refers to the number of abstracts and/or bibliographic cita-
tions.
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and (b) the degree to which they overlap in coverage. Data on both
gaps and overlap are only fragmentary. The System Development
Corporation, in a study of abstracting and indexing services,'" en-
deavored to characterize coverage by determining the number of services
operating in each of the 178 subject subfields of the COSATL list (issued
in 1964 and extended in 1966'* "). Any organization whose services
cited some of the literature in a given field were included. For a sample
of 30 U.S. organizations publishing abstracts and indexes (including the
largest services and those most inEuential in the scientific community),
the number of services per COSATI subfield ranged from two to 18, with
a median of 11. These results showed that the areas of coverage of: present
abstracting and indexing services are fragmented and their boundaries
irregular.

A number of other studies also have endeavored to identify gaps in
completeness and consistency of coverage. A recent comparison 1" of
bibliographies with abstract journals indicated that one fifth of the
bibliographic references were not covered by the abstracting journals
and that nearly half (47 percent) were covered more than once. An
AIP study of 2,246 articles in 19 physics journals showed that five percent
(126) of the relevant articles were not indexed in either Nuclear Science
Abstracts or Physics Abstracts and that an overlap of 54 pacent in
coverage existed between them."

Overlapping coverage among secondary services has both advantages
and drawbacks. Multiple printing of the same abstracts is relatively in-
expensive and brings information to scientists and technologists that
otherwise might be overlook td by them, since no one can use all secon-
dary alerting and reference services. Biological Abstracts and Chemical
Abstracts exchange thousands of abstracts a year instead of preparing
them separately, a procedure that is functional and economical. The
modern technologies of photocomposition and computer composition
(see Chapter 7, Section A) combined with offset printing, though they
make the multiple publication of abstracts easy and inexpensive, raise
problems of economics and law when carried to the point at which
similar, and thus competitive, products result. Such problems have oc-
curred when the broad scope of a large, mission-oriented, federal agency
program duplicates sizable portions of discipline-oriented systems.

In addition to the problems of coordination and equitable reimburse-
ment raised by reprinting of secondary material, duplication of intel-
lectual effort through allowing the same publication to be abstracted in-
dependently several times is an area of serious concern. Such duplication
wastes a kind of time and energy that already is in short supply. Un-
fortunately, there are no up-to-date and reliable results on the amount
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of duplication of effort taking place; existing studies not only are out-
dated, but they generally Nil to distinguish between duplication of
intellectual effort and r,tu ltiple printing. Nor is the degree of overlap by
subject and publication coverage sufficiently well characterized to assist
a user in choosing the particular service or services that are best suited to
his needs. For example, a physicist interested in nuclear structure cannot
know a priori whether to use the nuclear section of Physics Abstracts,
the physics section of Nuclear Science Abstracts, or both. Table 8 gives

TABLE E Indications of Overlapping 0-verage among Secondary Services

Services Degree of Overlap

Biological Abstracts (BA) versus
Chemical Abstracts (CA) YCY:113
Physics Abstracts (PA)

BA versus Excerpta Medica (EM)

BA versus Index Medicus (tm)

cA versus BA

CA versus Geoscience Abstracts (GSA)

CA versus International Aerospace Ab-
stracts (IAA)

CA versus Nuclear Science Abstracts
(NSA)

CA versus Revkw of Metal Literature

CA versus Scientific and Technical
Aerospace Reports (STAR)

CA versus Technical Translations

PA versus NSA

57% of a sample covered by PA also cov-
ered by CA; 40% of a sample covered
by BA also covered by CA

52% of a sample of 95 cardiovascular,
endocrine, and psychopharmacologic
papers covered by BA also covered by
EM

54% of the serials covered by rat also
covered by BA

20% of 110,000 items in BA also covered
by CA

20% o? 6,000 items in GSA also covered
by CA

25% of 30,000 items in IAA also covered
by CA

51% of 17,600 reports covered by NSA
also covered by CA (using in this in-
stance NsAprepared abstracts); 58%
of 27,900 journal articles in NSA also
covered by cA; and 73% of 2,630
patents in NSA also covered by CA

55% of 18,000 items in Review of
Afetal Literature also covered by CA

14% of 36,!00 articles in STAR also
covered by CA

73% of 24,000 items in Technical Trans-
lations also covered by cA

54% of a sample of 2,246 articles ap-
peared in both PA and NSA

e Data in this table are based on reports by Chemical Abstracts Service,se Gar-
field and Sber,70 Greer and Atherton /3 and Orr and Crouse.iss
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some indication of the multiple coverage provided by some of the major
secondary services.

The importance of time lagthe period that elapses between the
publication of primary literature and its notation in secondary publica-
tionsvaries in different disciplines, though speed of reporting is always
desirable. During the period 1964-1966, Psychological Abstracts re-
duced its time lag for "core" journals in this field from roughly 20 to
three months." The median over-all time lag between date of primary
publication and the date at which Chemical Abstracts is sent to sub-
scribers is 14 weeks; however, this time lag is only four weeks fo7
Chemical-Biological Activities (caAc) and Chemical Titles (c.r).

Coverage of foreign publications typically involves a greater time lag
than is true of domestic material, not only because of delays in receipt of
issues but also because of the translation skills necessary to process them.
According to a recent study of ab..tracting and indexing services,'" ap-
proximately half (46 percent) of the material acquired by U.S. federal,
society, commercial, industrial, and institutional secondary services taken
together comes from foreign sources.

Some services treat foreign material in a different way from domestic,
and some show no substantial delay in the processing of foreign material.
An example of special treatment of foreign literature is the policy of
Psychological Abstracts. In this field, foreign journals typically are
peripheral rather than core sources. Such peripheral literature is cited
and indexed upon receipt to provide awareness of its existence; however,
it is not abstracted until additional information oL its relevance to psy-
chology is obtained or a body relined articles has accumulated. An
example of prompt coverage is Chemical Abstracts Service, v,hich
maintains a median time lag of three to four months, though 70 percent
of its input is foreign.

B. THE NATURE AND EXTENT OF COOPERATIVE EFFORTS

One of the principal reasons generally advanced in favor of improving
cooperation and coordination among secondary services, and between
secondary and primary services as well, is to reduce wasteful duplication
of intellectual effort and the expense incurred in providing duplicate
coverage of the same material. Another major reason is to increase the
opportunities for improving the performance of specific services through
enhancing the speed or comprehensiveness of coverage or reducing costs.
In addition, greater cooperation and coordination of services could reduce
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the number of sources that a user must check in a given field and would
assist In deciding when new services are appropriate or feasible.

Factors militating against extensive cooperation and coordination
include:

1. Basic conflicts in the goals, incentives, and constraints which in-
fluence the various producing organizations (commercial establishments,
federal agencies, scientific and technical societies, and others)

2. Fair trade, antitrust, and other legislative acts, which can inhibit
cooperative efforts to apportion coverage or to reach agreements on pric-
ing policies

3. Lack of the incentives or resources necessary to effect cooperative
arrangements

4. Inertia or pride In service traditions, which inhibits the discontinua-
tion or merging of services

5. The absence of an organization with the mandate and sufficient
resources to foster coordination among such services at the national level

6. Technical problems (e.g., different methods of abstracting and
indexing, different bibliographic tape formats) and economic problems,
which create obstacles to the adoption and use by one service of the
products of others

In recent years the federal government has sponsored a number of
studies directed toward improving coordination among secondary ser-
vices. Some of these efforts focused on the design of national systems,
especially in major disciplines. Examples of such studies are:

1. MP study of a national system for physics information
2. American Psychological Association studies of scient;fic informs.

tion exchange in psychology "
3. tDUCOM summer study on information networlrl "
4. Otter's analysis of coverage and recommendations for improve-

ments of the U.S National Bibliography "
5. Robert Heller and Associates' plan for introdu:ing greater co-

operation among secondary services and strengthening the role of the
National Federation of Science Indexing and Abstracting Services

6. Information Management, Inc., plan for the development of a
national chemical information system

7. System Development Corporation studies of national document -
handling systems" and of abstracting and indexing services "I
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In addition, a number of studies represented fact-finding efforts to
identify and resolve problems that hinder cooperation. Among such
efforts were: (a) tt.a National Bureau of Standards study of index-
language convertibility, cooperation, and compatibility "; (b) the study
of the Task Group for the Interchange of Scientific and Technical In-
formation in Machine Language (isrim)".; (c) the Library of Congress
MARC Project "; and (d) the studies of the Committee to Investigate
Copyright Problems Affecting Communicatiin in Science Education,
Inc."

Other groups that have been especially concerned with improved cp-
ordination among scientific-and-technical-communication activities in-
clude stieh National Academy organizations as the Council on Biological
Sciences Information, the Division of Medical Sciences," the Committee
on Information in 4.- Behavioral Sciences," and the Committee on
Scientific and Technical Communic Won (sarcoss).

Further, in the Executive Office of the President, a series of special
studies was initiated (see Chapter 8, Section B) of which an outstanding
example is the report of the Weinberg Panel I" of the President's Science
Advisory Committee.

A variety of mechanisms have been employed to achieve greater
cooperation among secondary services; however, all too the
measures explored or adopted have dealt largely with operational asnects
rather than with broader underlying issues. As a result, they have not
been successful in bringing together the efforts of the numerous oiganiza-
tions and institutions involved in secondary intotmation programs and
in directing them toward long-:errn objectives of comprehensive scope.
This section descebes some of the principal current cooperative 'ctivities.

PROGRAMS T^ ENHANCE COOPERATION IN riatIOGRAPHie CONTROL AND
AVAILA11ILI1 OP DOCUMENIS

The development of bibliographic standards and sty ndard practices
among federal and private groups is a major focus of cooperative activi-
ties. Table 9 describer a number of such effort). Two programs currently
under way are expected to make significant contributions toward estab-
lishing standards that will assist in bibliographic control and document
delivery. The first of these is the National Serials Data Program, in
which the National Library of Medicine and the National Agricultural
Library are cooperating with the Library of Congress. The Program in-
volves the development of a national data store of machine-readable
information on all serial publications and, when fully implemented, will



www.manaraa.com

150 SCIENTIFIC AND TECHNICAL COMAUNICATION

TABLE 9 Examples of Standards Relevant to Secoldary Information Services

Standard or
Standard
Pratise History

Microfiche
format for
report filming

Bibliographic
machine
record

Codification
of cataloging
rules

Descriptive
cataloging of
reports

Documenta-
tion units to
accompany
technical
reports

Jointly established by DOO, AEC, NASA, and Dept. of Commerce for
their use in 064; published by cosari as a Federal Microfiche
Standard in 1965, ionrorrent with the Presidect's Science Ad-
viser's request that (edeul agencies takes steps as rapidly as
possible to obtain acceptance of the standards within their orga.
;Illations and by their contractors. Later adopted as standard
by the National Microfilm Association and now In widespread
commercial use (Reference 43)

MARC-I format established by Library of Congress for pilot pro].
ect and used by about 25 participating libraries. Revised MARL -2
format adopted by American 'Arr., Association as standard
bibliographic machine record fele information interchange.
(Reference 13)

Subcommittee SC2 (Machine Input Records) of VSkSt Committee
239 (Standardization in the Field of Library Work, Document*.
lion. and Related Publishing ',twice') also Issucd (May ;967)
a comprehensive report ertirted TAe Identification of Darn
Elt111. MI IN Bibliographic Records as the first step In develop-
Lea mot standards for Identifying and recordog bibliographic
and textual elements to be used in machine- readable data sys-
tems, In libraries and Meted institutions and organization* pro-
ducing information in such Institutions." (Reference 56)

Anglo-American cataloging rules defined by professional society
groups, including the American Library Association, The (Brit-
ish) Library Association, and the Canadian Library Association,
with the active participation of the Library of Congress. Now
acqopted unofficially as the standard for cataloging in many
U.S. libraries. (Reference )

Several federal agencies (e.g., arc) established guides or rules for
the proper cataloging description of reports. cosset prepared
soar a standard In 1963 and revised it In 1966. The Practices
have been codified and accepted as general practice for many
U.S technical libraries. (Reference 49)

boo established a requirement in 1964 that all technical reports pre-
pared by b00 offices, contractors, subcontractors, and grantees
Include a summary page (D13 Form 1471) consisting of an
abstract and all necessary bibliographic data to describe the
report completely. Several agencies (e.t , Office of Eclocatioo)
have made a similar requirement for their technical reports.
The practice is being accepted by increasing numbers of pro-
ducers of technical reports. (References 5 t and 61)
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TABLE 9Continued

Standard or
Standard
Practice History

Standard for Developed by Subcommittee C-3 (Periodical Title Abbreviations)
eriodlcal of VAS! Committee Z39 and maintained and updated by

title abbrs the usxst-sponsored, Nsr.supported National Clearinghouse for
via tion.s Periodical Title Word Abbreviations, located at Cbernkal Air

rirate &mix. (Reference 167)
indexing Individual federal Agencies (e.g , Bureau of Ships, Defense Dom

language mentation Center) developed thesauri of indexing terms for
their own subject fields. A non-wide thesaurus was developel
later in conjunction with the Engineers Joint Council and has
been released for general disteibution. This thesaurus will re-
ceive widespread use by many technical libraries. (Reference
166)

Abstracting Several federal agencies have prepared instructions and guidelines
to assist in the preparation of abstracts. The Defense Docurnen
tation Center also published such guidelines in 196$. (Refer-
ence ST)

Subject cowls established a Subject Category Ltst to be used for the
categories announcement and distn-bution el technical reports by federal

agencies. Several announcement pUttiatiOtil (e.g., TAO pro-
duced by federal agencies have used this list; however, its use
has not extended significantly beyond the federal sector. (Refer-
ences 44 and 47)

collect data about serials continuously, will file and update information
about them, tine will make this information available to the research
community in a current and useful form. Control of serial literature has
been long recognized as a particulatly difficult problem because its
bibtiorzaphic data elements are highly mobile and require constant up-
dating, and tides often are difficult to Identify, des,xibe, and locate.
Anticipated products from the data store amassed in the course of the
program include: an exhaustive idehtification and unique registry of the
world's serial literature; information on holding% and locations for all
serials; ac visition and selection tools, such as printouts of accession
fists; a bask for cooperative acquisition programs; a data base for
standardization; a means for measuring abstracting and indexing cover-
age, including an analysis of patterns of overlap or gaps in coverage; and
the publication and dissemination of aNci*1 union lilts by categories
(see Reference 172).

A second major program is Project MARL, the objective of which is
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the development of a standard machine-readable equivalent of catalog-
card data. Project MARC (i.e., Machine-Readable Cataloging) was
launched in 1966 in the Information Systems Office of the Library of
Congress and is partially supported by the Council on Library Resource.:.
The daily conversion of current catalog data for English -lan,suage moao-
graphs into machine-readable form is accomplished ty ^eyboarding
onto paper tape and processing on the Library's computer system. Data
on magnetic tapes have been distributed weekly to a representative
group of libraries that are broadly distributed geographically and inclwie
a variety of typesschool, public, research, and university. Each library
is responsible for reporting on the services and products that it develops
with these data and the problens encountered in use. In addition to
cataloging data normally curled by the Library of Congress printed
card, the MARC record includes codcs to allow more efficient machine
manipulation of data.

Following the 1966-1967 pilot project, a new processing system and
formatMARC IIwere designed and put into operation. As a result of
the library community's general acceptance of this format, the Library
plans to initiate a MARC Distribution Service on a subscription basis in
1969. This service will provide magnetic tapes containing MARC records
for currently cataloged books in English. The Library also Is seeking
the most expeditious way to convert its retrospective cataloging records
into MARC U format.

As a part of its National Program for Acquisition and Caa !Aging, the
Library of Congress cooperates with 97 iarge research libraries in acquir-
ing and disseminating catalog data. It supplies these libraries with com-
plete depository sets of Lc catalog data in the form of Lc cards, thus
precluding the necessity for their cataloging the same materials, and they,
in turn, provide the Library of Congress with information on publications
In their collections that it has not acquired or cataloged. Adaptation of
cataloging data acquired through the Shared Cataloging Program also is
being examined as a possible step toward furthering international
standardization of cataloging practices.

The Task Force on Automation and Other Cooperative Services,
organized in June 1967 by the three national libraries (the Library of
Congress, the National Library of Medicine, and the NAtiOAPI Agri-
cultural Library), is another cooperative venture aimed at improving
bibliographic control and availability of documents. Its major objectives
are the resolution of incompatible practices in descriptive and subject
cataloging, agreement on machine-readable cataloging data formats,
establishment of a program to create a machine - readable bank of infor-
mation oc serial publications, and the development of joint catalog-card
and book - catalog senices. In mid-1968, the three Libtarks adopted the
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MARC II format and approved a recommendation that will effect greater
compatibility in descriptive cataloging; a number of Working Groups
c'urently are studying other areas of cooperation.

The more brodd:y based Federal Library Committee was established
in 1965 to provide for coordination among the approximately 2,200
federal libraries and to consider problems and develop policies relating
to their performance." The Committee has identified problem areas
needing federal attention, established procedures of interest to federal
librarians, and conducted fect-finding studies. One example of the
Committee's efforts is a 1967 handbook to provide information to the
federal acquisitions librarians in lecard to federal 2rocurement practices;
it describes devices and tac.ks that have proved successful and calls
atter don to spcial sources of supply." Another example is its 1968
FeJe.af Interliary Loc.: Code... Because of the limited charter of this
woup, it has not been a significant influence in fostering coordination on
a nationa' oasis; however, it has recommended that all fee: -rat
acx-ept the MARC I1 format as the basis for cetiMuili:Ptifif; bibliographic
information electronically and is taking steps to secure the adoption of
MAR:11 as a feder II government siindard.

The number of regionally affiliate.] library groups serving particular
geographic and/or subject-oriented communal.' I. growing, r.nd their
services aru provided increasingly often on a cat- reimbursable basis.
Examples of this trend are the developing programs at Itanford Uni-
versity and alit, and that of the Library Group of Southwestern Con-
necticut (see Chapter E., Section C), which now serve: the library needs
of a local group of industrial organizations. The Regional Communica-
tions and Information Exchange is a similar network connecting uni-
versity libraries throughout the Gulf Coast area (see Chapter 6, Section
C). Based on the Library of Rice University (Houston), this program
involves the development of centralized bibliographic references and
intranetwork location and transfer services. Teletype facilities will link
the college and university libraries participating in the program. In
addition, Rice University will study and plan for an expanded com-
puter -based regional bibliographic reference service through a coordi-
nated program of regional library acquisition and exchange, Network
services will be available to the 18 academic institutions participating
in the network and, on an individual fee bash, to outside inve-stigators.,

COOPERATION AMONG AMITRACTING AND INDEXING SERVICES

In our discussion of cooperation among abstracting and indexing ser-
vices, we will look first at the organizations that foster cooperation,
and second, at the areas of cooperation themselves. Scientific and tech-



www.manaraa.com

154 SCIENTIFIC AND TECHNICAL COMMUNICATION

nical societies have been interested predominantly in the information
problems of their own members, and their planning generally has been
limited to what could be accomplished by a volunteer staff. A significant
trend dates from 1958 and the establishment, for the first time, of a
full-time staff at a scientific and technical society headquarters (Amer-
ican Institute of Physics) with the specific assignment of finding ways
to improve the total information services for the membership of that
society. Subsequently, the American Psychological Association devel-
oped a similar staff, and more recently, the American Mathematical
Society, the Institute of Electrical and Electronics Engineers, the Amer-
ican Chemical Society, and the American Geological Institute have es-
tablished In-house staffs 4nd/or advisory committees to review and
improve their total information programs. The National Science Foun-
dation supports many of these efforts and continues to encourage major
scientific and technical societies in the development of such capabilities.
Other federal agencies also have assisted efforts of this kind on the
part of private organizations when the activities of the latter could
support agency missions, The economic aspects of these arrangements
art treated in Section Cot this chapter.

In , to internal efforts to imptove scientific and techhical com-
muricatica, organintiens that operate indexing and abstracting services
have increased their efforts tiv..;.rei ioterorganizational cooperation. In
1964, the American Society for Metals and Engineering Index, Inc.,
embarked on a cooperative program which has resulted in a common
computer-produced indexing system. Now utilized by Metals Abstracts
and Engineering Index, Plastics Section, this system makes it possible
to merge these indexes and provides for the preparation and joint mar-
keting of new products based on them.

Another example of interorganizational cooperation is the formation
of the Joint Agreement Group (JAG) in mid-1968, which is composed of
repr sentatives from the American Institute of Physics, the American
Fede. stion of Information Processing Societies, the Association for
Comp..fing Machinery, the Institute of Electrical and Electronics Engi-
neers, the American Mathematical Society, the Center for Computer
Sciences and Technology of the National Bureau of Standards, and
Engineering Index, Inc, The Group Is working toward agreements on
common definitions of data elements and specifications of tape formats,
with the objective of assuring a high degree of compatibility among
the participating societies and convertibility with other systems. Other
interested organizations include the Technical Information Program
(TIP) at MIT, Chemical Abstracts Service, and BioSciences Information
Service, Inc. The Group also maintains close liaison with other national
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efforts to standardize bibliographic tapes, Including those of the Na-
tional Federation of Science Abstracting and Indexing Services, the
U.S.A. Standards Institute, and the Library of Congress. (See Reference
3.)

The National Federation of Science Abstracting and Indexing Services
(14FSAIS) was established in 1957 as a foram for a group of institutional
members representing major noncommercial secondary publishers and
has been active since that time with annual conventions, study com-
mittees, and work on problems of mutual Interest to the group mem-
bers. It has made a number of useful contributions, such as the pub-
lication of the Guide to the World's Abstracting and indexing Services
In Science and Technology (1963), and agreements on a character trans-
literation scheme to be used by most of its members In their publkations.
Adoption of procedures proposed by the Federation is voluntary (for
members as well as other groups). In 1962, the Federation secured
NSF support for its sponsorship of a study by Robert Helier and Asso-
ciates 1" to develop a national plan for abstracting and indexing services
(see Chapter 8, Section 13)4 No major action resulted from this study.
When it became clear that federal services were not permitted by statute
to be dues-paying members of such an organization, these members
had to drop out. The remaining members represent private not-foe-
profit Arvices. Since the establishment of SATCOM, and perhaps encour-
aged by this action, the Federation has become more active. Because
we believe that NISAts desaves encouragement and support, we have
proposed that it assume !cadetship in and responsibility for some of the
endeavors proposed in our recommendations (see Recommendations
B12, C4, and related discussion).

Yet another organization that can be expected to exert a coordinating
influence on scientific and technical communication activities is the
newly formed Information Industry Association. The Association's ob-
jectives are to coordinate the Interests and programs of the commercial
organizations that create, supply, and distribute Information services
of all types, particularly those using the more advanced forms of infor-
mation technology, and to privide opportunities to interact with federal
and noncommercial private organizations. Though it is not concerned
solely with abstracting and indexing services, the Association has among
its 20 members many who are active !a this area. The Association
expects to establish liaison with other organizations in the information
field, Including book-industry associations, and has indicated the fol-
lowing areas of particular concern to it: (a) the eligibility of private
firms to bid on government contracts; (b) copyright; (c) standards
for data interchange; (d) public relations eons in behalf of the profit-



www.manaraa.com

156 SCIENTIFIC AND TECHNICAL COMMUNICATION

seeking information Industry; (e) informative and educational meetings
for its members; (f) efforts to bring about uniform policies among
government agencies; and (g) the exchange of information among its
members about trends and events affecting the orderly development
of the new techniques for disseminating information.

Among the federal organizations that take an active part in and exert
a major influence on scientific and technical communication is the
Committee on Scientific and Technical Information (covert) of the
Federal Council for Science and Technology. CCSATI has taken a lead-
ing role in ate establishment of practices that foster cooperation and
coordination among the abstracting and indexing services operated
by federal agencies. Included among its contributions are:

1. The development of the COSATI Subject Category List and its use as
a standard for uniform subject headings for major federal technical
report announcement and distribution services

2. The development of standards for technical report formats and
for the descriptive cataloging of technical reports (the latter, by a
happy coincidence, is compatible with the new Anglo-American Stan-
dard for Cataloging)

3. The development of recommendations on U.S. government-wide
policies for domestic and foreign distribution of abstracting and index-
ing services and other bibliographic tools, including magnetic tape
records, and policies for acquisition by federal agencies of foreign-
produced primary and secondary information (see Chapter 9, Section
A)

Individual federal age4cies have prepared instructions and guide-
lines to assist their contractors in the preparation of abstracts and in-
dexing terms for technical reports; these guidelines also are utilized
by the secondary services of the agencies. Efforts by some interested
federal organizations have resulted in a number of very effective con-
solidations of these secondary information services. One recent example
is the US. Government Research and Development Reports Index,
established in ht 1965; machine bibliographic records from the Ate,
NASA, DOC, and CFSTI are used io prepare a single publication of subject,
author, corporate author, and report number indexes fot this large and
diverse body of literature.

Variations in index terminology and structure rank next to the ab-
sence of standards for bibliographic formats as a major problem area.
Traditionally, the individual services have produced lists of subject
headings of index terms for broad use within their respectiv: domains,
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with little or no attempt to effect Interservke comparability. In an effort
to reduce this problem, the DOD sponsored Project LEX, which involved
the preparation of one of the most comprehensive thesauri in science
and technology.1" It incorporates the indexing experiences of the prin-
cipal federal agencies and has been coordinated with the Engineers Joint
Council Thesaurus. Accumulating evidence suggests, however, that be-
yond a certain point the endeavor to achieve universality is apt to yield
diminishing returns as a result of inevitable ambiguities in meaning and
unresolvable differences in the hierarchical position of various terms in
different schemes.

Cooperative efforts, fostered by government and private organizations,
also are developing at the international level. Chapter 9 presents a de-
tailed discussion of direct cooperative arrangements together with repre-
sentative examples.

C. ECONOMICS AND UTILITY OF SERVICES

This final section deals with: (a) trends In costs and pricing of the
bask secondary services: (b) relative costs of the various services;
(c) forms of support; and (d) the utility of secondary services.

TRENDS 11: COSTS AND PRICINO OP BASIC SECONDARY SERVICES

Library costs tend to vary directly with acquisition costs and in rough
approximation to the latter costs. Because of the generally Increasing
costs of publications and salaries, recent estimates suggest that library
budgets will have to increase about ten percent each year to maintain
equivalent levels of bibliographic and document-handling services at
constant volume of annual input.

Several general price indexes are available and are reported periodi-
cally to indicate the relative increase in prices of primary documents
over the years. For example, between 1957 -1959 and 1966, the book
price index rose from 100 to 150.8." Periodical subscription prices have
shown a corresponding steady upward trend The 1967 average sub-
scription price for U.S. periodicals was $8.02, and the price index,
based on 1957-1939 prices was 163.0. The comparable figures for
1966 were $7.44 and 131.2. Examples of U.S. periodical prices in
science and technology, which are consistently higher than the average,
appear in Table 10.

No similar price index is available fot secondary publications, but
the general trend also has been one of increasing cost to the subscriber.
Table I 1 shows price increases associated with several specific won-
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TABLE 10 Prices of U.S. Scientific and Technical Periodicals

Subject Field Average 1967 Price Index

Agriculture $ 4.34 163.8
Chemistry and physks 22.35 222.6
Engine ring 9.04 167.4
Mathematics, botany, geology, general science 13.75 219.3
Medicine 17.97 181.5
Zoology 12.53 135.8

Data In this table are based on information in the Library Journal I46 and the
Bowker Antimafia

Index of 100.0 is equivalent to average pricy for 1937 -1959.

dary publications. The escalation of costs results partly from the gen-
eral growth in processed volume and partly from increased costs on
a per-entry basis.

With the necessary increase in subscription prices to meet increased
production costs, the major secondary services are fast becoming too
expensive for individual subscribers, and in some instances for the less
affluent institutions as well. For example, a large number of colleges
with chemistry courses and laboratories do not subscribe to Chemical
Abstracts. Other publishers have noted similar trends. The situation
seems to be one in which many researchers and educators who should
have these reference tools are unable to afford them. Special grants
and federal funds are available to assist in some of these cases, but
many organizatices have not taken advantage of them, possibly through
lack of awareness cc because of the cumbersome application procedures.

Several secondary services utilize preferential pricing patterns in or-
der to maximize subscription incomes, and many of the larger services
do so in an effort to encourage academic Institutions to continue to
subscribe. Scientific and technical society publishers often reduce the
subscription costs for their members, thus encouraging subscriptions.
At rimes, however, discount arrangements for individual members have
oeos abused (e.g., organizations pay for subscriptions for individual
staff members, with the clear understanding that the purchased copy
will go to the organization's library for general staff use), and some
publishers have ceased offering such arrangements.

Also in use are flexible pricing practices, which set the price for each
facility according to: (a) the number of potential users at that facility,
thus providing compensation in proportion to the value of the publi-
cation to the organization; and (b) the total library budget foe period-
kids at the facility, thus providing compensation in proportion to the
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Publication
Type of
Publisher

1963 lf 68

Increase
in Sub-
scription
Price, 96

Increase
In
Price per
Entry, 96

Library
Sub-
scription
Price
(USA)

Total
Entries

Library
Sub-
scription
Price
(USA)

Total
Entries

Applied Mechanics Reviews Society $ 25 7,000 S 80 9,426 220 138

Bibliography of Agriculture Federal 10 105,409 19 111,665 90 79

Biological Abstracts Society 225 100,862 480 214,000 6 113 44

Ci.ernical Abstracts Society 1,000 165,000 1,550 231,884 55 0

Engineering Index Society 75 34.000 175 61,231 133 27

International Aerospace Society 60 11,000 33 i 36,161 45 83

Abstracts
Index Medicos Federal 26 130,000 55 207,000 112 30

Mathernatleal reviews Society 100 13,297 246 15,179 146 II)
Neckar Science Abstracts Federal 37 33,000 42 53,507 11 30

Aoki Abstracts Society 17 15,000 192 50,477 1,030 236

Psychological Abstracts Society 20 10,000 30 19,516 SO 10

Review of Metal Literature I Society 20 12,000 200 23,007 900 412

Price at wbkh available to general public.
includes Biological Abstracts and Biorestarch

*Annual index only.
Issues only; Wean cost $30.00.
Free on exchange to colleges, universities, commercial publishers, match Institutes, sad Industrial firm..

/Currently Aleuts Abstracts.
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TABLE 12 Price Differentials of Secondary Services

Publication

Subscription
Cost to
General
Public Exceptions

Biological Abstracts

Chemical Abstracts

Chemical Titles

Current Contents

Life Sciences and Physical
Sciences

Chemical Sciences

Engineering Index (monthly)

Index Chemicus

International Pharmaceutical
Abstracts

Science Citation index

Permuterm Subject Index

$ 800

1,550

50

$640 to individuals, nonprofit
and educational institutions

$500 grant toward subscrip-
tion price allowed colleges
and universities

$25 to ACS members, colleges,
and universities

100 $67.50 to educational institu-
tions

100 No exceptions

350 No exceptions

900 $550 to educational institu-
tions

75 $30 to others

(to industry)

1,250

700

No exceptions

No exceptions

facility's ability to pay. Table 12 gives some examples of the extent
of pricing differentials.

RELATIVE COSTS FOR VARIOUS TYPES OF SERVICES

There is a continuum of possible product forms for secondary publi-
cations, ranging from the simplest listing of bibliographic citations to a
collection of critical reviews. The secondary publication forms listed
below in the order of increasing cost of preparation give a rough indica-
tion of some of the points on this continuum.

1. Collected contents pages
2. Simple list of references (bibliography)
3. Title listing arranged in broad groups
4. Title listing accompanied by indexes
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5. Title listing with annotations ad indexes
6. Collections of author abstracts
7. Abstracts collected in broad groups
8. Abstract collection with indexes
9. Critical reviews

The preparation of these products requires progressively greater levels of
skill in foreign languages and subject matter as well as increasing the
work of composition and often necessitating special graphic materials,
such as mathematical formulas or chemical structure diagrams. (See
also Chapter 6, Section D.)

Quantitative data on the relative costs of secondary information-ser-
vice operations pose persistent problems of interpretation and com-
parison because of the widely differing circumstances that affect the
economics of such programs. Estimates based on "the lore of the trade"
indicate that per-entry costs for the production of an abstract journal
are from two to five times the per-entry costs of an indexing service
and about ten times the per-entry costs of a bibliography.

The cosA-i-sponsored study of national document-handling systems
in science and technology " reported that abstract production costs
in eight major nonfederal abstracting and indexing services in 1964
ranged from $8.70 (Biological Abstracts) to $33.30 (Meteorological
and Geoastrophysical Abstracts) per abstract, with an average (mean)
cost among these eight services of $18.70. The total number of ab-
stracts included ranged from 6,000 (Geoscien:e Abstracts) to 188,000
(Chemical Abstracts), and the total cost of production, from $81,000
(Geoscience Abstracts) to $4,904,850 (Chemical Abstracts). Major
factors in production costs, such as indexing and the number of copies
distributed (publication edition), are critical in determining the unit
cost per abstract. Such factors vary greatly in quality and quantity,
respectively, among services and contribute to the difficulty in establish-
ing comparable cost bases.

The lack of tort parable cost bases has hindered the development of
cooperative programs to eliminate duplication of effort. While certain
programs can be based on mutually beneficial barter arrangements (see
the description of the International Nuclear Information System in
Chapter 9, Section A), others can be achieved only when equitable
payment for services rendered is possible. Under present conditions,
it is difficult to arrive at pricing policies assuring such equity; there-
fore, examples of the outright sale of abstracts or other products among
abstracting and indexing services are few.

Each of the major publisher categoriesfederal agencies, scientific
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and technical societies, and commercial establishmentsfaces a differ-
ent cost picture and must adjust its pricing policies to a different set of
factors. Federally operated secondary services tend to derive a signif-
icant fraction of input material and processing from activities other
than the service operation itself. Provision for such activities typically
is made elsewhere in the agency budget. Since user charges are not
closely coupled to the full production costs, federally operated secon-
dary services are generally less costly to those users to whom they
are available than services in the same field that are privately operated.
The subscription prices of Nuclear Science Abstracts and the Bibliog-
raphy of Agriculture, for example, are set at figures that cover only the
runoff costs for preparing the number of copies required for distribution
outside the government and do not include any of the costs of acquiring
or promsing the primary material. Comparable policies apply to a
wide range of services, including publications, translations, and hard-
copy delivery.

In comparison with commercially operated secondary services, the
costs of those operated by scientific and technical organizations are
affected by their tax-exempt status, their ability to rely more extensively
on voluntary assistance, and the use of primary materials produced under
their aegis in exchange arrangements. Commercial establishments, on
the other hand, tend to have a better knowledge of markets, a better
marketing organization, and more efficient management practices. In
regard to pricing, scientific and technical societies have the option of
covering a suitable portion of their secondary service costs through a
levy on the membership as a part of the dues.

FORMS OF SUPPORT

Many forms of support contribute to the maintenance of secondary ser-
vices. Revenues from subscriptions and advertisements constitute the
principal source; levies on society membership, industrial support, and
federal subsidy are added to these in widely varying proportions. Table
13 depicts some types of secondary services and their sources of sup-
port.

A few of the (mju ,. privately operated abstracting and indexing
services, such as Biological Abstracts, Chemical Abstracts, Metals Ab-
str,:cts, or Psychological Abstracts, have been supported fully by sub-
scription fees and society revenues. With rising production costs, how-
ever, they find this policy increasingly difficult to maintain. Thus, the
Ames' an Chemical Society has found it necessary to use its reserve
funds to support the activities of Chemical Abstracts Service. Individual
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TABLE 13 Methods of Direct Support for Aids to Literature Access and Use

Method of Support Type of Service Specific Examples

Complete financing by
federal government

Partial financing by fed-
eral government

Reader subscriptions

Complete or partial fi-
nancing by nonfed-
eral foundation

Contribution of volun-
teer or "underpriced"
labor

Review journal Drug Digests

Index journal
Abstract journal

Citation index
Abstract journal

Catalog records

Review and ab-
stract journals

Index Medicus
Abstracts of Mycology

Science Citation Index
Information Science

Abstracts

Council on Library
Resources support
of the distribution
of catalog records
on magnetic tape by
the Library of Con-
gress MARC Project

Volunteer reviewers,
referees, editors, or
abstractors

scientists tend not to feel the same identification with abstracting and
indexing journals that they do with primary journals, which they receive
regularly as members of scientific or technical societies. This lack of
identification tends to decrease the degree to which they are willing
to support such services both personally and professionally.

A number of secondary services are supported fully and directly by
industry, through formally established organizations, such as the Tech-
nical Association of the Pulp and Paper Industry (TAP?!), the American
Petroleum Institute, and the American Iron and Steel Institute (Alm).
Other than such instances, industrial support of basic secondary ser-
vices tends to be limited to specific arrangements. For example, through
the initiative of the libraries in establishing special industrial programs,
such as Stanford University's Technical Information Service, MIT'S Mem-
bership Plan for Industry, and Southern Methodist University's Informa-
tion Service program, some support of library usage in universities has
been obtained. Such support is in the form of membership and service
fees that amount to very little more than the cost of maintaining the
program and do not contribute materially to the library's over-all budget.
Industry also gives indirect support to various abstracting and indexing
services through corporate membership in sponsoring organizations, in-
formation center subscriptions, and frequently, the company's payment
of subscription fees or memberships for individual employees.
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A major pot tion of federal support for secondary services is in the
form of in-house operation of abstracting and indexing services and
related document-delivery systems. Table 14 gives a representative list
of examples. Sizable amounts of federal funds in the form of contracts or
direct grants from several federal agencies also have been expended in

support of such activities in nonfederal organizationsfor example,
support of Bibliography and Index of Geology *and federal sources
are pre-eminent in the support of research and development related to
secondary services (e.g., automatic indexing or the establishment of
special files). The allocation of federal funds to the support of secon-
dary services results from both the implementation of mission programs
of government agencies (DOD, NASA, AEC, NSF, and others) and various
legislative programs, including the Higher Education Act of 1965, the
Higher Education Facilities Act, the Library Services and Construction
Act, the National Defense Education Act of 1962, and the Medical Li-
brary Assistance Act of 1965. Sources and amounts of federal support
for various secondary activities appear in Table 15.

Arguments against continued or expanded federal support of secon-
dary services in science and technology are based primarily on the
thesis that support blunts the forces of selective evolution, thus pro-
longing the life of services that have lost their value, inhibiting the
development of new approaches or techniques, and transferring vital

control from the scientific and technical community to the sponsor,
with attendant jeopardy of service responsiveness to user needs. Time
and again, therefore, it is suggested that the federal government elimi-

nate or drastically reduce its involvement in information services and
allow the marketplace to determine the nature, distribution, and cost
of such services. Information on this marketplace is fragmentary, but
there is some evidence that it deviates in a number of basic respects
from the normal behavior of supply and demand economics: Infor-
mation that is costly to get will not be sought, regardless of its value;
and increasingly greater amounts of information will not be acquired as
prices are lowered to make their acquisition possible. A clearer under-
standing of the operation of such anomalies is necessary before market
forces can be harnessed effectively in the evolution of literature-access
services. (See Recommendations E2 and E3, and Chapter 4, Section E.)

Arguments in favor of continued federal support of secondary services
point to the pervasive dependence of this country's scientific and tech-
nical effort on federal support and emphasize that the task of research
and development is not completed until the results are documented

* Formerly Bibliography and Index of Geology Exclusive of North America.
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TABLE 14 Examples of Federally Operated Aids to Literature Access and Use

Type of Service Examples

Library services

Basic abstracting and Indexing
services; bibliographies

Document-delivery systems

Need-group services

Three N, ,tonal LibrariesLibrary of
Congress (Lc), National Library of
Medicine (NLM), National Agricultural
Library (NAL)

1500 or more other federal libraries
Project MARC
NLM Regional Library Programs
NLM Current Catalog
Lc Catalog Cards and Proof Sheets
National Union Catalog
National Serials Data Program
Medical Subject Headings (MeSH)

Abstracts of North American Geology
Bibliography of Agriculture
Geophysical Abstracts
hider Medicus
International Nursing Index 6

Monthly Catalog of Government Publi-
cations

Nuclear Science Abstracts
Cfficial Gazette, U.S. Patent Office
Pesticides Documentation Bulletin
Research in Education
Scientific and Technical Aerospace Reports
Technical Abstracts Bulletin
U.S. Government Research and Develop-

ment Reports

Clearinghouse for Federal Scientific and
Technical Information

Defense Documentation Center
Educational Resources Information Center
U.S. Government Printing Office
U.S. Patent Office

The federal government operates a large
number of services that meet specific
mission-determined needssurvey pub-
lications, information analysis centers,
etc. (see Chapter 6, Sections A, B, C,
and E)

a Produced by MEDLARS, National Library of Medicine, but printed and distributed
by the American Journal of Nursing, Co.
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TABLE 15 Examples of Current Federal Support to Nongovernment Secondary Services in Science and Technology 6

Funding Awarded/
Organization Service Agency Amcuntb Announced

American Chemical Society Research and development pro-
gram for Chemical Abstracts
Service NSF $ 834,250 FY 1967

American Dental Association Comprehensive abstract service
for dental researchers NLM 21,340 1968

American Geological Institute Bibliography and Index of Ge-
ology Exclusive of North NSF 861,000 FY 1967
America* (24 mo.)

Planning of an integrated in-
formation service in geologi-
cal sciences NSF 44,000 FY 1967

American Institute of Aero-
nautics and 1 stronautics

International Aerospace Ab-
stracts, and related reference
services NASA 1,250,000 FY 1967

American Institute of Physics Experiments with computers for
primary journal composition
and a variety of related NSF 94,600 FY 1967
services (18 mo.)

Systems planning and opera- NSF 138,000 FY 1967
tions staff (24 mo.)

American Mathematical So- Development of computer aids
ciety for control of photocompos- NSF 140,302 FY 1966

ing machines (18 mo.)

Plan a study of information
exchange and publication in NSF 12,200 FY 1966
mathematics (12 mo.)
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American Meteorological So-
ciety

American Museum of Nat-
ural History

American Library Association

Meteorological and Geoastro.
physical Abstracts

Management and operations
study

Bibliographic services in Ich-
thyology

Study to analyze current deci-
sion-making activities rela-
tive to acquisition of science
library materials by small

NSF

NSF

NSF

243,200
(19 mo.)

19,600
(6 mo.)

48,000
(12 mo.)

FY 1967

FY 1967

FY 1967

colleges and universities NSF 52,800 FY 1968

American Psychological Asso-
ciation

Planning and developing a na-
tional system for psychology;
production of Psychological
Abstracts NSF 450,950 1968

American Public Health Asso- Current Bibliography of Epi-
ciation demiology NLM 26,920 1968

American Society of Mechani- Applied Mechanics Reviews NSF 175,000 FY 1967
cal Engineers (36 mo.)

Association for Computing Computing Reviews NSF 49,500 FY 1967
Machinery (12 mo.)

Biological Abstracts, Inc. Conversion of Biological Ab-
stracts to machine-readable NSF 243,400 FY 1967
form (12 mo.)

Abstracts of Mycology NSF, 5,000 FY 1967
(11 mo.)

Engineering Index, Inc. Computerized abstracting and
indexing program in plastics
and electrical and electronics NSP 358,800 FY 1967
engineering (12 mo.)

Information service develop- NSF 30,000 FY 1967
ment (6 mo.)
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TABLE 15Continued

Organization Service
Funding
Agency Amountb

Awarded/
Announced

Highway Research Board

University of Michigan

Universities Associated for Re-
search and Education in
Pathology, Inc.

Highway research information
service

Language and Language Be-
havior Abstracts

An Index of Investigative Der-
matopathology

Bureau
of $ 125,000 FY 1967
Public (12 mo.)
Roads

NLM

NLM

49,800

12,200

1968

1968

a Data in this table are based on information in Reference 1 23, National Library of Medicine. Extramural Program News,
August 1968, and two National Science Foundation publications 126. 127 dealing with grants and awards in fiscal years 1966 and
1967.
b Interval covered by grant in those instances in which clear-cut data were available.
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and made accessible. Another justification of federal support is to
provide services which are in the public interest, but which private
initiative would not be able to sustain.

If we asf.ime that federal support of secondary services wilt continue
and even increase, a major question is that of what form this support
should take. Possible alternatives include:

1. Highly centralized government operation of services modeled on
the system to which the Soviet Union is committed

2. Subsidies limited to start-up or improvement costs, with support
restricted to a specified time period

3. Charges levied on authors for the costs of input 3perations and
on users for the costs of demanded output, under policies that allow
the sponsored customer to charge these costs to his contract or grant

4. Direct subsidies to the service for input costs only, with output
costs being recovered in the marketplace

In the course of our survey of scientific and technical communication,
we have become convinced that the development of more comprehen-
sive patterns of coordination and coheNnce in our information-service
structure will be best achieved by voluntary cooperation under appro-
priate leadership (Recommendations Al and A2). As compared with
the first alternative mentioned above, this approach ensure at least
comparable effectiveness of performance at substantially lower com-
mitments of manpower and funds. The second alternative is essentially
the situation that exists at present. However, the necessarily transient or
temporary nature of this type of federal support often prevents the
development of stable, self-sufficient, and progressive services and in-
creases the difficulties encountered in realistic long-range planning and
budgeting for new or improved services. The choice between and
implementation of the last two alternatives require more information
regarding costs of input and output than is presently available. It
would be highly desirable to have such costs clearly identified, even if
the present system of financing secondary services were to continue.
Increased cooperationexchange of abstracts or use of common de-
scriptorsamong services (both private and governmental) will depend
on the existence and accessibility of such cost information. These latter
two alternatives appear to have considerable support among user groups.

UTILITY OF SECONDARY SERVICES

Obstacles to effective utilization of secondary services result primarily
from lack of awareness of the existence of such services, difficulties in
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gaining access to them, and complexities in their use. Although there
is widespread interest in determining the various ways in which scientific
and technical information is obtained and applied (see Chapter 4, Sec-
tion B), relatively little effort has been directed toward increasing
scientists' and technologists' knowledge of information sources and ways
to use them effectively. This is especially true for secondary services, as
indicated in a recent study 103 which measured the diffusion and use of
several government-sponsored secondary services (TAB, STAR, NSA, and
VSGRDR) by U.S. nonfederal, nonmilitary organizations. These ser-
vices reached only two percent of the U.S. educational and nonprofit re-
search centers, 31 percent of the industrial research laboratories, and
less than one percent of the U.S. manufacturing establishments. Five
states (California, New York, Massachusetts, Pennsylvania, and New
Jersey) contained nearly 50 percent of the population receiving the
four services. Eighteen states taken together contained only about
three percent of the recipient population. In addition, 80 percent of the
respondents in the study who were nonrecipients of the services had no
knowledge of any of them.

There is at present no single directory of information sources to
lead all researchers to the appropriate secondary services that will meet
their needs. The researcher connected with an organization having an
effective library or technical information center often can acquire
such information through its resources; the researcher in a small college
or university or in a small industrial organization has no such recourse.
The National Referral Center for Science and Technology within the
Library of Congress, which is intended to "provide a single place to
which scientists and engineers may turn for advice on where and how
to obtain scientific and technical knowledge of any kind" has had un-
even success in making its services known or stimulating their use.
Numerous "Guides to the Literature of . . ." also exist, 'tut generally
they are little known or little-used by researchers.

Instances in which the scientific and technical community has at-
tempted to focus on such educational needs are limited. The COSATI
Panel on Education and Training (Chapter 8, Section B) has exerted
effort in this area. Additionally, the Planning and Study Conference
for a Program on the Use of Information Media, Sources, and Systems
in Engineering Education, held in 1966 under the joint sponsorship
of the American Society for Engineering Education and Lehigh Uni-
versity, and the Conference for Educators on Systems for Handling
Chemical Information, sponsored by the Committee on Chemical In-
formation of the National Academy of Sciences, to be held in 1969,
pending adequate funding, provide representative examples of other
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efforts. There are also isolated examples of courses in the use of infor-
mation sources, offered either as part of required undergraduate science
curricula (notably in chemistry) or as continuing education programs
(e.g., the periodic seminars on scientific information and communica-
tion for federal F :ientists and engineers given in Washington and the
traveling courses on indexing and abstracting sponsored jointly by
Battelle Memorial Institute and the Engineers Joint Council). But to
date there has been little concerted interest in such activities on the
part of other segments of the scientific and technical community. Our
Recommendations B13 and C6 are addressed to this need.

Once a scientist or technologist determines which services will be of
use to him, difficulties still may arise in obtaining these services. Because
of the high costs of such services, few individuals or organizations can
afford to subscribe to all services covering the primary literature of
interest. Constraints placed on the procurement of federal secondary
services and on the procurement of secondary services with federal funds
are particularly numerous. Dependent c,u contractual arrangements
which vary widely from agency to agency, these constraints frequently
leave the user uncertain of his status with regard to "need to know."
Some of these variations are:

1. NASA provides free services to any organization with a "need to
know" in aerospace; DOD provides such free services only to DOD or
NASA contractors.

2. NASA contractors have access to the Defense Documentation
Center; however, the National Institutes of Health and some other
federal agencies do not.

3. Production contracts must include research-and-development com-
ponents in order for contractors to have access to the Defense Documen-
tation Center.

Frequently an organization's work on a government research-and-
development contract requires the purchase of expensive handbooks or
data compilations and the use of a variety of federal and private secon-
dary services. If, as is sometimes the case, such purchases are not
allowable as direct charges to the project, then an additional financial
burden may be placed on the information services of the performing
organizations. On the other hand, some contracts and grants specifically
allow for the purchase of reference materials by the project staff, but
prohibit these materials from being placed in libraries; they are regarded
as expendable laboratory equipment, such as chemicals or animals.

Concurrent with the difficulties of obtaining secondary services them-
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selves are tho. problems associated with gaining access to the documents
that they identify, particularly technical reports and other federal doc-
uments. Persons wishing to purchase, borrow, or obtain copies of
documents from federal agencies discover that there are a multitude
of agencies responsible for their sale, loan, or duplication and a wide
variety of procedures to be followed. Table 16 illustrates this situation.

A related obstacle to the prontrement of federal secondary services
and related primary documents is their uneven distribution among
libraries. As of 1967, there were 903 depository libraries throughout the
United States receiving various selections of government publications.
Such depositories are of limited usefulness for science and technology,
since they generally do not include the technical report literature. At
one time the former Office of Technical Services of the Department of
Commerce (now the Clearinghouse for Federal Scientific and Tech-
nical Information) established a number of regional technical report
centers, principally at university and large research libraries. The oper-
ation was abandoned after three years since the use of these centers
was at best uneven and required continual effort on the part of the
libraries to publicize their existence and services. Only the one at
UCLA has survived; it has become part of the Engineering Library and
continues to collect technical report literature with the help of outside
funding. Recognizing the need for and importance of having centers
available to industry, the Special Libraries Association has established
a Committee on Regional Technical Report Centers, which is seeking
support for their revival.

The use (or nonuse) of abstracting and indexing services, whether
in printed form or in an on-line system, depends in large part on their
responsiveness to so-called "human factors." Data from recent studies
suggest that when users select information chanrels, they often act in
a manner which minimizes effort rather than maximizing gain (see
Chapter 4, Sections A and 13). In some studies, accessibilitynot tech-
nical qualitywas the single most important determinant of the extent
of a channel's use, though familiarity and experience with a service
also were major determinants of channel selection.

Every abstracting and indexing service has its own set of characteris-
tics: level of quality, peculiarities of arrangement, indexing terms,
forms of bibliographic citation, and degree of coverage. Services should
increase their efforts to define such characteristics adequately and in-

* The decislce to close the centers was made by the government. Some centers
subsequently were dissatisfied not only because of the decision, but because they
had no voke in it.
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form users of any changes (in terminology, coverage, and the like)
as they occur, activities that often have been ignored in the past.

Since every service has its limitations in coverage, researchers must
be prepared to use many such cervices. A relevant aspect of the utility
of abstracting an indexing services that merits careful study is the
rate at which comprehensiveness of coverage increases with the type
and number of services employed. Further, no service assures complete
retrieval or infallible discrimination; better ways of characterizing and
measuring performance on these dimensions are needed. A decisive pro-
gram of experiments" has demonstrated a way of establishing an oper-
ating characteristic for a particular indexing vocabulary and associated
retrieval strategies by determining the extent to which discrimination
decreases as comprehensiveness of retrieval Increases and vice versa. For
document collections that can be covered by an index-term vocabulary
that is not too large (a few hundred to a thousand terms), natural lan-
guage yields the most favorable operating characteristic. These methods
have been employed recently as major diagnostic tools in a compre-
hensive evaluation of the effectiveness of the MEDLARS program.to

The following problem areas deserve special attention from the
managers of abstracting and indexing services to assure continuing or
increased efficiency and effectiveness of such services:

1. Cost-effectiveness ratios of different types of services (i.e., ab-
stracts versus indexes versus title listings, etc.) are difficult to determine
and may vary with different categories of users.

2. Increases and intentional overlaps in coverage may lead to an
increase in costs and user effort that is out of proportion to the po-
tential benefit.

3. Gaps in coverage may allow information to be lost.
4. Variations in format and indexing systems may limit the effective-

ness of dissemination for inexperienced searchers.
S. When large time lags In coverage (particularly of foreign publi-

cations) by abstracting and indexing services exist, they hinder dis-
semination.

To arrive at the best comprouvise between utility and costs in the
development of systems to assure document availability and biblio-
graphic control, the following areas must receive attention. First, a
new and fresh evaluation of potential means for supporting the opera-
tion of today's university libraries should be made, and an integral
part of such an evaluation should be a careful examination of the need
for research on and analysis of academic library activities. Second,
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the ever-increasing size and cost of libraries and library programs neces-
sitates the development of systems under which library revenues can be
brought more dearly in line with the costs of required services (e.g.,
by offering them insofar as possible on a cost-reimbursable basis).
Third, the difficulties in developing and fostering the use of biblio-
graphic tools that ensure effective local access to contemporary tech-
nical literature, regardless of its volume and its place of storage, must
be overcome. And, finally, comprehensive systems must be capable of
flexible responses. The required discrimination in their operation will
involve richly structured descriptor languages to characterize the doc-
uments and their contents as well as their users. A corresponding pattern
of graduated costs for different levels of timeliness and quality in the
resulting service also should be incorporated. Our Recommendations
E2 and 133 invite the systematic exploration of such problems.
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Consolidation and Reprocessing
Services for the User

In using information gleaned from the past work of others, the working
scientist or technologist often, perhaps usually, employs it in a form
different from that in which it was originally made available. The
difference may range from a major intellectual reworking of the infor-
mation to a mere culling and refiling of documents or clues to docu-
ments, but to the worker even the latter can be an important aid to
efficiency. Three centuries ago, this "personal store" of information
probably consisted of correspondence, notes, and shelved books,
doubtless with scribblings in the margins. With the advent of scientific
journals at the end of the seventeenth century and of basic absbacting
and indexing services in the early nineteeth century, the worker's p-r-
sonal store was expanded to include collections of references and files
of reprints. Fventually review articles digesting families of papers, data
tabulations, and compendia became available to make increasing
quantities of primary information accessible to the worker in forms
that he could use more efficiently than he could the "raw" publications
of the original investigators.

Even this brief sketch makes it cleat that a worker's personal store of
information, while necessarily unique and molded by his private tastes
and efforts, relies greatly on services provided for him by the scientific
and technological community. Besides providing for the primary com-
munication (mitten or oral) of information and for !hc existence of
discipline-wide access services, the community often condenses and
consolidates information for the user or provides him with packages of it
preselected to fit his needs. The latter two types of servicesconsoli-
dation and reprocessing ---are the subjects of this chapter. Out thesis
is that the importance of these services, in telation to primary and access
services, is increasing and will co-finue to increase for a number of

176
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:easons, which include: the total size and rate of increase of all portions
of the technical literature; the number of individuals involved; the
diversity of their Interests; the frequency with which these interests
change; and above all, the increasing interrelationships between fields
that could formerly have been considered independent. In view of these
trends, we feel that the development and timely introduction of appro-
priate services, mediating between the individual worker and the classical
primary and secondary publications, will be decisive for the shape of
scientific and technical communication in the next decade or two.

As we have already briefly indicated, the consolidation and repro-
cessing services to be discussed involve two kinds of activities. The
one implied by the term consolidation is the Intellectual reworking of
primary information: It comprises evaluation, compaction, simplifica-
tion, and the fitting of isolated items into a general framework. This type
of activity, which we shall discuss in Section A, leads to critical reviews,
state-of-the-art surveys, critical compilations of data, and finally, ency-
clopedias, handbooks, and textbooks. Because of the expanding bulk of
scientific and technical information, its increasing interrelatedness, and
the growing diversity of user needs, this work of consolidation will have
to receive an increasing share of the intellectual energy of the scientific
and technical community.

The reprocessing activity involves the selection of information es-
pecially relevant to the needs of a particular group of users and de-
livery of this information to them. The selection can be made, of course,
either before or after some intellectual reworking of the primary infor-
mation has taken place, and it may or may not be integrated with such
a reworking.

To what extent are these consolidation and reprocessing activities
focused on the needs of a particular worker? The answer varies. Some
activitiesincluding especially the evaluation of research results and
the elimination of those that are wrong or supersededhave a relevance
as broad as that of the primary information with which they deal.
Others are aimed at a particular class of users, either by virtue of
pedagogical level and style (e.g., an exposition of the theory of energy
bands in semiconductors foe electronic engineers) or by virtue of a
particular selection and grouping of materials (e.g., a bibliography of
all literature relevant to organic adhesives for metallic surfaces). Now, if
it is to be economically feasible to supply such a user-focused service,
whether it be intellectual consolidation or repackaging or both, there
must be a certain minimum number of individuals with she same or
closely related needs. Such a g oup of individuals, above the critical
minimum size, is what we call a need group. A need group may be
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described in terms of a professional field (such as heat transfer), or a
technical mission (such as nuclear-reaction engineering). It is uniiktty
to be defined by broad organizational affiliation (e.g., Bell Tel.phont
Laboratories). However, in view of the fluctuating, interactive natae of
science and technology, it cannot be a fully isolatable group. Its core, to
be sure, will consist of those who have a long-term commitment to
working with and on the needed information; but many others in related
fields will have recurring needs for similar access to this information
and therefore from time to time will belong to the same need group.
The minimum size required to justify the organization of a special ser-
vice typically will be about a thousand persons.

In this chapter we discuss first the intellectual cAnsolidation of in-
formation, which may or may not involve a specine tailoring of the
end product for the needs of a specialized group. The second section
deals with information analysis centers, organizations set up to provide
both intellectual consolidation and reprocessing services, usually aimed
at a particular need group. As further examples of the provision of
reprocessed information, Section C discusses some of the varied types of
in-house information services supplied by industrial concerns for their
employees. These services vary widely in nature, scope, and complexity.
With these examples as background, Section D discusses the problem
of services for need groups in broader perspective. Finally, In Section
E, on information- service networks, we recognize the intereependence
of the many and diverse need-group services; they draw upon common
groups of basic access services and share each other's products in
areas of intersecting concern. This final section relates also to the
following chapter on new technologies through the possibilities which the
latter offer for enhancing network effectiveness.

A. CONSOLIDATION, CRITICAL REVIEW, AND DATA
COMPILATION

THE °EDWIN° NEED

The obIems created by the ever-rising flood of scientific and technical
information have been strikingly Must-aced in individual fields by show-
ing that it would be impossible to keep abreast of all relevant informa-
tion even if a scientist devoted virtually every waking moment to reading.
Among the responses to such pressure is greater specialization. Yet, as
Brunning " pointed out some years ago, this expedient is not always
satisfactory, for the degree to which one specialty impinges on another
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also is increasing, and with it the amount of information with relevance
to any one field of endeavor. Herring " contrasts the problem some
30 years ago, when in many fields the conscientious scientist could
maintain awareness of most of the information in his own and other
relevant specialties, with that in the 1960's, when the amount of relevant
information is not only greater but at the same time more rapidly
produced. Figure 3 depicts the qualitative difference for the typical sci-
entist. In this figure, the dashed-line curves represent the amount of in-
formation relevant to a scientist's field of endeavor, and the solid
curves, the amount of information of which he is aware. Though the
area beneath the solid curves is roughly the same in the 1930's and
the 1960's, their shape is very different; that for the 1960's is much
narrower. Conversely, the dashed-line curve representing relevant in-
formation in the 1960's is muc'i broader than is the one for the 1930's.

Lecognizing the gravity of this problem, the authors of the Weinberg
Report U. strongly urged more concentrated effort in the fulfillment
of the vital functions of consolidation and review as a major step toward
its solution. The report stated: "We shall cope with the information
explosion, in the lor.g run, only if some scientists and engineers are
prepared to commit themselves deeply to the job of sifting, reviewing,
and synthesizing Information. . . . We urge the technical community
to accord such individuals the esteem that matches ale importance of
their jobs and to reward them well for their efforts."

I

Ottwet d O#* f Iola Sim Aisi M irseleivress Nitro* Si Oft, NW, In+ *,S iple+Irariest

FlOURE 3 Amount of Information of whkh a scientist Is aware (solid lines) as
compared with the amount of information relevant to his specialty (dashed lines).
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The role of the review in coping with the information problem also
has been stressed in the international arena. One of the recommenda-
tions of the 1961 Pugwash Conference at Stowe, Vermont, gave par-
ticular attention to this need:

We recommend that ineasu res be taken to bring significant work going forward
in all countries to the attention of interested scientists. This objective could be
served by the publication of international review journals of two types: inter-
disciplinary review journals written in relatively non-technical language for the
benefit of scientists in different disciplines, and more specialized review journals
whkh would keep scientists working in a given area abreast of the work going
on in the same or related areas all over the world."

Even more recently, one of the working groups engaged in studying the
feasibility of a worldwide information system in science and technology
(see Chapter 9, Section C, for a description of this effort) designated
as an area of crucial need the development of better mechanisms for
review and critical evaluation in science and engineering disciplines."

RESPONSE TO NEED

As the need for consolidation and review has grown, some disciplines
have increased the r efforts to meet this need. For example, many sci-
entific and technical societies try to ensure the inclusion of a certain
number of review and state-of-the-art reports by qualified speakers at
their meeting or encourage program committees to schedule sessions
based upon 1,:ad-off presentations of this type. Data on program content
in a series of annual meeting studies in nine science and engineering
disciplines "," showed that the percentage of program material devoted
to state-of-the-art and review presentations ranged from roughly one
fourth to more than half, with heaviest emphasis on this type of pre-
sentation occurring in two engineering disciplines. Evaluative comments
on these meeting., from random samples of attendants confirmed the
value of such presentations and in some instances reflected a desire for
more of them.

Data assembled in a recent study of a number of disciplines" pro-
vide further evidence of response to the need for consolidation efforts
and suggest that accompanying the increase in voume of primary
literature is an increase in the production of reviews. However, the pro-
duction of reviews falls fat short of meeting existing needs, and in some
disciplines, such as mathematics, reviews of the slate-of-the-1.a type
are relatively uncommon. Though the proportion of review literature
across the disciplines appears generally to be increasing in varying
degrees, the rapid over-all growth of all forms of primary literature
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suggests that current reviews cover the output of science and technology
much more thinly than they did a few decades ago and that much greater
effort must be expended in this direction.

PROBLEMS OP PRODUCTION, ACCESS, AND USE OP REVIEWS

Incentives and funding troically are identified as basic problems in the
stimulation of adequate consolidation and review activities. In regard to
the former, lack of recognition, low prestige, and insufficient remunera-
tion are the lot of the review author in virtually all disciplines. The re-
action of one review author who participated in a study S of the prepa-
ration of chapters for an annual review publication is probably not
uncommon: "Digesting the material so that it could be presented on sonic
conceptual basis was plain torture; I spent over 200 hours on that job.
1 wonder if 200 people spent even one hour reading it." In some fields of
engineering, peers often do not consider preparation of a state-of-the-art
review a real contribution, and there can be a loss of prestige attendant
upon involvement in this type of work. In commenting on this problem,
Weber ii mentions that only one review journal in his field can be re-
garded as a highly successful, high-prestige publication. Recently, the
American Society of Civil Engineers has attempted to encourage the
writing of reviews by offering an annual State of the Art Civil Engineer-
ing Awarda plaque and an honorariumfor which review papers in
any of the 14 divisions of the organization can be nominated. It is still
too early to evaluate the results of this effort, but experimentation with
such measures for enhancing the recognition of review authors is greatly
to be desired, and our Recommendation 131 (Chapter 3, Section 13) ad-
dresses itself in part to this topic.

Additionally, the development of policies and procedures that would
facilitate performance of the reviewing function probably would reduce
the reluctance of many scientists and technologists to undertake a
review and woad serve as incentives. The emergence of increasingly
effective retrieval tools should aid in the location of relevant material,
and the provision of adequate clerical assistance would reduce the routine
demands of article preparation. However, the selection of material to be
included, its assimilation and interpretation (and evaluation if the review
is a critical one), and finally its organization into a meaningful and
useful article are time-consuming and arduous tasks, the responsibility
for which has to rest almost entirely on the review writer. Some attention
to ways in which a group of experts can contribute to the selection and
cri.kal evaluation of material, without subdividing a subject area in such
a way that the over-all review loses its consistency of treatment and
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unity of viewpoint, would be worthwhile. Further, the potential of the
information analysis centers (discussed in Section B of this chapter) in
contributing to the consolidation and review function could be more
fully tapped. Possibly of greatest value would be arrangements, such as
sabbatical or fellowship programs or liberal leave policies, which would
permit the allocation of sufficient, uninterrupted time to the production
of a review.

The Weinberg Report I" emphasizes the challenge and intellectual
stimulation presented by the preparation of a high-quality review and
compares the relationship of the reviewer to his widely scattered bits
of knowledge with that of the theorist to available pieces of experimental
data. Consolidating, reviewing, and interpreting the literature are de-
mands considered worthy of the efforts of the most gifted scientists and
engineers. Leitch jo also has pointed out that the production of a truly
creative rev:: v, which synthesizes data from more than one field and
ties seemingly unrelated areas together in a meaningful relationship, is a
rare and valuable contribution. As an example of such efforts and their
impact, she cites Food, Health and Income, by Sir John Boyd Orr, which
resulted in the establishment of au international organization and the
Initiation of certain new services on a national scale in many countries of
the world. A recent suggestion (cited in Reference 87) for helping to
foster recognition of a comprehensive, critical review as a major accom-
plishment is to award graduate students a PhD for this type of review
when it is prepared under the supervision of a respected scientist and
entails a substantial amount of creative synthesis.

A second problem area, not unrelated to incentives, is that of festering
awareness among the organizations sponsoring research-and-develop-
ment actisities of the Importance of consolidation and review in pro-
moting the effective use of results. As we have emphasized before in
connection with primary communications (Chapter 4, Section E), publica-
tion Is no longer sufficient to ensure awareness or prompt utilization.
The provision of funds for later steps in the transfer chain, steps which
facilitate access and effective use, was a major tenet of the Weinberg
Report. In the present context, it is the focus of Recommendation 82
(Chapter 3), which advocates the allocation of a larger fraction of
resources by supporters of research and development to assist in the
preparation of critical reviews and data compilations.

Especially in the case of large-scale, on-going programs of research
and development which produce large numbers of reports and publica-
tions or technological advances, the responsibility for sifting, evaluating,
and consolidating the results to facilitate their application and make
clear their implications for other related areas of endeavor is great. The
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critical review and evaluation function is particularly valuable when
the output of a program has been disseminated chiefly in the form of
technical reports. Here, quality frequently is uneven, and awareness and
access sometimes present problems. Consolidations that bring together
in a compact and unified presentation the key findings and major im-
plications of a body of these reports have already proved valuable in
those instances in which sponsoring agencies have supported their
production. We recommend, therefore, that all major research-and-
development programs regard the consolidation function as an integral
part of the over-all program of work and llocate funds accordingly
(Recommendation B3).

As disturbing as the lack of consolidation and critical review efforts
adequate to meet current and projected needs is the inefficient handling
of the existing review literature. In a number of disciplines, no effort is
made to inform the reader of the existence of reviews, either (a) by
publishing regularly recurring special bibliographies of reviews in a
discipline, such as the Bibliography of Medical Reviews; (b) by allocat-
ing a special section of an abstracting and indexing service to reviews,
as is done in Biological Abstracts Subjects in Context (3Astc); or (c) by
use of a special symbol, a procedure employed in Meteorological and
Geoastrophysical Abstracts to designate certain types of articles (though
not specifically reviews). The latter procedure would appear to be an
efficient and selativelr inexpensive way of handling the identification
of review articles.

The finding that only two of 8,601 titles from the Bibliography of
Reviews in Chemistry contained the word "review" in the title " is
evidence of the possible difficulty in recognizing such Articles. Even
the number of references cited (provided in some abstracts and lists of
titles) is not always a good way to identify a review. The situation is
further aggravated by the diversity of outlets for review material
books, special publications, primary research journals, as well as serial
review publicationsand by the frequent need for information in the
fringe or tangential areas where experience with sources is less than in a
scientist's main area of specialization. In view of the frequent expressions
of concern over whether reviews actually are used to the extent that they
should be, some effort to bring the user's attention promptly and regu-
larly to review literature seems clearly in order. (See Recotruneuda-
tions131 and 134.)

Hand in hand with improved alerting and access procedures for re-
views goes the need for greater attention to educating scientists in the
nature and use of the review literature, both as graduate students and
later in life. Also, today many reviews do not lend themselves readily
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to piecemeal usethough the need for certain aspects of a subject area
undoubtedly is much more frequent than for the complete story (Recom-
mendation B1).

The review literature presents a number of problems which impede
its effective use. First, reviews are of several types and are directed
toward the fulfillment of different functions. Yet all too often there is no
indication of the level of treatment or the objectives of a particular re-
view. Leitch 206 separates reviews into three general categories. First is
the periodic type, which deals with a limited subject area during a par-
ticular time interval and usually presents findings, with little or no
analysis or critical evaluation. The main purpose of such a review is to
inform the reader of current developments in a field. Second, the oc-
casional review discusses a subject broadly and interpretively and need
not cover all literature during a clearly defined period, for the author is
expected to be selective and critical. The quality of such reviews varies
greatly, depending on whether they deal chiefly with opinions or with
findings. Third is the analytical or constructive review, which typically
is book length and deals with concepts or theories and findings. It is
sometimes called the research review and often is undertaken to meet a
specific need in an areafor example, to clarify issues and show where
more information is necessary or to provide a basis for needed guidelines.
It may deal with only one field or may establish or clarify relationships
between fields and effect a creative synthesis.

In fact, the review literature is not always easy to categorize. A study
of authors of reviews suggests a great deal of variation in treatment and
of overlap among the types described by Leitch. For example, one re-
viewer who had prepared a "comprehensi., e" periodic review reported
having to lop off 200 references at the last minute in order to meet
the space requirements imposed by the publisher. Others felt that even
in the production of a periodic review, covering the literature during a
given period of time, one had to be selective and evaluative and that over
the long run the biases of the various reviewers in any one subject area
would balance one another. In some subject areas of high activity, it
is difficult to find an author who will treat the topic exhaustively and,
in such cases, it becomes customary for a review author to preselect and
weed his literature to reduce it to manageable size before beginning to
digest it. Unfortunately, there is no indication whether the material ex-
cluded was omitted by accident or by design. Further, omission of poor-
quality or erroneous papers, which is sometimes considered necessary
in order to do justice to the better material in the space allowed, may
cause scientists and technologists to lose time and money in unprofitable
or duplicative work.

f
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An important determinant of scope and treatment is the user group to
whom the review is directed. The scientist working at the research front
may need a succinct evaluative commentary on cently published ma-
terial, or at the outset of a new project on a differe,,t topic, he may need
a comprehensive review with a full bibliography. Those engaged in
teaching typically require less specialized reviews than the researcher;
such reviews deal with a broad area and highlight the key contributions
and references in a field. Reviews covering broad areas in less detail
also are valuable in providing users with general knowledge in specialties
adjacent to their own. And there is a place, too, for the nontechnical,
relatively unsophisticated and superficial type of review, which often
is of use to students and laymen. However, to ensure more efficient use,
each review should contain some early indication of sccpe, treatment,
and the audience to whom it is directed and should include in its refer-
ence list all other reviews of the same area which are more complete and
comprehensive.

SOME CHARACTERISTICS OF REVIEWS

Though reviews represent a heterogeneous aggregate of consolidation
efforts and tend to vary greatly in number and character from one
discipline to another, a few general characteristics have been identified."
First, in nearly all fields studied the primary journal appeared strongly
predominant as the outlet for reviews, rather than either serial review
publications or annual and special publications. This result is known to
be seriously biased because of the policies of abstract journals. In most
fields, annual review publications and books accounted for a relatively
small percentage of reviews, though there were exceptions. For example,
in the field of oceanography a majority of the reviews were in the form
of privately published books. The language of initial publication of most
reviews was English, except in the field of medicine; however, a majority
of the articles sampled, with the exception of the engineering disciplines,
originated in foreign publications. Finally, although there was great
variation in length both within and among fields, the average length of
the reviews sampled tended to be in the neighborhood of 20 pages.

An additional and most important characteristic of review literature
is that it retains its usefulness over a relatively long period of time. There
ate many qualitative indications of its slowness of obsolescence, and
data from citation studies seem to support this fact. In a sample of
physics papers, for example, it was found that the probability for a
typical research paper to cite a given review item decays at a very slow
rate, falling by only a factor of two each decade. When this finding was
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checked fulthee by noting the numbers of citat;ons of a sample of review
articles in Science Citation Index riming successive years, then was an
increase at least as rapid as the fraction of the source literature covered
by this index, a result which indicates that review articles are not soon
superseded,

THE COMPILATION OF CRITICALLY EVALUATED DATA

All that has been said in the preceding discussion of reviews with regard
to increasing need, the allocation of greater effort to fulfillment of this
need, and problems of incentives and funding applies also to the compila-
tion and critical evaluation of data. That the generation and dissemina-
tion of critically evaluated reference data are essential to the progress
of science and technology has long been recognized and has resulted in
various sporadic efforts to furnish such data on a comprehensive and con-
tinuing basis. As early as 1883, the Lando lt-Bornstein Tables were
published in a single volume of some 300 pages. Subsequently, these
tables were updated at varying intervals, the sixth edition appearing
between 1950 and 1969 and comprising 26 volumes and 20,000 pages.
Other data compilations, first issued around 1910, were the Tables
Annuelles de Constantes et Donnees Numeriques and the Kaye and
Laby Tables of Physical and Chemical Compounds, both of which also
were updated, the latter as recently as 1966. The International Research
Council (predecessor of the International Council of Scientific Unions)
sponsored the compilation and publication of the seven-volume Inter-
national Critical Tables of Numerical Data in Physics, Chemistry, and
Technology during the 1920's. Plans to supplement and update this
compilation did not materialize; however, a large number of compilation
and evaluation activities developed in its wake in various parts of the
world.

Compilation efforts in the United Suites received some measure of
coordination when the Office of Critical Tables was established in 1955
within the National Academy of SciencesNational Research Council,
This Office encouraged the formation of new critical evaluation groups,
developed standards, maintained awareness of present and continuing
data-compilation efforts, and fostered international cooperation in this
area. By 1963, as a result of the rapid growth of research-and-develop-
ment activities and the consequent expans!on of the literature, the
Federal Council for Science and Technology (Fcsr) concluded, on the
basis of information provided by the Committee on Scientific and Techni-
cal Information (costal), that previous compilation and evaluation
efforts were inadequate. Furthermore, availability of data was far from
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uniform. The needs of some fields were fairly well met; in others only
uncritical compilations were offered (leaving evaluation for the user);
and in still others there were no systematic efforts of this type. Conse-
qaently, the FCST recommended to the President's Science Advisory
Committee (PsAc) the establishment of a government-wide, coordinated
compilation effort. In 1963, PSAC assigned responsibility for the ad-
ministration of a government-wk e program to promote and coordinate
systematic data-compilation and evaluation activities in all fields of the
physical sciences to the National Bureau of Standards of the Depart-
ment of Commerce. Accordingly, the Bureau set tip the National
Standard Reference Data System (NsRDs), the main objective of which
was to improve "access by the American technical community to com-
pilations of critically evaluated data on the properties of substances," 26
The plan of operation was decentralized in nature and aimed at involving
many organizations and individuals throughout the country. A major
goal was to maintain flexible responsiveness to the ever-changing needs
of users.

The scope of the program was defined as including only physical
phenomena and only "critically evaluated quantitative information re-
lating to a property of a definable substance or system." " In effect,
NSRDS does not deal with data related to systems of variable or uncon-
trollable components or data sensitive to unspecifiable details of the struc-
ture of a material. Proprietary data, those with limited temporal validity,
and those of a very limited commercial interest also are excluded.

Included in the Burequ's assignments were the following specific tasks:

1. Operation of a National Standard Reference Data Center at the
National Bureau of Standards

2. Coordination of standard reference data activities of the Bureau,
the Department of Defense, Atomic Energy Commission, National
Aeronautics and Space Administration, National Science Foundation,
and other government agencies, all of which could act as components
of the National Standard Reference Data System

3. Establishment of standards of quality and of methodology for the
production of National Standard Reference Data

4. Promulgation of standards for other functions required to ensure
compatibility of all units of NSRDS

In the fulfillment of its assignments, the NSRDS scans the literature
to locate data, critically evaluates it, and compiles it in orderly format;
it prepares critical reviews on the status of quantitative knowledge in
special areas of technical fields; it computes functions derived from
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standard reference data, values of theoretical functions used to interpret
quantitative experiments, and estimated values of unknown properties
of important substances; and it provides experimental measurements to
fill existing gaps in tables and extend the range of parameters. In addi-
tion to carrying out these basic responsibilities, the NSRDS surveys the
operation of existing data-compilation and evaluation groups, determines
special needs of the technical communities for data, and coordinates
government-sponsored activities in this area. The program was not
intended to supplant existing activities and sources of financial support
but to augment them and to achieve more coherent and productive over-
all results.

In order to formalize the authority given the Bureau to provide this
service, which it had developed over a period of years, and in recognition
of the necessity for a strong standard reference data system to foster the
effective conduct of the U.S. research-and-development effort, a bill
was introduced in June 1966, and subsequently passed by both House
and Senate,* "to provide for the collection, compilation, critical evalua-
tion, publication, arid sale of standard reference data," 1" with responsi-
bility for the fulfillment of this mandate assigned to the Secretary of
Commerce.

The Office of Standard Reference Data, though discovering that "the
task of carrying out a critical evaluation is more demanding of both
time and intellect than most members of the technical community
undertaking this job had thought," i" has made steady progress toward
the realization of its objectives. Since its inception, "the magnitude of
the effort required to implement the system has been estimated more
closely, procedures for the establishment of data centers have been
developed, and relationships with other agencies have been more clearly
defined." 129

A recent effort toward wide-scale international cooperation and co-
ordination of compilation and evaluation activities is the Committee on
Data for Science and Technology (CODATA),'° established in 1966 and
sponsored by the International Council of Scientific Unions (KM. (See
Chapter 9, Section C, for a more detailed description.) Two of the major
objectives of this group are: (a) to stimulate scientists and engineers
to undertake the task of data compilation and evaluation and to improve
the professional status and salary level of those engaged in such work;
and (b) to foster awareness of the cost of compilation and evaluation
and to encourage subsidies from appropriate sources.

* The National Standard Reference Data Act (PL 90-396) was passed by the
House of Representatives in August 1966 and by the Senate In July 1968.
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In recent years, compilation and critical evaluation activities have
progressed from a stage of disparate, disorganized effort, in which
each discipline, and each country, went its separate way and both gaps
and duplication were frequent, to one is which numerous parallel efforts
designed to serve specialized areas of need are evolving as part of a
coordinated national program. Encouraging signs of eventual coordina-
tion at the international level also are evident. Adequate funaing by
supporters of research-and-development projects utilizing and generating
such data is essential to the continued development of an Jlective data
system (Recommendation B3). Fulfilling a vital role in the p. "duction of
critically evaluated data compilations, as well as the production of
reviews, are the information analysis centers, treated in detail in the
following section.

B. INFORMATION ANALYSIS CENTERS

The present conception of information analysis centers is the amalgam
of two principal types of antecedents. The first of these comprises institu-
tions that are organized to manage large data assemblies, often of
national or even international scope. They collect data of pertinent kinds,
either from documents or by direct observation and measurement, store,
critically evaluate, and collate them, and disseminate the results. Through
regular publication of tables, charts, and analyses, they provide informa-
tion useful to pardcular customer categories and the public at large.
Some representative examples, in some instances dating well back into
the nineteenth century, are the major environmental data programs
(geology, geodesy, weather, tides and currents, for example) and the
large social data assemblies, such as those of the Bureau of the Census
and of the National Centers of Educational Statistics and of Health
Statistics in the Department of Health, Education, and Welfare. Ex-
amples in the laboratory sciences are provided by Beilstein in chemistry,
dating from the early years of the century, and the Critical Tables pro-
gram of the 1920's in physics, chemistry, and technology.

The second group of antecedents consists of organizations established
during the early post-World War II years to provide information services
to the members and managers of Learns participating in major research-
and-development endeavors. The functions of such organizations were
to collect all pertinent publications, government reports, and experi-
mental records; to store, structure, and scan the collection; to critically
evaluate and analyze these data; and to offer whatever informational
assistance was demanded by qualified users on project teams, whether as
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a regular routine or in response to specific inquiry. The Chemical
Propellant Information Agency, the Infrared Information Analysis Cen-
ter, the Defense Metals Information Center, the Shock and Vibration
Center, and the Radiation Effects Information Center are among the
characteristic and better -known qrvivors of these activities.

The number and variety of institutions subsumed under the term
"information analysis center" increased in the years following 1958,
thus reflecting both heightened awareness of the need for accruing sci-
entific information and data and governmental concern with its more
effective utilization. Formal recognition at the highest level of govern-
ment of the potential role of information analysis centers dates from
1963, when their functions were extensively discussed and their im-
portance emphasized in the Weinberg Report "e:

Tho activities of the most successful (Information analysis) centers are an intrinsic
part of science and technology. The centers not only disseminate and retrieve
information; they create new information. . . . The process of sifting through
large masses of data often leads to new generalizations... In short, knowledgeable
scientific interpreters who can collect relevant data, review a field, and distill
Information in a manner that goes to the heart of a technical situation are more
help to the overburdened specialist than is a mere pile of relevant documents.
Such knowledgeable scientific middlemen who themselves contlibute to science
are the backbone of the information (analysis) center; they make an informa-
tion center a technical institute rather than a technical library. The essence of a
good technical Information center is that it Is operated by highly competent work-
ing scientists and engineerspeople who see in the operation of the center an
opportunity to advance and deepen their own personal contact with their science
and technology.

When the Committee on Scientific and Technical Information (cosArl)
subsequently established a standing panel to deal with the subject of
information and data analysis centers, this panel wrote the following
comprehensive definition into its charter:

An information analysis center is a formally structured organizational unit, spe-
cifically (but not necessarily exclusively) established for the purpose of acquir-
ing, selecting, storing, retrieving, evaluating, analyzing, and synthesizing a body
of information and/or data in a clearly defined specialized field or pertaining to
a specified mission with Intent of compiling, digesting, repackaging, or otherwise
organizing and presenting pertinent information and/or data in a form most
authoritative, timely, and useful to a society of peers and management.

The panel also formulated the following criteria as a means of char-
acterizing and Identifying information analysis centers: The key activities
of such centers are the analysis, interpretation, synthesis, evaluation, and
repackaging of information, carried out by subject specialists, resulting
in the production of new, evaluated Information in the form of critical
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reviews, state-of-the-art monographs, or data compilations, as well as
substantive, evaluated responses to queries--for the purpose of assisting
a community of users more broadly representative than the staff of parent
institutes or laboratories.

PROFILE OF THE PRESENT POPULATION

The aforementioned COSA TI Panel took a census of information analysis
centers conforming to these criteria and supported wholly or in part by
the federal government and published the results in April 1968." While
not a 100 percent sample (regional and state information services such as
technological or agricultural utilization services are not included), the
census lists a total of 112 currently active centers. Inclusion of those
omitted and of the smaller number which are supported wholly from
private sources would not have added any significant new features to
the picture conveyed by this list. Its predominant characteristic is an
incredible diversity in size, length of life, and range cf services offered.
Only 21 of the organizations listed antedate the year 1958; among them
are six of the large environmental data programs conducted by activities
now combined under the Environmental Sciences Service Agency in the
Department of Commerce. An additional 30 date from the period 1958-
1963, and a total of (at least) 59 have been established since 1964. (No
dates of establishment are available in two instances.) Table 17 provides
a rough classification by subject matter of coverage. In addition, there are
two agency-wide information activities which in some respects operate
in the same way as information analysis centers and, tLerefore, have
been included in the Directory 66: The Arms Control Technical Informa-
tion Ind Analysis Center and the Office of Economic Opportunity In-
formation Center.

When the aggregate of these information analysis centers is broken
down in the manner shown in Table 17 a number of significant features
emerge:

1. The lone representative in the biological area is the Military
Entomology Information Service, which provides a number of effectively
custom-tailored services to the Armed Forces Pest Control Board ap-
proved users, including an SDI service that delivers automatically on a
quarterly basis annotated bibliographies of the latest accessions.

2. The 14 environmental sciences centers group themselves into three
classes, the largest of them consisting of ten environmental data-manage-
ment organizations that are principally concerned with generating various
data products for broad user categories. A second group of two centers
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TABLE 17 Subject-Matter Coverage of Federally Supported Informatioa
Analysis Centers

Subject Matter No. of Center.

fCIENCES

Biology (nonmedical) 1

Chemishy 5

Environtncntal sciences 14

Physical sciences 34

54
APPLICATIONS

Education 18

Engineering 22
Foreign areas 2
Medicinl and health 14

56

deals specifically with defense needs and serves a correspondingly
restricted clientele. The two remaining activities (National Oceano-
graphic Data Center and Air Pollution Technical Information Center)
combine documentation and data-service functions both in generating
roaiinely disseminated information products and in responding to spe-
cific customer needs.

3. Of the 34 information analysis centers listed in the physical sci-
ences, 20 are part of the National Standard Reference Data System co-
ordinated by, and with full or partial funding from, the Office of Standard
Reference Data, National Bureau of Standards. This broad-gauged
program for the systematically organized compilation of competently
evaluated data in the physical sciences was planned originally under
the coordinating aegis of the Office of Science and Technology and for
a number of years was funded jointly by the Department of Defense
and the Department of Commerce. In July 1968, legislation was enacted
(PL 90-396, HR 6279, 90th Congress) which authorized the Depart -
meat of Commerce to conduct and fund this program as one of its
statutorily assigned missions. The remaining 14 centers operate in nuclear
physics (8), material properties (5), and optical radiation (1).

4. The five centers covering chemical information include four that
are also part of the National Standard Reference Data System, bringing
the total number of component centers in this program to 24.

5. The educational information analysis centers include the extensive
National Center for Educational Statistics and 17 of the clearinghouses
for particular areas of educational activity under the central Educational
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Resources Information Center (Elm). This system of distributed clear-
inghouses is another general feature of the information analysis center
family. All ERIC clearinghouses participate I._ nroviding certair, broad
basic services based on cooperatively created tools of access to the
massive report literature in the field of education. Each of the clear-
inghouses enjoys considerable autonomy in developing and offering
informaticn services on the basis of suitable arrangements with local or
national organizations active in its designated area.

6. Seven of the 22 centers in engineering-sciences information deal
with vecific military technologies and will serve only suitably cleared
users. The remaining 15 centers deal with fields of engineering not
specifically of military character; seven of these handle nuclear- engineer-
ing information, such as nuclear safety, design of radiation shields; and
reactor design data, six of them are in mechanics and materials, and two
of them provide information services in methods of design and design
testing (nondestructive testing, reliability analysis),

7. Both of the, foreign area informeon analysis centers are sponsored
by the Department of Defense.

8. In the field of health and medicine, finally, all but three of the
centers operate under the aegis of the Public Health Service. Included
among the latter are the three massive data-management act;vities in
health statistics, radiological health, and urban and industrial health
all of them National Centersas well as the data banks of the Cancer
Chemolerapy program, the largest of which now contains raw and
evaluated data for approximately 240,00 compounds. All of these
provide information on accruing data and the results of evaluative
analyses through published reports disseminated both routinely and on
request.

Also included are the four information service centers of the Neuro-
logical Information Network of the National Institute of Neurological
Diseases and Blindness *Brain Information Service; Information Cen-
ter for Hearing, Speech, and Disorders of Human Communication;
Parkinson's Disease Information and Research Center; Vision Informa-
tion Center. These centers provide not only individual as well as generic
bibliographic services, based on an automated storage and retrieval sys-
tem which makes use of MEDLARS tapes as one of the inputs, but they
also give systematic encouragement to the production of authoritative
summaries of major topics in the relevant neurological sciences,

* in August 1968, the President authorized the establishment of a separate National
Institute of Blindness subject to the discretion of the Secretary of Health, Educa-
tion, and Welfare and the appropriatioa of necessary funds by Congress.
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The services offeied by such centers naturally divide themselves into
center-Initiated products, both routinely distributed and available on
request, and custom-tailored services in response to user demand. In
most instances, the former include critical data compilations and bibliog-
raphies, as appropriate, en.: frequently state-of-the-art reports. The
larger ones publish regular newsletters or bulletins and may sponsor
symposia or conferences. Access aids to relevant computer software
(i.e., bibliographies of computer programs) or the software packages
themselves rarely are provided. The range of custom - tailored services
generally Includes response to technical inquiries and consultation, espe-
cially on the part of the more recently established centers. A much more
limited number of centers offer literature search, bibliographies, or
state-of-the-art reports on demand. Anu co more than a handful provide
an SDI service for either full-text documents or bibliographic material.
Intormation on costs incurred and charges levied by centers is rudi-
mentary. Currently, efforts to improve this situation are under way;
for example, the Department of Defense is developing fo: its centers a
plan for the orderly transition to a schedule of user charges by fiscal
year 1969. The centers will be expected to support their output costs
through sales of publications, registration fees for symposia and con-
ferences, and charges for special, on-demand services. The economics
of information analysis organizations, however, remains an area most
urgently in need of clarification.

APPRAISAL AND FUTURE TRENDS

In its report of 1963, the Weinberg Panel identified "the specialized In-
formation center (information analysis center) as a major key to the
rationalization of our information syste I. Ultimately we believe the
specialized ( analysis] center will become the accepted retailer of in-
fermstion, snitching, interpreting, and otherwise processing information
from the large wholesale depositories and arcb:val journals to the indi-
vidual user. . . . We believe the specialized information (analysis)
center should be primarily a technical institute rather than a library. It
must be led by professional working scientists and engineers who main-
ttin the closest contact with their prdessions and who, by being near the
data, can make new syntheses that are denied those who do not have
all the data at their fingertips." 1" Five years late', our review confirms
with greater emphasis the need for activities that function as mediating
retailers ')etween the comprehensive basic access services and the ulti-
mate user communities. In the course of the intervening years, however,
ietotmation analysis centers have shown little indication of fulfrIlMg as
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universal and paramount a role as the Weinberg Panel predicted and
urged, The reasons aro many. First, not all types of information can
be eft; :tively handled by such centers: No one would think of setting
up an information analysis center for topology, for example, despite the
vast extent of the literature of the field. Availability of funds for centers
has been spotty; often it has been conditioned by the interest of the
services performed for a very specific mission of some agency. While
recruitment of staff for the centers has not yet become a major problem,
it might well become so if the number or sizes of the centers were to
be greatly increased. Many, though not all, of the existing centers have
rather small staffs of scientific and technical professionals, and unless
these are in close interaction with a larger group of workers in the same
and closely related fields, their judgments may lack perspective and
they may miss opportunities to serve the wider community. Finally,
the slow progress of education of the scientific and technical community
for effective use of information analysis centers is apt to continue for
some time as a limitation of their effectiveness.

Today, the pattern then foreseen has been realised most completely
by the information program of the Atomic Energy Commission in the
areas of nuclear science and engineering, in which about a dozen such
centers provide the kind of servict.$ which the Panel's report specified.
Official recognition has also been given to this concept by the Department
of Defense in its Instruction No. 5100.45 of July 1964, whk' , explicitly
differentiating between information analysis centers and documentation
centers or other special libraries, provides for the establishment and
coordinated operation of a Department of Defense Information Analysis
Center Program. Consequently, some 20 centers conforming to these
specifications presently serve the defense community in many fields of
science and technology essential for its work. In addition, the Edu-
cational Resources Information Center, with its chain of 19 clearing-
houses, has now set cut along the same path. As far as the physical sci-
ences in general are concerned, as many as 15 of the 24 component
activities within the framework of the National Standard Reference Data
System appear to limit themselves to the publication of papers which pre-
sent the results of critical data evaluations. In the medical sciences,
finally, information analysis center activities are found in tlie National
Clearinghouse for Mental Health Information and among the component
organizations of the Neurological Information Network of the National
Institute of Neurological Diseases and Blindness. (The regional dis-
semination centers of NASA, and the state OEM and centers established
uncle the aegis of the State Technical Services Ad, which in some cir-
cumstances might be thought of as belonging to the fatuity of information
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centers, are discussed in Section C of this chapter in their role of assisting
In the formation of more effective industrial information services.)

In large areas, alternative patterns had already been established
for example, corporate industrial programs in chemical technology and
extension services in agricultureor have since taken shape; in the
environmental sciences, for example, the function of retailing infor-
mation to user groups is performed largely by commercial consulting
firms, which make effective use for this purpose of the products of the
large governmental geological data programs. In other areas, such as the
biological sciences, no significant services of this kind have emerged.

The population of federally supported information analysis centers
(and the overwhelming number of them are federally supported) has
been arntable; many of them have come and go..le, their funding history
has been erratic, and their staffing somewhat difficult. Whether this
instability has resulted from unsatisfactory performance, ephemeral
needs, or disproportionately large budget reductions in low-priority
operations is not clear, nor is it possible to give a firm prognosis for
the future of the centers currently in operation, especially those estab-
lished during the last few years. However, it these centers, are to have
a fair chance of showing their potential for contributing the kind of con-
solidation and reprocessing services which we consider so important to
contemporary scientific and technical communication, it is necessary
that they receive the intellectual support of some responsible and stable
group and that their establishment ant, operation be coupled more
closely to the prevailing market for their services. (See Recommenda-
tion 814.)

C. INDUSTRIAL INFORMATIoN SERVICES

The technical information programs, divisions, and centers of the major
industrial corporations and business enterprises constitute a family of
growing prominence among th: information organizations which offer
specialized services to well- defined user groups. We have no adequate in-
ventory of those organizations which systebiltkally reprocess and
consolidate information In order to SAM their scientists, engineers, and
managers of prompt awareness, selective access, and a general overview
of pertinent literature; however, the 1966 edition of the NSF' publication
on Notcotwentianal Scientific and Technical laformation Sporn., in
Current Wen* provides n good sample, since the more fora-ard-looking
ones inevitably utilize technological and procedural Innovations of recent
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years in their operations. Of the total of 175 such unconventional systems
described, 87 were Industrial.

Just as information analysis centers include a broad range of sizes
and services so also do Industrial information organizations. The latter
may offer any combination of the following:

1. Technical library
2. Technical report center
3. Patent department
4. Reprographic services
5. Alerting (e.g., selective dissemination of information)
6. Literature and patent searching
7. State-of-the-art reviews
8. Data-bank operation
9. Consulting

10. Technical editing
11. Technical correspondence center
12. Technical meetings
13. PAlkations clearance
14. Information systems
15. Continuing education

(Papers by Weil, " and Jahoda," give a more detailed and compre-
hensive indication of the functions of industrial information otttiniza-
tions.)

Although corporate Information departments are Intended primarily to
serve various user groups within a company, they also occasionally assist
outside groups, such as customers or contractors and affiliates. They
usually interface with various types of government, association, and com-
mercial services, both primary and secondary, and supplement and
reprocess available basic service products for their own user groups by
routing information to interested recipients, preparing special announce-
ments and bibliographies, furnishing document copies, and performing
special searches. Moreover, they frequently have responsibility for chan-
neling information from in -home producers to outside agencies through
the distributicrt of reports and the processing of requests for such docu-
ments.

Industrial information services vat), greatly In the extent to which
they use acrd contribute to innovative procedures. Some F -ve established
themselves as pioneers In the field, and the mnnbe of those that explore
and rely on modern techniques of conputertied information processing
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undoubtedly will grow rapidly. At the time the data for the NSF publica-
tion on nonconventional systems "2 were tvilected, nearly half of the
listed systems were computer-based.

With regard to the costs of such corporate information services, no
data sufficiently representative to be meaningful have been collected.
However, the prevalent trends of growth and technological sophistica-
tion leave no doubt that they, too, will show sustained growth.

PAT TERNS OP ORGANIZATION AND COOPERATION

The various units, such as a library, patent department, or computer
center, that fulfill the information needs of a given company, generally
grow up separately and in an uncoordinated manner. There is now a
growing tendency toward integration and coordination of services and
personnel. For example, the Celanese Research Center has built an in-
formation center which brings together the library and the computerized
and mkrographic information-handling systems. Moreover, counter-
balancing a trend toward broader glogri,phic dispersal of the growing
corporate subdivisions is greater centralization within a given location.
Organizationally, industrial information services usually are administered
by the research- and - development department, though they serve other
departments as well. The Technical Information Section of Ford Motor
Company, which operates as a component of the Scientific Research
Staff and exists to serve the research and engineering needs of the com-
pany as a whose, provides en illustration. It consists of an Engineering
and Research Library and a Technical Information Croup, the latter
having responsibility for:

I. Selecting, analyzing, evaluating, and indexing both internally and
externally generated scientific and technical publications in fields of
interest

2. Directing pertinent information to the right people
3. Publishing surveys of current literature
4. Performing specifically requested comprehensive searches
5. Developing effective ieonnation-handling techniques

Rt,..ently, some industries have attempted to design a to- called total
information system 21 which includes information on finance, accounting,
management, production control, parts supplies, and engineering data,
as well as scientific and technical information. Mete efforts suggest,
especially in companies with large computer capabilities and well-
developed scientific- and - technical- information programs, a trend away
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from the segmented scientific-and-technical-Information service and to-
ward integration within a company's multifaceted over-all information
system.

Another noticeable trend is the increasing reliance cf Industrial cor-
porations on information services which represent cooperative or coordi-
nated ventures. These may involve other industries, either informally or
through formal information pools (trade associations, consortia, indus-
trially sponsored nonprofit research Institutes, and the like); scientific
and technical societies; local and university library systems; and federal
and state government programs.

Trade and technical associations tend to establish information centers
when a group of companies considers that the economic benefits of such
an information pool outweigh the proprietary benefits of industrial pro-
cessing of public information. Some of these information centers have long
existed as libraries and have recently strengthened their services through
the introduction of modern techniques and by expanding their coverage
to include unpublished data. Although some centers are principally for
the use of association members, as a membership benefit, others have a
public relations function and encourage use by outsiders. A number of
trade associations and nonprofit research institutes which are sponsored
by severil organizations within the same industry, and which would cease
to exist without their financial support, devote a percentage of their
efforts to the generation of secondary information services. The informa-
tion services and abstracting publications of the American Petroleum
Institute, the Institute of Gas Technology, the Institute of Paper Chem-
istry, and the Institute of Textile Technology are examples.

The relationship between the information activities cf industry and of
the scientific and technical societies is a reciprocal one, and cooperative
projects between societies and industry are becoming increasingly nu-
merous. As the various basic access services and systems in major dis-
ciplines continue to improve (for example, Physics Abtrocts, Chemical
Abstracts Service, or BioSeleoces Information Senice), industry will
depend ever more heavay on these services and specialized informaCon
products, instead of completely teveloping such capaiiities in-house,
provided that they are ressonatly priced. Industry also can point out
the need for new services and provide the feedback essential to the
modification and improvement of existing services.

Two examples of recent efforts to foster industry and scientific and
technical society cooperation on a regional basis are the Nsr-funded
programs at Illinois Institute of Technology (tt) (see Reference 154)
and the University of Pittsburgh (see Reference 153) to link industry
and the discipline-wide chemkal information system. The tit Research
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Institute is establishing a Chemical Information Center to help industry
to learn how to tie the American Chemical Society's computer services
and products into the various internal information systems used by
industrial concerns. This Center will provide courses to educate potential
future users in the nature and capabilities of the chemical information
system. The program at Pittsburgh also involves the creation of a Chem-
ical Information Center, using data from Chemical Abstracts Service,
which will make information available to professional chemists, small
independent industries, and students. After a trial period of some three
years, the Center expects to begin using the University's time-sharing
computer system. The program includes a user-feedback study, the
results of which will be made available to the American Chemical
Society for modification and improvement of its nationwide informa-
tion system.

Industry traditionally has used nearby libraries, especially those of
universities, as supplementary sources of access to information. Recently,
new patterns of cooperation have been explored. A few pilot projects,
some funded under the State Technical Services Act," have made the
resources of such Lbraries available to industry at a price, and industry
library cooperation has been stimulated by programs such as those of
Stanford, Nur, and the Library Group of Southwestern Connecticut, Inc.
The latter, for example, now serves the needs of a group of industrial
corporations in Connecticut, including Doff-Oliver, Cyanimid, Escambia
Chemicals, Polymer Industries, and Perkin-Elmer. Members of the group
receive a union list of 2,500 periodicals held by the participating libraries,
a directory of 30 libraries' special subject fields, borrowing privileges,
and teletype services for locating materials in the ten major Connecticut
libraries (including Yale University Library and the State Library at
Rartford).

Another noteworthy etlort in this area is that currently taking shape in
the Texas Gulf Coast region."' Rice University, with a grant from the
National Science Foundation, support from the Office of State Technical
Services, and investments of some S40,000 to date f.-orn industry, is
establishing a Regional Communication and Information Exchange
among 18 Ou lf Cbast academic institutions. This regional exchange
project incorporates certain functions of the Texas Information Ex-
change, a statewide network organized by 22 universities fuld colleges.
While serving the academic community, the Regional Communication
and Information Exchange, is also strongly industry - oriented. The pro-
gram entails development of a centralized bibliographic reference and
intranetwork location and transfer system. Outside investigators have
access to the serv1o3 on a fee 4asis. The project has already proved so
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useful to industry, even In Its early stages, that support from industrial
sources is Increasing steadily.

Cooperative efforts with federal agencies have been especially impor-
tant in the development of increasingly competent industrial information-
service organizations. Industries which share in the work on large mis-
sion-oriented efforts, such as aerospace, defense, atomic e:nergy, and
public health, have received assistance, through direct as well as in-
direct support of pertinent research and development, in the evolution
of effective Information-management organizations. Moreover, in order
to accelerate technology transfer and utilization, several of these agencies
have established special information services on which such organiza-
tions can draw to enhance the scope and depth of their coverage.

The National Aeronautics and Space Administration (NASA), for ex-
ample, operates nine Regional tissemination Centers as part of its
technology transfir effort. Using rnicrofiched documents and publica-
tions provided by NASA (e.g.. Scientific and Technical Aerospace Reports
and International Aerospace .4bstracts), or NAs.t tapes when computer
facilities are available, these Centers offer a series of set% ices that Include
retrospective starching and distribution of publications, specifications,
and data for member Industrial clients. Fees for membership range from
a few hundred dollars for minimum services to about $5,000, depend-
ing on the scope and volume of services required. Operating and over-
head costs are now partially supported by NASA, but these Centers are
expected to gradually become self-supporting, as far as earning the cost
of the services they provide. In addition, NASA is encouraging the de-
velopment of fully self-supporting centers Pit which they will provide
NASA tapes and documents. Evaluation .4 the Technology Utilization
Program (a continuing process for winch, in particular, the University
of Maryland has a contract) indicates that the program has been very
successful to date and serves a function that cannot be handled ade-
quately by the existing fabric of scientific and technical societies.

The program conducted by the Department of Commerce under the
State Technical Services Act of 1966 ," is in many respects comple-
mentary to the NASA activities, being dire( ted toward the needs of groups
or types of corporations, while the program of the latter centers on
needs connected with specific individual efforts. Some 600 projects have
so far been initiated as part of the State Technical Services Program,
Including Information-dissemination activities, referral service centers,
conferences, workshops, seminars, field visits, and demonstrations.
Among the primary goals of the Act is the stimulation and support of
cooperative stateuniversityindustry technical service programs to fa=
ctlitate the use of new technological developments in local business and
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industry!' One example is a cooperative effort involving the University
of Vermont Technical Information Center, the Washington-based Office
of State Technical Services, about 1,000 Vermont industries, and as
many DOD, AEC, and NBS information analysis centers as aro appropriate
to Vermont industrial technology, "The purpose of the program Is to
evaluate for one year, on an experimental basis, the feasibility of refer-
ring Vermont industries and businesses to selected federal information
analysis centers for arswers to their technical questions." ," Funds for
the initial year of operation will come, equally, from the federal govern-
ment and the State of Vermont, with the expe:tation that the program,
if successful, will become a state or regional program In 1970.

Several of SATCOM'S recommendations advocate measures that will
contribute to the growth in number and effectiveness of corporate infor-
mation-service structures. 'These are principally Recommendations 135,
137, 1310, and 1311. These corporate information - service organizations
are emerging as major buyers in the market of basic access services
and in this capacity can exercise an increasingly substantial influence on
both till, d'rection and momentum of development of the latter. It is
important that they function in this role as what may be called "sophisti-
cated buyers"; Recommendation 08 represents our effort to provide
additional opportunities for them to do so.

INNOVATIVE SERVICES

A number of industrial information organizations, especially ;ni the
chemical, drug, and petroleum industries, have been leading innovators.
This section describes some of these innovative services, the use of which
is either already established or rapidly gaining acceptance in industry.

Systems for the selective dissemination of information (sot) are
being explored and developed by increasing numbers of research-
oriented industrial organizations. (The NSF listing for 1966 in Reference
132 includes 24 industrial ones among a total of 42.) Established as
separate operations or as one function of a larger organization, they
range widely In scope and complexity. An example is the utactrav
system at Bell Tekphone Laboratories " for the selective distribut' on
of internal technical reports In mathematics, psychology, and computing
science to members of the tee/wield staff. Implementation began early
in 1966 under the rospices of the Libtary Systems Department. Prior
to that time internal technical reports were distributed initially on the
basis of an author-prepared list; others could order copies from a
monthly list of titles. For most readers this procedure yielded high
relevance but low coverage. The new sat system, serving 1,500 scientists
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on a monthly basis, involves computer comparison of individual interest
profiles with assigned classifications. It has greatly Improved coverage
with only a slight reduction in relevance. Another noteworthy project
of this kind is that in which 19 industrial companies arc cooperating with
Chemical Abstracts Service in the development and experimental trial of
a large-scale sot program, the input of which is based on indexes and
bibliographic information from Chemical Abstracts.

The use of microform systems finally is making some headway in
industrial information programs. Modern systems arc overcoming re-
estance to the need for relatively expensive equip,nent and the former
reluctance of many users to switch from the printed page. Until recently,
utilization was mainly as storage for documents and indexes and for
reference output; now it is becoming a substitute for hard-copy publica-
tion. The introduction and experimental trial of microfilm VetS1(41S of
Chemical Abstracts in a group of industrial organizations to stimulate
familiarity and use were highly rsccessful and showed that, woe users
became aware cf and gained experience with modem equipme0, their
initial reluctance was overcome and most of them found the microfilm
version easier to use and more rapid than the hard copy. The past two
years have witnessed increased publication of modern microfilm editions
of journals by the American Chemical Society, University Microfilms,
and others.

The number of computerbased access and retrieval systems in Indus-
try continues to grow. The NSP 1966 survey "' showed that of 17 such
systems deve'oped to perform demand searches, retrospective searches,
and data retrieval, 16 were located in industry; of 20 systems which
produced only computer-programmed publications. such as accession
lists, recurring bibliographies, index and abstract bulk ins, catalog cards,
printed book catalogs, permutation indexes (xwic, KWOC, and KwAc),
and printed Uniterm records, seven were found in industry; and of 81
systems that performed both types of services, nearly half 1,37) were
industrial. Computer-based information systems currently represent
possibly the most flexible tools for the storage, rea'rangement, manipula-
tion, and output of recorded bibliographic data, and their versatility is
increasing steadily and rspidly with the introduction of remote input
output devices and computer time sharing. Large central bibliographic
or data files serving remote or scattered facilities, foe example, the
General Electric Space Missile Library or the on-line Bolt Beranek and
NewmanMassachusetts General Hospital system, undoubtedly yin
become mote and more common.

Together with their function as sophisticated buyers in the market of
basic access services, corrvate information-management organizations
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are eminently suited to make another vital contribution to the general
development of scientific and technical communication by serving as a
proving ground and test bed for novel techniques and procedures. They
operate in an environment where services of high quality are of particular.'
im^ottance, where methods of cost-accounting and control are well de-
veloped, and where, in the case of the larger enterprises, the activity will
tend to be of about the proper size-. -large enough to give well-designed
new technology a chance to prove itself truly competitive with the evolu-
tionarily adapted traditional procedures, yet not so large as to make the
cost of installation exorbitantly high. Our objective of enabling industrial
information-service organizations to continue to function in this role is
an important element in the Investigations and experiments that we
propose in Recommendations El through El0, especially in the area
of the computer-based shaping and manipulating of informatioi iles in
an Interactive closed-loop mode (Recommendation E6), or the oevetop-
ment of a formal language for file-format description (Recommendation
E8). It Is a central element, finally, In the thrust of Recommendation

D. ME CONCEPT OP NEED-GROUP SERVICES

PI- previous sections have described major types of current consolida-
tion and reprocessing activities. Each in its own way facilitates the use of
the information ritorded in the primary literature and, assisted to a
greater or lesser degree by the bask access services, supports activities
In scientific research, design and development work, management, and
education. Though they constitute Lye' more essential means of sustain-
ing the personal information structures of indi%titsal workers, our survey
shows that they do not completely fulfill today's requirements. Therefore,
we have given particular attention to the identification of areas in science
and technology where such inadequacies are particularly prevalent, and
to communities that are least sell served. In this section, we summarize
our findings, outline possible patterns of servici, and raise some of the
important economic issues.

DilklECT1ONS OP Nam GROWTH

Today, three factors increase the Likelihood that significant need-group
services will be provided for a specific group:

1. Substantial size of the group
2. Existence of a federal agency which in the fulfillment of its mission
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assumes an especially active role in providing information services in its
field

3. Existence of a particularly active industry association or scientific
scic ic ty

As a result, a few of the larger need groups are moderately well served.
There arc, howev er, large areas, especially in the engineering sciences

and the biological sciences, that have access to no such consolidating
and reprocessing coverage. The professional groups most strongly af-
fected arc those in the university community as well as the applications-
oriented scientists, technologists, and practitioners. It is unl:kely that
the information needs that such groups have in common can be met
efficiently and effectively by the management of the institutions to which
they belong. Therefore, we have concluded that the hand-tailored services
of greatest assistance to such groups in coping with their information
problems must be established on the basis of common professional in-
terests, rather than common employers, and should involve appropriate
solieties or mechanisms created for this purpose by the scientific and
technical community, includ;ng Industrial components.

NEED-GROUP SERVICES

Such services could cover the gamut of those offered by various currently
existing organizations and discussed in preceding sections. These include,
on the one hand, consolidation, such as critical reviews and state-ol-the-
art reports as well as educational texts and reference handbooks; and,
on the other hand, tailor-made indexesoften, perhaps, re-edited to
emphasize specific contexts or aspects of relevanceas well as rosters
of knowledgeable individuals am! appropriate sot services. The relation
between .he size of a need group and the range and scope of the services
that can be provided economically is a crucial matter which depends on
tit least three factors:

I. The extent to which intellectual services, such as editing and selec-
tion, are furnished on a voluntcer, unpaid basis

2. The recognition of the value of the services by their users and by
the organizations supporting these users

3. The extent to which the more routine activities of several tv:td
groups can be combined to allo:d economies of scale

Efficient technology and progressive science demand that such services
be extended to groups as small as is economically feasible. Cautious
management and wise leadership mean that most, but by no mons all,
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of the initial trials will involve groups of substantial size. It is too early
to estimate how small a need group can be served efficiently with fairly
extensive services, but we are confident that groups of 5t least a thousand
or so can, and should, be so served.

Such activities occasionally have been referred to as tertiary or third-
level access services because of their inevitably extensive reliance on the
basic secondary tools. In many instances, when coverage of a discipline
is provided by a single major basic access service, need-group services
of the kind under discussion can be developed and offered by this basic
parent, especially for larger need groups. For example, Chemical Ab-
stracts Service has developed a family of specialized services to fulfill
particular needs in the field of chemistry. Among these services are:
(a) Chemical-Blologkal Activities (CBAc), issued biweekly in printed
form or on tape, and providing concise, indexed summaries of research
reported in some 600 life-science journals; (b) Polymer Science and
Technology (Pon), also issued every two weeks, offering digests of
pertinent articles in 450 journals and patents issued in 25 countries, to-
gether with bibliographic information and key-word, molecular formula,
and author indexes; and (c) Plastics Industry Notes, issued each week
to serve persons with management, marketing, and production respon-
sibilities, and summarizing and indexing pertinent information in 30
key trade journals and newspapers. In other instances, such as the field
of heat transfer mentioned in Chapter 3, several of the established major
basic access services would have to contribute in almost equal measure
to a need-group service of adequate span and depth of coverage. Special
arrangements are needed in such cases and might well be found suffi-
ciently attractive for commercial operation.

The Institute of Scientific Information provides another example of a
wide range of need-group services. The practitioner who requires prompt
and adequate information for purposes of orientation typically depends
more heavily on these services than does the research specialist who
wishes to avoid duplicating work or overlooking work that he should
cite.

As a third possibility, the major universities might cooperate in provid-
ing a family of need-group services under conditions in which each
would actually develop and manage a small number of services while
enjoying the fruits of over-all coordinated effort.

CURRENT INNOVATIONS

The attrnpts of the MP and of the National Institutes of Health to
centralize the operation and increase the efficiency of preprint distribu-
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tion, discussed in Chapter 4, Section D, provide examples of need-group-
oriented innovative efforts. Further, the development of formal media
devoted to brief, rapidly published reports on current work and giving
"who, what, and where" information represent another type of effort to
provide an efficient service for which a market clearly existed. An area
of especially great activity and experimentation, which stems from the
existence of customer networks, is the selective dissemination of informa-
tion (sin), discussed more fully in Chapter 7 and in Section C of this
chapter. A number of SDI systems, in order to improve their costbenefit
position, are moving toward the use of group profiles rather than in-
dividual profiles as the basis for document distribution. NASA, for ex-
ample, has recently established a pilot service, Selective Current Aero-
space Notices (scAN), based on group profiles, which it hopes eventually
will replace the individual SDI service. (Group profiles also were the basis
for delineating the NIH information exchange groups described in detail
in Chapter 4, Section D.) In some fields, however, individual profiles
are economically feasible and almost essential to provide the type of
service that is required.

An illustration of a special effort to develop custom-tailored services
to meet the needs of a clearly defined group is the Stanford Physics
Information Retrieval System (sinus). Underlying the program is the
belief that efforts of discipline-oriented information systems will be di-
rected primarily toward fulfillment of a wholesaler role and that spe-
cialized, geographically dispersed projects will be necessary to identify
customer groups and provide them with hand-tailored servicesin
other words, to fulfill a retail function. The project involves a study of
the information needs and information-search behavior of about 100
high-energy physicists at Stanford, many of whom are associated with the
Stanford Linear Accelerator Center (sLAc). This project, which melds
the efforts and approaches of documentation research, computer-science
research, and behavioral-science research, is planned as a five-year effort
and entails the development of a computer-based on-line reference
retrieval system. User priorities determined selection of the data base for
input to the system. Highest priority was accorded the SLAC preprint
collection, followed in turn by bibliographic and indexing data from
Nuclear Science Abstracts, journal literature, and the index of reports
and preprints from the DESY High Energy Physics Laboratory in Ham-
burg, Germany. Systems planning focuses heavily on the development of
software and applications programming, and close liaison is maintained
with the sox Library. Interviews with users and studies of user behavior
suggest modifications and possible improvements and assist in gearing
the system to user needs. For example, it was evident early in planning
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and development that the data base had to be sufficiently broad to
accommodate exhaustive searches for the preparation of reviews and for
searches in areas relatively unfamiliar to a researcher; access to core
literature was not sufficient for this group. Plans are under way to link
the SPIRES system with the Office of Education's Educational Resources
Information Center Clearinghouse for Educational Media and Tech-
nology, also located at Stanford, and further to augment the data base by
incorporating citation indexes in the preprint collection and other needed
information.,"

Another type of innovative service falls in the area of continuing
education. The provision of special seminars, workshops, and so-called
cram courses, which help to bring scientists and .zchnologists rapidly
up to date in their special subject fields or inform them about develop-
ments in other areas relevant to their specialties, are crucial in fostering
the effective and rapid application of information. An industry-oriented
example 166 is a recently initiated program that makes available to in-
dustrial research organizations and laboratories a series of intensive two-
and three-day seminars conducted by distinguished scientists on topics
such as laser applications in particular subject areas, nuclear medicine,
polymer characterization, or liquid crystals. This program included a
series of 30 seminars in 13 subjects during the winter of 1968-1969 and
will be augmented in the near future by an additional 15 subjects as well
as the provision of experimental demonstrations and video-tape seminars.

ECONOMIC CONSIDERATIONS

Ctrtom-tailored services responsive to the specific needs of a particular
group should establish their acceptability by the quality of their per-
formance in meeting these needs. This suggests that their development
will benefit from a certain measure of exposure to the market that pre-
vails for such services. In considering arrangements toward this end, one
immediately is faced by the problem that the costs of such services will
tend to be relatively high in view of the intellectual work involved in
their operation, and that such costs are notoriously difficult to determine
in a manner that allows interservice comparison.

In approximate order of increasing costs of preparation, we list the
following as characteristic examples of services encountered in need-
group operations:

1. Collected contents pages of journals
2. Simple bibliographies
3. Title listings, sorted into broad groups
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4. Title listings, accompanied by indexes
5. Title listings, with annotations and indexes
6. Collections of author abstracts
7. Collections of abstracts, nrranged in broad groups
8. Collections of abstracts with indexes
9. Special indexes (e.g., Ring Index, citation indexes, KWIC, xwoc)

10. Audiovisual aids
11. Surveys and reviews
12. Data compilations
13. All forms of major re-editing or new preparation of text

Very little work has been published on cost-analysis of this range of
service operations, thus depriving any cogent market analysis of one of
its essential elements.

Under the circumstances, we advocate that the exposure to prevailing
marltet forces of these hand-tailored, and therefore somewhat uncon-
ventional, services be achieved through the recovery of output (gen-
erally runoff) costs from the customer, while every effort be made to
cover input costs by contributions, direct and indirect, from the sup-
porters of the work concerned. (Holding down transfer costs from
set;ondary services is only one form of indirect support.) This general
viewpoint is reflected in our Recommendations B7 through 1312.

E. INFORMATION-SERVICE NETWORKS

The term information-service network is applied today to a wide variety
of structures that form a continuum of sorts. At one extreme we find
centralized support and performance of a function for common use, such
as the Library of Congress's long- continued preparation of catalog
cards, or the National Library of Medicine's preparation of MEDLARS
computer tapes. At the other extreme, we find mutual support of an
information function through interlinked back-up, such as cooperative
arrangements among groups of libraries to enhance the services each can
offer and diminish the overlap of their collections. The use of computers
and of electrical communication (rather than mail) to handle data and
messages within networks makes more rapid service possible and even-
tually may make expanded services economically feasible.

Networks composed of structures for transmitting and receiving mes-
sages have had a long and successful history in communications tech-
nology, as illustrated by the telephone and broadcasting systems. The
development of information networks to provide for emission, con-
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veyance, switching, and reception is a natural extension of this pattern
and one that finds useful application in an ever-widening range of con-
texts. The airlines, for example, successfully operate extensive inter-
connecting on-line reservation services. Hospitals have explored the
development of a variety of networks to fulfill functions ranging from
patient monitoring to the management of health, inventory, and account-
ing records. The ready availability of data on patients, both within a
hospital complex and among geographically dispersed hospitals, offers
new opportunities in the areas of diagnosis, patient care, and epidemio-
logical research. Some of the most advanced developments in the design
and operation of information networks are now occurring in the area of
military command and control. Even in the area of law enforcement,
implementation of the network concept is proving valuable. The Federal
Bureau of Investigation, for example, has established a National Crime
Information Center, with terminals planned in all states and major cities,
to provide for input and access to data on stolen items, wanted criminals,
and various other types of relevant records and statistics.

The concept of interconnecting structured files of documents and data
ranging in scope from the local to the regional, national, or international
level has been advocated for some time as a prime objective in coping
with the rising tide of information and the more pressing and diverse
information needs of scientists and technologists. Thus, in reviewing
developments in this area, Swanson 142 states: "It is no longer neces-
sary . . to ask whether networks can be built. It is time, instead, to ask
about the sorts of networks that are needed, and to set about providing
the innovative software and the flexible, inexpensive hardware to bring
them into being." And the author of another recent review article "
foresees great advantages from the implementation of the network con-
cept at the national level:

Perhaps the development in the information sciences field that will do the most
to solve the problems that beset scientific information users is the national
information network. It will have, through its many supporting components,
greater resources aad faster access than any of our libraries and information
centers could hope to have today. Such interacting groups of information gen-
erating agencies, information centers, libraries and switching agencies . . should
be eventually capable of supplying all kinds of data to all corners.

Current tendencies in government, industry, libraries, universities, and
scientific and technical societies toward the operation and development
of information networks lend support to these assessments of the need for
and potential advantages of network efforts. This trend also is fostered
vigorously by:
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1. Economic factors and time pressures which encourage the sharing
rather than the duplication of information resources

2. Technological developments which permit the integration of el-
verse multimedia inputs and have the capacity to cope with projected
increases in volume of information

3. Availability in machine- readable form of increasing amounts of
scientific and technical information (see Reference 18 for a discussion
of these factors)

For some years to come, technical as well as economic constraints
will limit the effective size of hand-tailored information services designed
to function in close responsiveness, and with good feedback coupling, to
their customers. However, we anticipate the proliferation of such in-
dividual services in order to provide adequate coverage of the expand-
ing scientific and technical literature and effective service to increasingly
diversified user groups. Only the systematic exploitation of the oppor-
tunities which networks provide for multiple access to and sharing of
information will keep within practical limits the cost and effort entailed
by specialized need-group services.

In contrast to systems composed of a central source that provides
certain services to a group of recipients, information networks are
reciprocal or bidirectional; each node involves both active input and
reception of information. Further, each must afford a directory and
switching capability so that users can direct requests to appropriate
components and have their messages routed accordingly.

Some indication of the applications and adaptations of contemporary
information-processing and communication technology in the realization
of information networks follows in Chapter 7. Our concern here is with
the roles and functions which these networks can be expected to as-
sume in effectively linking services at the same and different hierarchical
levels. This section discusses briefly three areas of network activity: the
linking of basic access services, the linking of services designed to serve
broad areas of need, and the role of customer networks iu the evolution
of need-group services.

SERVICE NETWORKS AMONG BASIC ACCESS SERVICES

Coi:perative library networks, especially for am exchange of biblio-
graphic data and the coordination of various accessioning and processing
procedures, have long existed, but their development recently has gained
momentum and their scope has greatly expanded. As libraries have
brought their efforts to bear on such problems as the development of
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better indexing schemes, the development of standards and compatible
formats, and the application of new media and new technologies, joint
efforts have become necessary concomitants of effective library opera-
tion. Further, all the major functions of librariesdistribution, pro-
cessing and availability, and user servicecan be enhanced by network
applications. A major trend is toward the inclusion of varied types of
libraries in one network in order to handle more effectively a growing
variety of materials, questions, and needs. As impor .nt as improved
performance is the factor of economics. A recent System Development
Corporation plan,92 prepared for the National Advisory Commission on
Libraries, emphasized the reduction in both duplication and cost of
purchasing and processing inherent in network development. Among
the network projects specifically advocated in this plan are: (a) an
expanded computer-based union catalog; (b) a national bibliography;
(c) a national referral and loan network; (d) a national library storage
and microform depository system; and (e) development of a prototype
network of regional libraries.

The development of a network of regional libraries is now under way
in the medical field. Current plans entail the establishment of ten re-
gional medical libraries, b7-kstopped by the National Library of Medi-
cine, to provide prompt awareness of and access to needed materials for
U.S. health service researchers, practitioners, and students. Existing
libraries with facilities of sufficient depth and scope will be awarded
grants, thus enabling them to supplement their resources in order to
sen other medical libraries in a given region. To the extent made
possible by their strengthened resources, services will include the full
range of alerting, reviewing, and archival functions now provided by the
National Library of Medicine, fulfillment of interlibrary loans within the
region, formulation of MEDLARS searches, and specialist training. Access
to regional libraries generally will be through other medical and local
libraries, though individuals also will be served directly.

Another noteworthy regional effort is the New England Library In-
formation Network (NEUNET), the objective of which is to provide
libraries of New England with computer-aided technical processing
services. The pilot operation involves five state university libraries, but
extension to all universities throughout New England is planned. Ser-
vices will include instantaneous access to machine-form cataloging in-
formation provided by the Library of Congress MARC Project; high-
speed production and delivery of customized catalog cards, book labels,
and book pocket labels; and search and automated order control for
acquisitions.'"

Recent legislation has encouraged the development of library net-
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works. For example, the Higher Education Act of 1965 has stimulated
research into feasible areas of network cooperation, and the Library
Services and Construction Act and the State Technical Services Act have
resulted in the implementation of a number of cooperative library ven-
tures. Particularly within states, these acts have stimulated an upsurge
of cooperative activity tying similar libraries into more effective reference
and interlibrary loan networks. Among the states in which outstanding
efforts are under way are Washington, Vermont, New York, Pennsyl-
vania, Michigan, Rhode Island, California, and Texas.

Greatly facilitating the development of networks are the efforts of
the three national libraries to enhance compatibility of catalog data,
serials records, mid machine record format. The trend toward widespread
acceptance of the Library of Congress MARC II format has been a major
step forward. Further, experiments such as Projects INTREX and TIP at
MIT (see Chapters 5 and 7, respectively) and the experimental operation
of tam's Administrative Terminal System have promising implications
for future library network activities.

A second major area of cooperation and emerging network effort is
the exchange of tapes by basic abstracting and indexing services. A
number of these arrangements cross national boundaries and, therefore,
are discussed in Chapter 9, Section A, which deals with direct coopera-
tive agreements between scientific and technical societies and between
mission-oriented government activities. The development of the Interna-
tional Nuclear Information System (tits) is one example. Further,
Section C of the same chapter focuses on efforts of international orga-
nizations to enhance compatibility and convertibility and thus to pave the
way for worldwide network activities, a major example being the study
now in progress of the feasibility of a worldwide science information
system.

Within this country, in an effort to reduce the redundancy of products
and services and foster more coherent efforts, abstracting and indexing
services, especially those serving the fields of biology, engineering,
physics, and chemistry, have initiated cooperative arrangements involv-
ing the exchange of abstracts and studies of both indexing procedures
and overlaps among services. In addition, there is growing awareness
of and emphasis on the need to make basic abstracting and indexing
tapes accessible to other organizations for use in the development of
specially tailored services for various user groups. Recognizing this
trend, the management of Psychological Abstracts, when converting
to a computerized method of printing, employed a process 14 whereby
material was encoded on computer tape according to function and could,
through the use of appropriate style-manual-type programs, be used to
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produce other publications, provide other specialized services, or be
employed as input to other systems, such as the NIMH Clearinghouse
for Mental Health Information, which currently acquires Psychological
Abstracts tapes. Special projects, v_tch as those at Illinois Institute of
Technology and the University of Pittsburgh (discussed in Section C
of this chapter) to assist industry and libraries to tie Chemical Ab-
stracts Service products into their own systems, also exemplify this trend.

NETWORKS OF NEED-GROUP SERVICES

Characteristic of the services developed to meet the needs of identified
interest groups are efforts to use one or more basic access services whose
products are necessary for reprocessing and consolidation activities and,
ultimately, to interrelate with one another and form still more compre-
hensive networks. The activities surrounding MEDLARS itself a vast
network with six regional centers throughout the United States and two
in Western Europeprovide an illustration. MEDLARS is attempting to
develop links with a number of specialized networks to serve more
effectively certain special areas of need. One example is the Toxicological
Information Program, begun early in l967, which has four principal
objectives: (a) identifying and evaluating information requirements
among responsible groups concerned with toxicology; (b) developing a
professionally approved terminology for the field; (c) interrelating
centers which hold and develop relevant toxicological information; and
(d) establishing a computer-based system, utilizing information available
from the network as wel as from ancillary sources. Experiments with a
pilot network are now under way. Development of a common CAS/FDA/
NLM data base of toxicologically significant compounds and long-term
cooperation with activities of the National Institute of General Medical
Sciences in areas such as a pharmacologytoxicology program also are
planned.

Another area of need, and one which is a current focus of network
development efforts, is that of improved communication among institu-
tions of higher learning. The central purpose of the Interuniversity
Communications Council ( EDUCOM) is to examine the contributions
that networks can make to higher education, scholarship, and science.",
The first Task Force established by EDUCOM was one on Information
Networks. Network planning ultimately envisioned local information
centers in colleges and universities to conduct control and switching
functions for information stored in or transmitted over them. These
centers, by means of time-sharing computer systems, would be the nuclei
of local networks including carrels, offices, libraries, classrooms, labora-
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tories, clinics, and hospitals. As a result of Task Force efforts and of a
special summer study conference, plans for the development and pilot
operation of a coast-to-coast EDUNET took shape. Criteria which guided
the planning were:

1. That it be sufficiently extensive to permit access by an appreciable
part of the academic community

2. That it be capable of serving a diversity of applications
3. That it provide a full range of communications experience with

multiple media
4. That it be expandable to accommodate continued growth and

modification (see Reference 118 for further details)

A gradual three-phase development was planned and a pilot network
designed that would provide information to augment academic instruc-
tion, research, and administration; afford experience in long- and short-
distance and scheduled and unscheduled operations; and yield data for
evaluation. The network, if successful, is intended to be readily extend-
able to other institutions and capable of tying into satellite communica-
tions when this becomes technologically possible and feasible.

The American Institute of Physics (Alp) provides an example of
scientific and technical society efforts toward the development of net-
works of need-group services. The AIP perceives its role as an information
switching center that interfaces with various disciplines (e.g., chemistry,
mathematics, electrical and electronics engineering, and biosciences) and
with mission-oriented agencies (e.g., Atomic Energy Commission and
National Aeronautics and Space Administration) which not only con-
tribute to the production of physics documents but are users of the
information contained therein. In planning an information system for
physics, the AIP has given special attention to the needs of various user
groups and to developing the special media and services that they will
require. Among the services available or planned are: provision of
copies of cover pages of Alp documents, of microfiche masters for in-
dustrial information systems, of microform copies of entire documents, of
computer tapes for photocompositioa of abstracts, of tapes to update the
computer files for Project TIP, and of translations in hard copy. (See
Reference 103.)

CUSTOMER NETWORKS

Scientists tend to sort themselves into special interest groups and invisible
collegesinto relatively small communities which actively communicate
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with one another through the exchange of preprints, reprints, manu-
scripts, memos, and technical reports and through personto-person
interaction when circumstances permit. These clusters are essentially
small specialized networks in which individual members both transmit
and receive information and route their colleagues to other persons or
sources that can supply needed information. They also often route out-of-
the-way information to interested colleagues. Membership in such a
group is relatively fluid; some become attached to other areas and drift
away, and newcomers to a field gradually gain admittance. Further, some
key individuals typically identify with several such groups and form links
between them. Recognition of the existence of such "communicating
communities," with common information needs, and identification of
some of the information functions fulfilled by such informal means, has
resulted in special efforts to supplement and enhance the effectiveness
of these informal communication networks. (See Chapter 3, Sections C
and D, and Chapter 4, Sections A, B, C, and D, for a more complete
discussion of semiformal and informal communication.)

f
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New Technologies and Their Impact

The adaptation of modern computer, communications, and display
facilities and the exploitation of rapid and inexpensive means of repro-
ducing existing records are streamlining the processes of document
production, access, and use in many vital ways. Numerous procedures
and services based on current technological developments are being
introduced, either singly or in combination, in the information programs
of many government and private organizations, and other more sophisti-
cated ones that involve higher risks are under active exploration. The
systematic use of new technologies in document production and distribu-
tion as well as in support of basic abstracting, indexing, and bibliographic
services makes it possible to handle the escalating requirements of
volume and diversity of operation without a corresponding escalation in
cost. Additionally and more significantly, new technologies offer oppor-
tunities for providing the specialized services demanded of modern in-
formation programs that are devised to handle the information needs of
well-defined user groups in specific contexts. Examples of the latter are
the information programs supporting the missions of government agen-
cies, the corporate information systems of industrial establishments, or
the information services of particular scientific and technical need
groups.

In the following section we review the principal scientific-and-techni-
cal-information-handling processes in which new technologies play an in-
creasingly prominent role. A second section presents a discussion of the
concept and contemporary development of information systems that
involve the concerted t).e of such technologies. And the final section deals
with the resulting problems of law and equity.

217
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A. THE PRINCIPAL PROCESSES

DOCUMENT PRODUCTION AND REPRODUCTION

A growing number of both for-profit and not-for-profit publishers are
introducing computerized photocomposition into the production of
scientific and technical publications. Automatic adjustments of format
in text and tables permit significant savings in high-cost labor. Formulas
and graphic material can be handled economically now at adequate
levels of quality, and good programs for proofreading and editing are
being developed. In addition, a machine-readable record of full text is
available for any subsequent processing (e.g., the preparation of bibliog-
raphies and indexes). Our Recomme -dation C13 proposes steps for as-
suring the advantages of resulting t. Jnomies and higher speed of produc-
tion to an increasing number of scientific and technical publications.

The principal bottleneck at present is the laborious process of tran-
scribing hard manuscript copy into a machine-readable record with the
required freedom tr' errors. The few organizations able to do this for
scientific and technical text are running at capacity, yet the demand
continues and increases. Optical character-recognition equipment will
help to break this bottleneck, as will the growing use of computer-aided
typewriters for inititd editing. CNirrent versions of both still fall short in
performance, reliability, and cost.

Once material has been prepared and issued, it can be rapidly and
inexpensively reproduced by means of techniques and equipment that
have been so greatly unproved during the last few years that they have
led to significant changes in the handling of scientific and technical
information. On the basis of a recent study, the Committee to Investigate
Copyright Problems has estimated that by 1967 a billion pages per year
of copyrighted scientific and technical material were being copied in
U.S. libraries use This figure does not include the noncopyrighted publica-
dons, such as federal reports, nor does it include the copying done out-
side the library (e.g., by the reader's secretary using the office copying
machine). At least four libraries in the United States copy aver five
rgillion pages per year.

The cost reduction of copying, particularly in microforrns, aid the
speed and quality of the process have progressed to a point at which the
possibility of general use of on-demand distributing libraries instead of
accountable circulating libraries merits serious consideration. Such an
approach has been introduced, even in full-scale reproduction, by several
large libraries for their loan operations, with photocopies rather than
the original copy supplied in response to loan requests. The National
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Library of Medicine (NLM), for example, fulfills almost all its requests
by duplicate copies of the original (over two million pages in 1967).
The Clearinghouse for Federal Scientific and Technical Information
(cFsn) distributes technical reports from the various government
agencies, including the Department of Defense (rx)D) and the National
Aeronautics and Space Administration (NASA), in hard copy at a fixed
price of $3 each and in microfiche at 65 cents. This provision of full-
scale copy or microform delivery from a central collection can greatly
increase the availability of many publications and articles that previously
were difficult to obtain, provided that prospective readers have been
alerted to their existence, content, and accessibility. Currently, a number
of secondary services are arranging to provide full-text copies of articles
that they cite. (See Chapter 5, Section A.)

The increased use of microform copying during the last few years has
been mainly in the publication of parallel microform editions of existing
hard-copy works. Data In Table 18, showing the volume of microform
production of the major federal document-delivery systems, give an
indication of the extent of microform publishing. Complete collections
of works, such as those listed in Table 19, are provided as packaged
microform collections, generally by private sources. This practice prob-
ably will continue to grow during the next several years.

Microform copying is a relatively inexpensive means of reproducing

TABLE It Microform Deliveries of Five Major Federal Document Services

Millions of 03pies of Reports Furnished
to Requestors in 1967

Document Services Hard Copy Microform

Defense Documentation Center, De-
partment of Defense 1.44 (FY67) 0.26 (FY67)

Clearinghouse for Fedor') Sckntillc
and Technical Information, Depart-
ment of Cocurnerce 0.47 (FY67) 0.30 (FY67)

tax Clearinghouse, Office of Educti-
don 0.37 (approximate)

Technical Inforlation Facility, Na-
tional Aeronautics and Space Ad-
ministration 2.0 (approximate) 8.0 (approximate)

Division of Technical Information Et.
tension, Atomic Energy Commission 0.72 2.3

TOTAL root TO-St tin SERVICtS 4.6 (at lust) 11.4
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TABLE 19 Ex =pies of Microform Packages Offered by Private Organizations

Coliection Organization Description

Sweet's

Visual Search Micro-
film Files

Sweet's Industrial Information
Systems, Palo Alto, Calif.

Information Handling Services,
Inc., Denver, Colo.

Annual Reports IM Press, St. Paul, Minn.

American Prose Fiction University Microfilms

Chemical Abstracts

U.S. Chemical Patents

Thomas Nikro-Catalogs

Transistor Information
Mkrofile

Chemical Abstracts Service,
Columbus, Ohio

1M Press, St. Paul, Minn.

Thomas Pubtirhing Company,
New York, N.Y.

D.A.T.A., Inc., Orange, NJ.

Microfacts Advertising Mkrofacts Corporation,
Reference File Detroit, Mich.

Over 600,000 vendor cat-
alog pages from 5,500
vendors

One million pages of
parts and engineering
catalogs from 15,000
suppliers

Corporate annual reports

Almost 5,600 books cov-
ering the period 1774
to 1873

Over 4 million abstracts
published since 1907

U.S. chemical patents

81ilitary specifications,
OSA standards, and
other data sheets

Basic data on 9,000 tran-
sistors, 50,000 diodes
and rectifiers, and
4,000 microcircuits

Thousands of articles
from advertising four-
nais and business press,
clipped, indexed, and
put on mkrofsche

articles, books, and reports. On a production basis, the cost of making
a microform copy of a 50-page report often is quoted at approximately
10 to 25 cents, and this figure soon may apply to volumes of 450-page
length. The Introduction of ultramkrofiche (one of the many new
developments In the area of mass file storage), with more than SO times
greater storage capacity, has made it feasible to provide copies of existing
collections or portions thereofthat is to say, new libraries on demand.
Moreover, microform copying and storage also permit more reference
material to be placed in the office at the fingertips of the individual user.
(See Recommendation C12.)

The increase in the volume of copying and the growing variety of
techniques for doing so have brought new interest and attention to the
question of copyright and to the ways in which the copyright owners are
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to be protected and compensated. Section C of this chapter presents a
brief discussion of this problem.

DOCUMENT DISTRIBUTION

Large scientific societies, such .s the American Chemical Society (Acs),
or major groupings of such societies, for example, the American Institute
of Physics (Alp) or the American Geological Institute (Am), which
operate a sizable stable of journals, routinely use computer procedures
to keep track of subscribers, subscriber options, and subscriber billings.
The same is true of rajor report distribution centers, for which distribu-
tion costs have become comparable with reproduction costs. For ex-
ample, replacing a chine based on number of pages with a flat charge
of $3 per report allowed the CFSTI to streamline its paperwork connected
with distribution to such an extent as to make a net saving.

The large-scale exploitation of computer capabilities in such contexts
offers the possibility of increased refinements in tailoring subscription
packages to subscriber demands. Full-text copies may be ordered on
the basis of selectively disseminated announcements, distributed in
accardance with a coarse-meshed characterization of customer interests.
Or the subscriber might select one of an appropriate:y constructed num-
ber of unit profiles and receive all publications of the source that fall
within the scope of his so-determined interest. And, finally, there is the
full-fledged selective dissemination of information (sot) system that
"indexes" customer interests and document content from a common
vocabulary and distributes material on the basis of a generally computer-
executed match. Thus, new material is brought automatically to the
attention of user clienteles that may number from several hundred to
several thousand (Recommendation C12).

At least 100 such SDI systems, representing various levels of sophistica-
tion, are in operation today in government agencies and industrial cor-
porations. Among scientific and technical societies, the Computer Group
of the Institute of Eleztrical and Electronics Engineers (IEEE) stores
most submitted manuscripts (those for which the author gives permis-
sion) in a central depository and presents abstracts of them on a bi-
monthly basis. Hard cop! s can be obtained at cost and are forwarded
with an attached reply postcard asking for the reader's evaluation. Al-
though the editor of Computer Group News, in which the announcements
appear, examines these papers, they are not reviewed by referees prior
to announcement. The American Mathematical Society (Pars) has
planned a title citation and off-print distribution service covering the
Society's journals together with a few others whose publishers are in-



www.manaraa.com

222 SCIENTIFIC AND TECHNICAL COMMUNICATION

terested in cooperating in this venture. Items will be selected for referral
in accordance with an interest profile constructed in terms of Mathema-
tical Reviews subject headings. Services rendered will be billed on a
monthly basis against a subscription price of $30, with renewal re-
quested when the balance is reduced to about twice the average monthly
charge.

For fully automated systems, the cost of operation escalates rapidly
with the number of profiles that the system is designed to service. There-
fore, in large operations, such as federal agencies, individualized SDI

systems frequently are operated manually (mailroom route sheets) and
on an informal basis, with staff members looking after one another's
awareness needs.

PROCESSING OP MACHINE-READABLE RECORDS

The increasing availability of document texts, bibliographic records,
and data in computer-readable fame is making new services available
to users and raising the potential for cooperative efforts between various
information programs. These records often are created as a by-produt t
of the regular publication procedures (e.g., tapes for photocomposition
equipment), but in some Instances they have been prepared primarily
to permit many new applications and products to be studied and tested,
such as specialized need-group services or those that support critical
review and consolidation efforts. In expanding and improving the services
based on the use of the machine files, an increasing number of orgIni-
rations are arranging to provide machine-language copies of the central
bibliographic files for parallel use in local and regional facilities. For
example, NASA and NLM supply their regional information centers with
bibliographic tapes that permit the development of special services
for users in adjacent geographic areas. The distribution of the Library
of Congress catalog records by Project MARC permits libraries in many
parts of the country to use these tape records for purposes of their
own. Tables 20 and 21 give some indication of the extent of dis-
tribution and availability of machine-readable records.

The reprocessing operations that can be carried out automatically on
such machine-readable files for awareness, access, or search purposes
vary from those guided by format structure alone to those requiring
more or less sophisticated recognition of information content. The
former will operate (extract, regroup, etc.) on data elements recog-
nized as pertinent on the basis of the structure-determined fields they
occupy (e.g., author's name, or title or accession number). Though
format-determined sort-and-search processes are vsed extensively in
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TABLE 20 Examples of Bibliographic Records in I fachineReadable Form
Offered by Private Organizations

Organization Distributed Records

American Institute of Aeronautics and
Astronautics

American Petroleum Institute

American Society for Metals

American Geological Institute/Geo-
logical Society of America

American Psychological Association

American Society of Mechanical
Engineers

Bio Sciences information Senice

Chemical Abstracts Service

Dement Publications, Ltd.

Engineering Index, Inc.

mitPknum Data Corporation

Institute for Scientific Information

etsi Information Sciences, Inc.

Project tilltiSTOC, Library, City Uni-
versity of New York

R R. Rosker Company

international Aerospace Abstracts

Abstracts of Refining Literature
Abstract: of Refining Patents

Bellew of Metal Literature

Bibliography and index of Geology Ex-
clusive of North America

Psychological Abstracts

Applied Mechanics Ret lews

Biological Abstracts

Chemical Abstracts Condensates
Basic Journal Abstracts
ChemicalBiological Acetifies
Chemical Thins
Polymer Science and Technology

P(atents) or (mm0)
rormdoc
Plasdoc
Ringdoc

Electrical/Electronks and Plastics sec-
tions of Engineering index

Uniterm Index to U.S. Chemical Patents

1St Source Data Tapes
1S1 Citation Tape:
Index Chernkus Registry System

Pander Airmail Weekly Tape Senice

Bibliographic records related to urban
planning and renewal

PubNsher's Weekly
Forthcoming Boots
Paperbound Rooks In Print
Subject Gkide to Books in Print
Children's Books for Schools and Li-

braries

Now Metals Abstracts.
Now Bibliography and Mier of Geology.
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TABLE 21 Examples of Government-Agency Bibliographic Records in Machine-
Readable Form

Organization Records

Atomic Energy Commission

Clearinghouse for Federal Scientific and
Technical Information

Educational Resources Information
Center

Library of Congress, mac Project
National Aeronautics and Space Ad-

ministration

National library of Medicine

U.S. Geological Survey

Nuclear Science Abstracts'

U.S. Government Research and De.
relopment Reports and Index

Research in Education

t c Catalog records

Scientific A Technical Aerospace Re-
ports

MEDLARS tapes for Index Aftdkus
Current Catalog a

Abstracts of North American Geology

a Distributed to public under specified conditions.

operational systems, information-content-determined processes still are
largily in an experimental state.

A number of services, for example, those of the Defense Documenta-
tion Center (Dpc) and Atomic Energy Commission (Ate), are using
computer programs to assemble and format printed descriptive catalog
Indexes to their abstract journals. This is accomplished by extracting
related data elements (e.g., author, report number) automatically from
the master machine record and performing subsequent sorting and
printing operations. Similar processes have been developed to extract
information from photocomposition tapes. Thus, machine-readable rec-
ords of the full text of several ACS primary journals currently are sent
to Chemical Abstract, Service (cAs) to be used in compiling the abstracts
and other bibliographic data of this data base. The eventual expansion of
this service to provide tapes of 18 ACS journals will make possible tess
expensive and more timely coverage of a significan; fraction of the
primary literature. The A1P has similar efforts under way.

Once a master bibliographic file has been prepared in machine form,
it is relatively easy to copy selected portions of that file, for example,
for particular need groups. One good example is the experimental
publication, Abstracts of Mycology, produced by BioSciences Infor-
mation Service as a derivative publication of the basic abstract journal,
Biological Abstracts, on the basis of machine selection of abstracts tagged
with indicators for fungus and lichen."' The most significant operations
of this type involve programs that subject such files to retrospective
literature searches, whichgiven the prevailing size of such files
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otherwise would not be made. Data fields are scanned for match or
nonmatch with a given list of "words" (names, terms, or numbers)
that might occur in them, and a record can be accepted on the basis of
highly sophisticated logical scheme. (For example, in fields 12 through
24, at least three entries from a given list of five such entries must
occur, and none from a second list of three additional possible entries,
or the particular record is rejected.) Several organizations (e.g., DDC,
NASA, NLM) make on-demand literature searches of this kind to pro-
vide prompt bibliographies in speciaPzod subject areas defined by in-
dividual users. The economics of such repeated searching, in contrast
to one-pass reorganizations and printouts using a wide variety of access
mechanisms, deserves attention.

Intermediate processes may involve relatively free-formated records,
in which special keys replace field boundaries. Such records can be
processed almost as easily as fixed-format records. Other intermediate
processes provide challenges almost as great as those of sophisticated
content-guided processes.

The objective of the search for and development of content-guided
processes is to make it possible for the computer and the human expert
to share the intellectual work required in the composition of entries
for the access and search systems used in survey and review preparation
and in data comp:lation. Particularly promising among such develop-
ments are automatic indexing, machine-aided searching, question
answering systems, and file-reorganization programs (see Rccommal-
dations E4 and ES).

Several research efforts have been directed toward developing cum.
pater techniques for automatically generating abstracts, cutlets, or
resumlys of original articles. However, the development of such tech-
niques has not yet reached the stage at which they can be put into oper-
ation by the secondary services, nor is it clear at this time that they will
ever develop to that point. In the long run, our reservoir of knowledge
of and experience with the practical architecture of language will be
closely related to the sophistication of our efforts in this area. The even-
tual success of our efforts to exploit modern computer capabilities in han-
dling scientific and technical information will depend substantially on the
vigor and originality of our computer-supported research into relevant
language habits, whether this area be called linguistics or information
access.

INFORMAtION DELIVERY: COMMUNICATION AND DISPLAY

Modern communications equipment, although available for information
service operations, appears not to have been used extensively because
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of its relatively high cost. With the growing interest in the time-shared
use of data bases from remote consoles, the problem of suitable pricing
scales and tariffs for carrier services in this kind of data transmission
has become a pivotal issue and currently is under intensive study by
the Federal Communications Commission.

The two examples that illustrate current thinking in its most ad-
vanced form are, on the one hand, the concept of a coast-to-coast inter-
university information network, developed by the Interuniversity Com-
munications Council (toucoNt) under the name EDUNET, and a system
of Intercommunication for some 20 dispersed computers, currently under
development by the Advanced Research Projects Agency (ARPA) of
DOD. In principle, EDUNET would permit its member universities to share
in all information-processing activities pertinent to higher education,
including the traditional use of computers in calculations, computer-
aided Instruction, automation of library services, and educational radio
and television, as well as in the complex managerial operations of the
university itself. The time-phased development of a pilot system for these
purposes has been planned in some detail by EDUCOM," and the first
phase of the Education Information Network is now under way.

The projected AltPA Network will consist of an eastern cluster of
eleven and a western duster of eight closely interconnected computers
between which two links will run: (a) from Lincoln Laboratory to
the University of Utah, and (b) from the University of Illinois to the
System Development Corporation (stpc). All links are SO kilobit/sec
leased 1. being on the average 2.55 links between any two
nodes. 'The key concept is that of a simple common language for all
traffic over the connecting links, with an Interface Maintenance Pro-
cessor (ice) provided at each of the network computers to effect
the conversion from and to the language of the local computer. The
IMP has been designed, its estimated cost amounting to about $20,000
per copy, and a standard format far the network information packet
has been devis:d As in the case of earlier ARPA-sponsored projects in
the development of data-processing networks, this facility is to be pro-
vided as art experimental tool to permit the accumulation of experience
vim-cling the problems and the capaibilities of such systems.

High costs and rather widespread dissatisfaction with image quality
characterize current display terminals, be they microform readers, fac-
simile terminals, or computer-managed cathode-ray-tube (caT) displays.
But no real obstacles in the straightforward development of satisfactory
image-display systems are foreseen. Project ',mut of MIT (see
Chapter 5, Section A) has made a major effort to determine the speci-
fications fot a satisfactory terminal and to develop a design that meets
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these specifications as a part of its plan for a computerized augmented-
catalog system for the Institute's engineering library. A completed model
currently is being tested. Moreover, industrial requirements for han-
dling graphic material in computerized information systems as well as
the swelling needs in education haw:. stimulated industrial development
efforts to meet these requirements and have resulted in the appearance
of a number of new and varied techniques and systems.

B. THE DI 1:I OP FIAT OF INFORMATION SYSTEMS

In their aggregate, all Cie technological and procedural innovations
illustrated in the foregoing discussion are not ends in themselves. They
furnish an expanding range of capabilities to be utilized in designing
and operating coherently conceived programs of information services
that complement one another in the achievement of broad oNectives.
With increasing frequency, such service programs are referred to as
systems, and the general philosophy that calls for comprehensive coor-
dination in shaping information-handling efforts is called the systems
approach. The icights of modern information science and the kind
of performance that evolving Information-processing facilities can be
expected to deliver make such an approach increasingly productive.

A particularly clear and consistent usage of the term, "information
system," would reserve this designation for entities possessing the in-
trinsic ability of discovering, gaining access to, and manipulating all
the data that they contain. In the course of an operationwhether
initiated by a user, a running program, a clock, or some other means
needed information frequently will not be immediately available by
address, and at that point the system must be able to:

1. Establish whether it contains this information in any of the mem-
ories of its hierarchy

2. Connect its active memory to that hierarchical level
3. Transfer the data for further manipulation

Systems that use people, or are interactively used by people, frequently
secure these data through an inquiry to the user and a subsequent user
input. In other words, the user at the terminal is considered the mne-
monic hierarchy of last resort for both data and instructions. Such sys-
tems, therefore, can comprise many separate machines, only loosely
coupled by communication lines fot inquiry, access, and transfer. When
these so-called systems fall apart into separate systems, lot example,
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a string of separate libraries as opposed to a single library system, the
root cause of such separation is generally the inability to discover what
data and instructions are contained in another part of the system. More
than one system has been impaired by inadequate interrogation or direc-
tory capabilities.

ON-LINE INTERACTIVE SYSTEMS

A number of sizable information systems that fully satisfy the above
criteria have been dlveloped for the conduct of experiments with on-line
access to and searching of large bibliographic files from remote terminals.
They provide rapid response to reference queries, thus guiding the
formulation of subsequent queries, and several of them provide dialog
assistance to hell in formulating search questions. Table 22 lists the
principal representatives of such systems.

'11k) Technical Information Project (ttp), a part of the Multi-access
Computer (MAC) Project at MIT, illustrates the essential features of
the currently most advanced efforts in this direction. Indigenous to TIP
is a massive bibliographkat data file on journal literature in the physical
sciences (title, authors, source, and citations for 30,000 papers from
38 journals covering a three-year period), together with a pool of three
kinds of programs: (a) maintenance and internal processing programs,
(b) search and retrieval programs, and (c) programs filed by TIP users
for special and private purposes. In addition, the facilities of MAC for
compiling and debugging programs, as well as the public pool of MAC

programs, are freely accessible in the operation of the TIP system. The
datt base can be searched automatically to furnish a selected bibliog-
raphy. Full text, ordered from a complete microfilm file, can be dis-
played and printout produced if desired. On the average, for every 100
papers selected by computer search, the tser will wish display of full
tart of ten and order printout for one. Experience with the operation of
this system also suggests that as a general rule computer processing
should be used primarily on data items tailored for logical manipulation,
and the manipulation of interpretative items, such as key words or index
terms, avoiexl.

None of the cited systems as yet makes explicit provisions for the
concerted modification by multiple users of the bask data file in the
course of its employment, though Project INTREX plans to provide for
the utilization of user comments for this purpose in its augmented catalog
experiment. Increased efforts to explore such an ultimate form of inter-
active operation with a data base are needed (see Recommendation E6).
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TABLE 22 Representative On-Line Reference-Query Systems

Organization System Computer Status
Name Facility

System De- MICRO DM an/ 32 Operational at various times
veloprnent comma time-sharing
Corp. LUCID system

BOLD

aRC/COLEX
OILSrr
IBMS

Lockheed WALDO rut 360/30 Implemented with a storage of over
300,000 document citations from
NASA sm. A continuing service
for NASA Headquarters

COMIRSE 8,000 documents

Bunker-Ramo wxsx-Recoo UNIVAC 1050 2-month operational test at 6 NASA
facilities. 6,000 searches made by
scientists, engineers, and librarians

Massachusetts TIP DIM 7094 April 1962 present. A continuing Kt.
Institute of sine being run as part of Protect
Technology stAc, using a central computer with

100 remote consoles. Approximately
400 users are served

Stanford SPIRE! tam 360/73 First densonstrteon in 1968. Planned
University user population of about 100 high-

energy physicists
Data Cbrp. Data rust 360/40 1967present. A continuing genic*

Central based on Region Central of Recon-
naissance Div., AP Avionics Lab

Xerox Datrix Pilot demonstration with material
from Dituriation Abstracts

Bolt Beranek us bte PDP-1-D 1965 present. Various document and
and Newman data flies on a uwrformated file

structure

SYS) EM-STRUCTURED PROGRAMS

The systems approach is not confined to the design and operation of
well-coordinated information activities to fulfill specific functions within
such information systems as those discussed above. Contemporary pro-
grams of Information services based on well-defined bodies of recorded
knowledge and geared to the needs of identified categories of customers
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show progressively greater system structure. This trend has resulted in
the use of the term, "national system," and to some confusion as to its
meaning. The contexts in which a national system, in the sense of some
unique and comprehensive system, is either feasible or appropriate
are not known; further, national boundaries correspond to no observable
lines of demarcation in the fabric of scientific and technical communica-
tion. We have today an infinitely varied population of information-han-
dling endeavors, among which the larger ones in particular offer examples
of every kind and every degree of system structure. Further exploration
and experience in the design and operation of such systems inevitably
will require experiments of sizable scope (Recommendation E10).

Three information programs which illustrate both the systems ap-
proach and characteristically different ways of employing new technol-
ogies are those of NASA, the General Electric Company (GE), and the
AIP. The NASA effort comprises two complementary programs, a docu-
mentation-oriented Scientific and Technical Information Program and
an information-transfer-oriented Technology Utilization Program. The
former provides for (a) a wide range of primary publications, from
technical reports and memoranda through state-of-the-art reviews, man-
uals, and handbooks; (b) a comprehensive abstracting and indexing pro-
gram that covers both the open literature andinsofar as possible
technical reports on a worldwide basis; (c) international exchanges of
machine records on NASA publications for comparably formated informa-
tion on foreign publications; and (d) experimental programs that in-
clude pilot operation of a computer-based SDI system and trials with
real on-line, search-query operations. Special publications and the oper-
ation of Regional Dissemination Centers making use of microfiche
documents and the NASA bibliographic record tapes constitute the main
elements of the Technology Utilization Program. (See also Chapter 6,
Section C.) In short, the system constitutes an entire information uni-
verse that embraces widely varying activities, employs and relates in
close interdependence all relevant mechanisms and organizations, and
serves a large and diverse customer community, typically defined by
categories. Effective and timely service, especially in the operation of the
abstracting and indexing program, as well as the interchange of infor-
mation among various program activities, depend to an increasing extent
on the use of modern procedures and technology.

The GE program, in contrast, is composed of information activities
which, although individually managed, are centrally coordinated to meet
the complete range of information needs of the Company's design en-
gineers and, in their aggregate, to have the capability of fulfilling custo-
mer requirements. This information structure is based on a so-called
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"warp and woof" pE.ttem, with the "warp" activities following the lines
of company organization and handling mainly the externally ac-
quired information, The "woof" activities are predominantly internal in
character and deal with matters of business and technology that cut
across organizational lines. They include a wide range of technical, staff,
and forecast reports, data files, company publication series, and news-
letters well as an Engineering Materials and Processes Information
Service (am Pis) to provide information on commercially available ma-
terials and components, together with all relevant data for their use
in commercially oriented manufacturing programs, Additional note-
worthy features include a (closely held) Competence Directory for
company personnel and a "Dial Com" service that provides for informa-
tion and data transmission on leased lines by direct dialing via 105,000
telephone units in the United States. The system structure here is one
characteristic of what might be termed a complete information environ-
ment that serves a broad yet well-defined purpose and a customer
organization whose members are individually identified rather than as-
signed to categories. Bibliographic information on company publications
is in machine- processib!e form, and the EMP/S file, while still in the
manual mode, reflects contemporary information-science techniques in
its access and search structures.

The A1P is engaged in developing a system which is, in effect, an access
structure for the entire body of recorded physics information and derives
from the complete intellectual organization of the latter. Its central
concept is the elaboration of a comprehensive classification scheme that
will operate in conjunction with free-language index terms to provide
a road map of the extant literature in physics. The projected system
structure is complex enough to require computer management. Such a
structure can provide a basis for the development of products and ser-
vices that provide awareness of or access to the primary sources which
the customer, be he individual or institutional, may then subject to
further processing.

These three system-structured programs reflect three of the more
comprehensive viewpoints conveyed by the term "system": (a) a com-
plex of numerous activities which closely approximates a model at
reduced scale of the entire national effort in scientific and technical com-
munication, and which is administered centrally to effect a reasonable
degree of program coherence and complementation; (b) a program that
merges external and internal sources of information into an array of
services designed to give the user the information he needs when he
needs it, and in the terms in which he needs it; and (c) a system that
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derives its order from providing the best possible impedance match with
the massive corpus of literature to which it furnishes access on a to-

whom-it-may-concern basis.

C. LEGAL ASPECTS: COPYRIGHT

The statutory basis of contemporary copyright practice dates from 1909
and the enactment of a law that has not undergone any major revisions
since that time, Its adaptation to emerging problems during the past
half-century has resulted largely from its interpretation by the judiciary;
however, the rapid technological advances of the post-Sputnik years have
brought conflicts arising from the following requirements into even
sharper focus:

1. The need to provide for and facilitate the free flow of information
by every possible means

2. The need to assure merited recognition and, where applicable,
material returns to an author for his efforts

3. The need to protect the equity held by those who venture resources
on assuring the availability of information

4. The need to protect the identity and integrity of an author's work

Major problems stemming from these often conflicting goals have become
increasingly acute and demand radical revisions of the copyright statutes.
Such attempts currently are under way but have met with diflicultieb,
among which are some in the area of scientific and technical information.
Although the main issues are reasonably clear, experience is lacking in
this transitional stage as to what would be legally sound and equitable
solutions.

SCOPE OF COPYRIGHT COVERAGE

The major problem areas, with regard to scientific and technical infor-
mation, fall into three general categor:ts, the first of which pertains to
types of materials and the extent to which copyright coverage is necessary
or appropriate for them; for example, reports of the results of federally
funded research and educational programs; the form and structure in
which information is presented (format) as distinct from its intellectual
content; computer programs; and derivative works such as translations.
In the matter of copyrighting publications resulting from government-
sponsored work, a policy which abrogates the protection of copyright
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under these conditions would be based on the principle that informa-
tion developed at the taxpayers' expense should be available freely for
anyone to publish or disseminate as he may see fit. Those who support
the contra .y position have pointed out that publication by private or-
ganizations saves the government publishing and distribution costs and
provides a product of better quality that is marketed more effectively
if the publisher's equity in such efforts is protected by copyright for uses
other than those of the federal government. Moreover, in many in-
stances, government financing covers only part of the full and true
costs of acquiring new information. In the absence of definition by law
of what constitutes a government publication, the policies of individual
federal agencies show much diversity, although many of them do allow
contractors and grantees to register copyright when it appears that this is
in the public interest.

A related area of concern is the availability to potential users of files
and data deposited in federally funded data banks or assembled by
private organizations under federally funded projects. Precedent sug-
gests that such files should be generally accessible, and it is the current
policy of the federal government to provide such accessat a price
commensurate with the cost of serving the prospective user. The govern-
ment regards such a policy as an essential element of responsible fiscal
management and, at the same time, a means of providing for equitable
treatment of the general taxpayer. Nevertheless, organizations that could
use such data in their work, as well as publishers interested in the com-
mercial distribution of related products, continue to encounter difficulties
in gaining the necessary access. Examples, such as the publication and
marketing by The Macmillan Company of the six-volume set of Ther-
mophysical Properties of High Temperature Solid Materials, incorpor-
ating the currently available thermophysical data on such materia:3 as-
sembled by the Thermophysical Properties Research Center at Purdue
University, show that suitable copyright and financial arrangements
can be found for making information of this kind available; their use
should be more general.

An issue identified and emphasized by Paul Zurkowski during House
hearings on copyright legislation is that of the format of material (i.e.,
the form and structure in which information is recorded for further
processing) apart from and in addition to its intellectual content. In
what, since McLuhan, is referred to as the post-Gutenberg era, format-
ing is the key to the new technologies for the storage and dissemination
of information. Zurkowski warns, therefore, that care must be taken not
only to stimulate authorship but to provide the eccaomic incentives
necessary to convert intellectual output into formats that will make it
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most accessible, useful, and marketable. The opposing faction has sug-
gested that unintentional duplication is much more ely to occur in
regard to format than content, and that having independently registered
duplicative formats will present problems in clerical identification and
allotment of compensation. Proponents point out that there is precedent
in British law for such a distinction, that independently achieved dupli-
cative literary efforts can be copyrighted, and that the difficulties involved
are minor compared to the potential benefit of providing incentives
in the area of formating.

The issue of computer programs presents a number of problems, such
as the eligibility of programs for copyright, the types of programs to
be covered, the aspects covered, and the way to keep track of the copy-
righted and noncopyrighted program portions within any one computer
complex. In 1964, the Copyright Office began to accept computer pro-
grams for copyright if they contained original work, and proposed legis-
lation is sufficiently broad in scope and expression to allow their contin-
ued coverage. Recently, the Patent Office is reported to have registered
patents on computer programs. Discussions of proposed new legislation
suggest that the Congress views individual elements of programs and
broad program outlines as not in themselves works subject to copy-
right, and that such protection should be limited to over-all intellectual
effort and new methods or techniques of performing a particular func-
tion, thereby excluding general approaches and specific devices.

A derivative work is one based on some pre-existing work and con-
sisting of outright selections, excerpts, or compilations or of editorial
revisions, annotation, elaboration, and other modifications that in them-
selves constitute an original work of authorship. Derivative works under
these definitions may include indexes, concordances, vnthologies, trans-
literations, and abstracts, as well as displays of work on a cathode ray
tube for modification or annotation by a user or the translation of work
into machine language. Copyright legislation covering such works is
an extremely complex problem area of which the abstract provides an
illustration. An indicative abstract may serve only as a stimulus to seek
the complete text, and such abstracts traditionally have been permitted
under the doctrine of fair use. However, a critical or informative abstract,
in many instances, may be sufficiently detailed to serve as a substitute
for the original aqicle and would seem clearly to constitute a derivative
work. Additionally, the preparation of abstracts by computer through
the use of sentences of text which contain the highest frequency of key
words also falls within the definition of a derivative work. Since ab-
stracts form the major input to many information systems (typically
without permission having been secured), even the possibility of their
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being regarded as derivative works has led to some uneasiness in the
community of information-processing organizations. In SATCOM'S deliber-
ations on these problems, it was suggested that the making of a summary
or abstract, the extent of which is no more than either one fifth of the
original work (of the whole or of each significant part), or 200 words in
length, be recognized explicitly as not constituting a derivative work.
Carefully considered guidelines are sorely needed for the handling not
only of abstracts but of other types of derivative works that play sig-
nificant roles in modern information systems.

EXEMPTIONS FROM COPYRIGHT

A second major problem area is that of the interpretation of the judicial
doctrine of fair use and the exemption of certain types of copyrighted
materials, performances, and displays for particular purposes or under
special circumstances. The concept of fair use permits certain exceptions
to the rule that copies may not be made of copyrighted materials without
pennission of the copyright owner. As it proved necessary to adjudicate
recurring conflicts through examining the objectives of use, the quantity
and value of materials involved, and the extent to which such use would
diminish profit or supersede original work, a series of court decisions
gradually established to the satisfaction of those who habitually deal
with copyright law what is and is not fair use.

At present, the doctrine of fair use is not part of existing statutory
law, and there are differences of opinion about the degree and the
manner in which legislative language should determine its scope. Some
scientists, educators, and librarians go so far as to advocate a precise
statutory definition and specifically stated exemptions. Representative
statements by authors and publishers, as well as lawyers and legislators,
assert that a workable definition of fair use cannot be formulated,
and that control should remain in the hands of the courts where each
particular set of circumstances can be evaluated. In view of the general
state of flux currently characterizing scientific-and-technical-communica-
tion activities, the predominant inclination among SATCOM members
is to side with this latter position. In the long run, the development of
a scheme which defines the so-called natural uses for broad categories
of works, and which allows exemption from copyright for uses other
than those specifically defined, might substitute in large measure for
the traditional concept of fair use, as far as (inter alia) scientific and
technical information is concerned.

The performance and display of copyrighted works of nondramatic
character occur with increasing frequency in connection with modern
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research and education. Heretofore, such uses in the above contexts
did not reach a level that would raise questions of copyright protection.
This situation is changing rapidly, and the difficulties of determining
the conditions under which the use of computer tapes, films, recordings,
and kinescopes, as well as their local duplication, should be subjected
to copyright controls are increasing. It is clear that reasonable restrictions
will have to be developed in this area to protect the originators of
such works, without, rt the same time, retarding the development of
such new educational techniques as, for example, computer-assisted
instruction.

COPYRIGHT AN. NEW TECHNOLOGY

The applications of new technologies have created a third group of
major problems. The issues arising in this context relate to the proper
amounts and mechanics of compensation to copyright holders in con-
nection with on-demand document services, computer storage and
manipulation of information, and new methods of establishing and main-
taining library collections. With the development of photocopying tech-
niques, the provision of hard ...upy on demand has become a logical
extension of service for libraries and organizations engaged in the an-
nouncement and dissemination of scientific and technical information.
Estimates, based on a limited sample of major research libraries, led
the Committee to Investigate Copyright Problems, Inc. (cicP) to state in
a recent report '" that, although no specific program at any one institu-
tion is of sufficient volume to damage copyright owners, the cumulative
effect is substantial and a legitimate cause for concern. Estimates in the
recent CICP study indicate that:

1. More than one billion copyright pages were copied (typically
single copies made without obtaining permission) in libraries in the
United States in 1967.

2. Nearly all (99 percent) of the journal articles copied were repro-
duced in their entirety.

3. As much as 85 percent of the material was recently published.
4. As much as three fourths was scientific and engineering material.

Librarians and operators of announcement services not only consider
it their responsibility to provide immediate access to hard copy on
demand, but assert that it is to the advantage of authors to have their
work photocopied and that it has little effect on journal circulation. On
the other hand, scientific and technical society and commercial publishers
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have seen evidence of disturbing financial impact on their publication
programs as a result of photocopying. The authors of the MP study
suggest that "a legal guideline, essentially developed for trivial situations,
is currently used as the authority for a national pattern of professional
and scholarly information dissemination based . . . on the most effi-
cient . . duplicating devices." '" Study of the problem and the
development of some appropriate guidelines and mechanisms for ob-
taining permission and/or compensation seem in order.

The basic issue in regard to computer handling of copyright material is
not that permission or compensation is necessary but that the appropriate
point in computer processing at which to institute such control is care-
fully chosen. Proponents of the output stage as the point at which in-
fringement would occur, and thus the point at which permission or
compensation would be necessary, urge that input does not necessarily
cause a loss of sale of a copyrighted work, and the time required for
getting permission for input would hamper the development of computer-
ized systems, that many uses would be covered by fair use for which no
charge should have been made, and that the transfer of stored informa-
tion from one system to another could be hampered. Those who support
control at the input stag( argue that:

1. The unpredictability of computer usage of stored materials makes
input the only practical point of control.

2. Obtaining permission would be much easier at the point of input
than at the point of output.

3. The integrity and identity of copyrighted works cannot be pro-
tected under free input practice.

4. Many copyrighted works, especially of a numerical or statistical
nature, would be used in computers with little or no hard-copy outputs.

5. A free input policy would destroy most of the incentive for the
production of new and better materials designed for computerized
information and educational systems.

The central issue is further complicated by certain erroneous assump-
tions: for example, that permission would be necessary for all input,
that all permitted input would necessitate payment of a fee, and that
unreasonable double charges at both input and output stages might
be levied.

The provision of on-demand document services by libraries and the
development of microform technology to a point at which it is possible
to store the publications of an entire technical library in a relatively
small space and to duplicate them at comparatively low cost raise serious
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problems for our present system of incentives and rewards. The impli-
cation is that once a master collection has been assembled in this form,

could be used to create new technical libraries on demand and to
update their collections with supplemental microform copies. Some
simple and effective arrangement for obtaining copyright releases and
arranging royalty agreements for each work in such collections will be
necessary; however, experimental efforts in this direction have thus far
been limited in scope and inconclusive.

PROPOSAL FOR A NATIONAL COMMISSION

Before definite statutory language is developed for use in future copy-
right legislation, we need thorough studies in which data are collected
systematically and experiences in the operation of affected information
services are evaluated. Legislation 19 has been introduced that would es-
tablish a National Commission on New Technological Uses of Copy-
righted Works, to be chaired by the Librarian of Congress and composed
of 23 members representing the Congress, authors, publishers, users, and
the general public. Its purpose would be to study and compile data on
the various forms of machine reproduction and then to recommend such
changes in copyright law or procedures as appeared necessary on the
basis of its findings. Without necessarily endorsing this proposal in
every detail, we strongly support the statutory establishment of a na-
tional commission to study and report on the implications of copyright
principles for the new information-transfer technologies. In the present
intermediate stage in the development of information-handling technol-
ogy, we feel that only a flexible and evaluative approach can provide an
adequate basis for future legislation that will satisfy the need for rapid
accessibility of information as well as the need to maintain incentives
and protect investments in copyrighted resources (Recommendation
A10).
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National Concern with the Effective
Planning and Coordination of
Scientific and Technical Communication

This chapter describes existing and proposed arrangements for the
continuing over-all assessment and guidance of scientific-and-technical-
communication efforts in the United States. The principal objectives
of such arrangements are to maintain effective performance and assure
reasonable standards of economy. Since attempts to maintain continuing
effective oversight necessarily depend heavily on the federal government,
most of them have been initiated or sponsored by the government.

Two areas of special concern in planning and coordinating activities
are: (a) the comprehensive programs which embrace major information
services for entire disciplines, typically operated by private organizations;
and (b) mission-oriented programs, which departments of the federal
government operate either in accordance with specific legislation or to
provide for their own information needs. Our emphasis in this chapter
is not so much on the design and operation of individual programs, even
those of comprehensive size, as on the determination of their relative
scope and the coordination of their mutual interaction.

A. HISTORICAL BACKGROUND

The directives and policies formulated by Lenin immediately following
the October Revolution of 1917 are among the earliest instances in
which the efficient management and coordination of scientific and tech-
nical communication was recognized as a national concern. One of
Lenin's first decrees dealt with library procedures and policies, and
thereafter he continuously urged attention at the highest level of govern-
ment to the development of measures that would assure the progress
of Soviet science and the utilization of the newest scientific and technical
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achievements of other countries. As a result of his initiative, the Soviet
of Peoples' Commissars enacted a decree in 1921 which dealt with the
purchase and distribution of foreign literature and resulted in the estab-
lishment of a central institute (KOMINOLIT) for this purpose. Lenin de-
scribed the functions of this institute as follows:

The most important task which ICOMINOLIT should assign to itself is to see to it
that in . . . the large cities of the Republic special libraries shall contain at least
one copy of the newest foreign technical and scientific . . . journals and books
published between 1914 and 1921, and an arrangement shall be established
whereby every periodical publication is received regularly, All activities of
ICOMINOLIT will be evaluated by me first of all from the point of view of the
actual fulfillment of this task. (See Reference 116.)

An upsurge in the development of scientific information activities oc-
curred in Russia following World War II as, under the pressure of in-
creasing scientific and technological effort, scientific information agencies
developed in various branches of industry and in scientific institutes. In
time this ramified network was found lacking in clear-cut objectives and
clearly defined functions; therefore, the Council of Ministers of the
Soviet Union adopted a resolution in 1952 to establish a government
information service with a carefully coordinated plan and unified system
of operation. (A brief description of this centralized information service
appears later in this chapter.)

In the Western world, national concern with rapid and efficient com-
munication as essential to the progress of science and technology grew
in the decades following World War II as the commitment of govern-
ment resources to research and development rapidly increased. The
legislative acts that established the Office of Naval Research (oNR)
(1946), the Atomic Energy Commission (AEc) (1947), the National
Science Foundation (NsF) (1950), and the National Aeronautics and
Space Administration (NASA) (1957) reflected this concern; each con-
tained specific language related to the stewardship of scientific informa-
tion. For example, the preamble to the act which became the charter
of ONR includes a directive "to provide within the Department of the
Navy a single office, which, by contract and otherwise, shall be able
to obtain, coordinate, and make available to all bureaus . worldwide
scientific information. . . ." 1 Increased awareness of the importance
of effective communication also led to the development of "national"
(i.e., comprehensive, mission-oriented) information systems by a num-
ber of government agencies. Examples of major information programs
are those of the AEC and NASA as well as the new information-handling
procedures and services being developed by the Library of Congress and
the National Library of Medicine.
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The National Science Foundation Act of 1950, which offered a some-
what broader perspective than did other legislative acts providing for
information activities, had particularly important implications for the
efforts of private organizations in the communication of scientific and
technical information. The Act directs the Foundation as one of its eight
specific responsibilities to "foster the interchange of scientific information
among scientists in the United States and in foreign countries." "4 To
fulfill this mandate, the NSF organized a science information program
chiefly involving support of publications programs and translations in the
various disciplines, of preliminary studies to lay the groundwork for
eventual systems development efforts, and of media and mechanisms for
the dissemination of information on federally supported research.

B. RECENT TRENDS AND ACTIVITIES

Growing concern with the adequacy of the national effort in science
and technology, culminating in its reappraisal after the first successful
satellite launching by the Soviet Union, resulted in increased attention
in the legislative and executive branches of the federal government to
the management of scientific and technical communication. In 1955,
for example, the Senate Committee on Government Operations chartered
a special subcommittee, chaired by Senator John E. Moss, to study infor-
mation operations at all levels of the federal government and to recom-
mend to the Congress solutions for whatever shortcomings were dis-
covered. This subcommittee addressed itself principally to the problem
of security regulations and restrictions on the flow of information from
both government and nongovernment agencies and to the increasing
volume of information which reduced the effectiveness of existing media
and mechanisms.

The efforts of this special subcommittee led to a long and thorough
investigation by the Subcommittee on Reorganization and International
Organizations, chaired by Senator Hubert H. Humphrey. Exhaus-
tive hearings, special studies, and reports pertaining to the manage-
ment of scientific and technical information, as well as bills proposing
legislative action, issued continuously from this subcommittee from
1957 through the early 1960's and yielded the "most comprehensive body
of data on scientific and technical information problems ever compiled
by a committee of the Congress."'" Among the activities studied were
documentation, indexing, and retrieval practices in government, industry,
and discipline-oriented societies; management of information during the
long chain of events prior to archival publication; coordination of infor-
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mation on current scientific research and development supported by the
U.S. Government, with particular attention to research-and-development
projects in the field of electronics; and information handling in relation
to federal budgeting for research and development. The Committee on
Government Operations also introduced legislation to establish a Depart-
ment of Science and Technology, to be headed by a Cabinet-level secre-
tary, the responsibilities of which would include various information
functions currently in the domain of existing agencies. For example,
the new Department would have jurisdiction over the NSF, particular ac-
tivities of the Department of Commerce, such as the Patent Office, and
certain divisions of the Smithsonian Institution. One of its goals would
be the development of a complete scientific information program in-
volving acquisition, processirg, dissemination, research on improved
mechanical techniques of information handling, and regulations govern-
ing use. The bill tailed to pass, but some of its objectives were accom-
plished through acceptance of a presidential reorganization plan which
called for the establishment of the Office of Science and Technology
(osT).

During this same interval, 1958-1963, the House of Representatives
also gave serious attention to scientific information exchange. The stand-
ing Committee on Science and Astronautics conducted hearings in 1959
on the dissemination of scientific and technical information to determine
the degree of integration among agencies within and outside the foieral
government and to discover those information functions not adequately
performed. Subsequently, the Committee extensively studied all aspects
of the operation of the NSF and introduced legislation to strengthen
this agency. It also shaped and fostered the adoption of the National
Standard Reference Data Act, introduced by its chairman, George
P. Miller, the objective of which was to ensure that critically evaluated
reference data were assembled and made readily available to scientists,
engineers, and the general public (see Chapter 6, Section A).

In addition, the House Committee on Education and Labor turned
its attention to problems of communication and established the Ad Hoc
Subcommittee on a National Research Data Processing and Information
Retrieval. Center, chaired by Roman C. Pucinski. The main objectives
of the legislation introduced by this Subcommittee in 1963 were to
avoid unnecessary and costly cbliC86011 in scientific research and to
assure quick access to all scientific research data. The proposed plan
would depend on voluntary cooperation and the utilization of existing
facilities: its proponents emphasized that its aim was not to eliminate
or replace existing servi*s but to tie them together in a more mean-
ingful information retrieval system. The bill also recommended the
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strengthening of the NSF'S Office of Science Information Service with
F nificient funds to exercise more forcefully the authority accorded it by
p..vious acts.

Yet another effort hi the House was that of the Select Committee on
Government Research, chaired by Carl Elliott. This Committee's fourth
report, in a series of ten describing various aspects of government
operation, dealt with documentation and dissemination of research-
and-development results and especially emphasized timely and contin-
uous dissemination of scientific and technical information. A major
theme of the Committee's recommendations was the need for a centrel
institution capable of enforcing the cooperation of agencies with one
another and with the central body itself. The report also uneerlined
the important role of a clearinghouse for documentation and e;ssemina-
don of technological information and the necessity of frequect reappraisal
of classification and proprietary restrictions.

Concomitant with congressional study and activity in the area of
scientific and technical communication, the executive branch stimulated
the development of a number of national plans for handling such infor-
mation; government agencies, research institutes, and special panels and
committees participated in their preparation. These plans identified a
number of special problems with which proposed systems would have
to cope, such as the handling of classified data and information, the
contrasting information needs of discipline- and mission-oriented users,
and the necessity of shaping services to meet needs of which users
themselves often were unaware. In general, the various plans focused on
journals and technical reports as the principal input channels to national
systems, and for the most part they ignored the possibility of any dif-
ferentiation in the needs of various categories of users, such as adminis-
trators, researchers, or engineers. There was little agreement among
the various plans with regard to the advisability of adopting any of the
numerous possible forms and degrees of centralization and coordination.

The first of the planning efforts was that of a panel under the Pres-
ident's Science Advisory Committee (PsAc), headed by W. 0. Baker 1
and established in 1938 to assess the problems of scientific information
exchange and the operation of the media and services handling such in-
formation. The Panel considered two possibilities for coping more effec-
tively with the mounting store of information, one of which was the
establishment of a large, highly centralized, wholly or partially govern-
ment- supported agency, resembling in its basic philosophy the infor-
mation-handling structure which the Soviet Union had brought into being
a few years earlier, and which from this point onward never ceased
to figure promidently in U.S. studies of its own scientific-and-technical-
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Information problems. The second possibility involved the development
of a science information service of a coordinating type that would stim-
ulate and improve upon the present system by taking full advantage
of existing organizations and the specialized skills of those associated
with them. The Panel recommended the latter of these alternatives
and indicated the NSF as an already existing mechanism for imple-
menting their suggested line of action. They especially advocated effec-
tive coordination of effort among public agencies and private organi-
zations to capitalize on and improve existing facilities and techniques.
They also urged encouragement and support of fundamental, long-term
programs of research and development in the application of mechanical
techniques and the evolution of new methods of information handling.

The National Defense Education Act of the same year translated
the Panel's recommendations into a mandate for the NSF which ex-
panded its originally assigned responsibilities in the area of communica-
tion by specifically authorizing it to implement programs for enhancing
the dissemination of information through the provision of abstracting,
indexing, translation, and other such services and for fostering the
development of new or improved methods of making scientific infor-
mation available. The Act also called for an advisory body, the Science
Information Council, to assist in these efforts. This Act resulted in the
creation of the NSF'S Office of Science Information Service (osts), which
set in motion a program of broad scope including: (a) assistance to
scientific and technical societies and nonprofit organizations in the
operation and improvement of the information services they sponsored;
(b) support and encouragement of the development and testing of ad-
vanced information services and systems, especially in major scientific
disciplines; (c) stimulation and funding of projects dealing with new
mechanized methods of organizing and storing information and of
programs of research in various disciplines to determine the nature
of Information needs and the extent to which existing media fulfilled
these needs; and (d) collection, organization, and dissemination of
information on U.S. and foreign scientific and technological work in
order to facilitate and coordinate both government and private efforts
in the area of scientific and technical Information. The NSF's principal
over-all goals were two: first, to stimulate careful planning toward
long -term objectives of broad scope in scientific and technical commu-
nities; and second, to provide some measure of coordination among
scientific-and-technical-communication activities. The NSF has relied on
incentives of support to achieve the first objective and has succeeded in
guiding and assisting some of the major disciplines in their efforts to
develop informittion services and systems adequate to fulfill not only
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their own needs but, in some instanum, those of closely allied or
overlapping areas and mission-oriented endeavof'. With regard to the
second goal, the NSF facilitated the coordination of information activities
through the wide-scale dissemination of information about the scientific-
and-technical-communication plans and projects of various disciplines, of
government agencies and institutions, and of international organizations.

Further studies of the planning and coordination of scientific-and-
technical-information activities took place In 1962 when the President's
Science Advisory Committee established a panel for this purpose
chaired by A. M. Weinberg, and the President's Science Adviser per-
sonally appointed a small task group, directed by J. H. Crawford, Jr.,
to attack the more specific problems of coordinating the scientific-and-
technical-communication activities of government agencies. The latter
completed its task sooner than did the Weinberg Panel and issued a
detailed report '8 with numerous recommendations before the end of
that year. Among its recommendations, two deserve special attention in
the present context. Deviating somewhat from the position supported
in the earlier Baker Report, the Crawford Task Group advocated cen-
tralizing the direction and review of federal information-handling pro-
grams in a single agency. In addition, it urged that each government
agency engaged in research and development establish within its organi-
zation a formal focus of responsibility and authority for agency-wide di-
rection and control of scientific-and-technical-information matters.
Though no central coordinating agency was established, implementation
of the second recommendation occurred In some of the agencies most
heavily involved in research and development, for example, DOD, AEC,
and NASA.

The Weinberg Report,' issued in 1963, constitutes a milestone
for the development of scientific and technical communkation in the
United States, and several of SAtcom's recommendations address matters
whkh still remain as unfinished business five years after its publi-
cation. A point of particular emphasis was that the entire Informa-
tion process must be made an integral part of research and develop-
ment, and that later steps in the information-transfer chain, such as
access and retrieval, are part of the responsibility of the organizations
cooperating in the creation of the information. The working scientist,
therefore, must share many of the burdens traditionally carried by the
documentalist, specifically through better titling, assignment of key
words, and preparation of abstracts. Moreover, the functions of recast-
ing, critically analyzing, and synthesizing current findings (in short,
the reviewing functions) must teethe much more attention, and those
who perform such functions should be better rewarded In terms of both
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remuneration and recognition. The potential effectiveness of specialized
Technical Information Centers located in research settings and ful-
filling a synthesizing and state-of-the-art compilation function received
recognition for the first time at such a high level. Like the Crawford
Task Group, this Panel advocated a focal point of responsibility for
information activities within the principal research-and-development
agencies but specifically recommended that this focal point should
be located in the research-and-development rather than the adminis-
trative arm of an agency. The Federal Council for Science and Tech-
nology (Fcsr) was the suggt.....'ed mechanism for keeping the network of
government information systems under surveillance and preventing
overlaps and omissions. The Panel strongly asserted the importance of
preserving the nongovernment communication systems so highly sensitive
to user needs and offering a variety of approaches to communication
problems; it urged that nongovernment activities be supported, but not
dominated, by the federal government and, in this context, commended
osts on its policies and procedures.

Early evidence of the impact of the Weinberg Report was the FCST'S
replacement of its former coordinating committee with the much stronger
Committee on Scientific and Technical Information (cossirt). The osr
provided a secretariat for COSATI, with an osr staff member assigned
exclusively to information programs serving as chairman of this
Committee. COSATI'S charter directs it to develop a cfordinated but
decentralized information system among executive agencies of the federal
government and to ceoperate with nongovernmental agencies in the
development of national scientific-and-technical-intermation systems.
Two additional directives give substance to its role as a coordinator
among federal government agencies: (a) to identify and suggest as-
signments of responsibility among agencies and to review the resources
utilized in their information programs; and (b) to facilitate interagency
cooperation at the management level and recommend management pol-
icies and procedures for information activities. In these contexts the
Committee recommends the adoption of standards, types of methodol-
ogy, systems, and new programs.

Member agencies of COSATI include the Departments of Agriculture;
Commerce; Defense; Health, Education, and Welfare; the Interior;
State; and Transportation; the AEC; Federal Aviation Agency; NASA;
National Ubrary of Medicine; NSF; osr; and the Veterans' Administra-
tion. Participating in COSATI'S monthly meetings as observers are the
Agency for International Development; Bureau of the Budget; Central
Intelligence Agency; Department of Housing and Urban Development;
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Federal Communications Commission; Office of Education (HEW);
Office of Emergency Planning; Patent Office (Commerce); Post Office
Department; Small Business Administration; Smithsonian Institution;
and United States Information Agency. The Deputy Librarian of Con-
gress is a liaison member of COSAT1.

Seven standing panels and a number of ad hoc task groups carry out
the work of the Committee. These panels Poi their missions are as fol-
lows:

1. Operational Techniques and Systems, which works to improve
policies, practices, and programs of on-going federal information oper-
ations, such as the Clearinghouse for Federal Scientific and Technical In-
formation or the Defense Documentation Center. Its principal accom-
plishments include the promulgation of federal microfiche standards, the
development of standards for the descriptive cataloging of government
scientific and technical reports, and the compilation of the COSATI Subject
Category List.

2. Information Sciences and Technology, which surveys and reports
on pertinent research and development conducted or supported by
government agencies. Although nonuniformity persists with regard to
the criteria used by various agencies in identifying information science
research-and-development activities and the dollar costs of such activ-
ities, the more than 2,400 projects reported to COSAT1 during its second
inventory represent an annual level of obligation of more than $100
million. The Panel currently is assembling, in machine-readable form
for use in an xperimental, on-line system, its third comprehensive in-
ventory.

3. Education and Train'ig, whkh encourages the development of
better programs tot the education of information specialists as well as
training activities for federal scientists and engineers to improve their
use of information resources.

4. International Information Activities, which concerns itself with
policies governing the overseas dissemination of computerized access,
search; UM retrieval instruments; with identifying qualified Americans
tot posit;ons in international organizations in the scientific and tech-
nical information field; and with other matters related to the interna-
tional exchange of scientific and technical information.

S. Management of Information Activities, whkh received its charter
in February 1967. This Panel develops techniques for evaluating the
effectiveness, measuring the benefits, and rsessing the costs of infor-
mation products and services as an aid to program management. A
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major object will be to recommend standard procedures for determining
and reporting the costs of information functions as well as policies for
levying user charges.

6. Information Analysis and Data Centers, which also acquired panel
status in February 1967. This Panel will review the scope, usefulness, and
efficiency of such centers. (Information analysis centers differ from
documentation centers in that they fulfill an evaluative and synthesizing
function.)

7. Legal Aspects Involved in National Information Systems, which
continues the work of a former task group, the purpose of which was to
study and report on issues resulting from traditional and proposed
copyright statutes in the face of modern meths of mechanized infor-
mation handling. When the task group disbanded in mid-1967, it recom-
mended that a panel be established to carry on this work, a recommen-
dation that was implemented early in 1968.

Several of the various COSATt task forces deserve mention. One that
was concerned with journal literature concluded that a computer file, kept
reasonably up to date and providing a comprehensive National Serials
Inventory, was technically feasible and would be most useful. Currently,
the National Agricultural Library, the National Library of Medicine, and
the Library of Congress have under way a four-phase National Serials
Data Program (see Chapter 5, Section B), the ultimate objective of
which is to create a computer-based central store of data on all known
serials. Though the initial phase of this program relates only to the
present holdings of these Institutions, the third phase will entail the addi-
tion of worldwide serial literature and the implementation of procedures
to keep the machine file current.

Another task group reviewed the function of technical reports and
outlined steps for improving the quality and acceptability of this medium
of communication (see Reference 54), and a recently established group
will deal with the dissemination of information and attempt to improve
the availay- v of reports that result from government-sponsored re-
search and opm eat.

The Task Croup on National Systems for Slientifie and Technical In-
formation came into being in the fall of 1964 at the request of the Presi-
dent's Special Assistant for Science and Technology and is composed
of COSATI members, with the Chairman of COSATI serving also as its
chairman. Its charter directs it to inventory and evaluate the resources
currently committed to U.S. scientific-and-technical-information activi-
ties and to determine the requirements of various user communities.
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It also has the responsibility for recommending on the basis of its findings
courses of action for government agencies and offering suggestions to
private institutions to facilitate the evolution of national information
systems. The Task Group made its first report to the President's Science
Advisory Committee and the Federal Council late in 1965 (see Refer-
ence 46). Basic to its recommendations were certain assumptions that the
report stated for public discussion. Foremost among these were: (a) that
the federal government has the responsibility for ensuring access to
worldwide significant (in the sense of scholarly and professional) litera-
ture in all areas of science and technology; (b) that document-handling
systems must satisfy a variety of user communities; (c) that proposed
systems must begin with the present ones and evolve gradually and
flexibly; and (d) that national systems should be reasonably compatible
with international procedures and standards. The Task Group's recom-
mendations were the following:

1. The Office of Science and Technology should accelerate its efforts
in planning, policy formulation, organization, coordination, and evalua-
tion of the national network of information and document-handling
systems in science and technology and should clarify the responsibilities
of federal agencies in this area.

2. The OST, in collab'xation with federal departments and agencies
and other organizations, should develop a comprehensive, coordinated
program for acquisition, processing, and announcement of significant
worldwide scientific and technical literature, formulate policies with re-
gard to the legislative bases for departmental or agency-sponsored in-
formation services, and propose or endorse legislation enabling depart-
ments and agencies to assume responsibility for effective information
services in particular areas of science and technology.

3. The private sector should be encouraged to formulate and offer for
OST consideration plans and programs for the development of the in-
tegrated national network.

4. COSAT1 should stimulate and recommend action in such areas as
federal support of experiments in information-science technology and
prototype information systems, development of standard processing pro-
cedures, and formulation of policies pertaining to the acquisition and
dissemination of information at the international level.

The Federal Council, as recipient of these recommendations, asked
oat to undertake exploratory operation of a central coordinating mecha-
nism in matters of acquisition, cataloging, and announcement as well as
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to take action on other recommendations of the Task Group on Na.
tional Systems. As a result, OST has been seeking a substantial increase
in staff to meet these responsibilities.

In 1963, Robert Heller and Associates, Inc., prepared a national
information-handling plan '40 for the National federation of Science
Abstracting and Indexing Services (NFSAIS), with special emphasis on
secondary information-processing functions. The plan provided for the
creation of a central operating unit as a joint venture of 18 existing
profession-oriented services. This collaboratively operated "Organiza-
tion X" would have responsibility for repackaging and processing in-
formation from both discipline- and mission-oriented sources in such a
way as to meet the ever-changing demands of the mission-oriented
category of need. Though eventual savings in operating costs as a result
of collaborative effort and the reduction of duplication were foreseen,
the framers of the plan recognized that the initial steps would require
support from the NSF and recommended that grants be made to the ser-
vices imolved in order to implement such a program. They further
recomnended that a committee composed of representatives of the
services, policy-making officials from the sponsoring organizations, and
representatives of the NM/ plan and develop a pilot program. With regard
to NFSAIS, the plan called for expansion of its membership among all
types of abstracting and indexing services and its assumption of a
stronger role in representing the industry position and point of view.

Again in 1964, the osr convened an ad hoc panel, headed by 3. C. R.
Lkklider, to examine and assess the situation and trends in scientific and
technical communication, with special emphasis on the nongovernmental
point of view, and to prepare an evaluative progress report.' In sum-
marizing their impressions, this Panel commented on the very limited
success of the government in persuading the scientific community to
cooperate in efforts to integrate public and private services into a unified
system and stressed the need to develop guiding principles for the
centralization of some functions (e.g., over -all planning, monitoring
compatibility, developing standards) and the distribution of others (e.g.,
abstracting, indexing, synthesizingtasks involving substantive efforts).
They stressed also the need for a clearer understanding of the informa-
tion needs of generators and users and suggested wider and more sys-
tematic use of assessments of user needs as well as the conduct of
medium- to large-scale tests of experimental manmachine information
systems. The Panel examined in some detail the operation of the Na-
tional Library of Medicine and the Library of Congress and contrasf.ed
the evolution of the former in the direction of a central focus for a
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system of field-oriented libraries and services in the life sciences with
the less forward-moving functioning of the Library of Congress in rela-
tion to the natural, social, and engineering science communities that it
serves. The possibility of instituting one or more additional national
libraries to meet more effectively the scientific-and-technical-information
needs in the latter areas was mentioned. Finally, the Panel drew atten-
tion to some of the problems resulting from government subsidizing of
scientific-and-technical-society-operated, not-for-profit publications. The
for-profit publishers whom they interviewed tended to recognize the
government's responsibility to disseminate information and to have no
objection to the subsidizing of not-for-profit publishers who did not
compete with them, but many societies that received subsidies published
not only archival Journals but magazines carrying news and advertising.
Since the society was the fiscal entity subsidized, the subsidy was often
viewed as a means of fostering a competing publication, the sponsors of
which were favored additionally by the tax structure.

At the present time, interagency operational and policy coordination
is the principal objective of most of the work undertaken by the osr and
by the rest's Committee on Scientific and Technical Information. The
development of compatible statistical reporting systems by government
agencies, the review of classification policies, and the study of the impact
of pending patent and copyright legislation on the conduct A federally
sponsored research-and-development programs constitute some char-
acteristic examples of areas ieceiving attention. The NSF'S Office of
Science Information Service, assisted by its Science Information Council,
provides leadership and incentives in the development of information
programs by the nonfederal community and tries to assure their adequacy
and soundness in support of the country's over -all scientific and technical
effort. An exchange of letters between the Director of the osr and the Di-
rector of the NSF in 1964 formalized this understanding with regard to
_teas of responsibility.

Late in 1965, NSF, with osr and COSA?t concurrence, suggested to
the National Academy of Sciences that a Committee on Scientific and
Technical Communic.ation be established under the joint sponsorship of
the National Academy of SciencesNational Academy of Engineering
in order to review and appraise the complex network of scientific-and-
technical-oxnmankation activities from the viewpoint of its responsive
ness to the current and future requirements of the scientific and technical
community. Recognizing the need for and timeliness of such action, the
Academies agreed, Ind with support from the NSF, SATCOM came into
being in February 1966.
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C. APPRAISAL AND PROJECTION

The activities and efforts of several government organizations reflect
federal concern with the over-all guidance and coordination of scientific
and technical communication. Two of these, the osr and the Fcsr, co-
ordinate in two different but complementary ways information products
and cervices and related research-and-development activities among
federal agencies. The osr serves both the President's Adviser for Science
and Technology and the Federal Council in a staff capacity. Through the
performance of its staff role for the President's Science Adviser it has
direct responsibility to assist the President in those executive functions
that relate to science and technology. Further, the osr staff member
assigned to scientific and technical information also chairs the FCST'S
Committee on Scientific and Technical Information (cosArt), with osr
providing the secretariat for COSATI. As a result, osr has a major part in
developing and recommending policies and specific action relevant to
scientific and technical communication. COSATI has been especially con-
cerned with reducing the diversity of procedures and formats employed
by federal agencies and has provided a forum for reaching agreement
on such matters as microfiche standards or the descriptive cataloging of
technical reports. Additionally, COSATI has provided exploratory studies,
background information, and recommendations to assist the Federal
Council in the development of policies affecting scientific and technical
communication.

Another strong coordinating influence on scientific-and-technical-
communication activities at the national level is that of the NSF'S Office of
Science Information Service, which guides, strengthens, and assists efforts
to improve the effectiveness and efficiency of scientific-and-technical-com-
municadon services and systems in the private sector. As a result of the
NSF'S suppers and guidance, some of the major disciplines have de-
veloped Information services adequate to fulfill not only their own needs
but those of closely allied or mission-oriented endeavors. Additionally,
the NSF facilitates the coordination of information activities through
wide-scale Osseinination of Information about scientific-and-technical-
cottununiTation plans and projects of private and governmental organiza-
tions at both the national and international levels.

At this point, a description of the organization which has taken shape
in the Soviet Union will add to our perspective, The current Soviet system
developed in the wake of a 1952 resolution of the Council of Ministers
providing for the establishment of an organization for directing all
information services in the Soviet Union. The State Commmittee for
the Coordination of Scientie..; Research in the Soviet Union ha: re-
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sponsibility for the general management of the scientific information
system. The network includes several All-Union Information Institutes of
which the major one for scientific and technical information (vnitri)
was established in 1952 under the joint authority of the State Committee
and the Academy of Sciences. VINITI'S responsibilities include the sys-
tematic collection and abstracting of the (open) world literature in the
fields of natural science and technology; publication of abstracts, journals,
reviews, bibliographies, and spot reports on timely topics; and the organi-
zation and development of research directed toward improving the
methodology of science information services. Other All-Union insti-
tutes cover, respectively, medical and medicotechnological information,
agriculture, construction and architecture, and the patent literature. At
successively lower levels of the information hierarchy are information
institutes and bureaus in the various republics, in economic regions, in
specialized disciplinary fields, and in industrial enterprises. The Soviet
system is based on and organized around a two-way flow of information.
All printed information is processed centrally and flows downward to
serve all channels of the country's information services; conversely, spe-
cialized information agencies at the lower levels extract, assess, and syn-
thesize information received directly from the laboratory bench or the
design and development section and channel it upward from there
throughout the system. The Soviet information system differs in three
major respects from the pattern that currently prevails in the United
States, and in some respects from even the most highly coordinated ar-
rangements that have been proposed. First, there is a central compre-
hensive mechanism for creating access tools. Second, a unified ad-
ministrative apparatus staffs all levels of activity in the area of scientific
and technical communication and provides a comprehensive hierarchical
structure for the careers and advancement of information specialists.
And third, Information specialists at key points stimulate a direct flow
of information on on-going scientific and technical work from the work-
bench upward, an arrangement that Is feasible only in an economic
system In which the concept of proprietary information does not enjoy
the same pre-eminence as in ours.

In contrast, scientific and technical communication in the United
States presents de characteristic heterogeneity of a system which has
evolved by fits and starts through adaptation to locally perceived needs
aLd opportunities. Decisions occur at numerous points with a con-
siderable degree of autonomy and often are made by members of the
scientific and technical community who serve as volunteers in the man-
agement of information smices. 'This dispersed system of decision is
a source of great strength as long as it functions reasonably well; however,
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the expansion of information services to meet the needs of increasingly
diversified user groups and to cope with the rapidly growing store of
information raises serious questions about our country's ability to main-
tain high-quality services in the future under such unstructured co-
ordination and leadership.

To convert at this time to a highly centralized, comprehensively
planned, developed, and operated national system for recording, struc-
turing, and distributing scientific and technical information not only
would be extremely costly, but would not ensure improved performance.
Voluntary cooperation and coordination are of overriding importance
if the characteristic sources of strength in the conduct of our scientific-
and-technical-communication functions are to be preserved. Our Recom-
mendations AI through A5, and E10, provide the essential fn"iework
for realizing this objective. Foremost among them is the creati...1 of a
Joint Commission on Scientific and Technical Communication, re-
sponsible to the Councils of the National Academy of Sciences and the
National Academy of Engineering (see Chapter 10), and acceptance
of a basic philosophy of shared responsibility between the government
and the private organizationsboth those for profit and those not for
profitfor the development and maintenance of an effective scientific-
and-technical-communication network.

D. BASIC SUPPORTING POLICIES

Three conditions have fostered a recent trend toward direct operation
of basic access services by the government: first, the assumption of
current awareness functions by services that formerly served only as
depositories or reference sources; second, the opportunities to extend
U.S. information programs into other countries on a work- and cost-
sharing basis; and third, the mailability of funds under government
agency mission budgets to initiate such services and merge their costs
with those of the activities that they support. The trend receives further
impetus from the failure of abstracting and indexing services in a number
of disciplines to meet fully the demands placed upon them. The scientific
and technical community has begun to view with alarm the expanding
role of the federal government in the operation of basic access services, a
trend which it perceives as potentially jeopardizing the community's
control of discipline-oriented services or systems and gearing what
should be a long-term stable and orderly evolution to the vagaries of
federal budgets in science and technology.

As the first of several basic, guiding principles aimed at clarifying
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the relative roles and responsibilities of the government and private or-
ganizations, we advocate that all government-sponsored scientific-and-
technical-information programs intended primarily to serve persons
outside government service, or government employees whose activities
are similar to those outside, should be managed in whole or in part by
the appropriate societies, by institutions Jointly created by such societies,
or in some instances by commercial organizations (see Recommenda-
tion A3). As a corollary, government agencies, in developing their
mission-oriented information programs should use, under arrangements
of equitable reimbursement, the privately operated basic information
services that can serve as component elements in such programs and
should upgrade such services when necessary rather than instituting their
own in competition.

We feel that placing the intellectual management of primarily dis-
cipline-oriented services in the hands of the appropriate societies or
groups of societies, when these exist, provides the insight and rtidance
generally essential to the effective operation of such services, scientific
and technical societies can enlist the efforts of highly competent and in-
terested members who frequently will serve on a voluntary, part-time
basis. Many qualified individuals who feel an obligatiot, to assist with
the communications programs of their respective fields of science and
technolegy would not perform similar work on a full-time basis in a
government organization, or would do so only for a high rate of compen-
sation. Further, the scientific and technical community places great em-
phasis on continuity and the need to ensure the steady evolutior of a
field in spite of the pressures of shifting fads and fluctuating budgets. In
addition, management by appropriate societies affords a division of roles
and responsibilities which results in more effective performance in the
public interest. The government, in securing, subsidizing, creating, or
guiding scientific-and-technical-information services, acts as agent of the
people and, therefore, must continually review and evaluate the adequacy
of such efforts. When the government seeks to provide these services to
the public, rather than to secure. them for the public, the substantive ex-
)erts who should fulfill the role of public advocates and ensure the

maximum value and responsiveness of the services often are employed
in an operating role which sometimes detracts front or obstructs their
power of deliberate review in the interest of the public. When scientific
and technical societies provide the necessary services, operating as they
inevitably must with government assistance, their performance can be
carefully monitored and assessed by the contracting or supporting gov-
ernment agency in the best interest of the plblic.

The unique attribute of commercial publishing houses stems from the
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fact that their suriival and growth are tied directly to tiler ability to
understPnd and serve users' need;;. This ability has important applica-
tions in the service of the interests of both scientific and technical societies
and government agencies i should be utilized.

Another area in which policy add guidelines need to be more firmly
established is that of ensuring that originators and users of information as
well as the sponsors under whose aegis they work share in an equitable
manner the responsibilities and costs of the dissemination of information.
A central theme of the Weinberg Report "0 was the need to consider the
information process in its entirety-- from generation through retrieval
as an integral part of the researcri-and-development effort. Publication
alone does not complete the job of making the results available to the
society for whose use they were acquired. With the expansion of the
body of recorded information, the likelihood that all the information
which could be of use in a given operation will have its origin in the
geographic, temporal, or disciplinary neighborhood of this potential
point of application decreases. The condensation of information for use
in announcement and awareness services, its consolidation through
critical review and synthesis, and its preparation for storage and manipu-
lation in computer-managed structures which provide for search, re-
trieval, and selective dissemination- all theseare now as much a part
of the research - and - development process as the initial publication of
results.

In 1961, the FCST recognized and endorsed this principle at least in
part by issuing a policy statement which allowed page charges as direct
costs under research-and-development agreements of government agen-
cies and standardized the procedures and conditions for applying the
policy. The exploration of modifications and extensions of this policy
and their trial are urgently needed. In order to establish conditions which
will facilitate exploration along these lines, we call upon the FCST to
extend its 1961 policy statement on the subject of page charges in sup-
port of initial publication to embrace as integral to the sponsorship of
research and development the processing of the information so generated
for access, consolidation, and use (see Recommendation A4). This
recognition in principle should be supported by practical guidelines
governing the allowability as direct charges under research-and-develop-
ment contracts and grants of equitable amounts for the use of such
processing services and the work load imposed on them in connection
with sponsored work.

A third area requiring attention and appropriate action relates to
the slowly knitting, massive, mission-oriented programs of recent years
which deal with major social concerns, such as natural resources, edu-
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cation, transportation, pollution, and urban problems. The role of sci-
ence and technology in the resolution of these problems is not yet clear;
therefore, the nature and scope of the information programs that they
will require only gradually will become apparent. The policies and prac-
tices identified as essential for the effective operation of scientific and
technical communication are particularly important in relation to this
new range of national endeavors. Adequate data bases and information
systems substantially more extensive thar. those that have heretofore
supported our major scientific and engineering efforts will determine to
a large extent our success in marshaling the full potential of science and
technology for these purposes. Economic, demographic, and sociological
information will have to be readily available and used in complete
integration with engineering, geographic, and other relevant kinds of
information, We urge, therefore, as a matter of policy, that agencies that
sponsor major programs of research, analysis, and field experimentation
in such contexts as resources management, environment control, trans-
portation systems, and urban renewal regard the development of the
information systems that their scope and impact require as one of their
paramortnt tasks (see Recommendation A5), Information-management
activities should receive special and early attention at a high level in
order to assure continuity and authority in their administration, and
existing institutions and pertinent resources in both government and
private organizations should be utilized in information-program de-
velopment. An effective start was the establishment of the Educational
Resources Information Center (Elm) by the Office of Education as
part of its broad program. The Department of the Interior has considered
possible steps toward the development of a more effective information
system, and the Departments of Transportation and of Housing and
Urban Development have begun the planning of such programs. Such
efforts should receive the encouragement, support, and cooperation they
require from other government departments and from the scientific and
technical community.

A final policy consideration is the role of the federal government in
providing incentives for exploratory innovations and experiments, par-
ticularly those involving large populations and large stores of inform
lion, Such experiments frequently involve a capital outlay or a financial
risk that would be excessive for a private organization, particularly when
the experiment involves large-scale use of advanced technologies. Such
innovative experiments often are not priority requirements in connec-
tion with specific mission-oriented systems and, as a result, may be diffi-
cult to justify in such contexts. Yet, if scientific-and-technical-com-
munication endeavors are to meet the new and increasing demands of
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the coming years, these experiments must be undertaken promptly and
not on a subcritical scale. Further, there is need !or coherence and con-
tinuity in their planning and administration. We feel that the federal
government should establish a ,)d fund a single group to plan a unified
program of critical experiments of operational scale in scientific and
technical communication and to find, guide, and support contractors
in the conduct of these experiments (see Recommendation E10). The
Committee considers it of importance that in planning and directing
the conduct of this program the designated government group provide
encouragement and incentives to the participation of the industrial
commercial sector.

We consider the NSF, because of its mandate and experience, a suitable
agency to assume responsibility for the proposed program, provided that
the Foundation should find it feasible to operate under the indicated
stipulations. In its projected program plans, the NSF has placed major
emphasis on the development and operational testing of new or markedly
improved information szrvices and has planned to increase its budget
allocation for such activities to some 70 percent in 1972 (as compared
to 20 percent in 1966). One model example of the type of innovation
envisioned is the Chemical Information Program undertaken by Chemi-
cal Abstracts Service with support from several, government agencies
under the leadership of the NSF. Other examples are the comparison of
machine-aided indexing techniques with traditional forms of wholly
human indexing (Recommendation E4), the exploration of on-line inter-
active modification of information files in computer systems (Recom-
mendation E6), or the development of a formal language for the descrip-
tion of file structure ctecommendation E8). Recent legislation has
broadened the Foundation's authority in support of applied research
in general, thus strengthening its mandate to function in the proposed
role.
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International Cooperation in Scientific
and Technical Communication

Increased attention in the United States and other countries to national
arrangements for the planning and coordination of scientific-and-techni-
cal-information activities has been accompanied by an increase in the
number and diversity of international efforts toward facilitating access to
the world's scientific and technical literature. These efforts are of three
major types:

1. Direct cooperative arrangements between discipline-o; iented insti-
tutions or mission-oriented government agencies to improve coverage
and economy by sharing the work and products of information-handling
activities

2. The cooperative stewardship and dissemination of tho information
generated by large international research programs, such as the Interna-
tional Geophysical Year

3. Programs and studies sponsored by international organizations to
integrate the efforts of many countries and effect technical and economic
improvements in the processing and dissemination of information

The international organizations that sponsor or participate in efforts
of the latter two types may be governmental, such as those of the Urited
Nations or the Organization for Economic Cooperation and Develop-
ment (oecv), or they may be scientific and technical societies, such as
the International Council of Scientific Unions (tm), the International
Federation for Documentation (Fm), the International Federation for
Information Processing (Om), or the Council of International Or-
ganizations in the Medical Sciences (cioms).

The development of international cooperation in scientific and techni-
cal communication presents two ratt;or challenges, each of which raises

259
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its own characteristic problems. The first relates to stimulating greater
coordination among the information-exchange efforts of the developed
nations; the second is to foster the evolution of mechanisms which will
assist the developing world to gain access to and derive benefit from
pertinent bodies of such information. The achievement of both objec-
tives is in the long-term interest of the United States. In the next decade
or so, the burden on this country of providing a complete suit of avail-
ability structures for the world's scientific and technical literature would
grow to massive proportions, while the fraction of its own contribution to
this total would inevitably shrink. Consequently, U.S. participation in
arrangements directed toward international coordination in the handling
of scientific and technical information is essentiala point which the
President's Science Adviser emphasized in a recent address " when
he stated:

In developing our information system we must also learn how to cooperate on
an International basis more effectively. The United States has no monopoly on
scientific and technical information, nor on information analysis centers. You
. . . must learn bow to incorporate Information drawn from the entire world
Into your activities. You must learn how to make use of centers of individual
specialists in other countries. You must view yourselves as participants In a
worldwide activity common to all developed nations.

This chapter briefly reviews and gives examples of the main types of
cooperative efforts, both to inform about them and to stimulate their
more extensive use. We consider all of them important, and our main
concern is that of reducing the barriers to their effective use.

A. DIRECT ARRANGEMENTS

The development of a national service that attempts to satisfy the in-
formation requirements of a particular discipline will of necessity assume
an international dimension. For example, only one third of the papers and
one fourth of the patents covered by Chemical Abstracts in 1966 origi-
nated in the United States, and nearly half of the articles abstracted
were in languages other than English. More than 50,000 of the sub-
scribers to American Chemical Society publications are located in foreign
countries, a figure which does not include some 25,000 copies of these
publications which the Soviet Union prints photo-offset and distributes. In
addition to an abstracting staff in their main office, Chemical Abstracts
Service (cAs) depends on more than 3,000 outside abstractors, a third
of whom work in foreign countries. More than 100 are in Japan; they
prepare abstracts from about 800 periodicals and help to identify and
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locate obscure publications in which relevant articles occasionally appear.
Similar groups work in Australia, Italy, and other countries. The Soviet
Union supplies CAS with its chemical journals for abstracting and index-
ing in return for subscriptions to Chemical Abstracts,

Even closer and of longer standing is the cooperation of CAS and the
Chemical Society of London. Under this arrangement, CAS is recognized
as the abstracts publication in this field for the United Kingdom, and
the Chemical Society has established an information center, one function
of which is to test and adapt CAS computer-based services to the needs of
British scientists and engineers, CAS bas also participated in a series of
discussions with a group of German firms in regard to cooperation in a
number of areas ranging from exchange of analysis 41nets to agreements
on data formats and storage and use of CAS magnetic tapes by the
German firms.

Another noteworthy example of international cooperation is the
merger of the Review of Metal Literature, formerly published by the
American Society of Metals, and the British publication, Metallurgical
Abstracts, formerly published by the Institute of Metals. The resulting
new international journal, Me:As Abstracts, is mutually and equally ad-
ministered, edited, and financed by the two participating organizations.
Among the main considerations that led to the merger were: (a) avoid-
ance of unnecessary duplication; (b) elimination of competition and the
establishment of a strong, unified product; and (c) enhancement of sales
potential. As a result of pooling the resources and staff experience of the
two organizations, coverage and organization of content have been
improved and subscription rates reduced. The new publication already is
enjoying wider distribution and greater utilization than did its two
predecessors.

The production of Electrical and Electronics Abstracts (EEA) (for-
merly Series B and C of Science Abstracts) also provides an example
of international cooperation and involves the joint efforts of the Institute
of Electrical and Electronics Engineers (IEEE) and the London-based In-
stitution 9f Electrical Engineers (IEE). The IEEE has responsibility for in-
dexing, classifying, and editing abstracts of its own publications and, by
1969, plans to send its contribution in magnetic tape form for direct input
to the journal. Classification and indexing schemes and other product
decisions are developed jointly through an IEE-IEEE policy committee.
At the present time, plans are in progress for joint distribution of
magnetic tapes covering the entire bibliographic record of EEA. In addi-
tion to this cooperative endeavor in the international arena, the FEE
sponsors a translation program and publishes a Spanish-language journal
for its Latin American members.
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The evolution of innovations in information handling and steps toward
systems development in the field of physics also have involved close
cooperation between the United States and the United Kingdom. Sum-
marizing joint plans in a letter to the Director of the SEE early in 1966,
the Director of the American Institute of Physics (Air) indicated that:
"It is our intent that we develop together a concept of a total information
system for physics." The ASP has cooperated with the London-based IPE
In the publication o Physics Abstracts (Series A of Science Abstracts)
for decades t..1d is represented on the SEE Editorial Advi.nry Committee,
thus participating In decisions affecting coverage and the organization
of material. Close cooperation at the working level ensures the smooth
and efficient merging of U.S. material, derived from ASP primary publica-
tions, with the tee-prepared remainder. Currently, parallel and closely
coordinated experiments in computer-based photocomposition are in
progress which should further expedite the production of Physics Ab-
stracts. The AIP acts as distribating agent in the western hemisphere for
both Physics Abstracts and the recently launched Current Papers in
Physic", a current-awareness serial in newspaper format that covers
the current issues of some 700 physics journals by bibliographic citation
of individual papers. Studies of the use and effectiveness of the latter also
have involved closely coordinated joint efforts of the ASP and the SEE.

An additional illustration of the international scope of the AIP'S
planning t torts was an experimental study to ascertain the feasibility of
a preprint-exchange service in theoretical high-energy physics. The
sample for this study included all known theoretical high-energy physi-
cists throughout the world. Other than fulfilling its primary purpose, this
study provided a wealth of data on worldwide information- exchange
patterns and practices, both formal and informal, in this subfield.

The information programs of a number of mission-oriented govern-
ment agencies also are internatic nal in scope. For example, the National
Aeronautics and Space Administration (NASA) affords current access
to technical report literature generated not only in the United States but
also in foreign countries through its semimonthly Scientific and Technical'
Aerospace Reports (.sTAR), Some 300 exchange agreements, of which
the one with the European Space Research Organization (Eno) is an
example, provide foreign coverage. The agreement with SRO involves
the exchange of NASA tapes and microfiche for compatible fiche and tape
records of about 1,000 reports each year. Complementing STAR'S cover-
age is that of International Aerospace Abstracts (IAA), operated by the
American Institute of Aeronautics and Astronautics under contract to
NASA, which covers the world's scientific and trade journals, books, and
meeting papers in the aerospace field.
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The Atomic Energy Commission (aac) participates in a number of
cooperative projects with Canada and the nations of Western Europe,
which typically involve the exchange of 'loth personnel and informa-
tion on a roguia; basis. For example, thr.....gh the International Atomic
Energy Agency (Vienna), the AEC conducts institutes, plans training
courses, organizes exhibits, leases apparatus, and consults. Particularly
noteworthy in the present context are the efforts of the AEC in the de-
velopment of an International Nuclear Information System (Inks), under
whose terms participating countries or groups of countries scan their
own literature, decide on input items, and write machine-readable biblo-
graphic citations and subject terms (in English) for deposit in a common
pool. In return, the participants n., y draw on this pool for the establish-
ment and operation of their own national nuclear, information services,
among which Nuclear Science Abstracts figures as the U.S. service. Co-
operative efforts also include arrangements for gneratin.g nuclear in-
formation services in developing countries.

A final example of international effort:, related to U.S. Government
information systems is the extension of MEDLARS to medical libraries in
foreign countries, which is going forward under the auspices and with
the assistance of the Organization for Economic Cooperation and De-
velopment (oEcD). The arrangement involves the introduction of
MEDLARS search technology into the libraries of a number of interested
member countries of OECD, "hich, in exchange, are expected to provide
the National Library of Medicine with approximately 50,000 indexed
citations per year, derived from their own national biomedical journal
literature. Two overseas MEDLARS computer-operation, -test, and -train-
ing sites already are in existenceone in Sweden and one in Great
Britain.

Recognizing the increasing participation of mission-oriented govern-
ment agencies in international arrangements for the exchange of sci-
entific and techt.:,:al information, the Federal Council for Science and
Technology recently issued a policy statement in order to achieve
unified practices among agencies entering into such arrangements. It en-
courages the evolution of compatible U.S. and foreign information sys-
tems and fosters the establishment of networks through which the world-
wide :cientific and technical literature will flow routinely. The preamble
reflects the basic tenor of the policy statemeat ": "The U.S. Govern-
ment seeks the widest possible dissemination of knowledge, in partcular,
the open exchange of scientific and technical infermation." A number of
guidelines for attaining this objective follow, of which some samples
are:
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I. With au table provisos, U.S. Government agencies shall generally
seek a reasonable return, in the form of either publications, information,
materials, services, or money.

2. Preference shall be given to multilateral arrangements where the
latter are as effective as bilateral arrangements.

3. The participation of qualified U.S. citizens in the official structure
of International information-exchange organizations shall be encouraged.

4. Lead agencies in subject-matter fields such as nuclear energy, agri-
culture, or health have primary responsibility for meeting the objectives
of these policies, subject to foreign policy guidance from the Department
of State and with responsibility for keeping other agencies informed of
any significant developments in their relationships with other countries
or international organizations.

These policies provide a firm framework for direct arrangements of co-
operation on the part of federal agencies; comparable encouragement
and guidelines for such activitle- 'rt the nonfederal sector are need& (see
Recommendation A7 in Chap \ .

The few examples of disc .e- and mission-oriented cooperative
efforts briefly indicated in this section are intended to stimulate explor-
ation and experimentation in those organizations which thus far have
not appreciated the feasibility or potential of such cooperative arrange-
ments. Some fields, such as oceanography, which are characterized by
extensive international research programs and related organizational
activities, may find little here that is new; others, we hope, will give
serious consideration to implementation of our Recommendation A6
(see Chapter 3).

13. INTERNATIONAL PROGRAMS OP COOPERATIVE
RESEARCH

Cooperative international research programs, such as the International
Geophysical Year Oat, the International Hydrological De-tde (non),
or the International Biological Program (HO, provide an opportunity
for the exchange of scientific and technical information on an interne-
lima] scale and require the cooperative stewardship of data in order
to make it accessible to all who take part in the program as well as to
all those throughout the world who have an interest. This section shows
some of the ways In which such international research Nograms have
responded to both these challenges,

One of the earliest and most successful of the international research
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programs was the International Geophysical Year (toy), which set the
pattern for and stimulated many of the subsequent efforts of this typo.
Typically, such programs are sponsored by member unions of the
International Council of Scientific Unions (tcsu), often in conjunction
with the United Nations Educational, Scientific, and Cultural Organi-
zation (uNEsco). In the case of the toy, the International Union of
Geodesy and Geophysics was the tcsu union chiefly involved. A U.S.
National Committee, organized and staffed under the National Research
Council of the National Academies, generally plans, coordinates, and
assists in various aspects of U.S. participation. Interested agencies and
departments of the U.S. Government maintain liaison with the Com-
mittee or actively participate in the implementation of research efforts
with the advice and guidance of the Committee. In some instances,
an organizational structure already exists within the Academies that
can readily undertake the channeling of U.S. effort; in the case of
the 10Y, the U.S. National Committee for this purpose was newly estab-
lished in 1952. Because of the continuing activity generated by the toy,
the rrAs subsequently created a Geophysics Research Board in 1960 to
develop and coordinate U.S. contributions to the International Year
of the Quiet Sun (tQsv), the Upper Mantle Project (umP), the World
Magnetic Survey (wMs), and the International Years of the Active
Sun (tame), and to take responsibility for the terminal activities of the
toy as well as for the publication program which resulted from it. These
programs proved to be powerful stimuli to interest and activity in
relevant disciplines and resulted in a flood of information and data,
essential not only to the continuation of work in progress but having
implications for and applications in other not directly related efforts. As
a result, the national coordinating committees of such programs must
function also as broad-based channels in the informal commutic3tions
network of the affected disciplines.

Th3 formal information activities of the U.S. National Committee on
My provide good examples of those engendered by participation in
worldwide research efforts. This Committee, of necessity, functioned
largely as a pioneer, meeting each new problem as it was recognized.
By the end of the active 143Y perioi,50Me 10,000 books, articles, reports,
manuscripts, and memoranda dealing with tl-e various aspects of the
program had accumult ed: Cataloging this collection and making items
from it available to interested persons became important activities under
the aegis of the U.S. National Committee. Additionally, it undertook the
monthly publication of an IG? Bulletin, whkh, at the close of the tov,
became the medium for reporting the U.S. contributions to subsequent
international endeavors of geophysical research (rzsv, WMS, UMP, the
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Antarctic Research Program, and others). (To reflect its broader scope,
its name was changed to the 10 Bulletin.) The Committee also sponsored
and produced a series of 13 educational films and a set of science-
education teaching aids to disseminate: knowledge gained from the
research.

In addition to the dissemination efforts of the U... National Com-
mittee on the lOY, an icsu Special Committee published Annals of the
toy, a 44-volume series prepared through the cooperative efforts of
many scientists throughout the world rind dealing with such things as
the history of the toy, research reports, conference proceedings, data
compilations, and catalogs.

To cope with the data generated by the toy research program, three
World Data Centers were established, each of which collected a com-
plete set of data: World Data Center A in the United States; World
Data Center B in the Soviet Union; and World Data Center C, distrib-
uted by disciplines in Australia, 3epan, and eight countries of Western
Europe. With the termination of the toy, the functions and responsi-
bilities of these centers were extended on a continuing basis to other
activities, such as the International Year of the CJiet Sun. These centers
accept data from the participating research teams; process, announce,
disseminate, and provide on-site access to data; and exchange data with
other centers of the complex. Though a World Data Centet A Coor-
dinating Office, the National Academy of Sciences exercises over-all
responsibility for the Center's eleven subcenters which are located at
suitable institutions throughout the United States.

Increasing emphasis on the information aspects of international geo-
physical research programs has resulted in their receiving special atten-
tion in the early planning stages rather than as specific needs arise. Poe
example, the exchange of information and supporting services is one
of five major areas of activity planned for the initial phase of the Inter-
national Hydrological Decade (tno). The U.S. Committee for the IHD
provided five specific directives in this context: (a) indexing and ab-
stracting of documents pertaining to the inn should be carried out by
authors; (b) national and international library exchanges of publics-
dons on hydrological research should be ercouraged; (c) 200-word
summaries of current U.S. hydrological research yokels should be sent
to the Science Information Exchange (Smithsonian Institution); (d) the
American Geophysical Union's Journal of Water ReSORtet I, the Ameri-
can Water Resources Association's 11plata, and several other Journals
partially devoted to hydrologic research should be utilired as publication
media for reports of MD research; and (e) standardization of instruments
and units, compilation of multilingual terminologies, preparation of
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handbooks on methods, and comparisons of Instrument effectiveness
under different environmental conditions should be. carried out in order
to ensure adequate collection, interpretation, and analysis of data for
the HID. Similar concern for information handling is apparent in the
efforts of the tau Committee on Space Research (cosPAR). One of its
six organizational working groups has as its specific purpose the inter-
national exchange of data and publications through World Data Centers
in the United States, Europe, and Japan.

Of the various international research efforts currently in progress or
planned, one of special utility to developing nations Is the International
Biological Program (tap), which will address itself broadly to the bio-
aspects of productivity and human welfare. The U.S. program involves
two major clusters of studies dealing with "Environment" and "Man,"
and assigns top priority to: (a) an analysis of the ecosystems in six con-
trasting regions; and (b) studies on the ecology of migrant populations,
en adaptation to hostile environments (jointly with Canada, Denmark,
and Fran,..), and on evolutionary mechanisms of various plants and
animals (with South and Central America). The problem of Information
and data management has been recognized And has received attention
in workshops on systems analysis held by the planners of the "Environ-
ment" and "Man" portions of the program. Additionally, proposals
directed toward developing a system for rapid transmission, storage, and
retrieval of information generated by the program have been reviewed.
So far, detailed considerations have been limited to the Infonuction
requirements of the program management and have not touched on the
broader question of how to adapt or supplement existing information-
noodling utivities in order to make the information generated by the II1P
generally accessible and useful.

C. EFFORTS OF INTERNATIONAL OROANIZATIONS

International endeavors to facilitate and coordinate the exchange of
scientific and technical information generally have been sponsored by
various governmental (e.g., UNESCO, otco) and nongovernmental (e.g.,
tcsu, Pm) International organizations, frequently as joint efforts. As
early as 1949, the Department of Exact and Natural Sciences of UNESCO
convened a conference at which eleven tcsu unions were represented to
consider problems of scientific abstracting. The conference recommended
the creation of a coordinating committee of tcsu to foster cooperation
among existing abstracting services. As a result, the tcsu Abstracting
Board came into being in 1932. In subsequent years, this Board has
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worked steadily to secure the adoption of certain unit rm policies and
procedures among major journals in various participating disciplines and
countries. Initially, the Board concerned itself with publications in the
field of physics; subsequently, it enlarged its scope to include chemistry,
then biology, and recently, earth sciences. The members of the Board
represent international unions, the management of the principal second-
ary publications in different languages, and the International Council
itself, Its activities are jointly supported by rosy, UNESCO, and NSF.
Among its main accomplishments are: (a) spreading the policy of re-
quiring the preparation of author abstracts for published articles in
accordance with rules and standards which it has promulgated; (b) ob-
taining cooperation among journals In the prompt distribution of tear-
sheets and proofs of titles and abstracts to be published; (c) proposing
for uloption standard procedures for abbreviation, classification, index-
ing, and abstracting; and (d) negotiating or facilitating the exchange of
primary materials or proofs among countries. As an example of the
tatter activity, the ICSU Abstracting Board was instrumental in negotiat-
ing an agreement in 1954 for the regular exchange in galley proof of stx
Russian and eight US. journals in physics. In later years, most member
countries have negotiated direct exchange agreements on their own, but
the Board lends its aid whenever such assistance is desired. In addition,
the Board has urged revision of the Universal Decimal Classification
system (in cooperation with Fa)), obtained tt a assistance of editors in
circulating information on significant nonpert, licel literature in various
countries, and conducted a number of special ;.tidies, such as a survey
of the organization and functions of abstractlrie services in different
branches of science and technology. i`ossibly its most useful function is
that of serving as a forum where representative producers and users of
information can meet with announcers of information to define and
discuss problems and explore possible solutions.

Another rosy -spmsored activity multi% to stimulate international
cooperation in the assembly of easily accessible, critically evaluated
reference data. This problem is a long-standing one among both tech-
nologists and researchers, and it reached an acute stage by the early
1950's in the upsurge of scientific and techn. ,ical activity that followed
Wald War 1I. Several countries launched expanded efforts in the
area of compiling tipto-date quantitative data, but no country was suc-
cessful in meeting all its needs. As a msult, the Nttional Ac demy of
Sciences early In 1964 urged tcsu to undertake the task of coordinating
the many Individual efforts in this area. (The predecessor organization of
tau had sponsored the publication of a set of internatioaal tab',4
for physics, chemistry, and technology in the 1920's, and ;his former
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involvement as well as tcsu's broad scope made its choice most appro-
priate.) An tcsu working group reviewed the problem and recom-
mended a year later that the Council accept this responsibility. Conse-
quently, the Committee on Data for Science and Technology (conaTa)
came into existence in January 1966; it includes representatives of ten
unions of tcsu and of nine leading nations, several of which already
were engaged in such efforts. The central office was temporarily estab-
lished in the United States at the National Academy of Sciences, with
transfer to permanent quarters in West Gummy occurring in late 1968.
CODATA began s.ts work by assessing the existing situationsources,
capabilities, and needs. Its major objective is to foster the production
and distribution of compendia and various types of collections of criti-
cally selected numerical and other quantitatively t rpressed data on
properties of substances on a world-vide basis. ancady, it is attempt-
ing to promote the adoption of standards and a uniform editorial policy
in the handling of data and has formed task groups on computer applica-
tions, fundamental constants, cherries) kinetics, and key values for
thermedynamks. A special objective Is to stimulate young scientists and
engineers to engage In data compilation and evaluation by improving
salaries, working conditions, and the professional status of such work, In
addition, the Committee attempts, through conferences and visits be-
tween centers, to encourage greater interaction among data yecialists
in various fields and to foster the closing of existing data gaps. CODATA
hopes also to increase recognition and acceptance of the necessity for
subsidies, probably long-term ones, to promote not only production but
fullest utilization of critically evaluated, quantitative data.

Three other nongovernmental organizations especially active in in-
formation exchange at the international level are the International
Federation for Documentation (m), the International Federation for
Information Processing (Im), and the Council of International Or-
ganizations in the Medical Sciences (aous). A U.S. National Committee
for tin was established in 1939 and has had some success in stimulating
tin to take a broader and more active role in the field of scientific and
technical communication. For most of its long history, t ID (established in
1893) Las devoted its efforts and attention chiefly to the Universal Deci-
mal aassificatio a (uoc) system; it assembled and widely disseminated
information on this system, encouraged the American Institute of Physics
project on evaluation of UDC as an indexing language for mechanized
reference-retrieval systems, and established a network of study groups
for revision of um. But in 1939 sm began a greatly expanded program
of activities, including studies and experimentation in such areas as
linguistic problems in documentation, copyright problems, compatible
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standards and classification procedures, development of special informa-
tion centers, and ski to developing nations in document and information
handling. IFIP is a much younger federation of professional interest
groups particularly concerned with the coordination of research and
education in information processing. The organization has sponsored a
number of conferences and symposia In this area, focusing on the evolu-
tion of compatible methods and techniques of information handling and
training procedures. CIOMS was established in 1949, with the principal
objective of coordinating International congresses and other meetings
in the field of medicine and allied sciences. In addition to fulfilling this
function effectively and publishing the Calendar of international Con-
gresses of Medical Sciences, CIOMS has organized a number of outstand-
ing conferences and symposia, offered short postgraduate courses, and
recently turned its attention to the standardization of medical nomen-
clature.

An international body of a different nature also active in the area of
information exchange is the Organization for Economic Cooperation and
Development (oEcD), established in 196i to replace the Organization
of European Economic Cooperation. At present it has 22 member
countries, including the United States, Canada, Japan, and Western
European nadoirs. The OECD countries provide three fourths of the
world's information output and comprise a relatively homogeneous
group; therefore, they offer an ideal starting point for a coordinated
information network and possibly could provide a pattern for worldwide
collaboration and cooperation. OECD emphasis is on policy; in the field
of Moonily% its main objective is that of assuring the recognition of
Information pilicy in each country as an Integral part of the over-all
government policy for science and technology. Toward this end, the
Ministers of Science and Technology at a recent meeting, in March 1968,
recommended that each country establish an office with responsibility
and resources lot advising and assisting ether government departments
and pd ate institutions in the conduct, supfort, and development of
Information activities and for encouraging and facilitating the develop-
ment of a coor linated network of le.ormation services. An Information
Policy Group reflects OECD'S own concern with the more effective can-
MUlliCei0fi of svientifie and technical information and advocates; (a)
Identification of policy issues and ptiotity areas for international con-
sideration and cooperation; (b) cooperative development of new in-
formation systems that will serve the largest possible number of users,
with optimal points of geographk access, and will provide for an
equitable sharing of responsibility for input and training lot use; and
(e) a concerted approach to common problems of standards, user
charges, etc, The 1nfomation Policy Group makes no effort toward
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Implementation of its recommendations but sees its role as pointing the
way and fostering attitudes that will facilitate coordinated efforts. It
tends to work through nongovernmental international organizations and
through mission- or discipline-oriented activities of worldwide scope.
Its working panels reflect the major areas of emphasis in Policy Croup
activities: economics of information; information services in chemistry;
biomedical information networks; nuclear-science information; and
standards. Member countries share information on the ways that each
of them organizes and administers its national information services,
training in information services, and critical data handling. Ir. addition
to fostering such interaction, the Policy Croup recommends ways of
handling the clearinghouse function for report literature and unpublished
documents in European countries and is preparing a compendium of
the information activities of the principal international organizations.

Problems of scientific and technical communication also have received
Intermittent attention for a number of years at the Pugwash Conferences
on Scionce and World Affairs. During the Stowe Conference in 1961,
certain recommendations were made with regard to: (a) reducing the
number and improving the qu dity of journals throughout the world;
(b) instituting standard formats for the presentation of scientific papers;
(c) formulating a standard system of annotation of published papers,
readily amenable to machine manipulation; (d) instituting internationally
coordinated regional depots for storage and retrieval of information
published in brief papers for rapid access; (e) consolidating the abstract-
ing and indexing services carried on independently by many countries;
(f) publishing nontechnical and specialized international review }writes;
and (g) relaxing postal regulations to facilitate a free flow of scientific
publicatims among countries. The immediate results of these recom-
mendations were negligible, though some new review publications ap-
peered, and the tcso Abstracting Board intensified its continuing effort
toward coordinatiorr of abstracting and indexing services. Early in 1964,
the information problem appeared again on the agenda of a Pugwash
Conference, this time in connection with the difficulties experienced by
u.sderdeve'oped countries in obtaining technical information that they
needed. later in the same year, yet another Pugwash Conference recom-
mended that uNtsco or tcsu undertake the nexssary studies to provide
a foundation for the development of a coordinated, unified, inter-
national scientific and technical information system.

A joint tINESCOICSU Committee subsequently drafted a proposal to
study the feasibility of a worldwide science information system based on
achieving compatibility among existing and peospecth* information
storage and retrieval programs. The Committee Indicated certain
conditions which supported the need for and practicability of this kind of
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effort. For example, individual countries had developed information
programs to meet their particular requirements. but had made virtually no
effort to assure coherence and compatibility among such programs, a
situation further complicated by the use of different automated storage
and retrieval systems by different disciplines within a country. Next,
although it was economically possible and justifiable for large techno-
logically advanced countries to provide for their own Information re-
quirements, the less-developed countries were in no position to mount
similar efforts, and failure to meet their needs further increased the
existing technology sap. Third, an overwhelming proportion of the exist-
ing scientific information appeared In six of the world's principal
languages; therefore, achieving rapid interchangeability of information
among these languages and translation to other "user" languages was a
reasonable objective. Finally, voluntary coordination and standardiza-
tion in regard to key-word vocabulary in various disciplines, translation
into certain key languages, indexing procedures, and types of hirdware
employed would be essential in the development of a worldwide science
information system. The Committee :!so stated that the working sci-
entist, as a principal user, had a responsibility to work with the data
specialist and professional documentalist to help to Identify the needs
that an Information system must fulfill. As a step toward converting into
action the main Ideas expressed In the proposal, the UNESCO-ICSV Joint
Committee has created a number of working groups to study the follow-
ing specific problem areas: standards for the transfer of basic biblio-
graphic data; research needs for a worldsekle science information system;
internationally acceptable abstracting formats and procedures; evalua-
tion, compression, and organization of scientific information; indexing
and classification; language problems related to the communication of
scientific information; and needs of developing t °undies. Through the
studies and efforts of the working groups, the Joint Commit? e plans
In the next two years to encourage and facilitate steps toward voluntary
coordination and standardization among existizig and panned inde-
pendent science information services. In conjunction with otco's en-
deavors to rationalize information policies within its member countries
at the national level and with the efforts of tcsv, through its Abstracting
Board and Oommittee on Data, this most remit uritsco-tcsu venture
has the opportunity to make substantial contributions.

D. APPRAISAL AND CONCLUSIONS

A long list of obstacles facts any endeavor to Improve arrangements for
communkating scientific and technical information at the international
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level. (treat inhomogeneity In the relative development of national
services exists; the diversity of languages and the persistence of statutes
and policies which affect the free flow of information raise problems;
some individual systems are not prepared to cope with the volume in-
cident to international exchange or lack the organizational resources to
create and maintain the necessary relationships; suitable standards are as
yet nonexistent; and, finally, educated manpower, In both the developed
and the developing countries, is insufficient to meet current and projected
needs. Under these circumstances, SATCOM views with satisfaction the
numerous efforts, which presendy are under way, to overcome these
difficulties.

The United States contributes in three essential ways to these efforts.
First, it offers intellectual support through the ideas a, i experience of its
representatives, who participate in the planning and organization of such
activities. Second, it contributes technologically, through the development
and application of systems and subsystems (e.g., MEDLAXS or the CAS
Chemical Compound Registry) that are assuming increasingly important
roles in the development of international networks. Third, the United
States assumes a substantial share of the financial responsibility for
such efforts. For example, the United States supplied slightly more than
halt the total yearly budget of CODATA during its initial two years of
existence and now contributes, through payment of dues, roughly 30 per-
cent of its annual budget; it provides through the NSF one third of the
total annual budget of the tcsu Abstracting Board; and it makes a
voluntary contribution equal to its regular dues to COSPAR, which consti-
tutes one eighth of the total budget of this activity, as well as funding
relevant research through its mission-oriental agencies.

The scope and variety of the international 'Roth of this country's
public and private agencies are in keeping with the interests and the stake
which the United States has in the development of increasingly effective
international systems for the management of scientific and technical in-
formation; therefore, we strongly urge that even greater encouragement
and support be accorded them. International arrangements, by their
very nature, evolve slowly. If we want to assure the kind et scientific-
and-technkal-communkation system in corning decades that will sustain
o'er tesearch-and-development efforts without imposing an intolerable
burden, immediate action is necessary.

In regard to direct cooperative arrangements, make scientific and
technical societies and mksion-oriented government agencies must en-
courage the managers of their information programs to explore and
develop ways to make access and transfer worldwide In scope, with
the work of input and training sot use shared among countries (Recom-
mendation A6). Moreover, there should be explicit involvement, &rough
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exploration acd direct professional contacts, in the problems encountered
by the developing countries. In addition, scientific and technical corn-
=aides should be able to rely on appropriate administratift support
as well as encouragement in such endeavors from the federal agencies
that shape and foster this country's foreign relations in science and
technology (Recommendation A7).

The intent of the recently promulgated policy of the Federal Council
for Science and Technology on international information exchange Is
to give added impetus to government-agency efforts to develop coopera-
tive arrangements in a mission-oriented Context. SATCOM urges those
engaged in such efforts to show appropriate restraint and sensitivity in
relation to foreign indigenous efforts in crder to permit the latter
eventually to become real contributors, operationally as well as intel-
lectually, rather than smothering them by the massive competition of
our resources.

In regard to international cooperative research programs, the steward-
ship of information and data generated by these programs does not
always receive the early and explicit attention that it deserves (Recom-
mendation A8). Sponsors of international research efforts should insist
that the following two features become a matter of policy in the central
management of any international research program:

1. From the beginning of program planning, information and data-
handling operations incident to the .induct of research should receive
attention. Planning in this .context should Include: (a) identifying the
requirements for special information systems, (b) determining their
design end cost, (c) appraising the impact of the program output on
existing information activities In the affected disciplines, and (d) ex-
ploring the extent to which the latter can meet, perhaps with modifica-
tions, the requirements of the program.

2. Any international cooperative research program directly related to
natural or human resources (the probable orientation of most future
programs) should plan and provide funding for a special effort to make
the resulting information available to less-developed countries in form*
in which they can use it effectively.

Of particular current concern in this connection is the International
Biological Program (tap). Present preoccupation with the information
storage and retrieval systems for the use of particular program phases
should be extended to a comprehensive consideration of the infottnition-
handling aspects and implkations of the Program as a whole. The need
for such over-all planning is great, since the biological selenets have yet
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to achieve In many respects the degree of organization which will enable
them to cope effectively with evolving demands. Additionally, the in-
formation problems of less-developed countries, aside from what will
accrue to those who actually participate, deserve more attention by the
IBP planners.

International efforts to permit increased Integration of information
systems should emphasize to an increasing extent the elimination of
present and avoidance of future incompatibilities. Though standardiza-
tion can resolve many such problems, other approaches require explora-
tion at this as well as the national level. Nrther, in order io foster co.
operative International endeavors and to give them the scope and vigor
that they require, SATCOM urges that the U.S. delegations organized
in such contexts Include knowledgeable representatives of the relevant
nongovernment services likely t.. be affected (Recommendation A9).
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CHAPTER10

A Joint Commission on Scientific
and Technical Communication

As a result of the need for improved planning, coordination, and
leadership at the national level, we recommend the establishment of a
Joint Commission on Scientific and Technical Communication, responsi-
ble to the Councils of the National Academy of Sciences and the Na-
tional Academy of Engineering (see Recommendation Al in Chapter 3,
Section A).

A. MISSION AND ILLUSTRATIVE PROBLEM AREAS

The Commission is to be conversant with activities in scientific
and technical communication and to provide guidance useful to public
and private organizations in the development of more effective scien-
tific and technical communication. rt alsp bliclAid be responsible for lead-
ing the private sector in the coordination of its interests and programs
and in the development of broad and farsighted plans. Therefore, its
mission should entail:

1. Serving the scientific and technical community by fostering co-
ordination and consolidation of its interests in the handling of scientific

and technical information
2. Serving the government by providing representatively comprehen-

sive and authoritative information and advice on the activities, needs, and
ideas of the scientific and technical community in this field

To fulfill this mission, the Commission should identify needs and
requirements and actively stimulate efforts to explore appropriate ar-
rangements for cooperation and coordination. It must review and con-

276
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tribute to the broad planning of scientific-and-technical-information ac-
tivities and would expect to assist the federal government in building and
adapting a framework of policy for the effective operation of scientific
and technical communication. It alto would provide a forum for the
timely and broad-gauged review of current acute issues.

In recent years, increasingly effective organizational mechanisms
have fulfilled these functions in relation to the scientific and technical
information-handling efforts of federal agencies. However, no effective
mechanism exists at the present time for facilitating interaction between
the government structure and the activities of private organizations
both those for profit and those not for profitin this field. The
emergence of a coordinating institution of broad scope and representa-
tion in the private sector is necer,gry for the development of such inter-
action. To fulfill this role will be one of the primary objectives of the
proposed Commission.

The extreme complexity of the entire scientific-and-technical-com-
munication system is such as to expose it today, and with increasing
severity tomorrow, to the unforeseen disruptions and crises so char-
acteristic of large aggregates of activities, the interdependence of which
is not fully understood and which are not well-coordinated. Some crises
already are upon us (e.g., the page-charge issue); others lie ahead.
They will require continuing efforts on the part of the Commission.

For the near future, we believe that stimulating and expanding the
reprocessing and consolidation of scientific and technical information is
the most important thrust in making such information effective for those
who use it. The need for sifting, evaluating, and consolidating the rapidly
accumulating store of information and data in the various scientific and
technical disciplines is urgent. If more detailed analyses bear out our
broad estimate that the current effort invested in reviews, state-of-the-art
summaries, and critical data compilations is only a small fraction of the
requirement, then this problem certainly merits the Commission's im-
mediate efforts. Consequently, we have directed a number of recom-
mendations toward this end (see Chapter 3, Section B), three of which
indicate specific responsibilities for the proposed Commission: (a) The
Commission should give special attention to assisting the growth of need-
group information services; (b) the Commission should explore ways
for systematically extending the use of the capabilities afforded by major
information analysis centers in the transfer of technological information;
and (c) the Commission should consider the steps that might be taken
to afford easier and more effective access to particular reviews appro-
priate to a user's specific need. In addition, the Commission should
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foster awareness of the need to support consolidation efforts and to
educate potential users.

Another problem that we consider of comparable importance is the
development of a substantially more coherent pattern of cooperation
among the many and diverse secondary information services. Effort.
to develop such a coordinated pattern involve not only subtle technical
problems, especially in regard to standards and convertibility, but require
the establishment of realistic pricing and funding policies for such
services.

The problem of pricing and funding is a pressing and pervasive one
that will require careful study and continuing effort on the part of the
Commission A basic tenet of the Weinberg Report ,70 is that research
is not complete until the results are made available. This availability
Includes not only publication but later steps in the information-transfer
chain that provide for alerting and access and for consolidation and
review, all of which are essential to the effective utilization of the
knowledge generated by research and development. With regard to the
initial publication of results, the page-charge policy was one attempt at
practical implementatiot, of such a principle, and issuance of a recom-
mendation by the Federal Council for Science and Technology (FcsT) in
1961, allowing the assessment of some part of the cost of publication
(through page charges) against the original research funding, resulted
in widespread acceptance of this responsibility among government
agencies. Many scientific and technical societies, however, were slow to
accept this policy, and page charges were never universally levied.
Recently, under present budget constraints, many institutions are dis-
continuing the voluntary honoring of page charges and, as a result, some
journals face the threat of bankruptcy. Yet this crisis represents only
one aspect of the problem. In contrast to primary publication, there
has never been an effective mechanism through which resources avail-
able for the operation of secondary information services were coupled
directly to over-all expenditures on science and technology. And, in
spite of the strong emphasis in the Weinberg Report, review and con-
solidation efforts still are far from adequately supported. There is
crucial and immediate need (a) to foster recognition of the responsibili-
ties of producers and sponsors of research-and-development work for
the processing of the information so generated, and (b) to develop new
and feasible mechanisms of implementation.

Another area for Commission attention pertains to the way in which
the opportunities for innovation afforded by advanced technology might
be explored. The Commission should urge the priority of large-scale
experiments and the participation of qualified scientists, engineers, and



www.manaraa.com

el Joint Commission on Scientific and Technical Communication 279

practitioners in these efforts. Further, it should foster the application
of the results of such experiments is contexts other than the particular
ones in which they are obtained.

A final illustration of problem areas that require immediate Com-
mission attention and study is one pertaining to limitations on the export
of unclassified information. Restrictions on the publication of much
graduate-student research generated under federal contracts have re-
sulted from varying interpretations of the Export Control Act and the
Munitions Control Act, and such restrictions are increasing. Should
this trend persist, it could greatly hamper the communication of the
results of a substantial portion of the newest research and development
work.

B. OPERATION AND STRUCTURE

Members of the Commission would be appointed by the Presidents of
the National Academy of Sciences and the National Academy of Engi-
neering. The Academies would employ and house the staff of the Com-
mission, and the Commission would be responsible to their Councils,
though in the everyday conduct of its work, it would deal with the
Presidents of the two Academies and their staffs.

The Commission would communicate through the Presidents of the
National Academies to: (a) the membership and leaders of the scientific
and "..echnical community; (b) scientific, technical, and educational so-
cieties and institutions; (c) for-profit organizations; (d) the relevant
foci for scientific - and - technical - communication activities in the federal
government, especially the Office of Science and Technology, the FCST'S
Committee on Scientific and Technical Information, and the NSF'S Office
of Science Information Service; and (e) other supporters of science,
technology, and information services.

Effective liaison must be maintained, especially with federal agencies,
and special efforts will be necessary to ensure that current concerns
receive thorough airing from the respective viewpoints of the govern-
ment's requirements and the capabilities of private orgalizations
viewpoints that hopefully will become less and less often at odds with
one another.

Commission membership should include as broad a representation as
feasible of the major scientific and technical communities and the princi-
pal kinds of organizations engaged in related information-handling ac-
tivities, as well as representatives of the Councils of the National Acade-
mies and liaison members from the principal government activities. Such
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coverage could be provided by a membership of abr'it 20. Additionally,
the Commission should continue to draw upon the advice and assistance

of the nearly 200 Consulting Corespondents whom SATCOM has as-

sembled (see Appendixes A and B).
Initially, the Commission would need to establish a number of ad hoc

committees and task groups to study major problem areas. As areas re-
quiring long-term, continuing attention were identified, suitable standing
committees, with responsibility for the development of pertinent pro-
grams of activity, could be created.

The Commission could be especially helpful in suggesting directions
and setting priorities for new effoirts in research and exploratory innova-
tion, To do so, it would need to develop a basic conceptual framework
for the evolving pattern of scientific and technical communication from
which to derive guidelines for future efforts and criteria for appraising
current ones. In addition, through its activities, committee structure, and
Consulting Correspondents, it could provide a national forum for the
critical review and appraisal of professional work in the field of scientific

and technical communication. Finally, the influence of such a Com-
mission could help to ensure in the scientific and technical community
a heightened sense of participation in proposing, shaping, and implement-
ing pertinent policies and should decrease the possibility of sterile
endeavors.

C. DISCUSSION OF ALTERNATIVES

Four considerations prompted us to suggest the two Academies as the
optimum location for the proposed Commission.

1. A principal and continuing concern will be that of ensuring that
the scientific-and-technical-communication system is increasingly re-
sponsive to the contemporary pattern and requirements of science and
technology; therefore, the Commission should be located where a maxi-
mum of knowledge and expertise in regard to the latter is readily avail-
able to it.

2. The National Academies, together with the National Research
Council, come as close as any existing organization to embracing the
representative organizations, groups, and individuals whose efforts de-
pend on or influence the shape of scientific and technical communication.

3. The kind of interaction with the federal government envisioned for
the recommended Commission is in complete accord with the legisla-
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tion under which the Academics are chartered and which led to their
establishment.

4. The present broad, diverse, and long-term involvement of the
Academies, and of the numerous divisions of the National Research
Council, in scientific-and-technical-communication activities (see Sec-
tion D of this chapter for examples of Academy information activities)
suggests that they would be a most appropriate location for the proposed
Commission.

As one alternative, we considered the creation of an independent
National Adviso-y Commission on Scientific and Technical Communica-
tion, the membership of which would bring together both high-level repre-
sentatives of the federal government and outstanding citizens. Either ap-
pointed under the aegis of the White House, or under arrangements
jointly responsive to the legislative and executive branches of the
government, such a Commission could be related to the President's
Science Advisory Committee through assignment of the staffing func-
tion to the Office of Science and Technology. It seems unlikely, however,
that any newly created, independent commission could equal the prestige
and authority of the Academies in the scientific and technical com-
munities to which its efforts would be principally addressed. Nor would a
newly created independent agency have the broad representation and
heavy involvement in scientific-and-technical-information activities that
characterize the two Academies and the National Research Council. The
latter is specifically charged with:

. developing effective means of utilizing the scientific and technical resources
of the country . . ., promoting cooperation in research . . . in order to secure
concentration of effort, minimize duplication, and stimulate progress . . ., and to
gather and collate scientific and technical information, at home and abroad, in
cooperation with governmental and other agencies. (See Reference 119, page 7.)

To fulfill these objectives the Academies and the Council channel par-
ticipation in international research programs; cooperate in the planning
of national and international meetings, conferences, and symposia;
sponsor a large number of scientific-and-technical-communication pro-
grams and projects; and support a broad publications program.

Another alternative is the establishment of an agency within the
federal government with broad executive authority, and perhaps even an
extensive budget, to which responsibility for the supervision and regula-
tion of the scientific-and-technical-information system would be assigned,
a concept which has been proposed and extensively discussed under the
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designation of a "capping agency." (See Reference 37.) We do not con-
sider it advisable at this time to create a new federal agency or to em-

power an existing one with the responsibility to supervise and regulate
the national aggregate of scientific- and - technical -communication activi-

ties. It is doubtful that such a course would produce gains in either
effectiveness or economy commensurate with the losses contingent upon
reduced monitoring and control of input to its communication systems

by the scientific and technical community. Additionally, much of the
initiative and ingenuity contributed by private organizations to the solu-
tion of information problems might be stifled if all major ventures in re-

sponse to emerging needs and opportunities had to pass through the filter
of a single government agency. It was just such concern with assuring the
involvement of and interaction with the scientific and technical com-
munity which, on OST-NSF initiative, led to the creation of SATCOM

itself and its location in the HAS -NAE structure. (See Reference 62.)

D. ROLE OF THE COMMISSION IN THE TWO ACADEMIES

A multiplicity of information-exchange activities offering numerous op-
portunities for mutual assistance have already been undertaken by the
Academies. Their varied and extensive responsibilities in this area pro-
vide a further reason for the proposed location of the Commission. Each

of the Divisions of the National Research Council is deeply involved in
the dissemination of scientific and technical information in its field,
through formal reports and as part of the informal communication net-
work. Additionally, almost all of them conduct one or more activities

specifically aimed at improvements in scientific and technical com-
munication. The Division of Biology and Agriculture, for exatrple, is
engaged in the preparation of a roster of agricultural specialists with
foreign-area experience and in staffing a Council on Biological Science
Information. The latter has responsibility for recommending steps
toward a more coherent information-transfer network among its dis-
ciplines. The Division of Behavioral Sciences sponsors a Committee on

Information in the Behavioral Sciences, which recently reported on in-
formation needs in this area and the technology for satisfying them.
This Committee emphasized that coordinating mechanisms are essential
in the development and maintenance of a decentralized national informa-
tion capability and also recommended the establishment of a coordinatin'
mechanism similar to SATCOM within the Academies, with broad dis-
ciplinary representation from the behavioral sciences and the responsibil-
ity for fostering cooperation and coordination in this area (see Refer-
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ence 42). Since 1947, there has been a committee in the Division of
Chemistry and Chemical Technology, currently known as the Committee
on Chemical Information. This Committee deals with technical problems
in the storage, retrieval, and use of chemical information and has con-
ducted studies on chemical codes, chemical notations systems, and non-
conventional methods of handling chemical structures employed in
the United States and foreign countries; on the ra")nale for their use;
and on their effectiveness. The Highway Research Board of the Division
of Engineering operates an automated information service that covers
not only the technical report literature in this field but maintains a file
of short repocts on work in progress, thereby fulfilling the practitioner's
need for information on "who is doing what and where." These various
activities provide but a few examples of the nature and scope of the
Academies' involvement in Scientific and technical communication.
(See Reference 135 for further details.)

Additionally, the Office of the Foreign Secretary, through its re-
sponsibility for organizing the bodies that coordinate U.S. participation
in international programs of scientific cooperation, has developed a sub-
stantial stake in the information activities pertaining to such programs.
Such activities include the publication of special media for dissemination,
the assembly of all documents generated by such programs, and the
supervision of data-center operation and coordination.

Within this steadily growing web of diverse information activities,
the proposed Commission can be especially effective. It could assist in
defining the nature and scope of new communication activities that
would be appropriate for Academy sponsorship as well as developing a
-oherent pattern of Academy participation in the field of scientific and
technical communication. In this context, it should be alert to opportuni-
ties for new projects in scientific and technical communication and
recommend appropriate points of attachment where special interests and
capabilities exist.



www.manaraa.com

AAPPENDIX

SATCOM'S Objectives and Activities

Three major objectives of SATCOM'S investigations and related activities
were:

1. To gain a comprehensive overview of the current state and r ;liked
et alution of scientific and technic icommunication

2. To stimulate increased participation among individuals and institu-
tions in national planning for the improvement of scientific and technical
communication

1 To function as a forum and clearinghouse on currently acute
issues relevant to scientific and technical communication

To accomplish the first of these objectives, SATCOM systematically
reviewed and analyzed a representative sample of information programs
operated by private organizations and government agencies. Included
were major programs of the scientific and technical societies, such as
those of the American Institute of Physics, the American Chemical So-
ciety, the BioSciences Informat;^n Service of Biological Abstracts, Inc.,
and member organizations of the Engineers Joiat Council. Considera-
tion of government-agency programs embraced not only agencies operat-
ing broad-scale information activities, such as the National Aeronautics
and Space Administration and th.; Atomic Energy Commission, but also
those involved in the department of policies affecting scientific and
technical communication, such as the Committee on Scientific and
Technical Information (cosATI), the Mee of Science and Tech-
nology (osT), and the National Science Foundation (NSF). Two
cosAmstimu/ated studies dealing with national document-handling sys-
tems " and with abstracting and indexing services "I received special
attention. Information services developed by private for-profit irganiza.

022#/285
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tions, for example, those of McGraw-Hill, Inc., and the Institute for
Scientific Information, also were examined, as well as such industrial in-
formation systems and services as those operated by the General Elec-
tric Company and the Ford Motor Company. Study of the programs
of both academic and private libraries, of the National Library of Medi-
cine and the Library of Congress, and of the plans and activities of the
Interuniversity Communications Council (EDucoM) rocused on some
of the basic library concerns and problems, especially those of large re-
search libraries, and on efforts toward their solution or improvement.

In addition to the international projects and programs of societies
and mission-oriented government agencies, the Committee kept informed
on the activities of international organizations, such as the International
Council of Scientific Unions and the Organization for Economic Co-
operation and Development, through close liaison with the Office of the
Foreign Secretary of the National Academy of Sciences.

Other topics receiving special study were modern information-handling
techniques (e.g., Projects MAC, TIP, and INTREX) and such legal issues
as those pertaining to questions of copyright.

Further, the SATCOM Secretariat accorded high priority to maintaining
close contact with a number of activities in the National Academy of
Sciences and the National Academy of Engineering dealing with scientific
and technical informati,,,i to inform such groups of SATCOM endeavors
and to indicate to SATCOM the nature of these groups' efforts and con-
cerns. Such groups included: the Council on Biological Sciences In-
formation, Committee on Brain Sciences, Committee on Information in
the Behavioral Sciences, Committee on Chemical Information, and the
Highway Research Information Service.

To stimulate the increased participation of the scientific and technical
community in planning for the improvement of scientific and technical
communication, SATCOM organized a broadly representative group of
Consulting Correspondents (see Appendix B), consisting of about 200
key individuals in this field. They included not only persons actively
engaged in information-handling activities but those holding administra-
tive, research, design-and-development, teaching, and other responsibili-
ties relevant to scientific and technical communication. A conference
held in November 1967 was the means employed to inform them about
SATCOM'S activities and objectives and to afford them an opportunity
to raise questions and offer comments and criticism. Working papers
prepared by SATCOM members and dealing with various problem areas
of particular concern to the Committee were circulated to the Consulting
Correspondents prior to the conference and served as a basis for much
of the discussion and interaction that took place. Subsequently, addi-
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tional comments and suggestions relative to this material and to points
raised during the conference were received by mail. Since this conference,
SATCOM has maintained close interaction with its correspondents, often
circulating mate.ial to them for criticism and feedback, and they have
influenced the Committee's thinking in regard to problems In the follow-
ing general areas:

1. The national planning of scientific and technical communication,
especially the formulation of policies affecting funding arrangements
aad of guidelines for the development of international agreements

2. The development of models and mechanisms to bring together
numerous small-scale activities in larger coordinated systems and net-
works

3, The possibility of stimulating greater cooperation and coherence of
effort, especially among abstracting and indexing services, to reduce
inadvertent duplication or gaps in coverage and to further the evolu-
tion of specialized services for well-defined user groups

4. The evolution of appropriate funding and pricing policies in the
face of difficulties resulting from the nonstandard operation of supply-
and-demand economics for scientific and technical communication

5. The need for educational efforts to stimulate awareness oi the
economic realities inherent in scientific and technological work and to
fc '4er flexibility among managers and workers in adapting work patterns
to the ever-changing stock of available information services

Consistent with its third broad objective (to function as a forum on
currently acute issues relevant to scientific and technical communica-
tion), the Committee established four ad hoc Task Groups, two of which
were its own, and two joint efforts with the NAs Committee on Science
and Public Policy and the OST, respectively, Through its participation in
the activities of these Task Groups, the Committee gained as much in
added knowledge and insight into the complexities of scientific-and-
Lchnical-information problems as it contributed to the resolution of
acute issues.

AD HOC PANEL ON THE DEPARTMENT OF THE INTERIOR
INFORMATION PROGRAMS

The first of these Task Groups was organized to assist the Office of
the Science Adviser to the Secretary of the Interior in reviewing the sci-

I
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entific-and-technical-information problems faced by that Department and
to suggest appropriate mechanisms through which the Department could
marshal the experience end resources of pertinent scientific communities
to advise it on the management and long-term structure of its scientific-
and-technical-information efforts. The membership of this special panel
included the following:

JOHN C. CALHOUN, Panel Chairman
Vice President for Programs
Texas A & M University
College Station, Texas

Maynard Hufschmidt
Professor of City and Regional

Planning
University of North Carolina
Chapel Hill, North Carolina

George Sprugel, Jr.
Chief
Illinois Natural History Survey
Urbana, Illinois

William C. St4ere (sArcom)
Director
MT/ York Botanical Garden
Bronx, New York

Merle A. Tuve (warom)
Director, Department of Terrestrial

Magnetism
Carnegie Institution of Washington
Washington, D.C.

The panel indicated high-priority functions that should receive early
attention, and it suggested organizational arrangements that would
ensure the necessary focus and continuity of effort. Through its inter-
action with the Department of the Interior staff, SATCOM gained greater
familiarity with the information requirements and programs of the De-
partment as well as good rapport with its staff, which will facilitate con-

tinued produr tive interaction.

TASK GROUP ON TOXICOLOGICAL INFORMATION

A second SATCOM Task Group was formed to work with the National
Library of Medicine in designing a comprehensive computer-based
system for the handling of information on toxicology. The Committee
charged this Task Group with (a) ensuring that the prospective system
would make the best use of existing privately operated or government -
aency information services that deal with the effects of chemical sub-
staeces on biological systems, and (b) advising on ways in which the
system could be made maximally responsive to user needs and user feed-
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back in the development of the structure and content of its services.
This Task Group is still an active body, with further meetings and inter-
action planned, and includes the following:

RALPH L. ENGLE, Jr., M.D., Mask Group Chairman (sArcom)
Associate Professor of Mc Jicine
Cornell University Medical College
New York, New York

Dale B. Baker
Director
Chemical Abstracts Service
Columbus, Ohio

Charles M. Huguley, Jr., s.t.o.
School of Medicine
Emory University
Atlanta, Georgia

Phyllis V. Parkins
Director
BioSciences Iriormation Service of

Biological Abstracts, Inc.
Philadelphia, Pennsylvania

Byron Riegel (sArcom)
Director of Chemical Research
0. D. Searle and Cempany
Chicago, Illinois

William C. Steere (socom)
Director
New York Botanical Garden
Bronx, New York

Ralph C. Wands
Director, Advisory Center on

Toxicology
National Academy of Scicncts
Washington, D.C.

NATIONAL ACADEMY SCIENCES PANEL ON IIIE
APPLICATION OF COPS RIGHT ON COMPUTER USAGE

In response to a request to the NAs from the Chairman of the Sub-
committee on Patents, Trademarks and Copyrights of the U.S. Senate
Committee on the Judiciary, the NAS Committee on Science and Public
Policy and SATCOM cooperated in the appointment of a panel to study
and report on the Impact of copyright on computer usage. Members of
the panel were:

ALBERT V. CREWE, Panel Chairman
Institute of Nuclear Studies
University of Chizago
Chicago, Illinois

Charles P. Bovine
Information General Corporation
Palo Alto. e.s.alifornit

Robert M. Hayes
Instimte of Library Research
Institute of California at Los Angeles
Los Angeles, California

Benjamin Kaplan
School of Law
Harvard University
Cambridge. Massachusetts
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William P. Miller
Computer Science Department
Stanford University
Stanford, California

Charles V. Overberger
Department of Chemistry
The University of Michigan
Ann Arbor, Michigan

W. Bradford Wiley (aArcost)
John Wiley & Sons, Inc.
New York, New York

F. Karl Willenbrock
Department of Engineering
State University of New York at

Buffalo
Buffalo, New York

The panel's findings were reported in late 1967 "I and emphasized the
multiplicity of ways in which computer information processing involves
dealing with copyrightable material and the insufficient coverage of many
vital aspects of computer information processing under the proposed
copyright revision bill, Among the problem areas to whkh the panel
directed particular attention were the appropriateness and scope of
copyright coverage for computer programs; the appropriate point to
apply copyright protection to material converted to machine-language
representation for computer processing; the effect of copyright restric-
tions on the evolution of on-demand distributing libraries; the use of
copyrighted material in computer-assisted instruction systems; the com-
puter preparation of derivative works; and the rights of a copyright
holder in relation to new works resulting from the use of computer pro-
grams. The panel concluded that the copyright problems raised by the
computer are so complex that further intensive study by a specially
designated governmental body was advisable, and it supported the gen-
eral proposition of legislative action to create a study commission on
copyrigh t law.

TASK GROUP FOR WE INTERCHANGE OP SCIENTIFIC AND
TECHNICAL INFORMATION IN MACHINE LANGUAGE
(ISTIM)

The Task Group for the Interchange of Scientific and Technical In-
formation In Machine Language (tsnm) was established by the Presi-
dent's Special Assistant for Science and Technology to examine closely
the problems and possible ve.tanisms for facilitating the exchange of
bibliographic information in machine language between major systems.
Sine so complex an investigation would require the joint efforts of
federal and nonfederal organizations, it provided an opportunity for a
pilot experiment in cooperation between these two communities. The
membership !Deluded, in addition to a chairman, seven representatives of
government agencies and seven from private organizations.
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CHALMERS W. SHERWIN, Task Group Chairman
Office of Science and Technology
Washington, D.C.

Members Representing Federal Agencies

Burton W. Adkisson
National Science Foundation
Washington, D.C.

Whiter C. Christensen
Department of Defense
Washington, D.C.

Ruth Davis
Department of Health, Education, and

Wolfer*
Washington, D.C.

Melvin Day
National Aeronautics and Space

Administration
Washington, D.C.

Charles Getz
(Subsequently replaced by

Lawrence Killion)
Atomic Energy Commission
Washington, D.C.

Herbert R. 1. °reach
Department of Commerce
Washington, D.C.

John 0. Lorenz
Library of Congress
Washington, D.C.

Members Representing Private
Organization,

11,1e B. Baker
Chemical Abstracts Service
Columbus, Ohio

George W. Brown
University of California, Irvine
Irvine, California
(Alternate, Thomas Keenan, mums)

Henry gamer
Reinhold Publishing Corporation
New York, New York

J. C. R. Lkklider (*.A roost)
Massachusetts Institute of Technology
Cambridge, Massachusetts

Jerrold Orne
University of North Carolina
Chapel Hill, North Carolina

Howard Tompkins
Institute of Electrical and Electronics

Engineers
New York, New York

John W. Tutey (sAmoss)
Princeton University
Princeton, New Jersey

SATCOM was requested to identify and support the seven nonfederal
members as well as two full-time professional staff; COSAT1 advised on
the selection of the federal members, and they and two full-time staff
were supported by the ost.

the Task Group's principal objectives were to define and recommend
for adoption a minimal set of bask standards, a minimal set of standard
codes, and one or more compatible formats for the interchange of
machine-language representations of bibliographic descriptions. In sedi-
tion, it was to recommend appropriate organizational arrangements to
increase the usefulness of these recommended standards and to assist in
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their future development. A third objective was to identify key problems
and suggest a program to develop solutions. The group was successful
in identifying a limited set of common codes and standards needed as
a basis for the more efficient sharing of machine-readable bibliographic
information between data files, and it recommended augmentation of
the United States of America Standards Institute (vssst) Committee
on Library Work, Documentation, and Related Publishing Practices
(Z39) to provide general supervision of the interchange of bibliographic
records and to formulate additional needed standards. Rather than
selecting a standard format structure from several candidates, the Task
Group suggested that this responsibility could be better handled by the
USASI Committee Z39. The definition of a minimal set of common data
elements was recognized as requiring much additional study and was
described In the Task Group's final report '44 as an "important organiza-
tional and intellectual challeuge to the bibliographic community."

The records of SATCOM'S Task Group activities and minutes of its
meetings were made as complete and informative as possible to provide
useful background material and perspective for any future efforts of
like character in this area. This material gives a detailed description of
SATCOM'S work and complements and supplements the content of the
final report.

A. EVOLUTION OP THE SATCOM REPORT

As the main lines of SATCOM thought and effort developed in relation
to its three principal objectives, the Committee organized into seven Area
Review Groups, which functioned as working panels in the following
subject areas: (a) advanced concepts in the transfer of information; (b)
primary communications; (c) secondary information services; (d) re-
search libraries; (e) copyright issues; (f) standardization and coherence;
and (g) review literature. These various Area Review Groups issued
working papers describing the results of their studies and recommending
needed policies and action. Their efforts, which were reviewed by the
Consulting Correspondents at the November 1967 conference, marked
et tly steps in the evolution of the Committee's final report.

The scope and organization of this report became more clearly de-
fined during a week-long writing session held in July 1968. As the report
took shape, drafts were circulated to SATCOM members and to the
Consulting Correspondents throughout the fall and winter of 1968 for
additions, suggestions, and criticism; meetings held during this interval
also focused largely upon its modification and revision.
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The report presents the findings of SATCOM'S three-year survey of
scientific- and - technical- communication activities and the conclusions
and recommendations engendered not only by its studies but by interac-
tion with representatives of scientific-and-technical-communication ac-
tivities of both governmental and private organizations. Active involve-
ment, through its Task Group responsibilities, in certain major problem
areas also influenced the development of tile final report. In addition, the
NAS Committee on Science and Public Policy and the NAB Committee
on Public Engineering Policy, as well as members of the Councils of the
two Academies, reviewed drafts of the report and made valuable inputs
to it.
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Consulting Correspondents of the
Committee on
Scientific and Technical Communication

Philip H. Abelson
Carnegie Institution of Washington
Washington, D.C.

George Alert
Physics Department
Ford Motor Company
Dearborn, Michigan

D. Murray Malvin.
Department of Pathology
University of Wisconsin Medical School
Madison, Wisconsin

Pauline Atherton, Associate Professor
School of Library Science
Syracuse University
Syracuse, New York

Isaac L Auerbach, President
Antrim...1e Corporation
Philadelphia, Pennsylvania

Dale B. Baker, Director
Chemical Abstracts Service
The Ohio State University
Columbus, Ohio

Robert C. Bartlett, President
The Commerce Clearinghouse,
Chicsgo, Minds

Charles K. Bauer, Manager
Scientific and Technical Information

Department
Lockheedatorgia Company
Marietta, Georgia

Harry Baum, Director
Te Meetings Information

Service
Newton Otttre, Massachusetts

Joseph Becker, moos.
National Library of Medicine
Bethesda, Maryland

Wilson J. Bentley, Head
School of Industrial Engineering and

Management
Oklahoma State University
Stillwater, Oklahoma

Dorothy L. Bernstein
Department of Mathematics
Coacher College
Towson, Maryland

Lucien M. Merman
institute for Defense Analyses
Arlington, Virginia

Ralph P. Boas
Department of Mathematic
Northwestern University
Evanston, Illinois
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Henry M. Boettinger
Assistant Comptroller
American Telephone and Telegraph
New York, New York

Charles P. Bourne
Information General Corporation
Palo Alto, California

Everett H. Brenner, Manager
Central A & I Service
American Petroleum Institute
New York, New York

Sanborn C. Brown
Research Laboratory of Electrorda
Massachusetts Institute of Technology
Cambridge, hiassac'rusetts

W. H. Browne
Battelle Memorial institute
Columbus, Ohio

Vernon Bryson
Institute of Mkrobiolory
Rutgers University
New Brunswick, New Jersey

Lawrence P. Dockland, President
lnforonks, Inc.
Maynard, Massachusetts

Margaret Dude', Mathematkian
Argonne National Laboratory
Argonne, Illinois

Melvin Calvin
Laboratory of Chemkal Biodynamict
University of California
Berkeley, California

Walter M. Carlson
rim Ompotatka
Armonk, New York

Lam* P. Carte
Senior Vice President
System Development OotrOfilkyll
Santa Monica, California
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William F. Caveness
National Institute of Neurological

Diseases and Blindness
National Institutes of Health
Bethesda, Maryland

Thomas E. Caywood, Editor
OPERATIONS RESEARCH

Caywood-Schiller, Associates
Chicago, Illtaols

Grosvenor Chapman, PAM
Chapman & Miller
Washington, D.C.

Verner W. Clapp
Council on Library Resources, Inc.
Washington, D.C.

Nathan Cohn
Leeds & Northrup Company
Philadelphia, Pennsylvania

Earl M. Coleman, President
Plenum Publishing Corporation
New York, New York

Philip E. Converse
Survey Research Center
Institute to Social Research
The University of Michigan
Ann Arbor, Michigan

Daniel I. Cooper
buernationel Mow: A Technokgy
New York, New York

IL B. Coach
DI.ector of Engin:trio*
General Dynamic , Quincy Division
Quincy, Massachu setts

Paul N. Craig
Research and Development Division
Smith, Kline & French Lsoorniories
Philadelphia, Pennsylvania

Paul Cross
Vice President for Research
Ca megie-Me Doe University
Pittsburgh, Pennsylvania
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Carlos A. Cuadra
Research and Technology Division
System Development Corporation
Santa Monica, California

E. E. David, Jr.
Executive Director, Research
Communications Systems Dhision
Bell Telephone Laboratories, Inc.
Murray Hit), New Jersey

Lee C. Delghton
Chairman of the Board
The Macmillan Company
New York, New York

William S. Dix, Librarian
Princeton University library
Princetor!.. New Jersey

John T. Edsa 11
The Biological Laboratories
Harvard University
Cambridge, Massachusetts

Leafs L Earl
Department of Biological Chemistry
Harvard Medical School
Boston, Massachusetts

R. M. Fano
Project MAC
Massachusetts Institute of Technology
Cambridge, Massachusetts

David H. Fat, Director
Engineering Consulting
Westinghouse Electric Corporation
Pittsburgh, Pennsylvania

Donald 0. Fink, General Manager
Institute of Electrical and Electronks

Engineers. Inc.
New York, New York

Carolyn M. nvuagan, General
Manager

Engineering Wet, Inc,
New York, New York

Merrill M. Flood
Research & Technical Division
System Development Corporation
Santa Monica, Califorth

Linton Freeman
Department of Sociology
University of Pittsburgh
Pittsburgh, Pennsylvania

Herman Fusskr, Director
University of Chicago Library
Chicago, Illinois

Arthur E. Gardner, Director
Composition Information Services
Los Angeles, California

Eugene Garfield, President
Institute for Scientific Information
Philadelphia, Pennsylvania

W. L. Garrison, Director
Center for Urban Studies
University of Illinois
Chicago, Illinois

W. D. Garvey
Center for Research in Scientific

Oommunkation
The Johns Hopkins University
Baltimore, Maryland

1.1. Gallo
Director of Systems
Western Union
New York, New York

William W. L Glenn
Department of Surgery
Yale University School of Medicine
New Haven, Connecticut

Bernard C. Glued, Jr.
Director of Research,
Institute of thing
Hanford, Connecticut

Ward H. Goodenough
Department of Anthropology
University of Pennsylvania
Philadelphia, Pennsylvania
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Robert F.. Gordon, Head
Department of Biology
Notre Dame University
Notre Dame, Indiana

c Goat
I ne Moore School of Electrical

Engineering
University of Pennsylvania
Philadelphia, Pennsylvania

Dwight Grey
American Institute of Physics
Washington, D.C.

B. C. Griffith
Project on Scientific Information

Exchange In Psychology
American Psychological Association
Washington, D.C.

Eric N. Grubinget
Honeywell, Inc,
Wellesley Hills, Massachusetts

Vktor E. Hall, Principal
Brain Information Service
Center for the Health Scknces
University of California

Angeles, California

Milton Hants, Chairman of the Board
American Chemical Society
Washington, D.C.

William J. Harris, Jr., Assistant to
Vice President

Battelle Memorial Institute
Washington, D.C.

Robert A. Haute
American Society of Biological

Chentist!
Bethesda, Maryland

Robert M. Hayes, Director
Institute for Library Research
University of California
Los Angeles, California
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David G. Hays
The RAND Corporation
Santa Monica, California

Leland C. Hendershot, Editor
Journal of the APIttriCd1 Dental

Association
Chicago, Illinois

Herman H. Henkle
Executive Director
John Crerar Libritry
Chicago, Illinois

Saul terner, President
Hemet and Company
Washington, D.C.

Donald ). Hillman, Director
Center for the Information Sciences
Lehigh University
Bethlehem, Pennsylvania

J. L, Hodges, Ir.
Department of Statistics
Statistical Laboratory
University of California
Be keley, California

Bart E. Holm, Manager
Development Section
Information Systems Division
E. I. du Pont de Nemours & Co., Inc.
Wilmington, Delaware

Marjorie Hyslop, Director
Metals Information
Americas Society for Metals
Metals Park, Ohio

Eugene B. Jackson, Director
Information Retrieval and Library

Senice
ram Corporation
Armonk, New York

W. I. Jameson, Jr.
Society for industrial and kpplied

Mathematics
Collins Radio Company
Cedar Rapids, Iowa
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Stephen Johan, Editor
Applied Mechanics Reviews
Southwest Research Institute
San Antonio, Texas

Stella Keenan, Executive Secretary
National Federation of Science

Abstracting and Indexing Services
Philadelphia, Pennsylvania

Allen Kent, Director
The Knowledge Availability

Systems Center
University of Pittsburgh
Pittsburgh, Pennsylvania

Maud L. Kenyon, Director of
Publications

American Chemical Society
Washington, D.C.

M. M. Kessler
Technical Information Program
Massachusetts Institute of

Technology
Camb4dge, Massachusetts

Donald West King
College of Physicians and Surgeons
Columbia Presbyterian Hospital
New York, New York

William T. Knox, Vice President
McGraw-Hill, Inc.
New York, New York

H. Milliarrs Koch, Director
American Institute of Physics
New York, New York

Joseph H. Kuney, Director
Publications Research
American Chemical Society
Washington, D.C.

Baldwin 0. Lamson, Director of
Hospitals and Clinics

The Center for the Health Sciences
University of California
Los Angeles, California

T. Lauritsen
W. K. Kti1014 Radiation Laboratory
California Institute of Technology
Pasadena, California

Arnold Lazarow, Head
Department of Anatomy
Medical School
University of Minnesota
Minneapolis, Minnesota

William I. LeVeque, Chairman
Department of Mathematics
The University of Michigan
Ann Arbor, Michigan

Walter E. Lobo, President
United Engineering Trustees, Inc.
New York, New York

John Lyman
Professor of Oceanography
The University of North Carolina
Chapel Hill, North Carolina

Stephen A. McCarthy
Executive Director
Associatio.t of Research Libraries
Washington, D.C.

W. D. McElroy, Chairman
Department of Biology
t+lergenthakr Laboratory
The Johns Hopkins University
Baltimore, Maryland

Donets McHenry
Wits, Janney, Eiszner & Associates
Northbrook, Illinois

Blaine C. McKusick
Central Research Department
Du Pont Ltperimental Station
Wilmington, Delaware

Edwin Mansfield
Department of Economics
University of Pennsylvania
Philadelphia, Pennsylvania
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Oscar T. Matzke, Vice President
Fundamental Research
U.S. Steel Corporation
Pittsburgh, Pennsylvania

Herbert Menzel
Department of Sociology
New York University
New York, New York

Eugene Miller, President
Documentation Incorporated
Bethesda, Maryland

Foster E. Mohrhardt
Program Officer
Council on Library Resources, Inc.
Washington, D.C.

Frank W. Moore
Executive Director
Human Relations Area Files
New Haven, Connecticut

George E. Nicholson, Jr., Chairman
Department of Statistics
University of North Carolina
Chapel Hill, North Carolina

R. H. O'Brien, President
Visual Search Nikrotrim File
Information Handling Service, Inc.
Denver Technological Center
Englewood, Cblorado

Francis C. Oglesby
Applied Logic Corporation
Princeton, New Jersey

Richard H. Orr, Director
Institute for the Advancement of

Medical Communication
Philadelphia, Pe envy-Innis

Carl F. J. Overholt
Protect errata
Massachusetts Institute of Technology
Cambridge, Massachusetts
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Phyllis Parkins, Director
EtioSciences Information Service

of Biological Abstracts
Philadelphia, Pennsylvania

Ralph Phelps, Director (Retired)
Engineering Societies Library
New York, New York

Ithiel de Sofa Pool
Center for International Studies
Massachusetts Institute of Technology
Cambridge, Massachusetts

Dixy Lee Ray, Director
Pacific Science Center Foundation
Seattle, Washington

Alan M. Rees
School of Library Science
Case-Western Reserve University
Cleveland, Ohio

Malcolm Rigby, Editor
Meteorological Abstracts
Washington, D.C.

John T. Rouse
Mobil Oil Cbrporation
Houston, Texts

Melville J. Ruggles
Council on Library Resonrcts, Inc.
Washington, D.C.

Richard Ruggles, Secretary
The Econometric Society
New Haven, Connectkut

Saul B. Saila, birectoe
Marine Experiment Station
University of Rhode Island
Kingston, Rhode Island

Gerard Salton
Department of Computer Science
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APPENDIX

A Guide to the Content of Specific
Recommendations

RECOMMENDATIONS ON "PLANNING, COORDINATION, AND
LEADERSHIP AT THE NATIONAL LEVEL" (CHAPTER 3, SECTION A)

At Proposes the creation of a Joint Commission on Scientific and Tech-
nical Communication, responsible to the Councils of the NAS-NAP,
to stimulate greater effort toward coordination among private orga-
nizations and facilitate their interaction with the government.

A2 Outlines a philosophy of shared responsibility among government
and private organizations for the effective communication of scientific
and technical information and emphasizes reliance on the private
sector.

A3 Advocates (a) the management of public information programs by
appropriate societies, federations of societies, or commercial organi-
zations; and (b) a policy directing the use of appropriate privately
operated services in mission-oriented government information pro-
grams.

A4 Advocates increasing the scope of the 1961 page-charge policy state-
ment to include the processing of information for access, consolida-
tion, and special use.

AS Urges the assignment of high priority in new mission-oriented govern-
ment programs (particularly those dealing with major social problems)
to the development of the required information systems.

A6 Encourages managers of scientific and technical society information
programs to develop arrangements for the international exchange of
information.

A7 Urges government assistance and support of society efforts to achieve
international cooperative agreements relative to scientific and tech-
nical communication.

A8 Suggests early attention in International cooperative research pro-
grams to the development of means of handling the typically large
quantities of data and information generated.

A9 Urges the inclusion of representatives of relevant nongovemment in-
formation activities in U.S. delegations to internationally managed
information endeavors.
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PAGE

A10 Endorses legislative action for the creation of a special statutory com-
mission to study copyright problems (not the Commission proposed
in Recommendation Al). 35

All Proposes the creation of a working group to maintain awareness of
relevant developments in standardization and convertibility. 37

RECOMMENDATIONS ON "CONSOLIDATION AND REPROCESSING
SERVICES FOR THE USER" (CHAPTER 3, Secrtorr B)

PAGE

B1 Urges greater effort by societies to meet the need for critical re-
views and data compilations and to foster their efficient use. 41

B2 Advocates the allocation of funds for review and compilation efforts
by sponsors of research and development. 41

B3 Points out the necessity of sifting, consolidating, and evaluating the
output of major, large-scale, long-term programs of research and
development. 42

B4 Suggests that the proposed Joint Commission on Scientific and Tech-
nical Communication identify the necessary steps to assure ready
and effective access to reviews. 42

B5 Urges societies to allocate greatsr effort to fulnllment of the infor-
mation needs of the practitionerprovision of access and awareness
services for practice-oriented literature and materials, and of applica-
tions-oriented reviews and state-of-the-art surveys. identification of
existing data resources and of unmet needs for such resources; and
allocation of increased effort fa meeting practitioners' needs for con-
tinuing education. 44

B6 Directs societies to encourage the organization of subdisciplinary
groups with common information needs (need groups). 45

B7 Advocates support of the development of need-group services by a
variety of sponsors. 47

B8 Suggests a mechanism for facilitating the design and operation of
need -group services. 47

139 Assigns responsibility to the proposed Commission for aiding in the
development of need-group services. 47

1:10 Emphasizes the importance of arrangements which provide a suflI-
dent contribution toward the input costs of basic abstracting and in-
dexing services by sponsors of research and development to permit
the operators of such services to make the products available for
reprocessing at roughly output (distribution and runoff) costs. 48

Bit Emphasizes the responsibility of abstracting services to stimulate
reprocessing of their products. 49

1312 Indicates the responsibility of societies for assuring reprocessing of
access information. 49

BI3 Suggests a possible means of exploring the problem of guiding users
to the indexing and abstracting services appropriate to their needs. 50

B14 Assigns responsibility to the proposed Commission for exploring ways
of fostering the use of information analysis centers. 51

B15 Emphasizes the importance of continuous and systematic performance
evaluation in the operation of information programs. 51
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PAGE

BI6 Urges recognition of marketing as an essential part of the dissemina-
tion process. 52

RECOMMENDATIONS ON "THE CLASSICAL SERVICES"
(CHAPTER 3, SECTION C)

PAGE

CI Urges federal agencies to recognize their responsibility to fund the
literature-access services needed to ensure utilization of the work that
they sponsor, with greater reliance on the scientific and technical so-
cieties and for-profit organizations. 56

C2 Emphasizes the responsibilities of societies in the provision of basic
abstracting and indexing services. 57

C3 Advocates a policy requiring author-prepared documentation units to
accompany material submitted for primary publication. 57

C4 Suggests a mechanism for the development of guideline3 for the
required documentation unit. 58

C5 Encourages means of supporting library services that will afford the
option of extra service at extra cost and encourage the development
of innovative procedures and services. 61

C6 Emphasizes the importance of training students in the operational
analysis of library functions end of educating users to employ the
existing array of library and information services to advantage. 61

C7 Points to the pressing need for systematic analysis of the economic
aspects of formal publicati ns as a basis for the development of
flexible and feasible funding and pricing policies. 65

C3 Advocates the continued honoring of page charges by sponsors of
research and development. 66

C9 Urges publishers to make systematic efforts to improve the quality
and timeliness of formal publications. 68

C10 Suggests that societies experiment with publication of short-lag, brief-
reports journals and with so-called superjournals (which reprint the
most outstanding papers in a selected field). 69

CI I Indicates the responsibility of societies to publish the "who, what,
where" type of information that facilitates informal interpersonal
communication. 69

C12 Suggests increased experimentation with various systems for the selec-
tive dissemination of information. 70

C13 Urges operators of small publication programs to explore arrange-
ments for merging their production activities to take advantage of the
economies of scale implicit in new technological methods. 71

C14 Suggests that societies subject semiformal communications to biblio-
graphic control, insofar as is practicable, and control distritution to
the extent necessary to assure the continued strength of primary
journals. 71

C15 Advocates the development of an FCST policy differentiating periodic
obligatory inimical reports from those with substantive content and
the adoption of uniform documentation practices in regard to the
latter. 73
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PAGE

C16 Urges meeting sponsors to explore means of enhancing the effective.
ness of such gatherings. 74

RECOMMENDATIONS ON "PERSONAL INFORMATION
COMMUNICATION" (CHAPTER 3, SECTION D)

PAGE

DI Advocates the provision of adequate time and facilities for informal
interpersonal communication at scientific and technical meetings. 77

D2 Urges sabbatical and leave policies which facilitate visits to other
institutions by staff members apt to benefit from such opportunities for
interaction. 77

RECOMMENDATIONS ON "STUDIES, RESEARCH, AND EXPERIMENTS"
(CHAPTER 3, SECTION E)

PAGE

El Suggests that cosArr and the proposed Commission stimulate appro-
priate organizations to undertake comprehensive analyses of and
experiments on the functioning of various components of the scien-
tific-and-technical-communication network and of the over-all com-
munication complex. 79

E2 U:ges a particular effort to devise measures of the value of various
attributes or combinations of attributes of information services. 80

E3 Advocates study of the costs of different methods of storage and
transmission of information. 30

E4 Points to the need for comparisons of machine-aided indexing with
wholly human indexing. 81

E5 Suggests continued experimentation in the design and use of effec-
tive combinations of machine and human functions in information
retrieval. 81

£6 Suggests thit the NSF fund experiments involving single-interest-area
files and evolutionary indexing. 82

E7 Points to the responsibility of scientific and technical societies to
ensure the participation of competent scientists, engineers, and prac-
titioners in the guidance and evaluation of experiments with innova-
tive information-handling procedures. 82

£8 Urges the cooperation of the NSF and other federal agencies in efforts
to develop and evaluate Nrigu age s for describing the formats of files. 83

£9 Suggests that the NSF support libraries and other appropriate orga-
nizations in efforts to develop agreed-upon canonical forms for each
widely used bibliographic documentary element. 84

£10 Suggests that the federal government establish a single group to plan a
unified program of large-scale critical experiments (typically involv-
izg advanced technologies and large populations) in scientific and
technical communication and to guide and support contractors in
the conduct of these experiments. 85
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ACS American Chemical Society
ADt American Documentation Institut*

(now American Society for Information Science)
AEC Atomic Energy Commission
A01 American Geological Institute
AAA American Institute of Aeronautics and Astronautics
whit American Institute of Chemical Engineers
AP American Institute of Physics
Apt American Iron 0...s". Steel Institute
ALPAC Automatic Language Processing Advisory Committee
A14S American Ideate initial Society
*PA American Psychological Association
APt American Petroletat Institute
PAL Association of Research Libraries

Advanced Research Projects Agency
ASS! American Society for Information Science

(formerly Atncrican Documentation Institute)
A$141 American Society of Mechanical Engineers

to Blokfical Abstracts
ikste Biological Abstract, Barb *Is le Contest
act, Boob-Oxnhug-into -Prim Program
15031, Biariences Information Service of Biological Abstracts, Inc.
uA Bask karma, Abstract,

CA Chemical Abstracts
CAS Chemical Abstracts Service
CIAO Chemical-Biological Activities
CC/4 Information Sciences, tac.Subsidiary of Crowell, Collier and

Macmillan, Me.
CESTI Clearinghouse for Federal Scientific and Technical Information
CIA Central intelligence Agency
C1CP COCSIllittet to Investigate Copyright Problems, Int.
C10/45 Council of International Organitatious In the Medical Sciences

.4/919
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320 A bbrevlatiam Used

Council on Library Resources, Inc.
CODATA Committee on Data for Science and Technology (tcsu)
commoazac Computerized Engineering Index
COSATI Committee on Scientific and Technical Information (rest)
COSPAR Committee on Space Research (tcsu)
mstut Committee on Science and Public Policy (mks)
CRT cathode ray tube
ct Chemical Titles

Doc Defense Documentation Center
DESY German Electron Synchrotron
DOC Department of Commerce
DOD Department of Defense

inmost Interuniversity Communications Council
EDUNET Educational Information Network
EEA Electrical and Electronics Abstracts
EJC Engineers Joint Council
EM Excerpta Medico
EMPIS Engineering Materials and Processes Information Service
ERIC Educational Resources Information Center
ESRO European Space Research Organization
Etc European Translation Center
tuutom European Atomic Energy Community

ron Federal Onuatil for Science and Technology
EVA Food and Drug Administration
no International Federation for Documentation

GE General Electric
Gm U.S. Government Printing Office
GS4 Geoscitnces Abstracts

HEW Department of Health, Education, and Welfare

to International Aerospace Abstracts
Ile Information Analysis Center
toist International Yean of the Actin Sun
ilSA Internationai business Machines

International biologkal Program
index Chemical

tests international Council of Sckritific Unions
scstuts International Council of Scientific Unions Abstracting board
IEE Institution of Electrical Engineers
litat Institute of Electrical and Electronics Engineers
tto Information Exchange Group
trt Information for Industry, Inc.
int International Federation of Informnion Procming
tot International Geophysical Year
ttsD International Hydrological Decade
tst Ender Medico's
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tat Press International Microfilms Press
1/41 Information Management, Inc.
tatP Interface Maintenance Processor
NIS International Nuclear Information System
minx Information Transfer Experiment
KAY International Year of the Quiet Sun
tit Institute for Scientific Information
tsnu (Task Group for) Interchange of Scientific and Technical Informa

lion in Machine Language

JA0 Joint Agreement Group
JPIIS Joint Publications Research Service

KWAC Keyword and Context
KWIC Keyword in Context
rivoc Keyword out of Cos,text

IC
ILKX

Library of Congress
DOD Project to Provide a Defense-wide Technical Thesaurus

mac Multiple Access Computer Project
atalIC Machine Readable Cataloging Project
shot us Medical Literature and Analys:. Retrieval System
%tem Medical Subject Headings

tat National Academy of Engineering
tixa National Academy of Sciences
NASA National Aeronautics and Space Administration
SAL National Agricultvral library
tips National Bureau os Standards (floc)
141Ita National Defense Education Act
moat New England Library Information Network
pitS14111 National Federation of Science Abstracting and Indexing Services
tent National Institutes of Health (HEW)
NOM National Institute of Mental Health
mat National Library of Medicine
/MC National Program for Acquisition and Cataloging
141C National Research Council
RSA Nmeleer Science Abstrects
NIP National Science POW/dal/On
NODS National Standard Reference Data System

oe Office of Education (taw)
otco Organiration of Economic Cooperation and Development
owl Office of Naval Research
ott. Optical Society of America
osts Office of Science Information Service ("r)
oxen Offico of Standard Reference Data (Doc)
oat Office of Science and Technology
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322 Abbreviations Used

Physics Abstracts
psi Public Health Service (um)
Pori/ Polymer Science and TechnologyJournals
POMP Polymer Science and Technology--Patents
!SAC President's Science Advisory Committee

It/Coal Committee on Scientific and Technical Communication (K AS41AR)
SCAN Selective Current Aerospace Notice:
IOC System Development Corporation
got Selective DissernInstion of Information
111A Special Libraries Association
RUC Stanford Linear Actelentot Center
RDA Stanford Physic, Information Retrieval System
STAR Scientific and Technical Aerospace Reports
trry Scientific and Technical Information Facility (Ktsa)

Technical Abstracts Bulletin
Technical Association of the Pulp and Paper Industry

TT, Technical Information Project
Translations Resiste..inder.

too Universal Decimal Classitkmioa
too Upper Mantle Project
toe United Nations
tneroco United Nations Educational, Scleatik and Cultural Organisation
IntsANDOC Special project, City University of New York
tratit United States of America Standards Institute
mato United States Government Research and Development Reports
toot United States Geological Survey

World Magnetic Survey


