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FOREWORD

The Task Group on National Systems for Scientific
and Technical Information of the Committee on Scientific
and Technical Information (COSATI) is sponsoring a series
of studies on aspects of information systems and activities
in the United States. This report by Science Communication,
Inc. , is the result of one such study.

COSATI feels that this report contains much valuable

information and many thought- provoking recommendations.

Both government and private communities should benefit
by having the report widely distributed, and extensively
reviewed and discussed. Hopefully professional societies,
private groups and interested individuals will continue the
analysis of scientific and technical data activities which
has been well begun in this report.

Andrew A. Aines

Chairman
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ABSTRACT

This volume presents a plan for study and implementation of national
scientific and technical data system(s) concepts. The plan reported
was developed as a part of a broader planning effort by the Task Group
on National System(s) of the Committee on Scientific and Technical
Information (COSATI). COSATI is a committee of the Federal Council
for Science and Technology.

Major objectives of the plan are: (1) management of scientific and

technical data resources in a manner optimal for maintenance of a
strong science and technology, (2) improvement of existing data
management programs and data handling services by better use of
available technologies and methodologies, (3) development of the
personnel, institutional, and methodological capabilities required
to support future data-management and data-handling systems, and
(4) identification of procedures and designation of responsibilities
for actions to facilitate the development of new systems of data
management and data handling.

The plan envisions the achievement of those objectives within aI National Program for Scientific and Technical Data. Significant
elements of the National Frogram include organization of a National
Advisory Council for Scientific and Technical Data and establish-
ment of 4wo Program Offices - one for scientific data activities
and one for technical data activities.

I The plan presented in this volume is based in part on an extensive
survey-study of data activities as currently conducted in government.
industry, and the professio.n.s. The results of this background study
are reported in Volume II of this report.
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FOREWORD

1 The electronic age is once more the Machines can measure and produce
age of the hunter, only now it is the more data and men can discover
hunt for information, for data. 1 more variables and objects to meas-

ure than either man or machine cancope with. 2

I __

Of the three principal categories of The stand taken here is to suggest
information involved in scientific and an alternative goal for information
"technical information--data, proce- retrieval systems which deserves
dures and methods, and conceptual greater priority than the dispensing
framework, theories and ideas-- of information. This alternative is
"only the first, data, are presently to assimilate and weld newly gener-
readily responsive to available ma- ated know)edge into a coherent over-
chine storage and retrieval. 3 all image . .- Whereas the key word

of most enterprises and projects in
information retrieval is access, the
keywords proposed here as an alter-
native are evaluation and synthesis. 4

Since only a small fraction of the Unless destroyed or lost, data can
effort expended in collecting data is be reused an infinite number of
typically devoted to its analysis, a times. The flow of technical data .s
large amount of the informp' )n it not only from time to time but from
"contains generally is undiscovered organization to organization. 6
and unexploited. 5

A listing of sources for the quotations in this Foreward is at the end
* of this volume.

XI
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Information is an agency resource, The resource can be maximized only r
afederal, national, and international if it can be made more than a jumble I
resource. 7 of fragments. Information must be

assembled for the good of the Re-
public. 8

!
Modern science and technology cost . . .we must manage our technical
our society dearly, and our society data resources with the same care
is justified in demanding its money's that we manage our materiel, man-
worth. 9 power, and financial resources. 10

K
The U. S. Government is the free Inalarge sense, .... industrial orga-
world's foremost recipient and gen- nizations exist as much forthe pur-
erator of all types of information, pose of processing information as l
Sound handling of information is the for producing military hardware or
heart of fulfillment of virtually every consumer goods. 12

[major Federal responsibility. 11

The massive store of new scientific The basic theme is that information
and technical knowledge. . . repre- is a resource to be managed. Its
sents a national economic resource generation consumes time and mon-
possibly equal in importance to our ey. Its use, proper use, conserves
classical resources of land, miner- time and money. 14

als, manpower and capital. But to
exploit this resource--this bank of
intellectual capital--we must apply
it to the needs of industry and soci-
ety. 1I

I
I
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I
Think of the pile of paper represented But it is not these physical forms
by over 50 million engineering draw- (documents) that truly describe the
ings both old and new, collected in importance of this subject -- it is
DoD activities and repositories. 15 their knowledge content and the util-

ity of this knowledge for decision-
making, for operation and mainten-
ance, and most important perhaps,
for the generation of new know -
ledge. 16

We cannot thinkof scientific and tech- That scientific and technical infor-
nical information as dead records to mation comprise the life blood of
be bundled up; and stored away. It scientific research can scarcely be
is perhaps a psychological error to denied. And, just as thehuman body
speak interms of "storage"; if it can will die if the flood of blood closes

"" be stored, it is dead and its storage so will the scientific body wither and
is a waste of time and effox t. What die unless the knowledge generated
we are dealing with is live and grow - by research flows freely within the
ing; it must be added to, adjusted, r'search community. 18

and- -above all- -kept where it can be
reached, examined, used. 17

.. i ete-.4t of ourgtnf erat ýonwill not lhe fruits of scicnce are now so
be th at, ",iu18t.)f of k-owleudge ii hundant. and human problems so
In that we have Arit 4tdv P4 ir$Name.d Mtagg'ring and complex, that nations

* all 'he' al•l' t4f nioaki'l,' t'ibine'i and the world can no longer afford
( )ur teNt Illl ho I,,w V ell w- applv the luxury of being casual about
O .t; knowlw.i)( for th• hi l toi rn!nt 1 knowledge, 20

i. P,;ankindl . |

XlLI
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We have made a conscious decision I look with anticipation to the time
that the knowledge that we are gen- when people selling information
erating with rather massive amounts handling systems will drop the pre-
of research and development money tense that the requirement is obvious
must be applied as rapidly as possi- and go and try to determine whether [
ble. We are no longer content, in this obvious requirement exists at
other words, to tolerate the ineffici- all. 22

encies of the information- transfer I_
system with which we lived most
comfortably for many years... We
want to make the system more effi- [
cient. This, I think, is all right,
but let us bear in mind that it is
something we have decided we want [
to do and not something that is in-
trinsic in the subject itself. 21

I believe that the realization of na- Savings almost beyond comprehen-
tional information systems is one of sion may become possible- -savings

the most challenging areas of current in manpower, materiel and perhaps
activity, with great potential impact most important, in time. The sav-
on not only our science and technolo- ings will not be automatic; at times,
gy but also on the academic, com- they may even prove illusory be-
mercial, and industrial sectors of cause hidden costs develop. But
our society. 23 over the long run, the savings will

be real and substantial. 24

The executive's present efforts to- One cannot expect existing groups to
ward finding an optimum system or develop willingness to cooperate in L
set of systems to meet researchers' a scheme where the purpose is ge.n-
and research planners' needs for in- eral, intangible and perhaps only of
formation from and about research sentimental character. Our goals
and development demand stronger in setting up a national system must
support to overcome the parochial be expressed in terms of the roles
interests of individual agencies. The and concrete outputs of all groups in
latter tend to proliferate data collec- that system. 26

tion classification, storage, and
retri -val techniques. 25

"XTV
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If man's collected knowledge is to Our present (data) system has not
I become truly accessible, plans and emerged as a result of overall plan-

programs must be made, priorities ning... 28

i assigned and resources allocated. 27

!
Eventually, information system plan- Why do we worry about the type of
ners foresee the development of a machine organiz,:tionbeforew,Žwor-
network of specialized information ry about the management of infor-
centers with on-lUne, instantaneous mation per se ?30

retrieval capability utilizing remote
consoles that perhaps will be placed
on the desks of every project engi-
neer.

2 9

I
Because most of the schemes and We need a wayof switching informa-
devices for handling information are tion, not documents, to the user in
so new, their limitations are still as discriminating a manner as pcssi-
not fully understood; in particular, ble. The user should be informed,
it is not usually appreciated that the not overwhelmed. 32

new systems generally retrieve doc-
uments rather than information.T

I Back in thelate 1930's, H. G. Wells ... it requires enormous intellectual
predicted that some worldwide sys- effort to devise a system for order-
tem would have to be adopted for the ing such data. One has to know a lot
classification, storage, retrieval, of botany to be a Linneaeus; a suc-
and dissemination of scientific data. cessful Chemical Registry scheme is

3 We dQP't have surh a systemyet; but worth a Nobel Prize in chemistry. 34

if Wells had lived through our post-
World War 11 scientific explosion, he
would have been gratified that elec-

tronics and cybernetics are provid-
ing new means for coping with the

I continuous avalanche. 33

xv
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!
1. INTRODUCTION

A. Background

The information activities that support the nation's scientific and
technological posture have been the subject of considerable discussion1 and study during the past decade. At the national level, the U. S. Senate
Committee on Government Operations, the U. S. House of Representa-
tives Committee on Science and Astronautics, and other committees
concerned with science and technology have conducted numerous hear-
ings and, in general, engendered within both the Federal Government

?- and the broader scientific and technical community a more realistic
appreciation of the attention warranted by scientific and technical in-
formation activities. Subsequently, efforts of the President's Science
Advisory Committee and the Federal Council for Science and Technology
have become a focal point that has helped to clarify responsibilities,
problems and potential opportunities within a perspective which spans
the professions, the Government, and the private sector. Between 1958
and 1965, several Panels and Ad Hoc Committees of these bodies exa-
mined various aspects of scientific and technical information activities
and related problems.

In 1982, the Federal Council for Science and Technology established
the Committee on Scientific Information under the auspices of the
Office of Science and Technology, Executive Office of the President.
In 1964, the name of the Committee was ch,%nged to Committee on
Scientific and Technical Infoarmation (COSATI) to indicate that its
scope of interest included technical, as well as scientific, information
activities. The current organizational structure of COSATI, as shown
in Exhibit 1-1, indicates its extensive involvement in improving Federal
scientific and technical information activities. in addition. COSATI,
through its own leadership and initiative, is stimulating orgatuizations
in and out of the Government, in the United States and overseas, in
science and technology and other fields, to seek new methods of
improving their capability to communicate information efficiently
and effectively both within and between communities. Perhaps the
most ambitious of COSATI undertakings, to date. involves the work
of a Task Group to study the complex area of planning for national
information system(s). The Charter of this Task Group, 4_-awn up

[I
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in 1964 (see Exhibit 1-2), identified two principal goals and objectives:

U Undertake those investigations needed to (a) inventory
and evaluate the resources (people, libraries, and
other services, equipment, materials and funds) [
currently being utilized in national and other domes-
tic scientific and technical information activities;
and (b) ascertain the information needs of users
such as: scientists, engineers, managers, practi-
tioners, and the technical public, as individuals and
as groups, in and out of the government. iT

* Based upon these and other findings, prepare recom-
mendations and plans for the development of national
information system(s) to include act.ons for Govern-
ment agencies, suggestions for actions by the private
sector, and steps to move from current to advanced
information systems.

The Task Group recognized very early the hurdles that lie in the path of
implementing improved national systems. The COSATI Progress Report
of 1965* noted that: (1) There should be no disruption of existing informa-
tion channels; (2) Account must be taken of widely differing capabilities
of existing systems and the realities of funding, long-established practices,
rapid changes in information technology, and the differing needs of various
segments of the user communities; ind (3) The Government cannot direct
the private activities that form a major element of the national informa-
tion capability- -that it can only encourage them to join forces in a national
system. Recognition of these realities has defined the objectives of the
Task Group on National Systems in all of its programs.

The Task Group hap sponsored a set of complementary studies to accumu-
late background information rid to assess its relevance to the require-
ments and feasibility factors r.elating to national scienrtific and technical
information systema concepts. The first study ezamined the current |
status of document handling and made recommendations concerning a
national document handling system. " A second study dealt in depth with I

Pro.ress of the United States Government in Scientific knd Technical
Communications. Committee on Scientific and Technical Information
of the Federal Council for Science and 'echnolog, Executive Office
of the President. 1965

"*Recommendations for National Document Handling Systems in Science I
and Technology Appendix A- -A Background Study- - Volumes I ant;
II System Development Corporation. Santa Monica. California.
Septerrber 1965. Contract AF 19 (628) - 5166. I

1-2
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'I abstracting an#! indexing services in the United States. * Anther study
analyzed the structures and functions of informal information-
communication systems. ** Based on the results of these studies,

iI other findings, and the experience of its members, the Task Group is
formulating recommendations and plans for consideration and implemen-
tation of national information system concepts.

B. Objectives of the Study of Data
Undertaken by the Task Group on National System(s)

Prior to 1966, relatively few comprehensive studies had been conducted
of scientific and technical data systems. Previous studies and surveys
had been restricted to the data activities of an agency, to a specific scien-
tific or technical field, or to selected elements of a total data system - -

e. g., data processing equipment. Consequentlv. the COSATI Task Group
on National Systems has undertaken a broad-scope study that can be used to

Sguide the formation of national policy with respect to systems for scienti-
fic and technical data collection, reduction, storage, retrieval, analysis,
and dissemination. Specifically, the study by the Task Group is intended to:

I Assess the degree of attention that is being
given to diata on the national level:

6 Clarify the role that scientific and technical
data - - in various stages of refinement -- play
in the technical decision process; and

0 Formulate data system policies and/or
actions that will benefit the Interchange of
technological know-how and the conduct of
research.

U For the purposes of the study, data are described as quantitative or quali-
tative representations of properties, characteristics, or attributes of[ objects, events, measurements, or observations. In common usage, data
connote factual, as opposed to conceptual information; in addition, the term is

L • A System Study of Abstracting and Indexini in the United States,
System Development Corporation. Falls Church. Virginia.

16 December 1966. Contract NSF-C-464.

" ploration of Oral/Informal Technical Communications Behavior.
Semi-Annual Technical Report. American Institutes for Research.
Silver Spring. Maryland. 15 March 1967. DAIHC-04 67 C0004.

1-3
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frequently used to denote the factual information content of a document,
rather than the document or artifact itself. The latter distinction permits
differentiation between this study and many previous studies which dealt [
with document handling systems or with abstracting, indexing, or other
treatment of conceptual information conternt of documents. The scope of
the study, roughly defined, includes activities involving the following
types of scientific and technical data:

a Data acquired in the course of conducting I
experiments or examining natural phenomena,
or in the course of performing tests according
to prescribed procedures;

a Data which describe the characteristics or
performance of a natural phenomenon, a
material, a device, or a component; and

* Data which instruct, guide, or aid skilled or r
semi-skilled persons in the propir use,
maintenance, or replacement of artifacts, F
or in techrnques and procedures.

This study is intended to establish how the various types of scientific and
technical data are acquired, stored, retrieved, packaged. and dissemi-
nated for apecific types of users; why these packaging methods have been
adopted; and what changes in methods are foreseen in the future. Special L
emphasis is placed on uses made of data by various functional groups (e. g..
basic research, equipment and systems development, product application,
etc. ) and the degree of processing or refinement of data needed for such [
functional groups.

A further objective of the study, which is to be conducted in several phases, is I
to facilitate an open discourse and provide an opportunity for expression of
the views and knowledge of the many individuals and organizations that will
be key participants in the development, operation, and use of future data I
systems.

The scope o' the Task Group study can be summarized as encompassing 1
scientific and technical data activities which are potentially amenable to
determination of requirements for national data systems or for other types
of coordination which would improve our national scientific and technologi- 1
cal posture.

[
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C. Approach and Products of the Initial Phase of the Stud,

In September 1966, Science Communication, Inc. was awarded a contract
to initiate this study. Specifically, Science Communication, Inc. undertook
to conduct a preliminary survey of scientific and technical data activities,
data-related problems, and datA system needs within government, the pro-
fessions, and industry. This initial phase of the COSATI Task Group Study
was undertaken to produce a preliminary census of current data activities
and a plan for further study and consideration of various conce'pts of na-
tional scientific and technical data systems.

Volume II of this Report summarizes the census-survey findings of this
initial phase of the study. Volume I presents a recommended plan for
further study and implementation of national data systems concepts, and a
discussion of factors considered in the development of the plan.

The following Summary of Conclusions and Recommendations (Section I1)
highlights some of the more important conclusions reached in this initial
phase of the study. It must be emphasized that these conclusions are the
result of a very limited effort in terms of the ratio of the size of the study
effort to the magnitude of the problem area examined. However, these
conclusions, together with the other findings and recommendations in this
Report, provide, for the first time, visibility and articulation of the data
segment of scientific and technical information activity.

During the structuring and conduct of the survey activities, it was fre-
quently necessary to make decisions as to which areas or modes of study
would best meet the purposes of the study. These decisions, by necessity,
involved a consideration of the underlying justifications for the study. A
summary of some justifi-cationa and of current perspectives concerning the
role of data is presented in Section III. Also, it was recessary to formu-
late an internally consistent set of concepts and terminology to guide and
unify the surixey efforts. A selected set of these concepts with their defi-
nitions is presented in Exhibit 1-3. Additional discussion of the structuring
concepts is contained in the Introduction to Volume II oi this Report.

Volume II provides background information for consideration of the Plan
presented in Volume I. Primary elements of this census include state-of-
the-art descriptions of data activities in selected communities of science
and technology, a preliminary census of formal data efforts in science and
technology, and findings from selected survey-probes of data management
and handling capabilities, activities, and'problems in typical institutional
or organizational settings. In total, findings from these complementary

1-5



Sioence Communication
Washington, 0..C. 20007
COSATI D~ata Sy' stems Study-
Final Report - F44620-67-C-0022 30 April 1968

surveys provide a summary of the current state-of-the-art in scientific
and technical data management and data handling efforts. [
The four survey techniques used to develop the preliminary census of data
activities were literature review, mail questionnaires, workshop discus-
sions, and personal interviews with leading data specialists and managers.
These same techniques were employed to derive the plan for continuation
of the study. Concurrent conduct of these two aspects of the study per-
mitted meaningful integration by encouraging the consideratL -n of current
facts and opinions in the evolution of recommendations for future data sys-
tems study and development. [
This Report equips the COSATI Task Group on National Systems and other
interested organizations with a preliminary definition of the challenge [
awaiting tho-e who will assume the leadership in creating improved scien-
tific and technical data systems In addition, it provides a focal point for
re-views and discussions to further define required actions and enlist the "
participation of the many organizations and individuals who must contri-
bute to the development of improved scientific and technical data manage-
ment and handling systems. Suggestions for further background reading
are enumerated in the Selected Reading List, Exhibit 1-4.

I

I
I ~I
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iji
II SUMMARY OF MAJOR CONCLUSIONS

AND RECOMMENDATIONS

Man's physical awareness, and to a lesser extent, his total existence,
is defined by his ability to sense and comprehend his environment and
his relationship to it. Creation of symbolic representations of this
environment and use of these representations in constructive communi-
cations is a vital function of modern societies. A significant change in
the manner in which this function is performed in any significant segment
of our society can alter the nature of human affairs. Science and tech-
nology are in the midst of such a change.

Our study has only begun to sketch this change, as evidenced in current
scientific and technical data activities. However, continued change or
transition in data management and data handling systems is inevitable
and can be expected to continue to grow in significance. Consequently,
steps should be taken to characterize the transition, provide visibility
to its nature and importance, and to enlist the resources required to
guide the change in the direction most beneficial to our national scientific
and technological posture. If properly applied, means are currently
available to improve current data management and data handling prac-
tices. In addition, it is feasible to initiate development of new data
handling systems which promise quantum increases in the utility of our
national scientific and technical data resource.

The conclusions and recommendation cf this preliminary study are not
highly prescriptive as to the configuration and functional structure of
national data handling systems. Rather, primary emphasis is given to
identification of actions which will evolve goals, competencies, and
motivations which can be integrated into a comprehensive, yet decen-
tralized program to achieve optimum utility from our national scientific
and technical data resource. The recommended program should not,
in fact cannot, be implemented on a crash basis; neither can its imple-
mentation be delayed if the U. S. intends to maintain its position of pre-
eminence in science and technology. The major recommendations in

F this report are offered as a preliminary blueprint for establishment of
a National Scientific and Technical Data Program. If the recommended
program is initiated in FY 1969, national scientific and technical data

J7 systems could be a functional reality as early as FY 1975.
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A. Scientific and Technical Data--
ij Perspectives and Policy Implications

CONCLUSION: The utility of our national scientific and technical data

Iresource can be substantially increased by improved management.

Although the Federal Government and non-government organizations in

the U. S. jointly expend in excess of 20 billion dollars annually to sup-

port research and development efforts, few policies exist to guide the

management of the resultant scientific and technical data. In fact,

current policies and programs have resulted in an imbalance between

i,, the efforts expended to generate new data and the efforts expended to

r maintain, evaluate and make maximum use of available data.

RECOMMENDATION: The Executive Office of the President should

issue a policy statement establishing the objectives of a national

program to improve the management of scientific and technical

data activities within government, the professions, and industry.

The statement should not only identify goals but designate responsibilities

and identify means to achieve thr program objectives. Specifically. the

program should achieve redistribution of Federal expendi t ures so that

an appropriate percentage of each agency's research and development

"budget is allocated to data activities. The program should involve

upgrading of existing data systems and services, and development of

I. the capabilities required for implemenvation of improved systems for

future data management and handling. In addition, the program should

p -ovide funds to support exploratory study and planning of data manage-

ment and data handling systems in those areas of science and technology

[ which can most benefit from such study and planning. The toeal program

should be structured and administered in a manner which will assure

appropriate participation by all sectors of the scietýtific and technological

community.
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CONCLUSION: No effective means currently exists for coordinating

and integrating the data management and data handling activities [
of the governmental, professional, and industrial sectors of

science and technology. I

Despite the extensive efforts of COSATI and the respective agencies of

the Federal Government to ooordinate intra-government scientific and

technical information activities, no broad-gauge means has been esta-

blished to coordinate these efforts with those of non-government

organizations. The National Science Foundation is ourrently funding and

working with professional societies to establish discipline-based informa-

tion systems, and many other government agencies cooperate with a

limited number of non-government organizations. For example, the

Department of Defense co-sponsors meetings and working groups with

data-oriented sub-groups of the American Ordnance Association and the

National Security Industrial Association. However. existing arrangements

are not adequate to support the implementation of the program required

to achieve optimal use of the national scientific and technical data resource. 1•

RECOMMENDATION: A National Advisory Council for Scientific and

Technical Data should be established.

The Council membership should represent the various segments of scien- -
tific and technical data activity, both governmental and non-governmental.

The Council should function principally as a review and consultative body

and should be structured to permit the operation of Panels concerned with

the folloi--ing types of data activities: (1) Discipline-research (scientific)

data activities; (2) Developmental-mission data activities. (31 Applications-

product data activities; (4) General-purpose data activities; and (5) Data

system technologies and development activities. Through operation of its

I1
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Panels, meetings such as a White House Conference and special studies,

SI the Council would provide a forum dealing with data management and

data handling system requirements. Based on inputs from this con-

: I tinuing forum and Council review of current data management practices

and data system performance, the Council would evolve recehimendations

I to guide the National Scientific and Technical Data Program. The

Council should maintain a small, permanent staff which would function

as the secretariat for the Advisory Panels and would monitor planning

and other special studies initiated by the Council.

CONCLUSION: Scientific and technical data and data activities are

exceedingly complex; national data programs and system

development efforts must be capable of effectively recognizing

and accommodating this complexity.

The extent of this complexity can be gained by considering the attributes

of scientific data activities associated with discipline research as com-

pared rith those technical data activities associated with mission

development or product application activities. Each of th,.se types of

data activities use data (even the same data) in different ways, prefer

specific packaging methods, and are driven by different motivational

V" factors in the generation, handling, and application of data.

"RECOMWINMATIDN: National data programs and related policies must

be implemented with due consideration of the diverse types of dat-

"activities which are conducted as an integral and vital part of

science and technolog).

Present knowledge indicates that the National Scientific and Technical Data

Program should consist of at least two subprograms - one formatted to

L 11-5
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develop improved data management and handling systems for scientific [

data activities, and one formatted to the requirements of technical data [
activities. This would permit the total program the flexibility required

for effective interaction between government, industry, and the profes-

sions. More specifically, it would permit the Federal Govet nment to

tailor its support of data system development efforts in accordance with

the textent of the public interest.

In addition, the National Data Program must be structured to complement [
and build on existing data efforts, both governmental and non-governmental.

Especlally, it should provide a means for including a voice for the interests r
of the pre-existing data service programs in the mission-oriented

Federal agencies and in commercial service firms such as publishers. r

CONCLUSION: The full utility of scientific and technical data is not

currently realized under existing data management and data

handling policies.

Analogous to the preservation of academic freedom, the individual scientist

has rightfully striven to preserve independence from external influences

on the conduct of his scientific work. As a consequence, the scientific L
community has avoided centralized coordination of its activities.

including cont.ervation of the knowledge structures which constitute L
the bases of the various disciplines. It is assumed th.,t the informal

structures, such as the invisible college and the more formal

mechanisms associated with publicatvin of the scientific journal and

monographs, provide adequate vehicles for communicating data and L
for maintenance of the unity which is so vital to a strong science.

This assumption fails to give due weight to the changing character of

the role which our society expects science to perform and the changes

which result as scientists attempt to react to these new expectations. [
it also fails to note the inadequacies of the scientific paper, professional
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SI journal, and abstract publication as a set of tools for the communica-

tion and maintenance of the increasing pool of factual information or

I data being generated by scientists.

j Although due to other causes, the data management and conservation

practices currently followed in developmental or applications

activities in science and technology are equally ineffective. For

example, in spite of the large amounts expended to develop costly

items of equipment for applications, such as defense and space

exploration, data describing these equipments are not maintained

p in well-structured, full-indexed files readily accessible to other

potential users.

RECOMMZNDATIDN: Each scientific or technical community,

V including mission -oriented agencies, should reappraise

its current procedures for managing and handling scientific

and technical data, especially in regard to their adequacy

for conservation of the data as a costly and potentially

reusable resource.

Each community should establish a focal point and procedures to

identify the characteristics of its data resources, to articulate

data management objectives, and to formulate plans and progr-ms

I}. to implement data handling systems development or other actions

to achieve the goals of the community. In effect, each community

[ should create a body (office. committees, etc. ) to serve as a

spokesman and coordinator for the cooperative data activities of

I the community. Such data activity coordinators might be housed in

professional societies, trade associations, educational institutions,

[Ior government agencies; however, participation in the activities of

I
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the k.ocrdinating body should be open to all members of the community.

In fact, the ability to assure a large involvement of the community in L
its activities should be a prerequisite for recognition of the coordinat-

ing body as the designated agent to participate in National Scientific [
and Technical Data Program development. In addition, such groups

should explore the feasibility and potential utility of data indexes or

inventories, data-source referral services, computer-composed

handbooks, computer-maintained data banks, and other means of [
maintaining and increasing the utility of the data base serving a

given community of users. The coordinating body should serve F
principally to act as an initiator for the development of such service,

however, if other means are not feasible, the coordinating body V
could undertake provision of such services.

CONCLUSION: There is inadequate knowledge concerning the nature

(quantity, quality, location, ownership, usefulness, etc.) of

existing scientific and technical data to permit optimum

design of national data management programs or data

handling systems.

It is amaz,ng thattdespite the large expenditures for gvneration of I-
data and level of sophistication generally acknowledged to exist in

administration of scientific and technoligi.. t ..,t'.vities. a compre- r
hensvt.t inventory of data does not currently exi!,t for any of the

major communities in science and technology. As a -onsequence, -

many important decibions. concorning 'ither scientific and technol-

ogical programs or data handling, are made with little detailed [
information concerning the available data resource. In many cases.

Federal contracts or grants are awarded for generation of new data I
when the awarding agency is unable to supply the contracto- or grantee

with information concerning the nature, quality, availability. etc. of

previous measurement results.
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RECOMMENDATION: A National Index of Scientific and Technical Data

should be developed. Such an index is essential if data manage-

ment is to be planned on a systematic basis. Also, such an

index would be immediately useful to scientists and technologists

L who currently expend as much as 30% of their working hours

searching for data required to perform their job.

The index envisioned is not one single, comprehensive index; rather, it

would consist of sub-indexes covering the data resources useful within

individual communities. The initial index should cover existing sLientific

or technical data files, data reference tools such as handbooks, and

computer processible data. Subsequently. it could be extended and
refined to index data at the document level. The form of the index

should be adapted to the requirements of the using communities. In

many cases, the index will be most useful if compiled and maintained

in a computer searchablk form. The National Index could be pursued

as a central element of a National Data Program with the index com-

pilation activities in each scientific or technical community being

coordinated by a selected organization such as a professional society

or trade association. Commercial firms could disseminate the Index

in either hardcopy or computer processible form.

CONCLUSION: Federal policy relative to scientific and technical

data management must recognize and facilitate -•iaximum

use of the existing scientific and technical data resource.

Science has fostered wide dissemination and accessibility to scientific

data with restrictions lih•ited largely to those conventionit required to

acknowledge the generator. To n lesser extent, copyright hais been
"employed to enable the publisher to maintain an economically viable

"" channel for dissemination of data In contrast, mission-oriented
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agencies of the Federal Government and commercial firms frequently [
restrict the dtstribution or accessibility of the data which they generate.

In some instances, it is because the agency or firm does not wish to [
disclose its position, in other cases, the agency or firm has no desire

to restrict the data, but has no inc.iitive ,, expend the funds and/or I

effort required to make the data available to other users.

.•COMNMDATION: The Federal Government should establish a

policy to encourage the accessibility of scientific and technicil [
data to as many potential users as possible. r

Such a policy would not conflict with full recognition of the property

rights of individuals or organizations. Rather, it would be promulgated r
with a specific delineation of private data (data which an individual or

organization does not desire to disclose or release), proprietary data "

(data which the owner or possessor will release under prescribed con-

ditions such as payment of a fee), and public data (data for which

ownership and possession is in the public domain). Government support

should be given to efforts for removal of the barriers which result in

data being restricted when, in fact, the owner or holder has no objec-

t ions to use of the data by otht rs.

nnitia&iy. the Federal G;overnment shiould take actions to see that

data generated under its sponsorship is managed so as to assure ,

maximum use. For example, al! Federal research and devebpment

programs should direct a minimum Iet'vl of effort to this objecuvte. [
This should be s ,pplem.nted by - central clearinghouse which would

support the special data ,-.,tlbandry operations required to move data 1

from a restricted or limited use contcxt Wc. g.. an agency pro)ect file)

to one wher- 'hr data has higher visibility ;-n greater u.:e potential 1

(e g . i eovernment-isued index to data of potential interest to a

"specific user group, either government or non-,overnmrent) [
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I In addition, where commercially generated data have high utility for

a large or significant segment of a scientific or technological community,

the Federal Government should be prepared to underwrite the cost of

organizing and disseminating the da'-,. However, this should be

undertaken only when costs or other factors preclude such actions

by commercial service firms.

CONCLUSION: As data handling becomes increasingly automated, the

need for standardization of data handling methods will become

"increasingly 'mp._rtant to the National Scientific and Technical
4. Data Program.

F To a lesser extent, there will also be factors leading to increased need

for some standardization of the form and quality of data. However, any

steps towards standardization of data form and quality must be taken

with caution and with a ftill appreciation of the implications for the

conduct of scientific and technical work. As the major supporter of

scientific and technical work, the Federal Government has a vital

interest, as well as the means, to assure that standardization require-

ments are delineated and implemented.

RECOMMENDATION: The Federal Government should take action

to assure development and application of standardized methods

of handling basic scientific data. especially those automatedr
I methods broadly applicable to data systems in more than one

field of research.
r
ii Scientists in specific areas of research must make the final determina-

tion of whether standardization -f measurements and data is feasible or

desirable. W'hereas. Government-initiated standardizaticn of data

!
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handling methods supporting res.,arch on a broad basis appears I
desirabte, standardization of data handling methods supporting K
development or applications activities does not appear warranted

except within specific Government- development programs. Industry, [
through ccoperative arrangements, should be encouraged to upgrade

and standardize its developmental and applications data activities. [
In situations where it can be shown that standardization will contribute

to a better integrated and stronger national scientific and technological [
competence, the Federal Government should, if required, subsidize

standardization efforts. At a minimum, the Covernment should provide

increased technical assistance and financial support to standardization

activities. [

CONCLUSION: The diverse connotations assigned by different com-

munities, organizations, and individuals to scientific and tech-

nical data, data artifacts, and data management and handling

efforts constitute severe barriers to systematic planning and

evaluation.

For example, in engineering and other applicant-oriented activities,

data is frequently used to connote all documentation required for accom-

plishment of the scientific and technical objectives of the project, program,

or organization. Whereas, in research or discipline-oriented activities, [
data is used to connote factual information as contrasted to conceptual

informnation. Further, a preliminary review of the currently accepted t

definitions in the various Government agencies are not consistent. One

result of this non-standardization is inefficiency and increased costs [
incurred by contractors and other non-government organizations who

deal with more than one government agency. [
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I RECOMMENDATION: The Committee on Scientific and Technical

Information (COSATI) should promulgate a set of definitions

which delineate an internally consistent set of terms

covering scientific and technical data activities.

These definitions, if carefully formulated, will provide a guide to encourage

consistent usage of scientific or technical data terms throughout the

Federal Government. The existence of an acceptable set of terms will

facilitate the establishment of more precise and effective policies and

procedures dealing with data activities. Specifically it will facilitate
r acquisition of data from non-government sources and 1vill make it easier

to communicate concerning data between government off'.fies.F
CONCLUSION: Just as science is international, scientific and technical

V data activity is often international in scope.

In many areas of science and technology, such as atmospheric science, it

is very important to obtain data on a world-wide basis. Where these

needs exist, many scientific and technological communities in the United

States, through the International Unions and similar organizations,

have become participants in international data activities. Currently,

much international data activity involve s multi-nation efforts to collect

data on a world-wide basis. In many cases, these data will constitute a

part of the data base which future national data systems must handle.

Consequently, it is critical that U.S. participation in such activities be

planned and conducted on the most informed basis possible. A current

problem is that the attention which responsible offices have been able to

give to this activity has not kept pace with the increasing volume and

importance of international data activities.
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Another aspect of this question is the immense size of the total data .

management effort; the U.S. cannot hope to independently perform

this function for all areas of science and technology.

RECOMMENDATION: Offices in the Federal Government designated as [
responsible for representing U.S. interests in the area of

international data activities should be strengthened not only to I
permit them to better represent U.S. interests, but also to

enable them to establish better communications and working I
relationships with on-going activities in the U.S.

The requirement for effective coordination of U.S. involvement in inter-

national data activities and program deve opment is e::pected to continue [
to increase as data management becomes more formalized and national

data systems are develapel. It will become increasingly important to

guard against unilateral actions by individual organizations or communities.

Also, a means must be established to determine which areas of scientific [

and technical data management the U.S. will undertake jointly with other

countries and which would best be pursued totally or largely by the U.S. [

[
[
[
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B. Current Issues and Problems--
Nature and Possible Resolutions

CONCLUSION: The inadequacy of classifical methods for structuring

and communicating scientific and technical data in current working

contexts has created unnecessary apprehension.

p The more evident symptoms of this apprehensioruinclude fears, such as those

voiced in the Weinberg Report, that science could lose its unity and effective-

1. ness by fragmenting into a mass of repetitious findings, or worse, into

conflicting specialties that are not recognized as mutually inconsistent.

, Subsequent study indicates that the existing apprehension represents the

expected preamble to a significant change in data management and handling

methods.

RECOMMENDATION: The currently evolving expressions of need for larWe-

scale scientific and technical data handling systems should be viewed

as a response to opportunity, not an act of desperation to avoid inun-

dr-tion by the flood of data.

Science and technology has not only generated massive quantities of data;

it has also developed computers and other tools which offer unprecedented

opportunities for improved management and handling of this data resource.

1. In fact, these tools, if properly applied, offer the potential for quantum irn-

creases in the uses of data, thereby not only increasing the return to sup-

I. porters of science and technology but also reducing the total cost involved.

The nation should no longer tolerate only partial use of data; data is not

consumed by use, but rather gain information value with reuse.

CONCLUSION: Current research and development administration,

especially within Federally-sponsored programs, frequently

jgives preferential consideration to research or development
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to generate scientific and technical data over activities directed [
to assembly, evaluation, and application of existing data.

It has been stated on several occasions that the individual scientist [
is frequently encouraged by diverse factors, some sociological and
some related to the current nature of research funding and adminis- [
tration, to undertake new measurements before fully digesting

previous measurements. In many i istances, individual scientists or r
technologists, as well as research and development projects, have
found it easier to repeat measurements than to locate the results of

previous measurements. Such regeneration of data can be very ex-
pensive, especially if it should require flight testing of a supersonic

aircraft such as the RB-70 or launching of an instrumented satellite.

R•COMMZNDATION: Each Federal research and development

program should be required to allocate a minimum percentage

of its budglet to husbandry and conservation of the scientific or

technical data generated by the profgram.

For example, basic research programs might allocate 10%. applied

research programs 15%. and developmental programs 5%. These I.
funds need not be identified as line items in the agencies' budgets, but

an annual report of compliance should be made to a centralised review [
body such as the Bureau of the Budget or the Office of Science and

Technology. The intent of this recommendation is to assure that a [
reasonable effort is expended to conserve data generated by Federal

expenditures and to assure that it is readily accessible for application

in either other Federal programs or in the other iectors of our society.
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CONCLUSION: Although essentially the same problems are observed

in data handling activities in the different fields of science and

technology, no mechanism now exists for the coordination of

efforts toward solution of these problems.

Perhaps, the reason for so little comparison of experiences is the

belief widely held by the directors of data-document depositories,

data-evaluation centers, etc. that the problems faced by each data

handling effort are unique. Although this study has confirmed the

uniqueness of some aspects of data handling efforts, it has also

found that most efforts encounter similar difficulties in the areas of

application of new technologies, financing of costly development

efforts, and recruitment and retention of capable personnel. Also.

present operation philosophies do not indicate an awareness of the

potential interaction between data efforts serving a common com-

munity of science or technology. The current evaluation of the

effectiveness of many of these efforts is that it is very low because

they do not permit effective interaction between the data resource

and the potential user.

RECOMMENDATION: The Federal Government sho•uld e.tablish an

information center to serve as a depository and dissemination

agency for information dealing with design, development, opera-

tion and management of scientific and technical data systems.

The center should serve to support participants in the National Scien-

tific and Technical Data Program, especially the National Advisory

Council for Science and Technology. The services of this center should

be extended to non-government as well as government offices. Such a

center could be established by consolidating and augmenting some of

the current information service activities of the NBS Reseatch Informition
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Center and Advisory Service on Information Processing, the NSF

Office of Science Information Service, and the Bureau of the Budget

Management Study File.

In addition, professional societies, such as the American Society

for Information Sciences, should establish panels or subgroups of

data system professionals and should undertake development of

publications and meetings to communicate developments concern-

ing scientific and technical data management systems. In addition,

the roles and functions of these existing efforts should be re-examined

as part of the National Scientific and Technical Data System planning.

Careful consideration should be given to ways in which the operations

of the efforts serving a given community of users could be coor-

dinated to contribute more to effective data management.

CONCLUSION: Current data service requirements are largely

undefined.

Additionally, effec'tive methods are not available for predicting future

data requirements. This factor, as much as any other single factor,

has restricted the development of large-scale data handling systems.

RECOMMENI)ATION: Existing data service centers such as the [
National Oceanog~raLhic Data ('enter and National Space Sciences J
Data Center, and new prototype data resource centers, should

be used ab test beds to study dita service needs.

Factors to be examined should include the effect of usage levels and

user satisfactiotn resulting from the availability of different configura-

tions of data services. For example. remote console access to a
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I centralized data bank should be compared with desk-top microfilm

services. Other factors examined should include degree of data

I evaluation, format of data presentation, user charges, etc.

I CONCLUSION: Current scientific and technical handling practices

do not fully employ available technologies.

Despite extensive use of computers for performance of mathematical

computations, science and technology have only recently begun to

exploit the computer as a tool for structuring, storing, and main-

taining large files or banks of scientific and technical data. A

more mundane example of the lagging use of technology is evident

in the current practices for composing and disseminating data

documents or artifacts. For example, despite the technological

capability to maintain handbooks essentially current, most handbooks

are five years or more out of date. If significant advances are to

be made in the application: of new technologies, knowledge must be

gained concerning the effectivtnes3 of these new tools for performance

of spe•ific data management and handling functions within real -world

work en% iz-onments.

9-

Applicati•n of currently available data handling technologies offers

potential for suLVtantial increases in the utility of the existing

scientific and technical data resource. This increased ut'.ity can

be achieved by two means: first, by performance of rjrrent

activities in a more effective manner; and second. i-v using new

technologies to conduct activities previously impossible. An exam-

ple of the first means would include computer maintenance and

searching of indexes to data The second application. which offers

I.

i.
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I
the greater potential, is to use large automated data files to

perform pattern recognition or other types of higler level [
analyses Another new use potentially exploitable is computer-

aided design whi-h brings the data and the computer into the

daily work pattern of the scientist or technologist [
RECOMMENrATION: The Federal Government, professional

societies, trade associations, commercial publishers, and [
other collectors and disseminators of scientific or technical data

should explore means of applying modern technology for more [
effective assembly and dissemination of scientific and technical

data.

Areas to be examined should include use of computers to maintain

the data base and compose handbooks. Also, microfilm and computer

processable media should be more extensively used to disseminate data.

In appropriate cases, data should be disseminated in more directly

useful forms such as in combination with computer progrions for de-

sign, diagnosis, or other applications of data.

The Federal Government should sponsor demonstration projects in [

which innovative data handling tools and media would be tested.

Some of these demonstration projects should be in government 1

progra•.rmatic contexts and some in non-government contexts. These

demonstration projects should be conducted as controlled exporiments ,

with results carefully documented for educational and training pur-

poses. Where possible, existing projects intimately associated with I
on-going research and development should be used as demonstration

projects. A typical candidate project might be the National Institutes I
of Health Chemical/Biological Information Handling Program. This
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I
program was only recently initiated and is intended to develop an

on-line data system to serve the researchers involved in the NIH

Toxicology Research Progranm.

CONCLUSION: The lag time between data generation and dissemina-

tion using traditional publications is frequently from two to

five years.

This lag time is caused by several forces and conditions which

prevail primarily in the scientific community. First, the practic-

ing scientific investigator is motivated to publish data only upon

generation or verification of a significant theory or hypothesis;

and data generated at the outset of a theoretical investigation may

therefore not be published for several years. Secondly, the time

lapse between preparation of a paper and actual publication may

be as much as one year, because of the slow review process and

the backlog of papers that exist in scientific fields. Thirdly, the

a.,ditional effort required to publish data which do not relate

directly to interim investigative conclusions, deters and some-

times eliminates its publication.

T RECOMMENDATION: Programs should be developed to more

• rý,,tly couple experimentation, tests, etc. with data systems.

As on-siMe use of computers in scientific investigations becomes

a widespread reaity, automated data banks should be developed.

"particularly in the physical sciences, environmental, and geo-

sciences. Pilot programs should be implemented to determine

the feasibility of such data banks and to examine the associated

problems, especially structuring and access aspec•s of such systems.
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CONCLUSION: Although the total investment applied to gentration

of data concerning products and prccesses far exceeds tnat applied 1"
to generation of basic scientific data, inadequate effort is expended

by the Federal Government to organize this data for secondary Ua
uses.

As an example, files and search procedures do not exist to permit a

potential user to locate data describing previously developed equipment r
meeting a given set of performance characteristics. Such data

normally cannot be located unless the searcher has informal knowledge

concerning the probable location of the data.

RECOMMENDATION: Current efforts, such as the Department of

Defense Engineering File, should be substantially accelerated,

and other equipment development agencies without such systems

should initiate study of their feasibilitj.

A logical start toward such systems would be an inventory operation

to develop an index to th,. existing files. If this were done in a number

of agencies, it would make a major contribution toward the National

Index of Technical Data. j

iMI
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C. Systems Development --
Requirements and Implementatioi Concepts

CONCLUSION: It ,annot be expected that existirg groups will cooperate

i• efforts to develop national systems whei e the po.irpose is intangible

or Federal domination might restrict tCe legitimate freedoms of

scientific groups, commercial firms, etc.

Many scientists and technologists object, as a matter of principle, to

the involvement of the Federal Government in planning or coordination

of scientific and technical data management programs or data handling

systems. It must also be noted, however, that an equal or greater

number recognize that neither the individual scientist and technologist

nor the professional organizations have the necessary resources or

have exhibited a capability to assume responsibility for creating data

management and dcti- handling systems responsive to current needs.

RECOMMENDATION: A National Ccientific and Technical Daf.- Program

must be planned and a.Iministered in a manner which accommodates

the interests and capabilities of diverse groups and organizations.

The structures of data systems cannot be dictat-' by fiat from a top-

level policy position. Rather, such structures must evolve from

* workin•l- level responses to real needs. In fact, national systems are

already, developing in this fashion. The current need ;s for coordir-ttion

and finanCial support of these evolving ite.ms. Each scientific and

"technological comr-,nity must b'e encout aged to contribute to formula-

"tion of goals and implementation plans for national systems. This can

;a facilitated by the establishment of an office or other type of ori,-niza-

tion to serve .s a fccal point for national level data system planning.

U 2-
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This organization should be located and staffed in a manner which

permits participation not only from government hut also professional [
societies, trade associations, industrial organizations, and educational

institutions. Centralization of responsibility for national system [
development should be limited largely to programming and broad

planning functions. Detailed planning implementation and operation [
shouid be on a decentralized basis. r
CONCLUSION: The inability to definu a single system stL'ucti~re

responsive to all data management and data handling rquir- [
ments does not constitute a valid justification for delaying

consideration of new or improved dat2 systems.

Data management systems employing modern technologies such as

the computer are still only in thet concept definition phase. Current

knowledge as to how best to use these tools will not support a crash

program to create a large-scale, highly automated and totally

integrated system. First, more must be learned as to which

functions are most important and how each function can best be

periormed. 1:

RECOMMENDATION: The present should be iecognized as a t.mel[y

point for init~ation of national systems planning and development L
, !fforl. [

It is anticipated that at least six years will be required to develop

national data systems serving specific communities in science and L
technolcg(-y. This period can be profitably used to explore alterna

system caf igurationls, and relative effectiveness in serving specific [
data management requirements. This effort should produce a base

of knowledge whuch would substantiate later decisions relative to [
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I
the extent to which such specialized ýsystems could be integrated

into a more unified system.

CONCLUSION: Data management is in a state of transition which

is being driven largely by the introduction of computer and
other improved data handling methods.

For the foreseeable future, data management must continue to be

I a decentralized process directed by the scientists, technologists,

and administrators responsible for specific scientific and technical

SL endeavors. However, as data system management methods and

systems are developed and implemented, a capability will be created

F for management of larger and more complex sets of data.

RECOMMENDATION: In the near future, efforts at the national

level should be directed toward the develorment and test of

systems or tools to facilitate better data management.

Initially cuch tools or systems should be designed to facilitate currently

definable data management functions, such as identification of the

location of relevant data. As soon as data management functions are

defined, data management requirements should be analyzed and

* articulated f -r 1 orkers at all levels from the bench scientist to the

:- administrator -tional scope scientific and technical efforts.

. This should be d- - jointly by systems analysts and the workers

1. involved in each lev. of activity.

CONCLUSION: The most valid requirements for development of

national scale data handling sy•stems exist for systems

operating within scientific and technical communities rather

than between communities.
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This conclusion is derived from a consideration of the volume and

frequency of intra-community communication of data versus L
inter-community communications. And to a greater extent, it

derives from the feasibility of being able to effectively identify C
intra-community data management and handling requirements as

compared to the feasibility of identifying such requirements on

a multi-community scale. F
RECOMMENDATION: National data system development efforts

should be focused on individual communities.

These communities will probably be defined on several bases. In

one case it might be on the basis of the common discipline; in

another, it might be on the basis of a common mission objective;

whereas a third might be based on an interest in a type of process

such as metal fabrication.

CONCLUSION: Data handling systems are tools to facilitate data

management.

Therefore, implementation of effective data handling systems is [
dependent upon a prior definition of dats management objectives.

Unfortunately, individuals currently attempting to develop data [
handling systems are frequently forced to proceed without adequate

definitions of data management objectives. As a consequence, C
the data handling activity frequently fails to interact effectively with

the scientific or technical program objectives. More specifically, [
many data e- .lua~ion and service centers do not engage the individual

scientist or engineer within his normal daily work routine. In contrast, [
the computing center requires an explicit statement of the user's

objectives before it can undertake to serve him. Consequently, the [
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computing center has become a vital element in the normal work

routine of the scientist and engineer.

A survey (Volume II of this report) of formal data efforts currently

serving scientific and technological communities reveals that the

data efforts serving any given community operate totally independently.

In other words, they do not formally view themselves as facilitating

I accomplishment of a common set of data management objectives.

RECOMMENDATION: The total data management requirements of a

community to be served should he examined prior to implementa-

f• tion of data handling systems as part of the National Scientific and

Technical Data Program.

This examination should not only include the management requirements

which generate a need for archival data handling, but also those

requirements which generate needs for data transmission and data

processing associated with generation or use of data. This approach

will result in maximum service to the user because it not only will

enable the user to have a voice in the system design, but will encourage

the integrated application of different data handling efforts.

I CONCLUSION: National scientific and technical data system develop-

ment efforts must consider not only the scientific or technical

I. field to be served by the.system. but also the specific type or

phase of activity to be served.

For example, the public interest (i. e., non-commercial interest) is

high in discipline-research related data activities because such

activities generate and maintain data widely useful in our current
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I
society. Whereas, non-public or commercial interest is greatest

in product-applications data activities. Economic or profit-oriented I
incentives are easily discernible in the case of product-applications

data activities; whereas, they are practically non-existent in 3
discipline-research data activities. Another relevant factor is

the stage of development of a data system. It is likely that many 3
data systems could be self-supporting, once established. But the

time and cost required to establish the system constitute the 3
threshold barrier. I
RECOMMENDATION: Federal support of national scientific and

technical data programs and systems should be pro-rated I
according to the type of data activity served and the stage of

the data program or system. f
In effect, what is suggested is a cost-sharin,: plan whereby the

Federal Government's share is high for systems or programs to [
serve discipline-research or non-commercial data activities and

low for programs or systems to serve product-applications data

activities. In either case, the share of cost borne by the Federal

Government would decrease progressively as the data system

advanced from program planning, to system development, and

finally, to system operation. For example, the Federal Government

might bear 100% of the cost of planning for a data system to ser .-I

discipline-research in chemistry, 75% of the development costs,

and 25% or less of the operating cost. In contrast, the Federal

Government might bear 90,76 of the cost of planning for a data

system to serve the food processing industry, 50% of the develop- -
ment costs, and none of the operating costs.

I
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I CONCLUSION: To be effective, data service operations must be

complementary to the normal work routines of the scientist

I or technologist.

Many of the currently operating data evaluation centers and other

data service efforts are ineffectual because they are too far removed

from the daily service needs of the worker. This occurs because

the operations of these services do not begin until the generator

"of the data has recorded, analyzed, printed and disseminated the

data. Often four or more years pass between the date when data

V are recorded and when a data evaluation center offers them to

a secondary user.

RECOMMENDATION: A part of the National Scientific and Tech-

nical Data Program should be the development of integrated

data resource and service centers.

Data resource centers which incorporate to one facility several of

the data handling system', and services which the scientist or

technologist now must use separately should be tested. The data

resource center could provide the user ready access to data

acquisition facilities, computing equipment, automated archives

of relevant data, archives of computer routines, reactive display1*

consoles, automatic report generators, and long-distance commun-

ication terminals. If established within a project or other context

1. where workers were engaged in a joint effoi -, the center could test

techniques for communication from worker to worker as well as

iL from worker to a data resource. Such resource centers could

also be used to test the feasibility of on-line data reduction during

experiments or tests, and the concepts of working data files and

archival data files, concurrently accessible to a worker at his

individual console. Preliminary studies indicate that such centers

could be developed relatively economically.
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CONCLUSION: Data systems complement other information

systems; however, it is short-sighted to view data systems as [
simpleextensions of document handling systems.

This short-sighted view fails to give due consideration to the [
extensive interactions between the scientist or technologist and

his data prior to publication. In recent years this interaction has E
increasingly involved use of the computer in analysis and evaluation

of the data. This view also fails to give 4ue weight to the large

volumes of data which are exchanged through channels other than

publication, e. g., the data (specifications, engineering drawings,

test reports, etc. ) flow which occurs within a program to design

and develop a satellite launch vehicle.

During the past decade, an imbalance has developed between the

emphasis which the Federal Government and other organizations

have given to study and development of document handling systems

as compared to the emphasis given to factual information or data

handling systems. Practically all of the more than 20 plans for

national scientific and technical information systems put forth

during the ppst decade have dealt exclusively with the problem L
of handling documents. Few of these plans seriously considered

the extent to which documents perform optimally as the vehicle 1.

for the two major functions of information systems--communicating

and archiving knowledge. [

RTICOMMENDATION: Data management and handling systems in I"
their ultimate form should be viewed as providing a capability

for a totally new level of interaction between the scientist j
or technologist and the accumulated data resource.
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I This ultimate goal cannot be quickly realized, however much of the

3 required effort is already being expended. What is involved is

not a radical change in level of effort; rather, it is coordination

Ii and better direction of current efforts, supplemented on a

selective basis. Existing data programs could be integrated to

form the major volume of coerations in a national data system.

As an example of a simple initial step, document handling systems

could initiate indexing of the data content of documents processed.

1
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D. Systems Capabilities - Assessments and Remedial Actions

CONCLUSION: Current research and development directed specifically

to study of critical factors important to develop of large-scale

scientific and technical data handling systems is totally inadequate.

A wide disparity currently exists between the technical capabilities of data

processing and transmission devices and knowledge as to how best to apply

these capabilities in scientific and technical data handling systems.

* Projects MAC and INTREX at the Massachusetts Institute of Technology,

the laboratory automation project at the California Institute of Technology,

and the Information Resource Center element of ILLIAC-III at the

University of Illinois are representative of the types of studies which are

needed. These three projects illustrate the varying levels at which the

national systems concept should be studied.

RECOMMENDATION: The Federal Government should budget at least

one-tenth of one percent of its total au.nual expenditure on research

and development for research on techniques and procedures for

managing and handling scientific and technical data.

This research should proviue general support to data management and

data handling activities and should not be directed to development of

methods or tools for speciali7ed applications. In order to assure

efficient use of these funds, the administration of this research program

should be centered in one agency, such as the Institute for Computer

Technology at the National Bureau of Standards.

I
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CONCLUSION: Current personnel and institutional capabilities are [

not adequate to support a crash program to develop a national

scope scientific and technical data handling system.

Survey of professional societies, trade associations, computer service r"
centers, etc. and discussions with leading data specialists have revealed

a low incidence of serious consideration of, or work toward, establish-

ment of large-scale scientific and technical data handling rystems.

Exceptions to this general observation were noted only in operational-

or mission-oriented areas of activity such as weather forecasting, air

pollution control, etc.

Outside of limited programs in Government agencies such as the Depart-

ment of Defense, formal educational and training programs for scientific

and technical data specialists, scientists, and managers are, for all

practical purposes, nonexistent. In addition, sociological factors and

career management practices currently discourage the more capable

scientists and engineers from engaging in scientific and technical data

handliag efforts

•ECOMMENDATION: Information ard data managers should be

developed from two sources - one is the current poFulation of I.
working scientists, enginvers, data processing speciali,,s,

etc. the second is the current and future population of students Ii
in colleges and universities.

As an interim measure, the Federal Government and other employers of

scientists and engineers should search for individuals interested in j
scientific -ind technical data systems and should support the special

training required for 'hose individua1i, io become proficient in analysis, I
design and operation of modern data systems Adequate training programs

are not currently available. and since the a-mount of training needed now and I
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j in the near future is substantial, employers should foster such training

in any institutional setting where it can be conducted successfully. In

addition, employers must provide incentive for their employees to

undertake such training by establishing ob positions and career develop-

ment opportunities. In contrast to the interim solution, th2 long-term

solution hinges on the colleges' and universities' developing the

capability of introducing all students to modern data management

systems, regardless of whether the student later becomes a data

system spec. ilist or a scientist or engineer who will be a user of such

systems.

CONCLUSION: Although data switching networks and computers are

frequently mentioned in juxtaposition to one another, automated

data service networks, for all practical purposes, do not

currently exist within science and technology.

.-\,:ur1 the several reasons for tlhis atre: (1) An inability to define

r>, i n•cds which provide economically ju.-fifl.able requirements or

such data service nemt~urks. Q2) The ckurrent high costs of data tran. -

mission and r-mote acce.-4 terminals, an.n (3) The difficultv of

,,tructuring and maintaining centrali-ed data banks of sufficie.it hrtuadth

to ser-e diverse user groups.

PECOMMENDATION: j~vprie, organtioturs should test th,

effu'ctivrness ol c.euntrally ,quportcd. decfntrailized data resource"

centers as ýln alternatives, .tems concept to d4tt s iCt. hing rirtoor..s

For example. !he National Institutes of flealth -night support anrl provade

c.ntrali:ed data collection and selvrcted prograti-.-inng scrvicc- for -4 series

of data resour- cent-rs located -.t leading medical resezr-rh ,-rnt.w.. or
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the Department of Transportation might support data resource centers U
at laboratories involved in highway safety research. Each local data

resource center would be configured so as to use data files and

manipulation programs furnished by the central service unit in the

sponsoring age-icy. The users of the data resource center would

augment the basic data file with locally generated data or data

assembled because of high utility in local work. Periodically, the

central service unit would obtain read-outs of locally generated data [
to ascertain if it should be packaged for distribution to other local

resource centers. The initial tests of the local data resource center

concept should be conducted as controlled experiments with cost and

effectiveness parameters carefull.- documented and analyzed so as to

provide guidance for planning of national data systems.

A major objective of these tests should be development of data file r
structuring and access methods which are considered the key bar:-iers

to large-scale data handling systems of the f,.t ire. [

CONCLUSION: There is an almost complete absence of criteria for f
the evaluation of the economic performance of current data

handling efforts. [
Most past efforts to apply cost-benefit criteria to measure the effec-

tiveness of data efforts have been inconclusive, due to difficulties in

quantifying the benefits from the operation of such efforts. [

RECOMMENDATION: Cost-effectiveness should not be the principal

criterion to determine whether or not efforts should be initiated

to explore the feasibility of improved data handling systems. [
Until effective methods of data management and handling are demonstrated,

effectiveness, rather than low-cost, should be the major aim of develop- [
ment objectives.
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I
III. SCIENTIFIC AND TECHNICAL DATA ACTIVITIES --

* AN OVERVIEW OF PERSPECTIVES,
OPPORTUNITIES, AND STUDY REQUIREMENTS

An attempt to observe, measure, comprehend, and ultimately control
his environment constitutes a continuing mission of man. Man's ability
to accumulate, communicate, and apply information paces pursuit of this
mission. Modern society requires that each person make numerous
decisions every day which are based, at least in part, on data which are
the results of controlled tests or observations. For example, a picnic
might be scheduled or cancelled on the basis of weather observations, or
the insect repellent for use at the picnic site might be selected on the
basis of toxicity measurements of the available repellents.11 Certainly, the ability to accumulate, communicate, and apply information
paces the progress of our technological society. The United States has
been a leader, not only in generation of scientific and technical data, but
also in effective application of this knowledge resource. In fact, a
distinguishing national characteristic of the United States has been its
capacity to organize for effective exploitation of scientific and technologi-
cal knowledge. This national attribute has contributed to unprecedented
gains in gross national product, creation of a powerful defense armada,
eradication of many diseases, and has in many ways contributed to an
improved quality of American life.

For the past decade, the world sci:-ntific and technical community has
become increasingly aware of the possibility of substantially improving
the systems used to generate, communicate, and apply scientific and
technical information. A recurring problem faced by every individual
or organization attempting to study these possible improvements is the
sheer complexity and amorphous character of scientific and technical
data activity. It is difficult to visualize the totality of the subject and to
find effective means to define and classify it for discussion or study
purposes. Certainly, individuals from different backgrounds or work-
ing from different motivations diverge significantly in their identification
of the key elements, configurations, and issues concerning scientific
and technical data activities.

J It is axiomatic that the scientific qnd technical data systems of the
future must be based on a clear understanding of current patterns and
practices. However, the complexity of the present scientific and
technical data systems is difficult to describe analytically. Projection
of a more effective, future system from this ill-defined reference base
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is obviously even more difficult. The present systems have not [
emerged as a result of systematic planning. Rather, as data needs
arose, individual groups and'agencies established their own information F

and data systems which continue to operate more or less independently.

Recently, many individuals and organizations have concluded that un- I
coordinated development and operation of scientific and teehnical dfta
systems should not continue. Such conclusions have been, to a large
extent, based on informed judgment rather than findings from formal [
analyses. It is quite likely that these conclusions would be confirmed
by analytical studies, such as cost-benefit analyses. However, the
results of such formal analyses methods, with their highly stylized [
formats, are not necessarily the optimal means for describing problems
and opportunities confronting those who desire to improve scientific and
technical data management. Consequently, this entire study has not [
followed the formal conventions of systems analyses. Rather, it has
adopted a more descriptive style. This approach is displayed in Part A
of Volume II in the form of state-of--he-art write-ups or scenarios
covering data activities in ten selected areas of science and technology.
The following sub-sections also reflect this approach. [
The following sub-sections deal with some of the underlying factors which
lead to conduct of this study and formulation of the recommendations and
implementation plan presented in subsequent sections of this volume. I.
Hopefully, these brief discussions will enable the reader to identify the
nerspective which he currently holds, and simultaneously, permit him
to orient his perspective relative to the perspectives of others who are I
concerned with scientific and technical data activities. The discussions
in Lhe following sub-sections are not, by any means, considered precepts
for scientific and technical data system development efforts. Rather, L
they constitute recepts which, hopefully, will evoke discussion and
responsive actions that will lead to establishment of validated precepts
which will provide effective guidance for future scientific and technical
data systems. [

[
[

[
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I
A. Data--A Vital ResourceI

The Institute for Basic Standards of the National Bureau of Standards
reports that approximately 20 billion measurements are made each
day in the United States. Over $25 billivn has been invested in
instruments to make these measurements, and roughly $10 billion

is expended each year on personnel to operate these instruments
and related systems. * In light of these figures, it can be said that
measurement or data-generating activities constitute a sizable and

important segment of our economy.

Table III-A-1, also reported by the National Bureau of Standards, *

indicates the costs in money and time of these measurement activities
with respect to the national economy:

TABLE III-A-I
"RELATIONSHIP OF MEASUREMENT ACTIVITIES

TO THE NATIONAL ECONOMY
Final Cost of Man years

demand measure- spent on
Economic Seetor (GNP) ment measurement

($ billions) ($ billions) (thousands)

Manufacturing 225 7.8 845

"Construction, Mining 21 1. 1 120
"and Farming ..........

Transportation, Communi- 39 0.9 98
cation, and Utilities . .. ....

Medical and Educational
Services

Government and Other 832 ,383 2. 7 139
Services ,,_

TOTALS 396 13.9 1305

Huntoon, R. D., The Measurement System of the United States
Institute for Basic Standards, National Bureau of Standards,
Washington, D. C., 1966, NCSL 66, page 89.

'Ii
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These figures are based on 1963 census information; if it were
available, current information would no doubt indicate a further
growth in level of measurement activities, because our society I
is becoming more technologically oriented.

The generation, handling, and application of scientific and technical I.
data constitute a principal element in all scientific and technological
activity, and also a very expensive one. The total U. S. investment
in research and development since World War II totals well over I
$100 billion. For Fiscal Year 1967, the National Science Foundation
estimates that more than $20 billion was spent on research and
development, with the Federal Government expenditure in this area I
totaling 16. 5 billion, and the remainder expended in the private sector. *
As yet, no reliable estimate has been made as to what percentage of
this amount was spent on related data activities. It has been estimated,
however, that scientists and engineers spend anywhere from 10% to
20% of their working time acquiring data. A conservative estimate,
therefore, of the amount of Federal money being spent for just this
one facet of the entire data handling process--that of data gathering--
is approximately $3 billion annually. E
To date, attempts to obtain precise totals for the costs of scientific
and technical data activities have been unsatisfactory because of the [
inability to separate these costs from those expenditures for other
functions involved in the performance of scientific and technical work.
However, the National Science Foundation has made an estimate of the
Federal expenditures for collection and handling of general-purpose
scientific data for the Fiscal Years 1962 through 1968. As the follow-
ing definition indicates, general-purpose scientific data represents
only a fraction of all scientific and technical data; and correspondingly,
represents only a fraction of the total Federal expenditure for collection
and handling of scientific and technical data. I

"General-purpose scientific data are defined as newly
gathered statistics, observations, readings, specimens, m
and other facts.... from such activities as surveys,
field investigations, laboratory analyses, or com-
pilations of operating records which can be applied to
useful, general scientific purposes.... This defir'tion
thus excludes data gathered from the R & D process or

*Q

Federal Funds for Research, Development, and Other Scientific
Ac~tivittie, Fi ;ca. Y'ears 1966, 1967, and 1968, Volume XVI:
National Science Foundation, NSF 67-19. -
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from scientific and technical information activities. Also
excluded are data used only for internal operating or
administrative purposes.

The estimated total cost for collection of general-purpose scientific
data during Fiscal Year 1968 is $412 million. In the same report,
the National Science Foundation reported that since 1962, these

If expenditures have increased at the same annual rate as total
research and development expenditures, i. e., approximately 11%.
Table III-A-2 shows these facts:I

TABLE IJI-A-2
FEDERAL OBLIGATIONS FOR COLLECTION OF GENERAL-

PURPOSE SCIENTIFIC DATA, FISCAL YEARS 1962-68
Obligations Annual

[1 Year (millions percent
Sof dollars) chanre

1962 ------------------------- $220 --

1963 ------------------------- 268 22
1964 ------------------------- 309 15
1965 ------------------------ 343 11

196-- -------------------------- 325 -S1966 --- 325 -5

1967 ------------------------- 369 13
1968 ------------------------- 412 12

The above figures give some indication of the costs involved in the
generation and handling of scientific and technical data. It should be
noted, however, that such costs do not necessarily reflect the current
value of the data. For example, the Department of Defense estimates
that it annually expends approximately $2 billion to acquire items of
scientific and technical data. However, the current value of its
investment in 50 million engineering drawings, 225, 000 technical1' manuals, and other items of data is difficult to express, for it
represents the vital reservoir of engineering knowledge upon which
the continued effectiveness of our defense system depends.

Similarly, it is impossible to assign dollar values to the data which
v'ere utilized to discover the key to genetic coding and biological

Federal Funds for Research, Development, and Other Scientific
i A__ctivities, Fiscal Years 1966, 1967, and 1968 Volume XVI:

National Science Foundation, NSF 67-19.
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cell reproduction. The value of a specific bit or set of data is not a
constant quantity. Much data, unlike other resources, are not con-
sumed by use but are reused many times with their value being aug-
mented by use. Paradoxically, some data, such as weather
observations, are a perishable commodity with a short useful life.
Data critical to one application may have no application to the needs
of another individual, discipline or mission. These attributes of data
complicate any attempt to rationally appraise the value of our current
scientific and technical data resource.

A given element or set of data often provides information of value only
when combined or presented in the context of other data and information.
The full utility of our data resource, therefore, can be realized only

if it can first be organized and then applied toward some desirable
objective. As President Johnson has stated, "the test of our genera-
tion will not be the accumulation of knowledge. In that, we have
already surpassed all the ages of mankind combined. Our test will I
be how we apply that knowledge for the betterment of mankind "

Perhaps, scientific and technical data are amenable to appraisal and
management as an economic resource. As a commodity, data are
packaged and distributed in complex networks highly analogous to some
of our more familiar commodity distribution methods. Like the develop- [
iment and use of a tool, the production of data consumes time and money;
and its proper use conserves time and money. Data have many of the
attributes of a commodity or resource. but frequently their true cost
and value are not currently known to those responsible for their
management. Only recently has attention been directed to the econo-
mic value added to data by organization and evaluation. In one
illustrative case, Dr. Herbert Hollomon testified before a Congres-
sional subcommittee that it was anticipated that each dollar spent on
producing standard reference data would save the economy 20 to 200
dollars.

The ever increasing production of scientific and technical data has
been described as a healthy sign of progress, demonstrating at the
same time an unprecedented wave of scientific, technological and
economic achievement. In addition, the concept of scientific and I
technical data an a national resource has evolved as ou- generation
has observed numerous new applications of scientifi d technical

A Bill to Provide a Standard Reference Data System. Hearings
Before the Subcommittee on Science, Research. and Development, 3
CommxitLee un Science and Astronautics, U. S. Houtje of Representa-
tives, 89th Congress, 2nd Session, June 28-30, 1966, p. 28.
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knowledge. In the future, scientific and technical data as an economic3 resource may become equal in importance to the classic resources of
land, materials, labor, and capital. If current assessments of the
potential worth of our national resource of scientific and technical data
are accurate, several questions must be asked concerning the current
attention given to the management of this resource. What are the
benefits we should be able to realize from our current and future invest-
ment in this resource? Are there effective means and procedures for
channeling the use of this resource for public benefit? Does current
management of this resource aid, in an optimal manner, the decision-
making and communication processes involved in the conduct of research
and development, and the technological application of knowledge gained
from scientific and technical efforts?

It seems apparent that numerous significant economic arid social
benefits could be achieved if mechanisms could be developed to better

•.7 channel scientific and technical data into applications which are of
public benefit. It is possible that a more effective utilization of even
a small fraction of the existing data resource could increase significant-
ly our rate of economic growth, provide new employment opportunities,
enhance the international competitive position of U. S. industry, and add
to the quality of American life.

The Committee on Government Operations of the United States Senate
has not only provided an accurate description of the current scientific
and technical information resource, but has also provided guidanco.
regarding appropriate actions to be taken and results to be anticipated:

"Information is an agency resource, a Federal, national and
international resource....

"Modern information technology has made it possiole to place
much of the accumulated knowedge of the human race within
the reach of a man's fingertips, ,o to speak. The poten-
tialities of this access to power are awesome, in terms of
improving the well-being of our own and other people, as
well as in terms of improved education for young and old
alike.

r '"If man's collected knowledge is to become truly accessible,
plans and programs must be made, priorities assigned, and
resources allocated.

11I-7
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"Savings almost beyond comprehension may be possible--
savings in manpower, material, and perhaps most [
important, in time. The savings will not be automatic;
at times, they may even prove illusory because hidden
costs develop. But over the long run, the savings will
be real and substantial. "*

[
F
F

£

[
[
[

Summary of Activities T.>-*,-e Interagen'cv Coordination. U S.
Senate Report 369. !-n, 24. 1965.
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I
B. Data Management -- An Essential Part

of Science and Technology

That special activity which we call science began as a classification
of facts. Scientists have a proclivity to classify facts into patterns,
to associate facts with each other and thus understand the connections
between them. This characteristic of science is well expressed by
de Solla Price:

"Science seems to have a very special structure all of
its own and it is certainly this peculiar structure that
has given it the strength, the rapid growth far trans-F. cending the rest of scholarship, and perhaps even the
utility that makes modern science so valued by society
that it holds the strings of economic and political power
of nations..

Scientific communities are beginning to recognize that their continued
progress will be materially affected by the effectiveness of their
management of factual information or data. They are realizing that
progress in science depends in large measure on having efficient
formal asid informal means of communication for both the exchange
of conceptual ideas and of factual information or data. They are also
becoming increasingly aware that scientific progress is werved by,
and is dependent upon maintaining, expanding, and refining the
structure and body of scientific data.

R E. Gibson has put in concise words the vital relationship between
the structure of knowledge and its value to the scientific community:

"Order.' said Alexander Pope, 'is Heaven's first lai.' It
is also the Posence of moderr. scientific research at.. the
comprehens.'n of its rosulti. Although the formulatior, of
the grand theories of tnc'wledge is reserved fcr the occasional
man of genius. the way must be paved for him by the codifier
and the teacher. I have suggested that the orderly growth of
kncwledge is threateaed by an unbalance between our resixrces
for estblt"hing new facts.... and our resources for the codifi-
cation and systematic exposition o( these facts.... In the field

Pde Solla Price. Derek I- "Communication in Science- The Ends--

Philosophy and Forecast. " Ciba Foundation Symposium on
Communication in Science Documentation and Automation, lb,,.
Anthony de Rueck. ;ulie Knight. Vju . 1. and A Churchill Ltc,
London. pp. 199-209.
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of codification, indexing, and retrieval of knowledge,
a systems engineering type of attack of sufficient
magnitude gives promise of readjusting this balance.
In the field of systematic exposition, perhaps most
important is the key role played by the professor and
teacher in the growth of knowledge. Moral and financial
support to tnose whose talents excel in this area, who
write books rather than papers will, like the 'seed sown
on good ground', be returned, fifty, sixty, or even onehundred fold.

Figure II-B-1 is structured to display typical stages in the refinement
of scientific data. The pyramidal structure in Figure II-B-1 can
also be viewed as illustrative of the compression or reduction in volume
which accompanies data refinement. A given scientist may be involved
in activities at any of the seven levels, but most scientists devo'e much
of their time to activities on the first four tiers of Figure III-13-i. The
end results of these efforts are made available principally through
publication of the scientific paper.

Historically, the scientific paper has been the principal means of
conveying conceptual and factual information, granting accreditation
and acknowledgement to the author, and providing a permanent record
of the reported findings. Through this vehicle, the scientific community
slowly buil a foundation of factual information that indicated the progress
that had been achieved and identified the leading edge from which new
research was initiated. The process of establishing and building this
foundation required careful husbandry of the scientific evidence which,
in due course, be(came a part of the structure of the foundation.

As the corpus of factual information in the sciences grew, handbooks
and other reference tools began to appear, separating out from i.
scientific treatises the growing volume of evaluated data. With these
reference tools at their disposal, the scientists and other users gained
acceif to scientific data that had been checked and rechecked for its
validity by their peers. The process of putting together these refer-
ences of scientific data played a major role in further developing and
strengthening the structure of scientific knowledge.

Gibson, R. E, , "Impact of Government R & D Programs on the
Growth of Knowledge. " Presented at the 50th Anniversary
Meeting of the Division of Industrial and Engineering Chemistry,
Aliierican Chemical Socicty, September 9, 1958. [
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As recently as a haLf century ago, it was possible to undertake a
single comprehensive effort to extract and compile all or nearly .
all of the useful data stored in the scientific literature. In fact, the
International Critical Tables of Numerical Data: Physics, Chemistry
and Technology were assembled between 1919 and 1934, Approxi-
mately a decade ago, it became evident '.hat somehow a mechanism
should be devised for extracting, evaluating, and disseminating
numerical property values on a continuing basis for all of the phy-
sical sciences; if not, it was feared that the data determined at great
expense would be hopelessly lost in the morass of journal literature.
Recognition of this situation lead to the establishment of the Office
of Critical Tables within the National Academy of Sciences, the
National Standard Reference Data Program, and indirectly, the
Committee on Data for Science and Technology (CODATA) of the [
International Council of Scientific Unions. The current efforts of
these and other groups, howe, er, continue to be outpaced by the
rapid generation and dissemination of scientific data. Perhaps, [
this occurrence verifies the contention of Gibson, quoted earlier,
that the orderly growth of knowledge is threatened by an imbalance
between our resources for establishing new facts and our r-sources
for the codification and systematic exposition of these facts.

The systematic interpretation and evaluation of scientific data is a [
demanding task requiring the highest scientific competence. This is
especially true when interpretations aud evaluations are attempted
on a broader and more involved basis. Figure I!I-B-2 illustrates
several levels at which data can be analyz',d. Most of the daily
work routine of a typical scientist is devotee to analysis of data at
levels l and 2; i. e., analyses of isolated bits of data resulting from [
research measurements or the correlation of such measurements
against other similar or relateu measui aments within his discipline.
Multidimensional analyses of single--discipline ia:La collections [
(level 3) are conducted in data evaluation centers such as the
Thermophysical Properties Research Center, the NBS Crystal
Data Center, and the Electronic Properties Information Center. [
In addition, the more sophisticated data evaluation centers in
highly structured disciplines such as thermodynamics have deve-
loped a capability for theoretical projections or simulations of [
single-discipline data collections (level 4 analyses).

In recent years, it has become increasingly apparent that the pe,- [
formance of multidimensional analyses of data collections covering
two or more disciplines (levels 5 and 6) might result in significant K

IIT-12 [
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increases in useful scientific knowledge. For example, the Panel
on Handling of Toxicological Information of the President's Science
Advisory Committee recognized the need for:

"A comprehensive and exhaustive system for storage
and retrieval of valid information on the interaction between &
chemical substances and biological systems. The existence
of this system would perhaps allow the creation of those new
broad scientific conceptualizations which will speed the
progress of toxicology and pharmacology by quantum jumps. ,t

The establishment of such a system obviously would be facilitated by [
the existence of structured and analyzed collections of data in both
chemistry and the biomedical sciences. Preparatory steps of this 1
kind would aid the imptementation of the Panel's major recommenda-
tion that a computer-based system for handling toxicological informa-
tion be established. F
In some fields of health and the social sciences, collections of general-
purpose scientific data are available which are multidiscipline in [
coverage. Such data collections have found use in epidemiological
correlations and other higher-level analysis methods. For example,
collections of both meteorological data and morbidity data are utilized,
together with air pollutant emissions data, by the Public Health Ser-
vice and other organizations to analyze correlations among those
factors Pontrolling the effect of air pollution on human populations. -

Although definite benefits can be credited to systematic structuring
and analysis of scientific data, it should be recognized that real-
world factors do not always make it easy to manage or conduct such
structuring efforts. For example, the United Kingdom, Office o"
Scientific and Technical Information, found it necessary to classify
fields as to their amenability to systematic sti .cturing of data
activities. The classifications found useful for coordination and
management of data programs were as follows:

"(a) Fields where working scientists recognize the need
for organized data and where data activities are well [
advanced (Crystallographic, nuclear, and thermodynamic
data are prime examples). [

*Q

Handling of Toxicological Information, A Report of the President's
Science Advisiry Committee, The White House. Washington, D. C. K
June 1966.
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I
(b) Fields where working scientists recognize the need for3 organized data but where individual workers are discouraged
by the sheer volume of data or of specialized effort required.
(Mass spectroscopy is a good example).
(c) Fields where data have been too fragmented or of insuffi-
ciently high quality for satisfactory data projects to be started,
but where recent instrumental advances have suddenly changed
the picture--e. g., cartographical data since the advent of
computer-controlled map making machines.
(d) Fields where systematic data activities are still impossible,
or where scientific workers are unaware of, or apathetic about,
the value of organized data. *

Harvey Brooks Says, in his paper which is included in a report by
the National Academy of Sciences to the House Committee on Science
and Astronautics:

"Numerous observers have commented upon the differences
)etween the communication systems within science and those
within technology. Science has an elaborate system of
public documentation with strong sanctions operating on
the individual scientist to make full use of and give proper
credit for previous work relevant to his own.... Within
technology the communication pattern tends to be more**
localized and more confined to organizational channels.

In a talk delivered to the Institute on the Transfer of Technical In-
formation, Dr. B. W. Adkinson enumerates differences exhibited
by foreign information services operated to serve principally either
a scientist or a technologist user population. ***

Journal of Chemical Documentation, Vol. 7, No. 1, February
S**1967, p. 20.

Applied Science and Technological Progress, p. 38-S9, U. S.
Government Printing Office, 1967.

Adkinson, B. W. "Technical Information in Foreign Countries,"
Talk delivered to the Institute on the Transfer of Technical
Information, Sponsored by the American University- -Center for
Technology and Administration, Washington, D. C., October 23-
25, 1967.
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The basic scientist works to compress and refine data; whereas
the technologist seeks the most expedient path to usable data. Studies [
of the information needs )` hf. technologist have revealed that he
wants factual information or data which can be used to answer specific
questions. In this regard, de Solla Price states: I

"The answers to such questions are to be found not in an
archive of knitted papers but in a data bank. This is not I
the stuff that is packed down and made into textbooks and
monographs; it is more like the tables of refractive
indexes and specific gravities that scientists expect to3
find in their encyclopaedic handbooks. Unfortunately. it
requires enormous original intellectual effcrt to devise
a system for ordering such data. One has to know a lot
of botany to be a Linnaeus; a successful Chemical Registry
scheme is worth a Nobel Prize in Chemistry "*

The technol.ogist differs from the scientist in that his interactions with
data are much less predictable. To the technologist, data are most
useful when they are packaged in an instructional or other form F
tailored to his specific use. The technologist relates data to a
problem rather than to a niche in a knowledge structure. Resulting
from these differences, the volume of specialized artifacts generated [
to communicate data among technologists far exceeds the volume of
journal articles, reference handbooks, and other artifacts used to
maintain and communicate the store of scientific data.

Since the technolcgist maintains a high level of association between
data and its application to the solution of specific problems, the data
which he generates is packaged in forms (engineering drawings,
test reports, standards, specifications, etc. ) tailored for use in a
specific situation. Consequently, it is frequently difficult to identify I
data relevant to the so> tion of a similar problem in another tech-
nological context. Also, when relevant data is identified, it frequently
must be extracted and reformatted for its application to the second

*de Solla Price, Derek J. "Communication in Science: The Ends-- �

Philosophy and Forecast. " Reprinted from Ciba Foundation Sym-
posium on Communication in Science: Documentation and

Automation, 1967, p. 209. (Edited by Anthony de Reuck I
and Julie Knight. Published by J. &. A. Churchill Ltd., London.)

I
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U
problem. As a consequence, the work patterns of the technologist,
to date, have not created a well structured data resource. This has
made data management activities in technology difficult and costly.
The current high costs of data management in technology are
tolerated because the decisions (e. g., selection of a design for an
Apollo rocket motor) based on a technologist's accumulation and
evaluation of diverse data are frequently the prime determinants

I of the success or failure of expensive projects.

As science and technology have interacted to strengthen and extend
the capabilities of one another, their value to society has been
increasingly recognized. The increasing breadth and complexity
of missions assigned science and technology have required new
organizational concepts involving large teams of specialists each
contributing knowledge and perspectives of specific disciplines.
As a consequence, significant changes occurred in the work environ-
ment and work functions of the individual scientist or technologist.
For example, the process of research and development is now
frequently conducted as a group endeavor, rather than an individualII undertaking. The application of the scientist's classical informa-
tion ordering and communicating procedures to this new environment
does not constitute an optimal match.

1 The inadequacy of classical methods for structuring and communicat-
ing scientific and technical knowledge in current working contexts
has created intellectual and managerial concern. The more evident
symptoms of this concern include fears, such as those voiced by
the Weinberg Report, * that science could lose its unity and effective-
ness by fragmenting into a mass of repetitious findings, or 1-orse,
into conflicting specialties that are not recognized as being mutually

inconsistent. Another concern voiced was that our society could
fail to obtain a fair return on its massive investments in science.
In regard to technology, Professor James Brian Quinn went
directly to the root-cause of the concern when he stated:

"11"Technology is knowledge... systlmatically applied to
useful purposes. .. Thus when we talk in terms of policies

Science, Government, and Information, A Report of the President's
Science Advisory Committee. The White House, U. S. Government
Printing Office, January 10, 1963.

I
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for technological development, we must think in terms
of policies for an essentially intellectual process. This
is something of a new concept for national policy makers I
and for all managers. The concept should include policies
to stimulate both (1) the creation of knowledge for practical
purposes, and (2) the use and transfer of knowledge for
practical purposes.

The challenging problem now facing both scientific and technological I
communities is how to maintain thr ever increasing pool of scientific
and technical data in a useful form. The handbooks and reference
tools that once performed these functions in a satisfactory manner I
now have difficulty in accomplishing their task due to the increased
scientific and technological activity that daily pours out new data.
By the time these reference tools have gone through the rigorous
editorial and evaluation processes required to assure accuracy and
validity, they are, in part, made obsolete by new findings. [
Computers have helped in the performance of evaluation and
structuring processes by making computations that validated
theories and gave credence to previously unevaluated data. The [
challenge, however, remains as to how to construct new and
effective methods of collecting, structuring, storing, and
retrieving scientific and technical data. Specifically, the
challenge and the opportunity is that of actively investigating
how new data handling systems can perform not only the func-
tion of storing and recording the corpus of scientific and tech-
nological data, but how they can m.terially assist in the
management effort required to reinforce and extend the
peculiar structure that constitutes the core of scientific and
technical knowledge.

One of the chief aims of scientific data management should be to I
strengthen and accelerate the development of well structured
data bases. This is as true for the softer sciences (e. g.. social
and behavioral sciences) wnich have less well defined structures.
as it is for the more formally structured sciences, such as
chemistry and physics. Automated data handling systems repre-
sent the potential and, in some cases, the actual means to main-
tain the increasing volume of data in science and technology in aviable form. [

Professor James Brian Quinn. "The Impact of the Policies of
Government on the Creation and Use of Technology for Economic
Growth, " in Proceedir- - Symposium: Technology and World
Trade, U. S. Depar• Commerce, National Bureau of
Standards. Novembti . 1956, p- 98
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I
In many ways, they offer a more effective medium by which to store
and retrieve scientific date. than do the journal article and related
conventional means of data handling. Recognizing the potential of
such tools to better perform these vital functions opens up the
possibilities of data banks functioning as catalytic systems ex-
pediting and improving not only the organization and evaluation
of data but also its communication among scientists and/or

I technologists.
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C Data Handling Systems -- A Sub-Set of Information
Handhng Tools for Data Management Applications

I Interrelations Between Document Handling Systems and Data
Handling Systems

The changing concept of data management was discussed in the previous
section. This section discusses the types of data handling systems which
hivc emerged to date to facilitate data management. These systems,
like- data itsplf, have develcped primarily as specialized elements within
larger systems for the recording, archiving, evaluation, retrieval and
dissemination of scientific or technological information. Thvrefore,
current data handling systems are closely related institutionally, ad-
ministratively, and conceptually to document and other information
handling systems. They also have similar data acquisition approaches
and sources., However, the management needs and automation amena-
bilities of data have caused data handling systems to assume distinct
characteristics and potentials, demanding that they be viewed and man-
aged as increasingly discrete sub-systems within the larger framework
of scientific information management and handling.

Numerous attempts have been made to depict the flow of scientific and
technical information, and systems which facilitate the flow, within
variously defined fields of scientific and technical activity. One such
portrayal, that developed for the flow of biomedical information by
R. H. Orr, et al.; '- is a useful one for discussion of the place of
data handling systems in the overall information handling and transfer
scheme, The principal elements of Orr's model are reproduced in
Figure TI -C-1. Levels 1 and 2 portray information flow through the
journal, book, and technical report literature. Levels 3 and 4 pre-
setnt the flow and analysis of information (data) itself.

Data handling is a sub-system pervasive throughout this entire information
flow pattern Formal data efforts identified in the census (Volume II, Pa:l
C of thi-, study) fit quite comfortably into this scheme- Data Collectinn
N.tworks and Data Publishing Programs are a sub-system of the first
level, Data-Document Depositories constitute a sub-element of the second

Orr, Richard H., et al., Communication Problems in Biomedical
Research Report of a Study, reprinted from Federation Proceed-
ings, Volume 23, September-October 1964, pp. 1146-1154.
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leve!, and Data Service Centers operate on levels 3 and 4. In fact, it
is readily apparent that some of the classes of data efforts included
in the census are specialized document processing operations, i. e.,
operations which process documents with a high content of data.

It A basic premise of Orr's schematic depiction of information flow is
that.

"In general, information processing starts where docu-
ment processing leaves off and depends upon prior
accomplishment of the basic operations of document
processing. (Documents must be collected, analyzed,
sorted, and retrieved before the information they
contain can be processed. )*

In other words, the collection, analysis, and distribution for use of
information (data), per se, is viewed as a selective, refined analysis
and redissemination of information already recorded in the journal,
book or technical report literature. Although this concept of the
relationship between document handling systems and information or
data processing is widely held among documentalists, the effectiveness
with which a document handling system feeds or interacts with an
nformation or data processing operation is seldom considered either

as a design criterion or as a measure of operational effectiveness.
This situation is readily apparent when one considers the dearth of
indexing of data conten, currently performed as a part of
document handling system operations.

Formal data efforts, which organizo and evaluate previously published
data for use by others, already constitute an established sub-system
of the larger scientific and technical information handling system.
However, direct flow from recording to transfer and use, by-passing
formal publication, is a feature of much d.ita flow. In fact, it is
str!King to note the vast amount of data flow which is automatically
excluded from the picture when a classical template of information flow,
such as that in Figure Ill-C-l, is laid on top of real-world patterns
of scientific and technological activity. This exclusion often occurs when
plans are developed for implementing national scientific informationI.

Orr, P H , et al. , "The Biomedical Information Complc', Viewed
as a System, " Communication Problems in Biomedical Research:
Report of a Stud . in Federation Proceedings, Volume 23, No. 5,
September-October 1964, p. 1141.
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[.
systems or when more limited means are considered for improvement
of the use of scientific arid technical information. Frequently, it is
not realized that data management needs have snawned data handling
operations and flow patterns which are significantly it.dependent of the
classic publication channels snd associated information or document .
handling systems Principal factors contributing to this trend are the
large volume of data, its high amenability to computer processing, and
the high incid-nce of situations where data is generated and appliea l
within a lim ted sphere of scientific or technological activity

The daa flow depicted by channel "a" in Figure III-C-2 is a very F
significant one when the data generator and user are closely associated
In fact, it is becoming much more common in all contexts because
current publication practices often preclude the publication of much data
even when the generator desires to publish. Channel "b" depicts a data
flow pattern which is of considerable significance in an area which has
been designated by the National Science Foundation as general purpcse
scien;ific data This data is not normally generated as part of a research
or development project, rather it is collected as a support function for
aclivities which may be either operations or research and development
Exampies of this class of data are weather observations and demographic
information

Data volume and other factors have fostered the flow of data along
(hannel "a' in Figure III-C-2 where the computer assumes prominence
as an intermediary processor of data. A measure of the prominence of
this intermediary is found in the broad statistic that there are 40, 000
computer centers operaling today, with many of the largest and fastest
computers dedicated to scientific data processing. The volume and cost I.
of data flowing into and out of these working data processing centers
dwarfs that handled by formal data service centers oriented to the
archiving and organization of dat. and information, as indicated by
levels 2. 3 and 4 in the schematic ,f Figure 111-C-2 This data flow
sub-sYstem. channel "a". is often submerged in the context of a given
mission and is frequently xcluded from examination of scientific and
technical information flow, and yet. it is absolutely vital to efficient
rea! world data management The foregoing is not to imply that data
c'ormmunication from one worker to another via the classical publication
('hanti!s is not important but to emphasize that the non-classical data
flow sub systems have become highly active pecialized and sophisti-

cated L
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L
Already the working difficulties experienced between the scientist or
technologist and his supporting data processors have become signifi-
cant. As the body of data used grows along with the sophistication &" I
its manipulation and application, these difficulties will become increas-
ingly acute Management of this problem requires the strengthening
and acceleration of the development of well-structured data bases with
sufficient technical validity to allow the technologist and his data pro-
cessor to be able to draw upon well conceived data resources. Tre-
mendous losses in time and money are now experienced due to the
necessity for each mission group to develop independently its own data
files or bank and its own processing, storage and retrieval approaches. [
2. Elements of Data Handling Systems [
Data handling systems are rightfully considered as tools to facilitate
data management. However, one attempting to select, design or
implement a data handling system to facilitate achievement of a
specific data management objective or goal quickly realizes that it
is not a simple, straight-forward process. Rigorous and systematic
proczcaures for this selection process have not been demonstrated.
However, in their presentation "Introduction, Definitions, and the
Information Universe, "* Vincent and Weik put forth a useful con-
ceptual scheme for delineating the constituent elements of informa-
tion handling systems for descriptive or comparative purposes. One
can usc this scheme to illustrate the many elements which can be con-
figured into data handling systems currently or are potentially appli- I
cable to future data management requirements. If one also considers
additional factors not included in the Vincent and Weik model, such
as performance criteria, the task of analyzing a data handling system
becomes increasingly complex.

In the modified Vincent and Weik scheme, all data handling systems [
z:an bc describehd through tl-e specification of various elements arrayed

Vincent, Col. Dale_ L., and Weik, Marti:i H., "Introduction,
Definitions, and the Information Universe, " paper presented
at the Fundamentals of Information Retrieval Systems and
Techniques Seminar, American Management Association,
New York. New York, 15 January 196F. C
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I!
upon three coordinate axes:

zS

The coordinates or elements of the X axis, Data Classification.
constitute description or identification of the data type, class or
category included in or handled by the system. The coordinates or
elements of the Y axis. Data Representation, describe the data media.
forms. fnrmats and languages used by and included in the system.
"The coordinates or elements of the Z axis. Data Operations, describe

.- operations performed on and/or use made of the data.

Each of these main axes may be sub-divided into numerous other
4. orthogonal coordinate axes. Figure III-C-3 displays a partial array

around these three main axes of the multitude of system elements or
"components currently used or potentially available for inclusion in
the development of data handling systems. Application of this scheme
to an existing data effort illustrates its utility for description of the
structure of current data handling systems. For example, the Joint

A. Army-Navy-Air Force Chemical Data Center at the Dow Chemical
Company might oe characterized, in terms of its system elements.

L Ill- -Z7
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as follows:

j X-I - Aeronautics and Aerospace, Chemistry, Chemical
Engineering, Energy Conversion, Ordnance

X-2 - Mission-Developmental
j X-3 - Evaluated, Performance

Y-1 - Compilations, Data Sheets, Extracts, Annotations
Y-2 - Punched cards, Magnetic discs, Hardcopy, Magnetic tape
Y-3 - Alphanumeric, Digital
Y-4 - Fortran
Y-5 - BCD
Z-1 - Data Service Center
Z-2 - Acquisition, Dissemination, Evaluation, Extraction,

- Storage, Retrieval, Computation.

Perhaps, as insight is gained concerning the structure and functions
of data handling systems, scientists and technologists will be able to
apply them more fully to accelerate development and use of scientific
and technical knowledge. Shipman was concerned about past failures
to fully employ computers in data processirg functions other than
mathematical calculatiom when he stated the almost obvious fact that:

"Of the three principal categories of information involved
in scientific and technical information- -data, procedures
and methods, and conceptual framework, theories and ideas--
only the first, data, are presently readily responsive to
available machine storage and retrieval. "0

In contrast, de Solla Price was looking toward the future of data
management and data handling systems when he stated:

"In a forecast for the reasonable future one may therefore
. expect an approach to computer success with the 'taixono-

micisable' data banks which are the chief problem for the
"technologist.

Shipman. Joscph, "'The Mounting Crisis in Primary
Literature. - Engineering Societies and Their Literature

- Programs: Proceedings of a Critical Appraisal. Engineers
Joint Council, New York. January 17-18, 1967. p. 2 8 .

de Solla Price, Derek J. . "Communica' ion in Science: The Ends- -

Philosophy and Forecast." reprinted from Ciba Foundation
Sýv-np•ium on Communcation in Science Documentation and
Automation. London. 1967. p. 206
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I
It should be noted that preceding this forecast, de Solla Price
explicitly described the structuring or data organization schemes
which had to be developed before the full potential of computer-
maintained encyclopedias of data could be developed. It is this
knowledge sructure which must be developed in parallel with
data handling structures if data management is to progress from
an intuitive art to a science. The importance of development of
valid classification schemes or etructures for scientific and tech-
nical data organization cannot be overemphasized, for the progress
in this area will be the major technical determinart as to how ef-
fectively future data management and data handling systems will
function.

I

I
I
I
I
I
I
I
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D. Data Management and Data Handling Systems--
The Challenge of the Future

Lewis Mumford, in his book Technics and Ci ilization, states that
"Behind all the great material inventions of the last century and a
half was not merely a long internal development of technics: therewas also a change of mind. Before the new industrial processes could

take hold on a great scale, a reorientation of wishes, habits, ideas,
and goals was necessary.

The development of data management and handling systems for the
future will also require behind it dual forces of intellectual reorientation
and technological advancement. Basic to data handling systems of the
future will be computer technology. Utilization of its full potential
challenges data management to reorient its viewpoint and technical

" capacity from that of document handling (i. e., manipulating and de-
livering documents which contain information) to one of scientific and
technical data handling (i. e , manipulating and delivering the data or
information itself). Implicit in such a reorientation is recognition of
the potential of the computer to be (in the words of Marshall McLuhan)
"an extension of the human central nervous system." In terms of the
discussion of the prt'vioj.. -,ction on data handling systems, this ex-
tension could constitute an immec.slely ready, accessible, and usable
data bank and processing capability fcr the wording scientist or tech-
nologist in coniunrlion *..it, er working scientists. Figure III-D-l
portrays how the data processor or computer serving a given mission
pro ect or group might be connected to a common data-storage com-
puter serving the archival and inter-m ssion co.nmunication require-
ment of several mission-oriented groups within -elated areas of
scirnce or technology Such applications would 'xtend computer usage
significantly bryond its curretst usage, which is argely for iterative
mathematical calculations,

. 'This potential- -one of coupling the creative caFabillties of humans
with each other and with the immense procedural. computational. and
retrieval cap.cties of computers--is well expressed by the developers

" of such an "on•-line intellectual community" pilot system at the
L. Massachuse.ts Institute of Technology:

1" In short. it is now evident that much of the creative in-
tellectual proce ;v involve.s moment-by-moment interplay

i I" III- • )
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between heuristic guidance and execution of procedures,

between what men do bcst and what computers do best. On
the basis of that realization, it seems reasonable to project
to a time when men who work mainly with their brains and
whose products are mainly of information will think and study
and investigate in direct and intimate interaction with ex-
tensively programmed computers and voluminous information
bases .... The prospect is that, when several or many people
work together within the context of an on-line, interactive
community computer network, the superior facilities of that
network for expressing ideas, preserving facts, modeling
processes, and bringing two or more people together in close
interaction with the same information and the same behavior--
those superior facilities will so foster the growth and integra-
tion of knowledge that the incidence of major achievements
will be markedly increased. "*

The forces necessitating reorientation toward the development of an
on-line intellectual community are not confined to technological re-
quirements of the space program or the nation's defense. Martin
Shubik of Yale University discusses the need simply as a consequence
of the growing disparity between the total pool of knowledge and the
amount of it an individual can afford to assimilate:

".. . Man lives in an environment about which his information
is highly incomplete. Not only does he not know how to eval-
uate many of the alternatives facing him, he is not even
aware of a considerable percentage of them. His perceptions
are relatively limited; his powers of calculation and accuracy
are less than those of a computer in many situations; his
searching, data processing, and memory capacities are
"erratic. As the speed of transmission of stimuli and the
volume of new stimuli increase, the limitations of the in-

-*INTREX: Report of a Planning Conference on Information Transfer
Experiments, eds. Carl F. J. Overhage and R. Joyce Harman, The

M.I.T. Press, Cambridge, Massachusetts (1965), p. 26.
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div-dua' become more marked relative to socictv as a "
whole. Per se there is no indication that individual genius
or perceptiors have changed in an important manner for
better oi worse in the last few centuries, but the numbers
of humans, the size of the body of knowledge, and the com-

plexity of society have grown larger by orders of magni- [
tude.. .. . "*

Daniel Bell of Columbia University, commenting in the same report,

suggests that in response to this disparity the character of tech-
nology itself is shifting to exploit our growing resources of knowledge.

Heforesees oursociety becoming "more functionally organized, geared [
to knowledge and the mastery of complex bodies of learning."

"Technology is not simply a machine, "according to Bell, [
"but a systematic, disciplined approach to objectives,
using a calculus of precision and measurement and a con-
cept of system that are quite at variance with traditional .
and customary religious, aesthetic, and intuitive modes.

Instead of a machine technology, we will have, increasingly, r
an 'intellectual technology,' in which such techniques as

simulation, model construction, linear programming, and
operations research will be hitched to the computers and
will become the new tools of decision-making. "**

Thu-, already, we see developing the required reorientation of "wishes,
habits, ideas and goals" toward recognition and exploitation of the
full potential of computers as an extension of man's central nervous
system. The other requirement for the development of sophisticated

national data-handling systems--that of technological capacity--isI
rapidly developing if not actuaiiy available today. Fortunately, the
more than $20 billion expended in the U.S. on research ind develop-
ment during the past twenty-five years has not only produced a tremen- I.
dous scientific and technical data resource; it has also developed the
technology required to manage and handle this data resource. -

*Shubik, Martin, "Information, R~ationality, and Free Choice in a

Future Democratic Society," Daedalus (Summer, 1967 - "Toward the

Year 2000: Work in Progress"), p. 772.

** Bell, Daniel, "The Year 2000 - The Trajectory of an Idea." Daedalus

(Summer, 1967 - "Toward the Year 2000: Work in Progress" -p.643.
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Figure III-D-2 illustrates the fantastic advance of computer capabilities
over the past thirteen years, and projects the expected advances through
1975. Similar i.dvances are being achievei in other areas of technology

Ui applicable to the handling of scientific and technical data. However,
in addition to advanced hardware technologies, a third element will be
required for the development of large, computerized data bases - that
is, the tremendous l'bor of structuring, organizing, evaluating, and
entering the data. Dr. Jean Weston addressed this element in a

i I presentation concerning the future of drug information processing:

"There have been a plethora of grandiose speculations on
how wonderful the future will be in the field of biomedical

information once the computer is properly harnessed and
grinding away 24 hours a day.. . . All such pictures so painted--
and fully capable of realization I might add--are such com-
"forting and satisfying ones that I'm afraid there has been all
too little practical contemplation or discussion of the massive
amount of pure drudgery Ahich must be carried out in the way
of providing unified and mutually understandable and agreed
upon information to go into the computer for its digestive and
correlative activities to bring about this bright new day, es-
pecially on the part of some of the more starry-eyed specula-
tors. Until the right kind of information is provided to the
computer we forfeit its fantastic abiiity to deal with that in-
formation. "*

WVhile "drudgery" perhaps aptly applies to much of the labor required
to develop large, automated data bases, the challenge appears exciting
when the goal is viewed as a thorough taxonomy of an area of .;cience
or technology De Solla Price emphasi7es tha, "success here depends
on the tight internil structure of science.. . . I ae prospqcts for any
non-taxonomic indexing seim so gloomy that such automated Nirvana
is unlikely to work for science. " He suggests that "all further efforts
to secure more sophistication in normal indexing be cut off forthwith.

,* Further, he states, "it requires enormous intellectual effort to devise a

FVeston, Jean R. , M, D.. "The State of the Art and Its Future,'
keynote address presented at the Third Annual Meeting of the Drug
Information Association. Philadelphia. Pa., May 24. 25. and 26,
1967, pp.8-9.

I
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.1
system for ordering such data. One has to know a lot of botany to be
a Linnaeus; a successful Chemical Registry is v.orth a Nobel Prize in
Chemistry. "* The combination of this intellectual effort with fully
exploited computer tuchnology is the challenge of the future for data
handling systems.

Many experts have found this challenge exciting. Commenting on the
implications for the social sciences, Harold D. Lasswell of Yale

University stated in the Saturday'Review that "the computer revolution
has suddenly removed age-old limitations on the processing of informa-
tion, including the linkage of data with competing theories of explana-
tion. " A graphic example of this limitation and how it has been re-
moved by computers can be seen in the complexity of making a global

-- weather forecast. Two leading scientists of the National Center for
Atmospheric Research report that "it takes about a billion elementary
numerical operations to compute a 24-hour weather forecast for the
whole of the earth. " They then go on to say that "today, we have com-
puters capable of holding millions of pieces of data in readily accessible
storage and of carrying over a million numerical operations per second.
Thus, the timerequiredto perform the billion operations for a 24-hour
forecast is reduced to about 1, 000 seconds or 17 minutes. "*** The
time dimension, until recently an insurmountable barrier to this appli-
cation of our scientific knowledge of the atmosphere, has been reduced
to a workable level.

tRecently, another, important prospect has come into view. .1. C. R.
Licklider, a leading information scientist, states that "during the last
five years, man-Lomputer interaction- -'on-line' or 'interactive' il-
formation processing- -has grown from a gleam in an eye to a major

""de Solla Price. Derek 3., (Communication in Science: The Ends--
lPhilosophy and Forecast," Ciba Foundation Symposium on Communi-

V" cation in Science: Documentation and Automation. eds. Anthony de
Reuck and Julie Knight, .1. &A. Churchill Ltd. . London (1967). p. 209.

r" •lasswell. Harold D.. "Do We Need Sociai Observatories ?" Saturday
Review (August 5. 1967). pp. 49-52.

%"e*Thompson, Philip D. and Roberts, Walter 0., "Computing the
Weather. " The Christian Science Monitor (August 17. 1967).
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sociotechnological movement. "* The computer and its asscciated
equipment is now providing man a tool that can perform accurately,
rapidly, and (when sufficiently large volumes are involved) very I
economically the clerical operations of data comparison, logic pro-
cedures, and mathematical computation. These are operations a
knowledge-user almost always must perform in translating resource
data into terms significant to the context of his individual interest.
Where the rigor of the resource knowledge permits such translations
to be made by mathematical or similar logical processing, he can [
then use the computer so that it can be driven from his interest context
and provide a printout in his context. He then has created a greatly
enhanced facility for examining the data resource itself. With com- -
puter speeds what they are, the computer system's responsiveness
may be rapid enough that the interrogator is, in effect, in a position
to establish a computer-assisted "dialogue" with his data resource. [
In such a reactive relationship, he can pursue solutions to his problem
based on the computer's response to each request for additional data
or action taken. Each step in the process of finding the sob ion
determines the next step until the desired goal is reached, or the
problem-solving potential of the data resource is exhausted.

Many of the prospects for improved use of data assume the availability
of large volumes of machine-readable data on wkich the computer can
perform the desired functions. Although the number of automated
data centers in the United States has increased from a small handful
ten years ago to literally hur recs of formally organized centers
today, an overwhelming percentage of potentially useful data is still
inaccessible for extensive manipulation by computer.

With the development of these data centers as separate entities. j
pressure is building up to take action toward tying individual centers
or systems together into a network or series of networks. Several
plans have already been fostered to establish networks of this kind. L
In the proposed nhrwork link-ups, a technical problem exists as a
result of different types of computers and their different programming
instructions. These. ooviously. must be compatible before data could t
be effectively transferred from one data center to another.

Licklider. J. C. R.. "A Crux in Scientific and Technical Communication.
American Psychologist (November 1966). p. 1049. [
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'I The most critical problem, however, in creating working competencies
in the computer-assisted mode is much deeper than establishing elec-
tronic transmission links btween different data centers. There is the
problem, even withoWt an electronic link, of intellectual compatibility
between the systems. For instance, are they using compatible data
structures and languages ? Not only does this mean that terms must
have essentially the sar.te or translatable meanings in each system--
their data files must also have a high degree of compatibility in theirT conceptual 6tructures. Structuring in many cases renders data useless
unless it can be reformatted to meet the requirements of a different context.

Computer codification languages and file structures impacting on the
user must be modeled on the conceptual structures of the jubject matter
first and on the machine capability second. Codes designed to be easy
for the machine can impose learning burdens the human user will not
accept, even though the codes are both simple and rational. The per-
ceived mechanics of the phenomena, and identified values in human
affairs will constitute the most reassuring foundation for enduring
codification commitments. The data specialist and the lexicographer
"must encourage the computer technologist to be faithful to the 'language
of origin" in pursuing his craft.

Solution of the problems concerning standardized vocabularies, term-
inolopy control, file structure devclopment, and indexing criteria will
control to a largte degree the compatibility between future data systems.
Solution of this problem comprises an intellectual challenge that must
be mn-t if some of the most exciting of the prospects held forth by the
computer can be realized.

Throughout this study attention has been 4 irected to the future, because
the future can be influenced, if nr' invented, by contemporary actions
During the conduct of this study, leading data system specialists and
sci entific and technical administrators were requested to project future
eventi and trends which would impact on scientific a.,d technical data
handling systems. These projections, although reflecting individual
opinion and not consistent as a set, are indicative of the events or
trends which planners of future scientific and technical data systems
must anticipate and accommodate in a total concept of data management
and handling. The following list enumerates some of the projections:i-

1968-1973 Compute'-ized evaluation of experimental

T, data in the area of nuclear cross sections.

[4
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I
1968-1973 Implementation of extensive computer systems

which process evaluated data files for more
effective utilization of data ln design and devel- 5
opment activitics.

1969-1974 Utilization of high-density, photochromic micro- !
image devices for digital file storage, capable
of storing 400 pages per square inch with an
access rate of 200 to 500 microseconds.

1969-1975 Full implementation of the United Engineering
Information and Data System.

1970 Utilization of laser-luminescent display devices
capable of good resolution.

1970-1972 Utilization of mass storage devices capable
of storing 1012 bits of data.

1970-1972 Establishment of the position of "Vice Presi-
dent for Information" within commercial and
industrial organizations.

1970-1972 Implementation of a data system for metals
and materials properties.

1970-1974 Utilization of handwritten document readers
for input, capable of reading a full character
set at a rate of 50 characters per second. I

1970-1980 Establishment of Federal Government data
banks serving assorted agencies in the three
branches of the Federal Government.

1972 Establishment of a four-year update lecture/
workshop for practitioners to impart theory
and to arrest or retard personnel obsolescence.

1972-1976 Printing of essentially all publications by electronic I
composit on or photo composition.

I
I
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1972-1977 Implementation of state government data
centers, supporting state functions such as
planning, urban ard rural development, in-
dustrial relocation, unemployment, etc.

1972-1977 Full implementation of a National Chemical
Information System.

1973 Availability of computer storage on a public
utility basis.

1973 Direct access to large data banks on service
and fee basis.

1973 Discovery of a way to build modular software
which is subsettable and based on an individual's
needs and machine size, but which has almost
the performance of a custom code.

1973 Extensivr use of computers in "on-line" data-
acquisition systems and "interactive" modes
of operation, where the user and computer
form a complementary unit.

1973 Implementation of a National Physics Data
Center.

1973 Implementation of a working national data and
document network in the field of medicine.

1973 Implementation of well developed mechanisms
* and data banks in machine-readable form In

several of the existing information services
such as Chemical Abstracts.

1974 Establishment of revolutionary types of educa-
tion-d courses in rmathematics and systems logic.

1975 On-line recall and remote terminal display of the
most frequently needed handbook data simultan-
eously with the presentation of the problem being
attacked.

9. A
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I
1975 Implementation of community-operated and

community-owned computer centers, available
to small industry, school, public libraries, etc.

1975 Satellite communication of scientific data via
television circuitry between established national I
systems in the allied nations.

1975 Utilization of small personal computers for r
personal files.

1975 Telecommunication of scientific papers or -
data prior to publication, with option of in-
putting to a storage and retrieval system.

1975 Creation of an integrated inde.-. for environmental
data, embracing the contents of data centers
for weather data, oceanographic data, space
and aeronomy data, seismological data, geo-
detic data, gravity data, geomagnetic data, etc.

1975 Expansion and vitalization of the National Referral
Center, with more effective interconnections
with other informatirn services.

1975 Implementation of educational computer networkb
on a nation-wide scale.

11175 Replacement of instititionalized data centers with
national data/information centers in areas where
institutionalized centers duplicate, overlap, or
laii to provide service.s.

1975 Utilization of flat displays with a resolution of
0. 1 mm. or better, in sizes of one square "
met-r or better. L

1975 Implementation of multi -processing computers
with a throughput equivalent to one nanosecond

per operation (one billion operations per second
per system).

1975 I)rsignation of specific institutiors in national data,
informatioti systems as agents responsible for pro- [
v'iding services, at standard fees, to all qualified
users .n the ecnrwity.
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I 1975-1980 Utilization of teaching machines for almost
all subjects, including formal schooling and

j adult education (in centers).

1978 Implementation of an Electrical and ElectronicJ EngLneering Data Center.

1980 Utilization of three-dimensional, colored
display devices.

1980 Joint operation of EDUCOM, NSRDS, NCIS,
and NPIS.

1980 Utilization of mass storage devices capable of
storing 1018 bits of data.

. 1983 Implementation of a National Social Sciences
Data Center.

1984 Domestic access to data in libraries and infor-
mation centers.

1985 Replacement of conventional hard cover books
with newer information media.

1985 WVidesDread utilization of voice recognition
devices.

1985 Replacement of libraries in the conventional
sense with computerized, filmed stores of
information. with film reader facilities for
reading rooms, browsing. etc.

Effective transition from current data management and handling practices
to the future portended by the preceding or similar trends and events will
"necessitate acceptance of responsibilities. assignment of priorities and

aUocatioti of resources. As stated by l)r. Weston. We must work har-
moniously and cooperatively with those presently in the field--and with
"any newcomers who show interest, who have ideas and who will also
work cooperatively.

"iWesto,. Jean R., . D., The . State of tnc A\rt and Its Future,"
"keynote address presentcu at the T!Lrd Annual Meeting of the D)rug
Information Ass'•ciation. !"hiladelpi'ia, Ila., May 24.2i and 26,
14%7. p. 10.

4. Pl-
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E. Data System7 Development--
A-AQkestion of Who and When

Scientists and technologists universally depend upon data as a source
of information, and treat it as one of the miore important archival
records. Data is well suited to the aggregation, summation, and
manipulation processes that become increasingly relevant as the in-
formation population grows. However, authors desire to publish more
data than the economics of the present technical documentation system
permits, and scientists and technologists normally can monitor only a
fraction of the existing, relevant, and available data resource. For
these and other reasons, it seems obvious that future large-scale data

j systems are inevitable.

The techniquer' and mechanisms now availab~ie for large-scale data
systems appear to promise much. Their f-.:_,acities for manipulating
data parcels are substantial. As data collections grow larger, these
new tools can accommodate increases in usage and file storage with
relative effectiveness and economy. It is no secret that the computer,
"modern reprography, and telecommunication methods can be combined

.. to provide an impressive capability. The present scale and complexity
* of computer-based activity is rapidly bringing it to a point of familiarity

"as a working tool of the scientist and technologist. Some of th4 .s ac-
tivity (the INTREX and MAC projects at MIT are examples) have specific
relevance to operations associated with national-network linkages,
whether of information generally or data specifically.

What does not exist yet is sufficient commitment to data systems among
institutions with important national roles associated with technical in-
formation. In varying degrees, all of the key institutions seem to re-
quire additional knowledge, support for innovative change, and moti-
vation before such commitments can be expected. This deficiency is not
related to data systems alone. It has been noted in many instances, in-
cluding the Licklider Report, that the Federal Government is achieving
only partial success in persuading the scientific community to cooperate
in integrating public and private services into a ur 'fied system for scien-
tific and technical communication. The Licklider Report concluded:

"i"That the field [information science] is not yet well
enough defined to justify an attempt to design a
national system at this time F1965]. One must first
develop principles with respect to centralization and

i1 Ill- 47
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distribution of fun( liens and mixst undc~rstmnd b~tttr
the 'real' needs of generators anki u:s-rs: of scicrntific
and technical informat-ion" :,I

Sinct-: 196ý, considerable progress ha-3 bt-'(ln made toward national in-
formation systemi, especi.Ally in so-le' trd fields such as chemistry andJ
air pollution. However, azi note-d in the Licklider Report, major deter-
rents, such as thE inadequ-ite knowvledge of user requirements and the
reluctranc. of organizations and individuals to enter cooperative arrange-I
ments to alleviate common informition problems, still nee(d serious

stucoy p'ioi to th- launiching of oprritionil ;, i'-ntific and te..hnii al data

sy Ztfm,; or n-L-tworks. C'_,16 oppi -i15 war .n lrel patrtiritlarly whe-reI
Ire n'-w data --yst-mi,. con*:- w.výd a- v.:-hif le, ac~ommod~tting C&

rl-,tional aggrý-gcdtion o! u;,,,g(s and us, rz-, ar#- contc-mplattvd. Such sýs-
I~x-kýnnot but impact, ldvcr-ibly or uni:.vorably, on many ofl the in-

--~i~uticons- (defined a;, narrowly as orgaýnie-tfons, or i; broadly as cul-
'ural traditions) now ý,,-sociatt-d wit~i t'-chni.c dl A(-ti-vity.

ýA ft-w spec-ific ~-xarmple3 will 1liustr at- how many pag,--a, now virtually
blank, remaýin to be skct-h ed out b'-for-~ dc-signs and investments in
ldrgt-. nEW opt-rational d-ita sy-;tems th-it are national in concept canr
b.: commitr'd on a rEsponsibly informe-d baris. For insta~nce, whiat

doo-s ; dat.. systemn do to (or do for) th,- prtv.~iiing doc ument system

ih~:j now t-irri.-s the prim.~ry burden of formal ommunicdtion and I
r A-~frent~c*cld'-t tran-imission in tIhr7 t'-' hni, al community~ 'in -4 data-rich,
welfl codified, " iature' scilrntc' suk-h a,; cýhmiitry, for example, would

Sho-'mic al 1 sub-isysi-m pio\vide a zm~jor #:ýonomic r-'Iief for the pro-[
te--gional arid tradc -prc-; dio:umlent publis;h,-rsm Would it re-duce: re-
pt rting cost5m tor author ing org-ini zationz, .ýnd pý i n-tps be- solf supporting

inrough filing t . Irges for thi, art hivdý .3c.ountobility r-:quirement of the
ýiuthor'" Would it r-- t i- somý- do, um'-nt cia -7 iic-h as, thr data hdnd -
book ind th( ý l-W dclaV ,jour n-A ' ould'tmJ of tlocurr'ent Ssc itms

, \oivte in which the docum-nt ss.mwould support the d-ita svst-,.m with
judgm-rntal information that had bt. n prov-d diflicult or uns-c-onomic to
,o-ity into thE-d' system )Or woulti thc (tata iyst 'm support the do(
umont -.yytem dfld be rt-achpd through thf- document indexes, with the I
da'-i sys3tem providing an amplifiedc data ba-and peýrhaps a romputational
compEtýný e for the- document syite m 'in thr gt rieralit,,, the answers to

-all, the-se qut-stionsý might wd-l bt- vt, from the sY stt-rn-operator's

J. C. 11 Li' klider, #- t -1. , RWport of Qht Oftiv e ot Scienrct mid
Tc,_linoloL' Ad I-Io,. Pan- I on St i--n f v i. nd T.--hnii. dl Cornrnuniadj-

tionn-. 8 Februiry.965.
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perspective. From the viewpoint of existing active institutions, an
individualized pattern optimal for specific documents and documenta-
tion traditions would probably be the answer.

What are the transitional stresses in going from traditional informa-
l3 tion-processing mechanics, which orient around the typewriter and the

printing press, to computer-based methods ? Under what circumstances
does the national interest justify national investment (i. e., a Federal
subsidy) in the change-over costs ? At what level of codification, volume
of accumulated material, and existing or potential usage is there enough
of a data base to justify converting the data population of a field for3 comnputer handling? At what point does the benefit of more rigorous
tools for technical-mission supervisors justify the cost of creating
data systems which the "bench" technologist can be made accountablej for using? Who should assume the cost burden associated with culture
transitions (e. g., of usage traditions) ? Who should assume the intellec-
tual burden of data-codification language development; who should assume
the burden of maintaining it; and who should assume the economic bur-
den of each? Information-husbanding institutions such as the scien-
tific society and technical trade association would appear to have primary

I. accountability for the intellectual burdens of their field. Cost accoun-
tability, at least to the level of underwriting philosophy, appears
generally a Federal burden. From the viewpoint among existing insti-
tutional activity, however, there will be sectors where the institutions
"will identify economic or ownership-strategy arguments for under-
writing system-development or system-conversion efforts. Entre-
preneurial institutions will exist or be formed that are willing to risk
investments based on new processing modes. Some such ventures may
draw in part from existing information or data activities that are
publicly supported. They may aspire to occupy a mechanized-level
niche left vacant for any of a number of reasons by the institution his-
torically associated with the subject.

Prospects such as the latter raise the question of the equitable rights
and obligations inherent to the generator, the owner, and the user of
data that become part of a national data system or network. What
policies will preserve genuine independence of information-husbanding
institutions such as the scientific societies that may operate systems
developed or sustained through Federal underwriting ? How can usage
of such systems be managed so as to preserve equitable opportunity
for private-venture data services ? The burden of resolving questions
of this nature appears to run to those institutions through which an
adequately informed, reasonably disinterested citizenry can speak.

I
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These examples suggest strongly that large new data systems or net- I
works, conceived as vehicles accommodating a national aggregation Af
usages and users, are not likely to reach the operational level unless
at least three facilitating activities have functioned over a period of
time. They are:

"* Economically sheltered conditions under which major
data-owning institutions can experiment with the
functional merits of data systems or services that
are potential companions or successors to existing
data-containing operational activities of the insti-
tutions; I

"* Research activity broadly addressed to the state-
of-art aspects of national data systems; I

"* A forum through which policy can evolve from the
grass-root case problems and opportunities iden- I
tified or experienced as specific undertakings aresuggested or implemented.

In answer to the question of "when", it would appear that the sooner these
three facilitating actions occur, the sooner we will see the appearance of
operational national systems. Answers to the question "who" would appear
to come first from sectors where the transition stresses are minimal
and few or no issues of equitability are involved. The huge body of tech-
nical information generated for agencies in the Executive Department [
comes to mind. The scientific society's classical role, and its intellec-
tual and communication resources, appear to merit particular examina-
tion for extension into the data sub-regime. Industrial and other eco-
nomic institutions that generate and utilize data seem to offer intriguing
potential for simple buy-and-sell relationships with "non-sensitive"
data systems they both supply and draw from.

It is obvious that there is some threshold level below which a data sys-
tem possesses insufficient content to attract a meaningful patronage. I
However, from the view taken here that institutional factors are the

controlling limitation, this does not appear as a really serious constraint.
Assuming that constraint, the most probable expectation is for the evo- I
lutionary emergence of expediently useful data services, promoted through
the research and support resources of a Federally-funded national data
program activity. Over a period of operational experience, networks of I
functionally compatible data services should emerge in turn, along with
advantageous mergers in processing mechanics.

111-50 3
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This view of "who and when" lacks the dramatic visualization of a Polaris
weapon system or the first Earth satellite. It also provides no single
marshalling point for a deterministic, system-manager type of techni-
cal design prescription that simplifies day-to-day guidance toward
goals, resources, and deadlines.., and also can help considerably in
securing support for a national data program. It is, however, both
sensitive and responsive to many individual problems and opportunities
that are extensively and sometimes dramatically visible in the numer-
ous sectors of the scientific and technical community. We believe this
view of the way future national data systems will develop is realistic,
and that a well-conceived national data program activity can materially
speed their emergence. It is our judgment that a supportive program
framed to utilize the broad mix of existing institutional competencies
and motivations will prove to possess enduring viability as a facilitator
of the process generally. We believe that support of the plan proposed
elsewhere in this report will result,by 1975, in operational data activi-
ties that are significant to the context of this study.
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IV. THE PROBLEM AS DEFINED BY CURRENT ISSUES

The overall problem to be resolved through improved management of the
national scientific and technical data resource may be defined through
consideration of the current issues or subproblems of which the problem
is comprised. Nearly one hundred such issues or sub-problems were
selected, categorized, and evaluated in the course of this study of
national scientific and technical data activities. The issues were iden-
tified by examination of previous studies, workshop discussions, mail
questionnaires, and personal interviews. They were screened and
grouped into five categories of significance in planning future national data
programs. The five categories used were concerned with the following
aspects of data activities:

A. Data Management & Handling System Requirements;
B. Data Packaging;
C. Data Handling Equipment;
D Personnel Capabilities; and
E Institutional Roles.

The issues were grouped according to these categories and sent to
panels of individuals who were experts in the respective areas. Five
panels, composed of over 300 experts, were asked to rate the relevance,
impor1..., , .nd amenability to resolution of the issues and to give com-
ments concerning potential recommendations that might lead to their
resolution. A specimen set of survey instruments and a panel member
response to one of the issue evaluation questionnaires are shown in
Exhibit ',V i. The responses from the panels, as well as the evalua-
tions of the project staff, served as the basis for compiling th(. five sets
of current issues that comprise this section. The issues are enumer-
atc•d an,' ,r'.i:fly discussed. The discussions are illustrative of current
viewpoints and do not necessarily constitute a complete or balanced
review of each issue. However, in their entirety they indicate the com-
plexity and limited level of knowledge which currently exists concerning
requirements for data management on a national scale, and the data
handling systems which would be responsive to these requirements.
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A. Data Management & Handling System Requirements

The b~road questImns conc~erning underlying rationales connected with
the ni:-ed for- Pa ra,-ionai data system, methods of its possible implemen-
t-ation in whK..t cr Ln part, and a broad indication of alternate structures
Lhaý might' b--. pc~esible were. the subject of the first evaluation panel.
As 4-1 the p'arriirg of most major programs, it is essential to answer
quesfthrns such& as these, arid to consider the vital role they play in the

.ia~ n or preliminary planning stage, of the program's life cycle.
-..n so~me cages, there was an evaluation by the panel of issues concern-
in~g t! e role o.' data systems in the context of current scientific and
tschni.zal ini~i~.T ot-her questions, evolutionary and final struc-
tu.-P pr.ý:bems are considered, and in still others, the parallel evolu-
t.icn ref sreve~ral systems pricor to integration is the subject of evaluation.

Tb'-: evabL;atc':n response to this set of issues indicated a consensus
that &.1 all f 1,et? subprr~iblems are difficult, but not impossible to solve.
All raný-.?ds-.s st_--.;med to agree that dissemination aspects of the data
hand.ing sys'ems pose more? diffficult problems than other aspects,
bi~t g.-n',- 'aLy there was gr'od agreement that specialized data systems
w4ll bE7m.c vehicles - r the, compilation, storage, and "referral"
c~f data. Se:veralP- panelists expressed some caution against establish-

ngrj.ew date. c.-;nters or systems without thorough study as to need,
In~r~li.:-1~and ccmpatibi.lity. Additionally, few panelists seemed

f, f~l that inpiU o.f data into data hardling systems offered any new
cr majeý pr'.'blems.

Seo6eral pan,'-liets. in addressing their comments toward networks,
irndica~ed that -! e node point of the network should be able to com-
munica!&.e with another node point insofar as indexes are concerned,
and the::ea&,Oer, th e user w,-uld re-quest hard copy products. Here,
hc.'wsvl-r, "h-' al.most classical problem of failing to distinguish data
and data pLakages obscured the issue. Some panelists suggested

,p-odu-t~s, suc-h ,:s handbL'oks or repcrts, as data items to be delivered,
while othe.ýs suggested the data content of packages, such as a
single iderntifiable. number, or small sets of such numbers as the
key items fýr t!arnsmission from one location to another. In such
cases, o'f ý.cjrse, thze problems of commonality and compatibility
c-f highly strur.tured referral. and search techniques, let alone hard-
war c-f a~y typfw, again aze the ke-y problems.
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In general, the Panel members formed two groups--one group unwilling
to foresee any substantial change in systems used for management and
handling of data and the other group anxious to assume that highly
automated, comprehensive systems will soon exist to serve all of
science and technology. The proper perspective obviously exists
between these two extremes.

Radical changes in data handling systems probably will not occur
quickly simply because system designers do not know precisely the
data service needs of scientists and technologists. In addition, even
when service requirements are well defined the system designer does
not yet know how to effectively match data handling equipments and
methods to data service requirements. Quite likely new data handling
systems will be introduced in an evolutionary fashion with the computer
first used as an aid for structuring, storing, and formatting data
for distribution in conventional forms. Knowledge gained from such ex-
perience will then be applied to implementation of more highly automated
systems including query processing capabilities. Similarly computer
techniques which are already widely used indesign and other data
manipulatiOn operations at the work station of the scientist or techno-
logist will continue to be refined and expanded in application. It, there-
fore, does not appear unreasonable to anticipate a future merger of
data handling systems to serve all of the scientist's or technologist's
data handling nr-eds--both archival and day-to-day manipulation. At
least this possibi]ity provides a future frame of reference which
possibly can guide data handling system development efforts.

1. How Can the Purpose and Goals of a National Data Management
Progtr am be Removed from the Realm of Conjecture and be Made
Tangit)h, Enough to Enlist the Active Cooperation of Those Organi-
zations Most Likely to Help Implement, and Benefit From, its
Establishment ?

The problem impl(s that major steps must be taken to give a detailed
demonstration of the utility of a national data system; a description of
the envisioned syste-m, and a de'tailed plan indicating exactly how
existing data systems would be integrated into the national system,
including specifics of how their continued vitality is both maintained
and enhanc-d.

There seemrd to be agre.iment among the Panel members that a central
organization is requjred to formulate and coordinate national data pro-
gram dtvelopmert In addition, there was general agreement that the
organization should not be located in nor wholly directed by the Federal

IV -4
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Government. However, there was wide divergence of opinion as to how
much and what type of control this office should have over any program.

2. Since Optimum Design (and Operation) of National Data Program
Depends on Knowledge of the Quantity, Quality, and Obsolescence
Rate of the Data in Existing Systems, What Effort Should be Made
to Define these Characteristics.

The Panel felt that this type of information is essential to the implementa-
tion of a national data program and that the census should be addressed
to two areas: (1) the quantity, adequacy, obsolescence, and other qualities
of existing data; and (2) systems and artifacts in which data or factual
information are recorded, packaged, stored, and disseminated. The
first census requirement includes not only a •tudy of particular data
files, but also of data users. Such a census would facilitate efforts
to avoid "unplanned" or "undirected" growth in evolving data programs.
Also, it could be directed to evolve a National Index of Scientific and
Technical Data.

3. How Can Unmet Data Management and Data Handling Requirements

be Ascertained; and at the National Level, Should Emphasis be
Placed Upon Meeting the Inter-Communities Requirements or
Intra-Community Requirements?

These requirements can probably be best ascertained by and within
specific communities such as those formed by memberships of pro-

fessional societies, trade associations, mission-oriented agencies, and
individual firms or programs. However, some coordinating and review
process is probably required to assure that the total effort is conducted
in a manner which minimizes the total effort expended and assures that
all communities vital to the national scientific and technological posture
are included in the determination of requirements.

4. How Can the Required Functions and Scopes of National Data
Handling Systems be Determined?

This study has indicated that the current data service requirements of
scientists and engineers are still largely undefined. More particularly,
effective methods are not available to predict scientists' and engineers'
data requirements in the future, especially their range of needs as they
shift from task to task, and the diversity of data needs so implied by such
movement. There is a need to utilize existing and new prototype data
systems to test user response and to make relevant measures of system
and service effectiveness. Initial tests should include study of systems
that are mission oriented and those which are discipline oriented.
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One study element would be the analysis of several mission oriented
systems as programs force them to interface more and more with each
other, and the resulting increases in the effectiveness of the programs.
Another study element required is the analysis of two other mission
oriented systems that are now being forced to interface where one in-
volves purely scientific data and the other purely technical data.
The ability to retrieve both types of data from a single system has
long been acknowledged to be a major problem.

5. What Should Determine Whether Centralized Data Systems, Decen-
tralized Data Networks, Coordinated Data Exchange Programs, or
Data Source Referral Centers Should be Included in the Development
of National Data Systems?

This study has indicated that data management is for the most part
performed by scientists and engineers who use the data, and that
centralized data efforts serve only as support elements for their
technical activity. It further indicates that centralized services and
systems will not mature for some time.

The real problem is to make initial examination of the effectiveness
of possible alternatives and combinations of system formats for
particular classes of data users and the demands of existing and
projected systems. The problem, therefore, may not be so much
the ability to pre-structure a system, but to define the data manage-
ment requirement so well that the structure which finally does
emerge is optimal from the standpoint of practicality and use. Fac-
tors to be considered in determining system format will include:
motivating forces between users, operators, managers, and agencies
who must 'pay" for the systems; and the developing modes of
scientific and technical activity.

6. Should Operation of Data Systems be Totally Separate from Thatof Document Systems; Should the Two Perform Complementary

Functions, or Should They be Totally Integrated?

This issue strikes directly to the heart of three interrelated prob-
lems: (1) What constitutes data in contrast to information? (2) Are
data being lost, or being made less easily amenable to direct data
retrieval techniques, by document handling systems (which otherwise
serve excellent information purposes)? and (3) Is one system growing,
or being encouraged to grow, too rapidly at the expense of the other?
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There seem to be two answers to this problem, although the outcome of
both answers essentially is the same, namely, the operations of
existing data and document handling systems should be conducted so
as to complement and supplement one another. There appears to be
validity to the opinion that document handling systems have been, and
are, developing far more rapidly than data systems. The fault,
however, appears to be more one of sheer necessity, i. e. , merely
keeping pace with the information produced, including the data
implied by the information content of a document Thus, the data
management function in many cases is confined to indexing of the
general level of a document's data content, and thus, in the majority
of cases, the extraction and indexing of specific data content of the
document are bypassed. A logical and quite useful supplementary
activity for document handling operators would be to include an
adequate indexing of the data content within each document. Such
indexed information, of course, would facilitate identification of
data for subsequent extraction and incorporation into data systems.

From a second point of view, it is important to note that increasingly
large quantities of useful data are not being published, but instead
are being sought, and incorporated directly into data systems, such
as NSSDC In fact, the publication step is being completely bypassed
and, instead, the data are transferred directly from the point of
measurement into the data system. Yet these data, as a conglomer-
ate, on occasion also represent information- -especially when
properly indexed or otherwise codified Present data systems will
also have to work in concert with the document handling systems
The very long term result will probably be an integrated system.
On the other hand, purely from a practical operating standpoint,
the current best practice seems not to force total integration of the
systems, but rather have each establish those practices which will
produce some form of minimax interface on the operating level
where ease of transfer from one system to another currently is so
greatly in demand

7. If a National Data System is Established, How Can the Differences
Between Basic Research, Technological Development, and Appli-
cation Operations Activities be Taken into Account, Especially if
the Systems are Structured by Discipline or Technical Field?

The question actually poses at least two basic problems, both of
which are related to file entry and the search technique used by the
user. The recognition that there are basic differences in requirements
and approach by basic research scientists-(as contrasted to a develop-
men! engineer or an applications technologist) also implies that each
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type of search essentially employs a different technique. Thus, if a
file is structurcd according to one type of search technique, so also
is the original structuring of the file entry, and one entry structure
often is not amenable t.-) another type (;f search. Th's is further com-
plicated by differences in data requirements of each Ld-qcipline. These
differences impose additional variations on the various types of search
techniques which, in turn also affect the file entry structures. There-
fore, whle redundancy of entry to a proper degree is advantageouz, it 3
also can be imposed beyond reasonable limits,

The beginnings of an answer, therefore, would seem to lie in the avoid- 3
ance of a major emphasis on discipline, and turning instead to struc-
turing file entry by related sets of data such a._ properties and related
sets of substanc .-s and items. This solutior may or may not imply an
additionai structuring in the automation to accommodate the three
broad scal-ch techniques irnpl].ed by basic research, developmental,
and applicatioi:s activities. If .hese goals cai, be aczhieved, large
populations of researchers from diverse disciplines might be so,.
as w, 1,, if !.,-,',!- '- "r, bya coordinated or integr?.ted system.. Such
structuring might further imply more intensive work on correlated I
files and file inv :_i'sion techniques to enhance cross-referencing and
cross-matching abilities at many le els of file entry. The ultimate
goal, of course, will be the national system capability to accept an t
inquiry from a user even whien the inquiry is directed to the wrong
system component, with switching responses to accommodate his
needs.

8 To What Exter 'ould Data Services be Rendered by a Referral
Center or NetourK, Rather than a Data heirieval and Dissemi-
nation Network or System?

TiLere seems little question tihat it currently is easier to develop I
systems which only provide the user a'ilh the locations of data rather
than one that also delivers the data It -ppears sensible, therefore,
to emphasize that referral cenfers (or n~twurks) currently offer a I
logical, first stepping-stone in the tr'insition from our presently
uncoordinated data activity to the nore highly integrated data dis-
semination system of the future. Note, moreover 'hat even after I
such advanced retrieval-dissemination systems ai reated, a
mechanism similar to the basic referral network wiil still be required
to direct a user inquiry to the correct 1.bcations where the data required
for adequate responce are stored In fact, one of the fir.iA components
of any advanced system must be an adequate inventory of data on hand
at each center, and such an irventory, of course, is the ba2'> sub-
stance of anv meaningful ref-rral system.
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To facilitate utilization of existing programs, it seems logical that the
existing National Referral Center at the Library of Congress could be
supplemented with specialized referral centers in specific areas of
science and technology (e. g., engineering materials). In turn, it then
would be a major respensibility for each specialized data center to
maintain all the indexes of scientific and technical data for the field
it serves.

In connection with the concept of a system that will evolve and grow with
time, it furthEr seems logical to assign the responsibility to these
specialized referral centers to determine which of its data will first be
put on-line for automatic 'etrieval and dissemination. A good, and
possibly ruling, set of criteria in all likelihood will have to be the
time dependency of certain select sets of data (blueprint changes,
disease incidence), or the volume of demand for other sets that are
not necessarily so time dependent (table of physical constants).

9. What Can be Done to Assure Coordination of the Efforts of Equipment
and Software Suppliers with Data System Requirements?

There is no doubt that equipment developments are moving rapidly in
the information systems fielu and, to some, it may seem that equip-
ment developments are controlling the extent and natui e of the automated
data systems development, It is obvious, however, that major equip-
ment vendors generally design their products in response to predicted
demand, and therefore, that equipment vendors design major units to
serve as general a purpose as possible. 1', follows that these present
day equipments are inherently flexible and adaptable to a wide range
of demands from different systems.

"Therefore, the most important activity for data system designers and
"managers is to continually define the requirements for future data
systems. Thus. equipment manufacturers will respond and meet those
requirements. In addition, the computer equipment and associated
industries will provide more effective general purpose programming
languages that are currently unavailable and will be needed in the
future. The efforts of data system designers to define, document and
publicize fheir current and future equipment and software needs a"e
critical, and programs should be. provided to promote the required

effort.
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[
10, Is the Managemesnt of Scientific and Technical Data Amenable to

the Systems Approach, Especially in Leading to Improved Means I
of Communicating and Using Scientific and Technical Data?

This question needed a more definitive term than "systems approach". I
Some panel members considered systems from a purely equipment or
mechanistic standpoint (i. e. , input, processor, and output), while
cthe'-s viewed systems as a logical ordering of knowledge or a well-
integrated unit that serves a useful purpose. Similarly, each of these
"systems" concepts may be ev:aluated from several standpoints: utility,
effectiveness, cost, benefits, productivity, and amenity to managene nt. I
The issue, therefore. ooils down to the question o: how critical is .
national system, now and in the future, to improved effectiveness of g
the data-handling aspect of data management. There have been few
if any, quantitative evaluations of the present data (as opposed to
document) management requirements in specific fields of science and
technology. Application of systems approaches to data management
will require such evaluations.

11. What Evaluation Processes Should be Included in a National Data .
Program; Are Available Processes Adequate to Perform Efficient
Data Evaluations?

There are two aspects to this problem of evaluating and re-using data.
The first is concerned with the validation of so-called basic scientific
data by the community-at-large. This validation pro- ess usually
requires a complex and sophisticated intellectual comparison process
within the immediate framework of the particular data generators and
users. The current methods to disseminate, compare, evaluate, and I
finally, incorporate a piece of data into a validated scientific and tech-
nical data bank are not generally efficient or effective. Certain
systematic methods, such as those implemented by the National Stan- I
dard Reference Data System, could be employed in other data sectors
to get such data into useful storage earlier, and with more systematic
and extensive qualifications than have been used before.

The second aspect of the problemx is concerned with data that an individ-
ual user might need to evaluate. For example, data from certain
-xpe"imental runs may need to be compared, either with each other,
ur with a reference base, to discover anomalies or discrepancies.
This typical procedure might be redirected to the validation of the base
data reference, or some other related datum. For this type of I.
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validation problem, the user community needs much more advanced
and flexible programming tools by which it can perform the comparisons
and validations. The continued questioning and re -appraisal of data
by independent investigators appears to be the essential safeguard to
scientific evaluation- -which might otherwise freeze acceptance of
"official" judgments. Thus, use of data banks for comparisons may
also provide a means to "keep score" while a fundamental process of
science per sE goes on.

An important question related data evaluation is what types of data should
national systems collect, store, or make available to users of the system.
Knowledge concerning data use, practices, and needs of scientists and

T engineers is inadequate to answer this question at the present time.
There is a general consensus, however, that scientists most often
prefer raw, but highly qualified, data; engineers prefer mostly
"refined data; and technicians almost always rely on highly refined
data (evaluation of a new raw data set, however, is almost always
done in a step-wise, reverse order). Thus, despite the studies that
obviously should be conducted on this problem, a national program
probably will always have to contend with a multiplicity and diversity
of data assemblages. This realization may also provide a key design
clue to national system configurations -- one facet must provide for a
hierarchical structure of specialized vs. more generalized (refined
data) centers. And, since time and cost of the data refinement process
will always be a key variable, 3tudies directed to eliciting more
precise information on this problem need to address themselves to
use statistics of operating systems, experiments in controlled data-
service c=nvironments, and laboratory modeling and simulation of
data-servicing concepts.

12 Which Aspects of the Scientific and Technical Data Programs
Should be Centralized? Which Require Coordination? What are

the Factors that Determine these Requirements?

These questions lead to a key system design question that must be answered
early in the planning stage of a national program. Currently, majority
opinion seems highly inclined toward the development of several
decentralized data systems with indexing and switching centers to
link one with another. Concrete justifications can be advanced for
the networking approach: (1) Existing banks, which naturally would be
incorporat-d into a national system, are widely scattered. Thes-
banks also servE special purpose data service needs for nearby usc'r
communities, and possess existing competency for data handling
operations. (2) The investment in existing data centers is too great to
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abandon, (3) From the standpoint of safety--against both natural r"
and man-made disasters--a diversified network has a greater chance
of survival either in whole or in part, (4) Current data transmission
costs make large centralized data files economicaL~y unattractive.
Whereas considerable thought has been given to the questions of r
centralization versus decentralization of system operations, the same
question applied to programming and planning functions has not been r
sericusly considered. Panel respondents indicated that such national
program functions require considerable visibility but need not be
organizationally consolidated in a central office. f
13. What Should be the Inter-Relationship of National and International

Data Programs; What National and International Arrangements
Should be Fostered to Attain Adequate International Exchange of
Data ?

Over the past several years, a large number of international data pro-
grams have been initiated, many of which include participation of U. S.
organizations. Consequently, the interface between national and
international is a valid area of concern.

There are two overall problems that should be recognized before
turning to the specifics of international data exchange. First,
major geographic areas such as Europe do not now have a centralized
data program. Thus, world-wide coordination of data exchange may
require coordination of as many as 300 political units. Secondly,
certain types of data are subject to either security or proprietary
restrictions. Declassification and release, therefore, may always
be something of a problem.

The main problem is not exchange of purely scientific data, which
are already widely disseminated by traditional means, but technolo-
gical data of greatly sought economic value. Among the recomnmenda-
tions made relevant to this problem area are: greater U.S. partici-
pation in CODATA activities: the exchange of data on an individual
case basis voluntary exchange by U.S. firms; greater participation
in UNESCO efforts; and a searching revwew of Federal legislation as to
whether or not ýt is maximally appropriate both as to exchange
limitations and to reducing the U. S. technology gap in many areas.
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14. There are Several Problems Associated with the Management ofj Data Contained in National Systems and Other Formal Data
Efforts: Who Shall Be Able to Address Each System? How Will
Priorities be Determined in Servicing Data Requests? What
SLimitsMight be Placed on the Scope of Data Requests

These problems can be solved only when user surveys are implemented
to determine the need profiles of the scientific and technical communi-
ties, and the availability of potentially requested data, and ultimately,
the cost/benefit ratios for operating data handling systems.

15. Should Cost-Effectiveness be the Principal Criterion to Determine
Whether Future Scientific and Technical Data Systems Will or
Will Not be Developed?

Recently, the concept of cost-effectiveness has gained wide acceptance
as a basis for deciding whether or not a system would be developed or
operated. It is vital, however, to realize that cost-effectiveness is
primarily useful in deciding between the development of alternatives
(i. e., improved, streamlined versions) of well-established operating
systems. There appears to be little utility in applying the technique
of cost-effectiveness to non-existent systems that will, when imple-
mented, be one or more orders of magnitude advanced in conceptual
development from those presently envisioned. Consequently, the
emphasis should primarily be on the development of one or more sys-
tems, the determination of each system's effectiveness (not cost-
effectiveness), and the operating improvements that thus can be
derived from the iterative application of the system-effectiveness
criteria. Later, if desired, and if a sufficiently long operating
practice can be established as a basis, certain cost opt mization
techniques may then be applied in the selc ction of systems.

16. How Can the Potential for the Rapid and Effective Use of Existing
Data (i. e., The Direct Coupling to Daily Scientific Activities) be
Demonstrated as Exploit _.:le?

Underlying questions associated with this issue involve two points of
view: First, for users, data managers, and even data producers,
the question per se generally is considered academic (i. e., more
and more exploitation is obvious as more and more direct coupling
is achieved). On the other hand, this is a pressing question for
program managers, who must justify the implementation, or continua-
"tion of an effort such as a national data system.
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It appears that a pilot test of the coupling effect could be created to
prove the basic exploitation advantages that could be engendered.
The test could utilize two groups of scientists or technologsts, with
one group using coupled research and data handling equipment and the
other, the control group, using traditional methods of data search. m
With careful monitoring and evaluation, the impovement in effective-
ness thus made possible could be quantified and evaluated. I
17. What Should be the Function of Informal Communications (Technical

Meetings, Correspondence, Discussion) in Regard to National
Data Systems, and How Can These Communicationr be Best Coor-
dinated with Highly Structured Data Systems?

The communication, functions, as implied by the question, are chiefly I
a means to convey information (as contrasted to data) usually of a
conceptual nature. Such information is based upon data, but the data
supplied is usually piecemeal and is retrievable in some form on I
demand. It appears, therefore, that little if any conflict actually
exists between the objectives of data systems and informal communi-
cations.

18. In National Systems, What Should be the Place of Vendor, Equip-
ment, and Product Data?_

There seems little question that equipment, product, and vendor data
form an essential part of any national technical data system. These
data, sometimes highly redundant, generally are disseminated by
vendor or equipment/product suppliers, often in the form of catalogs,
data sheets, and advertisements. In toto, many more private dollars
and man-hours of effort are expended on such activities tharn on
scientific data generation. As a result, many legal, economic, and
technical factors are involved with incorporation of such data into a
national system.

The issue, therefore, apparently comes down to one of three possible
approaches: (1) Have the national systems "accept" from vendors all
data they send forward, and include it directly in the system; (2) Have
the national systems reject all such data and, instead, let the pro-
ducers of such data support their own separate data network; and
(3) Have the national systems croate a special index and abstract
file of all available catalogs issued by the vendors and product/equip-
ment suppliers. I
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19. Shoul.d Retrospective Data be Incorporated into National Systems,
and, If So, What Criteria Should be Used for its Selection?

The rate of obsolescence of data varies considerably a.-rc,:g various
types. While many users of scientific and technical data may have
little interest in the histGrical background of their "current" data,
for others there may not only be interest, but a genuine necessity)

I for introspective review on many occasions. In other cases, of course,
there is an entire class of data that, while not "current". could never
be regenerated (e. g., weather and epidemiological recoras or
engineering drawing changes). The latter class of data usually has a
use both as current operational data and as a basic trend record when

T used beyond its moment of currency.

The best answer to the general question appears to be that some deci-
"sion needs to be made initially for each type of data when it originally
is recorded in the system. This decision would ir.volve factors such
as: back-logged data; the cost of maintaining retrospective files; the
reqairement for such a large implied accumulation,; and whether or not
backlogging would flood the national system beyond economical. or physi-
cal bounds. In summary, the advisability of retrospective storage of
data may depend upon three main factors: the cost and physical capacity
of the system; the requirements of scientists and engineers; and the
nature of the data itself.

-.
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B, Data Packaging

The existence of many variations in data packaging modes is one of

the principal issues in estab!ishing a national data system. The

difference between the data form and packaging format requirements

for data generators, disseminators and users is the main problem

in this area. These differences in requirements and the associated

issues impose formidable criteria for the d-sign of a national data

system.

One major aspect of data packaging problems, as evaluated by the

panel, concerned the approach that should be used to best

resolve them. Decisions concerning formatting and packaging of

scientific and technical data fall largely into the domain of the

working scientist and engineer, who are reluctant to change their usual

operational modes, despite recognized benefits for themselves,

as •cll as the national technical community at large. The signifi-

cance of this point is emphasized by the impo,-tance ratings

assigned by this panel to questions concerning: packaging aspects

of Iutomated-system operation, centralization of data files, and

transition between media forms. The evaluative responses o1

this panel are summarized in the following series of issues. which

are listed in their order of rated importance.

1. To What Degree Should Automation be Applied to the Total

Data Handling System, and What are the Packaging Implica-

tions of this Decision?

"The systems approach must be applied to this design decision

to facilitate optimal accounting for the data packaging requiremen•ts

of the many user and generator communities. The total system,

when it is implemented, mnust match with a master design that

facilitates automation in each sector wo a degree which is technically

and economically viable.

"The greatest challenges will be design of the man-machine interface,

and the development of programs and languages to transform data

forms and formats so they satisfy both data user and data generator

requirements. The essential design tasks must be performed for

each sector of the system individually, with less attention to the

overall aystem requirements. Hence. the degree to which automation

will be applied on an overall system level will evolve from the design

decisions relevant to the subsystems.
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2. In View of the Disagreement ConcerningLse of Current
Capabilities to Build and Manipulate Large. Computerized
Data Files, What are the Chief Factors Behind this
Controversy, and What are their Implications for a
National Data Systern'm "

The problem is that there is actually little relevant knowledge
available concerning the operation of large-scale scientific and
technical data files per se. There is, however, useful infoarmation
in existence from related fields, such as command and control
systems, as well as document handling systems Such related
experience does not confirm the actual applicability of equipment
and software to solving the unique problems associated with
scientific and technical data systems. This observation applies
particularly to a large-scale data system, and thus, it will apply
with even greater ramifications to any proposed national data
system. It may, therefore, be necessary for the Federal
Government to support demonstration programs to develop iarge-
scale, multi-discipline data files that would yield on-line access
to various combinations of public, proprietary, and private data.

!

3. How Can the Capability to Shift from Establishe Media Forms
to Machine Processable Forms be Improved, and What Should
be Done to Encourage Acceptance of these New Forms?

Improvements in shifting from established to machine-processable
media probably %ill be in direct ratio to the availability of large-
scale systems to more and more users, and especially the prarti-
cability of remote console -'acilities (and/or microform readers)
to serve the needs of data users Any lag in the shift to machine-
processable media arises more from the present unavailability of

such remote console equipment than from non-realization of beneLits
of doing so. Any method that could quantitatively demonstrate howv
the burden of the present data glut could be eased should find ready
acceptance. Therefore. demonstration pro3ects of this nature would [
be useful, and Federal sponscr,,hip of such demonstrations iniht
well be in order. If conducted as controlled experiments, the
documented results would not onlv proide the requisite quantifirtion. I
but additional guidelines fo- educational and training progt i-ns I
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4. Should any Effort be Made to Improve Overall Effectiveness and
T:meliness of the Published Handbook Format, or Should

Emphasis Now he Directed to Other Means of Disseminating Data'

Until remote access to central data files becomes an effective reality.
publications such as handbooks will continue to serve as an important
means of disscminating data. The question of handbook effectiveness

VI revolves around the question of timeliness and the economic viability
of frequently updating hardcapy data packages To place the problem
in perspective, the major requirement is for both the handbook
publisher and !he developer of automated systems to evolve rechniques
for continuous updating of data contained in media. Thus, publishers

shoald be encouraged to continue their efforts to develop automated
T updating procedures such as computer -torage of the handbook to

"facilitate automated updating of handbooks. This degree of automation
would be a first step in adapting this traditional medium to future
automated systems

5. Is the Standardization of Data. its Format, its Quaii: , and Other
Characteristics for Advanced Mathematical Model++-g and Anal-.;O-.'
of Complex Systen-'s Beneficial or I)etrin•pntal to I- ýzentific and
rechnical \%ork9

(urrent non-c-omputer oriented procedures to review and evaluate
sci;t-niific Zand te'chnicail dat't are not comprehensive in incorporating

i.Ahi data, n.rd advanced modeling and analysis procedures for compl.x
cnempute'r systerns generally tend to be more cor'prtehensive in their

data requi'rrfent,• and inclusions Thus, a distinct general gain ýor
data handling should be obtamnahle b%. ak)ption of the sta.ndardIzatton

tvchniques employed in respon.-,, lo the dei..ands o! advanced procedures

However, experin.r'ce tndicv.rv.. that ..;tandardiatiorn can be dt-trriniena

if i' is imposse, too .-igidlv or prematurely. There is a grow ing sody uf
"- ex|ert:..- in tis.u area, and sonie of it is reflected in the dý;tA standardi-

ration Irchnrquers eruploved in the (orementioned advanced anAlv,,e,.
Orge;nizataons irnpletiieating the -t;mndardls which recei've •idt- acctp-
tance at present recogni:r an appropriate level at %hich the; .are

W-neficial. however res.tric'tve The optimal level of .tnd~rdtr.ton
will ancrea.se as ereater svst m,1ir-atto.n evolvrs- n data managernentI
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S6. Is the Current Comp ter Prcgramming Effort for Scientific and
Technical Data File ivlanagement Adequate to Support the
Development of a Nationel Data System?

By comparison with the highly sophisticated computer programs that
have been developed for scientific and technical computations, the
current effort in this area seems largely inadequate and uncoordinated.
However, it is important to note that a national data system is aI
secondary development of computer usage, and that computers have
been developed to perform computations, rather than data storage
and retrieval. The fact that a national data system increasingly
becomes attractive to automatically manage masses of data changes
the picture. There is still only a beginning awareness of the problems
involved in attaining this "secondary" usage capability. As those
problems become more clearly defined, and a definite demand can be
demonstrated for their solution, steps will be taken to provide adequate
programs to facilitate such usage. Problem definition, therefore, i
represents the real requirement. Therefore, it seems vital that
scientists and engineers, not just programmers, contribute to the
development and testing of new schemes and programs to solve this
problem.

7. What are tne Implications for Scientific and Techn cal D._.taa
Packaging if the United States Should Shift to the 'Metric Sy•tem
in the Near Future?

Once accomplished, the shift will permit increased international
standardization in future systems. Huwever, instPntaneous conversion
on a national basis would be costly and practically impossible. The
obvious solution is a gradual effort; for example, in the engineering
field, a five-year period to prepare for adoption of the metric system.
Maintenance for certain types of long life-cycle (low obsolescence)
data might require even longer periods. Perhaps the best way, from
the national data system viewpoint, would be to begin to input all new
data in metric form, and rely upon adequate software to convert to
the English system where practical realities have not yet permitted
the changes in usage. I
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8. From a National Systems Viewpoint, What Effort Should be Made3 to Coordinate and Improve Data Packaging Efforts Related to the
Graphic Display of Drawings, Standards, and Specifications?

The problem is that a given data item frequently has utility only in
a limited context, such as one defined by a specific industry or program.
Consequently, data management and packaging using this mode should

jm first be directed to optimization efforts that serve each industry or
program. An important point is that data contained in drawings
currently has no standard encoding technique. Thus, national level
efforts should be directed at the development of encoding techniques
that are applicable in many use contexts, especially those associated
with subsequent manipulation of the graphics package across discipline
or program boundaries. A development program of this sort would
be quite important, since it would produce the equivalent of a national
asset. At the same time, a parallel program effort should identify,
extract, and package for national network distribution that small
portion of graphic data existing in each industry or program that
does, or will, have widespread utility.

9. From the Standpoint of National Data System Development Criteria,
What are the Potential Trade-Offs and Relevant Cost/Benefit
Factors Associated with Data Screening (Pre-Processing,
Organization, and Transportation) ?

F The problem appears to identify objectives for which a file is both
created and used. Therefore, in the sciences both screened andIIunscreened data files will be required (i. e., those that contain raw
working data and those that contain highly evaluated and refined data).
Reference files containing highly refined and evaluated data will be in
increasing demand by all types of users, and such files probably should
be developed first by a national data system. Ultimately, working files
containing new measurements should be incorporated and handled to
retain as much of the original data content as possible. To promote
a form of cross-linking between working and reference files, it might
be desirable to develop a data "extract" or "sample" from the working

3 files, and to use these to serve the same purpose that abstracts serve
for docun~ent files.

IV-ZI

i I I I II I II I I II1
iv -zt



Solenoe Communloallon [
Washington, 0. C. 200 07

COSATI Data Systems Study
Final Report - F44620-67-C-0022 30 April 1968

10. Do Present Programming Languages Restrict the Ability of
the Scientist or Engineer to Communicate, znd Use, Computers,
and If So, How can this Problem be Alleviated? 5

There seems little doubt that communication is restricted, primarily
because of the language multiplicity barrier. There is some good
justification to expect that this problem will largely be alleviated
as time goes oz,, since one or two languages are expected to achieve
dominance in the long run. They should, moreover, also evolve more
and more towards a "natural" language use that is almost as flexible
for the programmer as it is for the scientist. Additionally, an ability
to handle computers probably will be part of the normal education of I
most scientists and engineers.

11. Since Computers Can Now Compose Type for Documents, What I
Additional Advances are Required to Utilize this Technique for
Data Dissemination, and What are the Scientific and Economic
Implications for National Data Systems?

Most of the major technological advances required to apply the compo-
sition technique to data systems exist, and usage is lagging behind the
technology; NBS and other organizations have shown the feasibility of
automated publication of tables and similar reference data. As more,
less expensive equipment becomes available to a variety of new users,
especially those with small volume operations, usage undoubtedly will
catch up to the technology; and as that occurs, the composition
capability will become more important, since it can also be locked in
with automated methods to screen and evaluate highly redundant raw
data. I
12. How Can Data Not Included in a Publication and Retained by an

Author (and Often Available from his Files by Direct Request)
be Effectively Packaged and Made More Widely Available to
Potential Users?

Behind this question lies a root problem for the entire data management
field: What constitutes useful data?, and should all raw data being
generated daily by scientists and engineers be made available? It is I
obvious that there is an economic cut-off point for selection of data to
be included in a national system. For example, if it is expected that
only five individuals may want to scan certain data within ten years, I
it may not pay either to publish this data or to introduce it into some
automated system. For such data, it may be more viable to publish
a data abstract, and expect the data generator to keep the raw data in I
his files for infrequent retrieval.
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I
Currently, there is no hard and fast rule upon which to make judgments
concerning the incorporation or rejection of data in a national system.IEach set of data probably must be judged upon its own merits by both
users and dpta system operators, especially in the light of costs and
existing system capabilities. If judged "not feasible" for incorporation
into an existing system, the data might nevertheless be abstracted to
identify its existence and location. It might -lso be placed into special

I "off-the-shelf" microfilm or magnetic tape files at a central bank.

13. What Action is Required to Make Data Processing Programs
Developed by One Federal Agency Available to Other Agencies
or Non-Government Groups?

Unless there is a direct security involvement (and there should be
few of these), any program developed and supported by Federal funds
should be considered in the public domain and freely available. Thus,
for the present, directories of existing programs should be developed,
maintained, and advertised. These directories'might iiddntify the
organization which developed each listed program, the programming
language which was used, and the data processing function that it
performs. Where required, funds should be made available to provide
better documentation of existing programs so that they may be more
easily empleyed by other organizations. Program documentation is
one area where some basic standards sh ,uld be developed and enforced.
(Actually, a number of attempts currently are under way to create
directories, but these are mostly for computational routines. Some
of these efforts are: NASA, COSMIC; Statistics, SPEC; NBS, TIE;
International Computer Programs, ICD Quarterly; and Brooklyn
Polytechnic, International Director3 of Computer Programs.)

14. Are Existing Data Packaging Methods Adaptive to Possible New
Requirements that May Result from Technological Adv ces
Such as Micro-Electronics or Computer-Aided Desiglnk

A fundamental aspect of data packaging Which is often overlooked is
that all of the data in question are somehow ordered and therefore
are amenable to automated manipulation and use. In a major sense,3 Itherefore, any technological breakthrough in this area still funda-
mentally relies on this orderliness of data. The problem, therefore,
becomes primarily one of compatibility, and great hope lies in the3 breakthrough now evolving in optical reading capability for printed
data, since it essentially converts written characters into digital
pulses. The major impact of such a breakthrough will be to convert

IV-23



Solenoe Communloatlon 1.
Washington, D. C. 200 07

COSATI Data Systems Study
Final Rc,?ort - F44620-67-C-0022 30 April 1001

I
some existing data packages into ordered, recoverable signals of an
essentially digital nature. Such digital signals might be considered
as the key form for all data packaging, since virtually limitless
equipment capability can be postulated to process the digital signal
or to transmit it by many modes.

15. Will On-Line, Real-Time Data Processing and Computer Services
Be Extended to Include Access to Data Archives, and, If So, What
Data File Construction and Packaging Requirements Will Result?

On-line, real-time digital access to both files and computational
processes may ultimately be the keystone operation within certain of
the scientific and technical communities. The major desire will be to
extend the capability to search all data files for the particular data 3
set required by the user, which may or may not be compatible with
straight-forward computational routines. A key goal will be adequate
software to permit comprehensive search of all data archives. Another
goal will be to transform data into digital form so that the data is
amenable to manipulation within the system. Several equipment, file,
and software configurations must be tested. One configuration that
will require much testing will be a distributed system, in which com-
puting capabilities and working files are located in a large number of
remote locations, thus permitting the user to simultaneously tap I
remote data files from several banks.

I.
I
I

I
I
II
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C. Data Handling Equipment

I Equipment state-of-the-art does not currently constitute the major con-
straint on national data system development planning. However, use of
available technology in future data systems appears highly desirable if
not in fact the enabling elemLlt of future data management and handling
systems. The impact and direction of computer and other equipment

I developments on plans for a national data system is the subject of this
evaluation panel. Among the issues evaluated and rated as highly im-
portant with regard to equipment aspects of national system development

Swere those related to criteria for determining degree of subsystem auto-
mation, the need for developments in graphic data dissemination and dis-
play, and the pacing requirement for improved peripheral equipment.
Other iscues rated as being of lesser importance include the need for
microfilm media and large-screen data display equipment. The issues
evaluated by this panel are listed in the following pages in the order ofiitheir rated importance.

1. What Criteria Should Be Used to Determine Whether or Not to Design
Specific Facets of the National Data System Operations for Performance
By Manual or Automated Methods?

The concept of a future national data system almost implies a great deal
of automation. However, this study indicates that the input process for
certain data may not always be amenable to automated techniques. In
each case, therefore, studies should be undertaken with a heavy empha-
sis on technical and economic feasibility of automation. Two criteria will
determine if an operation should be manual: does the operation have too
much intellectual content to be reduced to feasible logic and scanning
flows; and is there sufficient data volume and query rate to justify ana automated procedure.

2. What is the Probability of Significant Innovations in the Field Now
Served by Facsimile Transmission? Could Such Innovations
Substantially Enhance the Feasibility or Effectiveness of a National
Data System?

I The probaLility of a significant innovation is great, and a highly probable
trend is the replacement of facsimile by digital TV. Perhaps the key in-
novation required is a still more significant developriient of advanced
multiplexing equipment. This would lead to greater and more efficient use of
current and projected long-distance data communication channels.
Another area where a significant developmet.t could occur is the combined
bandwidth increase that may come from commL. * -tion satellites.
Naturally, any breakthrough of this nature will be an enhancement for a
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[
',ational data system, since picture copy, and direct delivery as
hardcopy, will become easier, cheaper, and not impose a hleavy
time- bandwidth demand on the communication lines.

3. Will Currently Available Switching Equipment Economically and
Effectively Meet the Functional Operating Requirements of the
National Data System?

Assuming that the configuration of a national data system will
consist of several data banks interconnected by a switching
network to direct inquiries to the appropriate data bank, a
problem is foreseen concerning the inter-switching require-
ment between data-bank conputers. Furthermore, a much
more advanced time-sharing ability must also be devised for
sharing between an individual comp, ter and many more termi-
nals. Thus, a new generation of switching gear will probably
be required. However, such requirements are probably several JT
years in the future and such equipments will probably be avail-
able when the requirement is fully defined.

4. Which Items of Equipment are Most Critical to the Implementation
of Large-Scale Systems Created for the Storage and Dissemination
of Scientific and Technical Data? --

The following is a summary of the equipments viewed as critical

to national system development: [i
Storage Equipment:

6 Access mechanisms; E
6 Associative memories;

a Increased storage capacity for texts and graphics, E
or improved means to condense them--or at least
improved cost-performance ratios for existing
large memories;

a Means to digitize text; I
* Large-scale read-only memories (photo);

* Large-scale read-write memories; and

8 Memories that are reliable after frequent use.

Communication Equipment: [
s Improved image transmission and reproduction;
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3 I Greater bandwidth;

* Inter-terminal linkage; andI
a Cost reduction.

3 Input / Interfaces/ Processor Equipment:

* Data acceptance for permanent storage from remote
terminals;I Improved, very large scale, and voluminous switching
devices;

• Optical readers;

* Linking between terminals and peripheral (or "sister")
computers; and

* Greater capacity to handle a large number of terminals
p •in a real-time mode.

An additional equipment requirement will be remote terminal equipment
to facilitate:

• The ability to make requests simply;

a Browsing;

s Swift and easy hard copy delivery;

N Link. (and "translations") between computers and terminals;

* Direct data insertion into central storage; and

- Reduced terminal costs, especially for graphics.

5. What Microform Media Developments are Most Needed to Facilitate
Operation of Large-Scale Scientific and rechnical Data StoragUe and
Dissemination Systems?

Current capabilities seem, for the most part, satisfactory. However.
the consensus is that the requirements for larger storage capability. I
more rapid access to data. and improved optical resolution are growing
,it an increasing pace One approach to this problem would be to refine
present techniques to achieve an additional compaction by order of
magnitude of one thousand or more, and at the same time, greatly
increase access Electron beam writing (on film) at 30. 000 characters
per second may afford these capabilities. The second overall approach.
of course, would be a changeover to digitization of data stored in
microform, which has the advantage of amenability to erasable storage.
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6. What Research and Development is Under Way to Produce Less Costly
Data Display Hardware, Especially Large Screen t.nd Remote Displays,
and Is There a Need for Funding Beyond What Equipment Suppliers
are Willing to Provide for this Activity?

From the standpoint of a national data system, the requirement for
large screen displays is considered insignificant. In general, there
is long-term satisfaction with a cathode ray tube display, and the
associated costs. On the other hand, in the field of graphics, there
is dissatisfaction with the complexity and cost of the circuitry and
storage required to display the graphics using CRT. I
There are two areas of needed development: one is the creation of a
low-cost copier for a CRT display. The second is that, in certain
fields, particularly that of engineering drawings, there is an increased
demand for three-dimensional displays. In this area, some non-
proprietary form of government-sponsored funding might be advisable 1
if greater impetus id desired.

7. Should Priority Be Given to the Development of Larger Memory and
Hardware Logic, or Programming Languages and File Structures?

From the point of view of a national data system, file structure and [
programming languages are the important problems. Although present
equipment is sufficient for a national system, specific developments in
hardware could greatly affect system economy. Examples are the
development of associative memory processors and rapid multi-access
to data. There are two schools of thought concerning memory equipment.
One school tends to feel that. with modular abilities, the achievement
of 1012 bit ckpacitaes may be sufficient for some time. The other
school not only raises some question as to modular efficiency, but
it also leels that the intense research now going on should not be I
dropped untIl some forth of solid state capacity approaching 1020is achieved. I

8. Can Business and Scientific Lanituags and Hardware Be Adapted
for Large-Scale Scientific and Technical Data Banks, or Are Special-
iWed Languajes and Hardware Needed?

The equipment is not a problem. The scientific and technical data
computer essentially will need some arithmetic caps.hility. a fast sort
and compare logic and a large random-acc*,z., inverted file memory.
Present equipment can do this accv9tab1-. A simple user query language
is not available at present. It,? •d .rlpment will aseond on gaining £
experience with users. La.-,uai 4eveloprvn* if basit ally a problem
in human engineering. I
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1 9. Is It Reasonable to Expand the Idea of a Computer "Utility" to the
Concept of an Information or Data Utility? If So. Will Hybrid
Configiurations Be Required, with One Module Designed for a
Computing Capability and Another Designed for Data Storage and
Retrieval?

- The concept of a data utility appears more reasonable than an informa-
tion utility. The information utility will require a much larger order
of transformation and associative processes than a data utility. Vast
amounts of data pE.r se are '!locked up" in current documents and document
handling systems. The traditional modes of scientific and technical in-
formation flow are based on the use of hard copy; and many activities
associated with storage and retrieval of scientific and technical informa-

tion involve intellectual processes that seem too complex to economically
program, except in those instances where extensive repetitive operations
are involved. Data is more orderly, repetitive, and valuable per byte.
A data system is easily compatible with the mathematical calculator
function needed to manipulate it, but because the use pattern is dissimilas;
modular design seems to be indicated.

F 10. What Technological Advances, or Types of System Implementations
Are Htequired 0• Reduce the Cost of, Data- Handl~i,,L Equipment and-Thus, Assure -he Availability of Future Data Sstems to Small-Scale

Users ?

In the special cases where the user must have his own cpmplete set
of equipment, there seems little doubt that small, compac'. low-cost
systems will eventually be rnaavproduced using integrated or macro-
molecular circuitry. Within a broader context that includes the
individual user. there is almost unanimous agreement that presently
emerging time-share systems are the answer. both with respect to
need and as to reduced costs. Costs. for example. may be based upon
a nominal charge for greatly improved, mass-produced consoles
remotely installed at users' immediale locations These consolesII would link to a central data systirt (that may process, or refine, the
data employed by the user). If large numbers of such connoles become
operative. the pro-rated charges per console should easily provide a
means to pay for, and suppor.• the central equipment. Therefore. when
high-volume demand ;z ,chieeed. cost coasiderations will be less of a
problem.

II



Soleno Communiclaton j
Washington, D. C. 200 07
COSATI Data Systems Study
Final Report - F44620-67-C-0022 30 April 1968

I
11. Are Available Telecommunication Equipments and Channels Adequate

to Meet Data Communication Needs? Can Such Equipment Be Effective-
ly Used Under Existing Communication Regulations?

In the foreseeable future, the increasing traffic loads are expected to
swamp both long-line and satellite communication links as presently
structured. There is, however, a sufficient amount of development
work in progress that should greatly increase the capacities of
existing linkages (e. g. , increased bandwidth, signal compression,
digitalization, automatic switching, etc. ). For the next several years,
the high cost of data transmission by land-based common-carrier
channels may severely restrict frequent, long-distance transfer of
large volumes of data. Therefore, until substantially more satellite
communication facilities are available, data transmission costs may
restrici the structure of nation-wide data systems. In fact, even
computer processable data may be transferred more effectively by
physical rather than electronic channels. In the future, however,
communication satellites are expected to alleviate some of the con-
straints as to which system configurations will be economically
viable. While costs for satellite communication may now seem high,
most considered opinions reflect the attitude that these costs will
continue to come down as technical improvements continue and
traffic volume increases. [

II
I

\I
I
I
I
!
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I
D. Personnel Capabilities

The enhancement of data management processes through the develop-
ment of a national data system will to a large degree be controlled by
the extent to which personnel capabilities are developed to enable use
of the system. The skills, knowledge, and attitudes of the scientific
community must be adjusted to the new potentials and environment
created through the establishment of the system, and there are
several inherent issues associated with the required modifications

Srof the community's working patterns. The issues were the subject
of evaluation by the panel on personnel capabilities.

The principal area of concern considered by this panel was the educa-
tional and training requirements needed to elevate the community's perfor-
mance level to that necessitptedby a national dcata system. Among the

- issues evaluated by tVe panel wf, the role of the universities, the apathy
of the community to governnient- 1iXposed standards, the required skills
for use and operation of a national data system, and the availability of
educational resources. The issues are presented in the following pages
in the order of their importance, as -ated by the panel.

1. How Can Universities and Other Educational and Training Institutions
Instruct Scientists adi Engineers in the Use of Modern Data Management
Practices ?

This problem has two aspects: obtaining the proper instructional
resources1 and then creating the proper milieu for the requisite exposure.
For many universities, little or no automated facilities currently are
available, and this is a problem that must be overcome. When suitable
equipment is obtainable, the optimal approach appears to be the intro-
duction of a model data system to beginning freshmen. Where this has
occurred (especially in science and engineering), freshmen seem to use
the computer as "readily and easily as the previous generation used
slide rules". The students then are expected to turn, where applicable,
to the computer as an aid throughout their entire careers at the university.

j Such practices actually are in effect at a few universities today for both
real-time and batch processing systems. In addition to familiarity
with automated data handling capabilities, the students gain a knowledge
of modern data forms, and the procedures employed to manipulate the
data. A future development will be student use of banks of "standard
reference" data, including search facilitating indexes and censuses, and

•. the advanced techniques that can be employed in such searches. With the

advent of these latter abilities, many educators indicate that a formal
course in data management would be advantageous "to round out the
student's knowledge and capability".
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I
A parallel problem is concerned with identification of the department
within a university which should be responsible for the course curricula.
There is a consensus that such formal course work might be part of a
management sciences curriculum to be established with the cooperation
of all substantive science and engineering schools in each university. 3

2. Many Professionals Usually View Data Standardization as a
Tertiary Bureaucratic Function, Even Though They Admit that a
Minima'. Standardization May Be Vital for the Future Viability of
a National Data System. What Educational and Public Relation Efforts
Might Counteract Professional Apathy Toward the Problem?

In organizations where management can recognize, or be convinced of
the value of standards, programs like the "zero defect" campaigns I
would be helpful. Otherwise, minimal standards can be established
by those who recognize the need and, as long as all those who have a
genuine interest are admitted to the discourse, the necessary standards I
wili be established and enforced ipso facto (probably at the request of
government agencies, societies, and trade associations). More than
likely, standards will be readily accepted by scientists who have [
happily left the standardization effort to other interested individuals.
Currently, the question of standardization may remain of minor
importance to even substantive experts - - until such time as they
individually conclude that a real pay-off accrues through the use of
a particular approach. When this occurs, standardizatio•n effor's
probably will change from a tedious to a virtually automatic effort,

3. Which Particular Data Management Skill,- are it' Mcst Demand Today,
and Would Large-Scale National Data Systems Compete for Theýse
Same Skills?

The major skills currently required are thoee of the systeni analyst,
system designer, machine operator, programmer, indexer, :Ind
others with a library background. Large-scale national systems 3
undoubtedly will rely heavily on these same skills and, if so, such
systems will also rely on, and compete for. existing skills. How-
ever, existing and projected training, especially when coupled with3
the education university students will be receiving, does seem
adequate to meet future demands. The greatest demand, both today
and in the future, will be for system designer/analysts, who5
essentially are functicnal line managers with the capability to
adequately comprehend disciplines, methods, and techniques in a

given field.
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4. With More and More Data Activities being Implemented by State

Agencies, Federal Agencies, and Professional Societies, What
Can Be Done to Assess the Manpower Capabilities these Groups
Will Require, So That Adequate Educational Programs Can Be

SI Planned and Implemented?

A national survey, sponsored either by a Federal agency or arn
adequately funded professional society, will be required to
establish a planning base.

1 5. In View of the Wide Range of Scientific and Technical Activities,
How Should Educational and Vocational Training Programs in
Data Systems be Designed to Meet this Variety, and How Much
Scientific Subject Matter should be Provided?

In general, the basic training received in most rigorous scientific
disciplines is of a common nature. The emphasis, therefore,
should be reversed from that implied by the question. The educa-
tional or vocational program in the scientific data systems field
should build upon as much basic scientific background as can be
provided, and not the reverse. When a data system orientation
has been added to a basic scientific background, it then will be

I possible for the individual to enter at will, and be reasonably at
home in, a variety of other scientific disciplines. A career
built in this fashion will always be adaptable to the changing scene,
whereas a career built by the other method will always be in
danger of being outdated.

6. Would Greater Programmatic Effectiveness Result if an Educa-
tional Program Which Consists of an Undergraduate Degree in
Science or Engineering and a Graduate Degree in Business or
Technology Administration, were Created for Scientific Data
System Specialists?

Prior efforts by industry and government in allied fields of technical
administration indicate positive results of such programs. Similar
results should also accrue in the field of data system management,
particularly for those who will eventually be responsible for the
primary management and operation of the large-scale systems of
the future. The National Science Foundation is currently supporting
programs of this nature at the Georgia Institute of Technology and
Lehigh University. Most educators recognize that the step-wise
effort must concentrate on an undergraduate science or engineering
degree as the base discipline, and not the reverse.
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7. What Program Should be Established to Motivate Data Users to

be More Active iii Searching and Acquisition of Relevant Data
in Existing and Future Data Resources Prior to Generation of
Redundant Data?

In basic rese.arch, such as is published in primary journals, the i
uiser is forced to be quite active in data retrieval because he must
generate nor..redund.nt dats to assure publication of his results.
Hovever, the data user only has a certain amount of time for data
retrieval, and where such retrieval is difficult and time consuming,
it may actually be cheaper to rerC4o.erate the data he seeks. Further-
more, the user often is forced to be passive with regard to data
search, because of educational deficiencies, inflexible methods,
and inadequate index sources. The answer is to provide greater
flexibility via vastly improved programming software. The user
mus-. then be trained in such uses; thereafter, time savings and
ordinary competitive requirements will spur his active manipulation
and search of data sources.

One panel member had given this problem extensive thought. [
His comments are as follows:

8 Treat the transfer process as a four-terminal
T-network. Take the user as he is, and define
his characteristics as load impedance. Fix
the image transfer constant (0) with major effort
on (allocated to) the primary information
generator (sender impedance) and the data
system (third independent property of the net-
work). This concentrates effort on the two
prope, ties most readily accessible;

a Do not treat the user as the acquirer, or [
evaluator, of data transfer systems. Tl-ý
user is a system component; his evabiation
can never be other than subjective;

* Do not seeik to evaluate data utility from a
user viewpoint. There are no known math-
ematical concepts on which to base the struc- '
ture of a calculus for data utility. (This is a
conclusion after four months of intensive research);
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Apply the concept that the user is required to be
regenerative in varying degrees - defined by
purpose, environment, and age of data. Consider
that the data is a cue to certain intellectual
processes of the user, which (processes)
adapt the data to the immediate purpose. Train
the user accordingly. This lowers the load

I impedance (Point 1); and

* Train users to data system basics, design,
management, and use. Have the user acquire
knowledge essential to supplementation of data,
and analyze these user characteristics. In
summary, make an effort to design user
orientation to within practical limits, but concen-
trate primarily on user characteristics for design
application. Don't depend upon making major
changes in the user; design the system to fit him.

8. To Better Exploit Evolving Data Systems, What Type of Education
Could be Provided for Engineers and Scientists to Encourage Them
to Enhance their Performance thi'ough IncreaUsd Interaction with Datl Archives?

Formal training programs that develop basic skills, that provide
information as to what is available from data systems, and that
induce motivation to use them will produce the best solution.
If the national system is to meet the needs of the engineer/scientist
community, scientists and engineers must also be motivated to
deliver their personally generated data to the system. One problem
is that the community is inclined to disfavor input of raw data for use
elsewhere unless they are sure of the effects of this effort. Another
problem associated with such close coupling of scientific efforts and
data systems is that certain concepts, or developments, seem to
have resulted simply because their creators had limited data to begin
with, and might easily have been discouraged from formulatinj their
alternate solutions, had existing formalized data been available to
them.

0
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However, the coupling process again hinges upon the future development
of adequate data manipulation programs. At least one source advances
the opinion that between 70 and 14'1` -,ninon data elements form the
"fundamental body" of all data in a given field, and constitute the
structural building blocks for all data items in that field. 3

9. Should an Educational Program be Started to Encourage Use of Less
Familiar Data Packages, which are Often Discredited as Less Reliable
than Traditional Data Media (like Handbooks), Even Though They are
as Reliable?

Most scientists and engineers do not use less traditional sources
primarily because they are not familiar with them, and it is questionable
if an individual scientist can afford the time to be constantly checking all
new sources of data. Therefore, the best way to appraise scientists as
to the existence of new data sources appears to be by all forms of
advertisement in al' likely areas.

The existence of a national data system, of course, would change
the situation radically. Such a system would index (and cross-index)
the data it had accepted into all its banks. The scientist-user would
then discover the existence of such data at the time he had the greatest
need for it. Thereafter, the scientist's use of the data would be
strictly dependent upon his subjective judgment as to the reliability
of the data and its applicability to a specific problem. Much of this
can be quickly determined if the data in question is qualified as to
source, and how it is obtained and evaluated. A data bank that
expects to be accepted on a par with high reliability traditional if
sources must have the ability to qualify the data it incorporates, and
to employ standardized techniques in order to quickly reflect the
qualification and level of reliability of any data group. If so, then
any data source will quickly be accepted; and widely used if the data I
thereafter prove valid in applicati'nn.

I
I
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I
E, Institutional Roles!

Implementation of plans for a national data system must be based on
the utilization of existing or future institutions and organizations in
government and private sectors. Therefore, roles which these insti-
tutions must play in the startup and operation of a national datag system affect the policies and programs of the system to a large degree.

Associated with the institutional roles is a set of issues that greatly
iniluence decisions concerning their definition. For example, the
problems associated with identifying the organizations that should
develop and apply standards, and how they should be implemented,
are of enormous significance in determining the packaging and
management requirements of the national data system.

The respondents who evaluated the issues in this panel ratej the
issues as most important which were related to data standards,
the assignments of financial responsibility, the need for national
level activity, coordination requirements, and the language interface
between institutions. The evaluated issues follow in the order of
their rated importance.

1. In View of the Probable Need for Standardized Data and for Data-
Handling Methods, What Jnstitution Should Determine Which Activities
Should-Be Standardized, and How Should These Decisions Mae?

The Federal Government has the largest involvement in scientific
research, and thus in the resultant data, and has the greatest
financial burden in support of data system activities and research.
It might be recommended, therefore, that Government at least take
action to assure a present modicum of standardization in the handling
of basic scientific data, especially for those automated methods that
are broadly applicable in more than one field of research. This is a
minimum action recommendation, since it is clearly recognized that
the field is highly dynamic and that premature overstandardization
might easily stifle research. This limited Government involvement
should allow for thorough discussion and consultation with all 4
elements frowm information handling agencies, institutions, and

industries.

f.
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I
Conversely, and in contrast to the recommendation concerning data
handling, data stavdardization itself must be approached with a full
appreciation of all the technical implications. There is only one
group capable of handling that task, the scientists using a partic-
ular set of data themselves. Thus, actual standardization of any
set of data must be a cooperative effort by the user scientists,
engineers, and technologists from government, industry, and the
universities. All three of the latter sources will probably have
to bear a share of the cost of the effort, especially to promote
discussicn and interaction among the scientists responsible for
evolving the standards. 3

2. Should Users Pay for Total System Development and Operation Costs,

or Should the Federal Government Underwrite either the Development
or Operation of National Systems, and If So, Which Systems?

Economic viability is an obvious prerequisite for the implementatio.. I
of any large-scale scientific and technical data system. In view of
the scope and complexity of such a system, it seems both necessary
and sound for the Federal Government to support at least the develop- [
ment and implementation of such systems, especially those where
Federal agencies will also be major users. It also seems sound for
high-volune demand systems to be ultimately self-supporting through L
the sale of their services to both the government and private sectors
of the U.S. economy. f
A particular problem arises, insofar as systems may not have
a high-volume demand but may supply data that materially support
technological progress. In such cases, a strong position might I
be established for not only developmental support, but also for
operational support, either in whole or in part. I
Another particular problem relates to the access to. and costs of.
educational institutions that must educate the future users of such
systems. While they may provide a high-vclume demand for such I
systems, should their costs be equal to industry-government users
which, in the end, will reap the benefits of such teaching efforts? I
None of the above precludes the possibility that the data systems in
question could, or should, be managed by non-governmental groups.
Probably many different types of "experiments" will be required I
to be undertaken in order to determine what sectors of the economy
would be willing to pay the operational costs for the data provided. 3

l " •I
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3. If DATA MANAGEMENT Is Defined as the Scientist's Husbandry of

Data, and DATA SYSTEM MANAGEMENT as the Assembly and
Operation of Equipment, Materials, and Procedures to Facilitate
Data Management, What Level of Attention Should Be Directed tofl Coordinating Functions?

Data management must be performed by the scientist and engineer
[for the foreseeable future. On the other hand, it cm be envisioned

that, at some date, data system management could be well developed
and capable of handling very large, complex sets of data. Then it
might be required that data systems directly couple their activities
with the scientific ,.,nd technical efforts. Prerequisite to this,
there is a requirement for sophisticated systems, tools, techniques,
and common nomenclature for data system management. In addition,
there is the problem that neither the government nor any other
institution.al entity can control data management in a large scientificFl community. On the other hand, much might be done in the way of
research and standardization in the data systems management field
by the government and private sectors. An important concept
that should not be overlooked in activities of this nature is that data
systems are not ends in themselves; they are tools to aid the
scientist is data manager. On the other hand, the scientist should
be willing to negotiate with the data system manager concerning the
mode in which his data is to be best stored in a data bank, as long
as it can be retrieved in the form the scientist desires.

4. What Action Should Be Taken to Coordinate the Cooperative Data
Activities of Government and Non-Government Organizations, and
What InstitutLon Should Perform this Coordination Function?

I. A single agency, not necessarily governmental, could be designated
as responsible for coordination efforts. Its focus could be on the
three areas of scientific and technical data activity, i.e.. basic
research, engineering development, and technical applications.

Through its publications, its planning and evaluation staff, and its
advisory panels, the agency would provide a continuously regenera-
tive feedback function, the primary objective of which would be to
assure that successful developmeri and operating activities would
gradually become widespread.

9
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I
5. Assuming that Input Language Must Be Relevant to the Data Generator

and Output Language Relevant to the Data User, Which of These Should
Regulate the Language Created for a Data System, and What Institu-
tional Entity Should Solve this Problem?

A long-term solution ip" for the machine prvcessor to make the langu, be
transition between data generator and supplier. This will, however,
require research and development, which should be supported by the 3
v'ederal Government. In the meantime, however, the Government
should encourage, by funding, research and development directed
toward cooperative efforts by software suppliers to develop effective
languages with broad applicabiiity. Such applicability could lead to an
alternate, or conjugate, long term solution--a language that provides
for the user a direct ccmmunication capability while using terms I
common to his discipline, and with little or no recourse to a special
language. As positive results evolve from such software develop-
ments, some standardization should be implemented. I

6. Since It Is Becoming Increasingly Apparent that Digital Data Communi-
cation Traffic Will Shortly Exceed the Demand for Voice Channels, How
Can the Special RequiL *ments of Scientific and Technical Data Systems
Be Best Communicated to Regulatory, Lelislative. and Advisory Groups;
and Who Should Define the Special Issues that Arise?

Current advisory activities within the Executive Office of the President
indicate that far-reaching decisions on communication regulations can I
be expected in the ,near future. If so. the implications for scientific
and technical data systems must be quickly determined if they are Zo
ret.eive proper consideration prior to the implementation of new com-
munication policies and regulations. In this regard, there appear to
be two major considerations: first, the justification foat special
,Aigital channels for scientific and technical data;and, second, an
agreement as to what will or will not constitute private data..
including techniques to keep that set as small and compact as possible.
along with procedures to expedite declassification techniques. Conse-
quently, it may be the responsibility of the COSATI Ad Hoc Study Group
(on Legal Aspects Involved in National Information systems) to explore.
jointly with government and non-gevcirnamnt groups, the implications
of all propoited tegulations via a continuing dialog with the FCC.

IVI 3
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7. Who Should Have the Responsibility to Assemble and Convey
Information an Available Data Files, the Availability of New Data,

and the Existence of New Data Generators?

A logical step in the development of national data systems appears toI be the inventorying of existing date resources and creation of indexes
to facilitate access to this resource. Such an undertaking it pursued on
a crash basis would be very costly; howaevtr, the task could be sub-I divided and pursued by individual scientific and tec~hnological communi-
ties. The dovelopment of an in- -y appears to be a pi ti tquisite
step before data management and da~a handlinig requirements can beI identified. Also development of indexes to data could serve as impor-
tant service tools prior to the implementation of more ambitious data
systems- For example, a data refc-rral service could be based on the1! index of data existing within a community of science or technology.
Such services would constitute a vital supplement to the Nation&;
Referral Center. It also appears that a need exists for a service similar
to the Science Information Exchange which would inform data centers
and other organizations interested in a given class of data as to which
research and development projects plan to generate such data. Such
services might substantially reduce the lag time between generation
and subsequent use of the data by another scientific or technological
organilzation.

Responsibilities for these activities logically fall to a designated orga-
nization within each scientific or technological community so that they
will be carried on in close association with the work of that community.
Such decentralization would appear much more effective than a single
national service center. Decentra) cation of these activities would
appear to be almost a necessity if the reoppouisbJAty for development
at national date systems an~d programs is to be dectasttralized.

1 8.Who Should Be Trained b~y Edicational Prclrams Desilgned to Create
Greater Understarsding and Ability i4% Modern Data and Information[nias an h hol hs Prqgramc Be Conducted'

System usre~. s nopera'ors. and system managers should be
trained in such programs. Probably Ith greateet cc'ntlniiing training need
will be for'sysftrio users. As to where these training progri-ns should
be conducted, the long-!erm asnwer obviously to in the secondarv
oducation systm'. Currently, however. it is necessary to recognize1] that the dfiscirline, and thus its designed education prvgrmam. is -on a
period of trwnsition, Conaequently. many type& of training means
should be relied upon aw present. including on-the-job training for users
and operators. r'he more formal aspe~cts of su:tN treaning can be directed
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toward both system managers and operators. This would include pilot
efforts to develop formal programs which, except for a few specialized 3
instances, are sketchy or non-existent at the present time. Such £
efforts can be in the form of night school courses, supplemental
graduate work, or in-house training. I

9. Since .Aost Large-Scale System Developments Appear to Encounter
Similar Problems, It Might Be Fruitful to Provide Developers
Access to Evolvink Know-How in Other Systems. Who Should
Operate the Required Information Exchange Effort?

Various governmental centers now collect and diEseminate pertirnnt
information on data system development. Some of these are: DDC,
CFSTI, NASA, AEC, NBS, NSF, and BoB. The requirement, there-
fore, may more truiy be to designate one of these as the central
service for such information exchange. Such a service might then work
closely with professional societies and trade associations, especially
to encourage the establishment of panels for data system professionals,
publications, and meetings in order to communicate on-going develop-
ments to all interested professionals.

10. What Role Should the Feaeral Government, and Other Organizations or
Individuals, Play in the Screening and Review of Data to Reduce the
Input of Erroneous and Invalid Data into Data Systems?

A basic solution is to ensure adequate training for individuals handling
data (i. e., those who initially record the data, those who process it and
physically introduce it into the file, and those who manipulate the files
in search of answers) In the case of certain types of data, utilization of
up-to-date techniques is probably all that is required. Perhaps a
ieedback mechanism to a central data bank could record individual user
reactions, as well as suggested additions to the files. Then, as errors
are discovered, or new data added, the input by the data bank operators L
would be governed by opinions of the data users.

Types of data which quickly become obsolete will require continual
screening and evaluation. This will be a costly operation. What may be
needed are automated programs that up-date or refine data that have |
become obsolete in one file, and transfer them to other files where they
are pertinent. This probably implies hierarchical levels of storage.

I
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11, In View of the Need to Re-Evaluate and Re-Align the Data Now in

Many Data Archives, Who Should Fund, Manage, or Perform the
Data Evaluation and Re-Organization -throughout the Various Areas
of Scientific and Technical Activity?

Since this question actually has many parts, it is useful to begin to
evaluate it in steps. The first question that arises concerns the
real need to re-evaluate existing data. Only a small percent of
archival data is in useful and usable form--hence, the need for
computer routines to process it into the useful form desired by the
user.

It may be more viable to provide machine-searchable indexes,
particularly for re-structured (re-programmed) files that permit

more ready access and acquisition. The latter problem must be
left to data managers, handlers, and programmers at the individual

F data centers. The former problem, that of a central index of all
available files, is one that will require some form of national
coordination. It may, moreover, be one of the critical problems
of a national data system. Trade associations, professional
societies, and major data centers could serve as coordinating
points for this effort. Quite possibly, the Federal Government,
through agencies such as the National Science Foundation, will
have to lend financial support to the undertaking.

12. Since Data System Management Capabilities Are Not Keeping Pace
with Equipment Developments, What Organizational Entity Could
Monitor Both Areas to Promote Better Coordination?

As a major buyer and user of equipment, the Government undoubtedly
should assume a predominant role in promoting coordination. If so,
the capabilities of offices such as the Center for Computer Science and
Technology, National Bureau of Standards, should be utilized. In this

r regard, one or two asp-cts might be worth particular emphasis.

First, orders for new equipment developments should be studied
in regard to determining existing and future equipment capabilities.
New equipment developments may then be rendered more compatible
with system requirements.

IV -4)I!
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I
Second, certain pr~eliminary standards might be imposed upon the
programming of data files. The explosion in programming languages
almost seems to be at a faster rate than data generation itself. Yet, I
many languages are mere off-shoots of root ones, and tend to decay
as greater sophistication is developed in the root language. Thua,
some control over certain software aspects will also remove a burden I
of "constant revision".

13. Who Should Establish Policies, or Participate in Activities, Concerning I
International Systems of Scientific and Technical Data?

The question of which Federal agency does not seem to be as much of I
a problem as the multiplicity of government offices that are loosely
allied with international unions among the scientific and technical
disciplines. The real problem is mote likely to be that these respon- I
sible offices have not been able to keep pace with the growing level and
importance of international data activities; nor have they been able
to keep pace with on-going data activities in the United Stater. Many [
international data activities currently involve multi-nation scientific
efforts. These data constitute the base upon which the first inter-
national data systems will be operated. It would seem, therefore, |.
that some rapid means must be found to apply the best of our national
skills to the formulation of positions that comprehensively consider
the many fe.~tors that will be critical to international data systems. L
Because specific fields of science and technology are parochial (even
though they are international), it may be profitable to let international
scientific unions continue to work on particular international data
problems. Later, enough know-how will be available to permit the
scientist and engineer to move easily from discipline to discipline in
search of his answers within an international data system (perhaps,
for example, from software achievements that permit versatile entry
via a common language orientation). [

14. Given the Desirability to Include Vendor Proprietary Data in National
Systems Directed Toward Developmental and Application Activities,
What Organization Should Regulate Equal Opportunity to Data as well
as Data Quality and Reliability?

The regulation of vendor data input into large data systems probably
will be aimost impossible, except from some broad policy standpoint
The more probable outcome will be that government system operators
will have to accept almost all data from vendors, and that in all
likelihood they will be swamped by voluntary vendor contributions.
Private system operators may be able to be more selective. The
best that the data system operators prohably can do is to assure that

7v 44 1
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I
a minimum level of data qualification is provided. Thereafter, the
quality and reliability of such data probably will have to be controlled
within the economic constraints of the market, and vendors that do
not enforce quality standards upon their data probably will':not survive.
In view of the mass of vendor data that might be introduced to such
systems, the Federal Government in all likelihood will have to
provide initial support in the form of limited financial subsidies,
especially in the implementation phase, and particularly if it wishes
to avoid systernj required to accept all vendor data.

r

I

I
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U
V. RECOMMENDATIONS

U A. Basic Assumptions

The specific recommendations,presented on the following pages, for
study and implementation of national data system concepts are based on
certain assumptions which are implicitly stated throughout this ieport.
Basic to all the recommendations is the assumption that the FederalI Government has the responsibility to ensure effective management and
utilization of the nation's rapidly growing resource of scientific and
technical data. This responsibility involves more t.,an making s.gnifi-
cant scientific and technical documents available to potential users;
merely pr )viding document sources does not assure that data are
effectively communicated or conserved for future use. This assertion
concerning Federal responsibility subsumes the view that scientific and
technical information is a vital national resource: a resource to be
utilized in the most effective manner by all professions, industries and
agencies; and one that must be maintained in the best possible working
order if its potential and optimal benefits are to be exploited. More-
over, it is assumed that scientific and technological progress will
suffer if the corpus of scientific and technical data is not systematically
and adequately maintained in a functional form. Progress is also
inhibited if the means for communication of data are not continuously
improved in order to meet the scientific and technological community's
needs as expressed in contemporary requirements. Meeting the
challenge and opportunity to construct new and effective means of treat-
ing data is one of the most crucial problems facing science and tech-
nology today. The challenge is based on the realization that the
opportunity exists to build superior systems by utilizing today's new
tools, techniques, and knowledge and, in so doing, greatly extend the
utility of scientific and technical data. It is this challenge, more man
the fear of being inundated by the flood of data that should prompt the
search for new means to handle data more effectively.

It is also assumed that national systems for management and handling
of scientific and technical data are now evolving from the efforts
already in existence within many scientific communities and agency
missions. The role of the Government is to focus on these present
efforts, to coordinate them. and ao provide data management policies
on a broad national scale. The possibility o* a highly centralized
direction of national data systems is neither feasible nor desirable.
What is needed is not a unilateral system created by a Gov-znment fiat.
but the creation of order within the current process of national data

I v-1
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U
systems development. Incentives must be provided for an orderly
development, most specifically in the form of Federal funds made
available to elements of the evolving systems to enable them to develop
their potential effectively.

The development of an effective national data system should not conform
to one monolithic blueprint. Rather, the national system will evolve to
satisfy specific requirements of "real" communities in science and
technology. Some data management and handling programs or systems
will probably be subject oriented, some process oriented, some mission
oriented, and some by a combination of these when they exist within a
"real" community of scientists or technologists.

Since data management is in the midst of a significant transition and
will continue to be so for some time to come, it is important that the
transition be more fully understood as to its nature and impcrtance.
Greater characterization of the transition will help to enlist the
resources required to guide it in the direction most beneficial to our
national scientific and technological efforts.

National data systems will not constitute a new activity so much as an
effort to get better organized and do a more effective job of data
management in both the public and private sectors. For this effort to p

be successful, objectives must be artictlated, priorities established,
responsibilities assumed, and resources allocated.

It is assumed that advanced technological methods "ind equipment are
essential to the concept of national data handling irybems for the
fiture. Therefore, the Federal Government must orcvide national
data system policies flexible enough to allow for effective introduction
of technological change, and provide financial support to assure timely
application of appropriate equipment capabilities. Although new tech- I
nologies in data handling tend to cost more initially than the methods
and equipment they replace, the benefits gained in improved perfor-
mance of scientists and technologists can be expected to offset the
increased equipment cost. Valid cost-effectiveness ratios are diffi-
cult to obtain in this context . especially during the conceptual and
developmental phase; consequently, such ratios should not be given I
over-riding consideration in decisions relative to introduction of newtechnologies to national data systems.

The following recommendations for study and implementation of
national data system concepts are presented in the context of these
assumptions. They also reflect a firm commitment to the idea that [
our nation is capable of controlling its future through conscious choices.
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BI
B. Policy Recommendations

To the present, there has been no overall Federal, policy toward
data handling systems and data management, nor has there been a
focal point from which direction could be sought. There is, how-
ever, a critical need, today, for the formulation and promulgation
of Federal policies because, as this preliminary study has demon-
strated, there exists throughout the country much activity in the
design and operation of data handling efforts. Moreover, rapid
changes in technology, new tools and methods, promising new
concepts in data transfer, and the necessity to further consider
national systems make it incumbent upon the Federal Government
to provide the initial emphasis and direction if an orderly and
effective use of the national data resource is to be achieved.

The scope of this study did not include consideration of policies for
other than the Federal Government. However, it was observed that
non-governmental organizations, especially the professional societies
and trade associations, need to re-examine their current policies
relative to their responsibilities in the management and handling of
scientific and technical data. In general, it appears that these
organizations must become more aware of the needs of their members,
and become active in considering what actions can be taken to meet
these needs.

1. The Federal Government Should ,ncourage the Recognition
of Scientific and Technical Data as a National Resource
Susceptible to Systematic Management.

Recognition of data as a resource provides a valid perspective from
which the management of data and the design and operation of data
handling systems can be approached. More importantly, this per-
spective provides a fuller appreciation of all aspects of the problem
of data handling. It brings into focus not only the access and com-
munication aspects, but also those vitally important functions of con-
serving, maintaining, and refining the data. These latter functions
are extremely important to the scientific and technical communities.
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[
Data should also be recognized as a national resource of concern to
the entire country. Because the United States has made a considerable
commitment to the generation of data, it must also see to it that it
is properly maintained and managed if its greatest utility in to ')e
achieved. The establishment of a national index or inventory of
scientific and technical data should be an integral part of the
implementation of this policy.

2. The Federal Government Should Establish a Policy Position that
Initiation of National Data System Development is Now Timely and
Should be Undertaken as Part of a Broad National Scientific and
Technical Data Program.

There are many pilot studies and programs for national data systems I
networks covering specific scientific and technical disciplines. There
are other systems being proposed and planned on the state level inde-
pendent of any consideration of the potential development of a national
systems network. There are also plans for national document handling
systems, but as yet, there is no plan for national data -handling systems,
nor is there a plan that includes both data and document handling systems.

The Federal Government is in the position to provide the leadership and
direction that will assist these various efforts to converge toward a
future national system or system of subsystems. This can be done by
supporting a national program which would have as its primary objec-
tive improved management of the national data resource and a sup-
plemental objective of development of national data handling systems.

3. The Federal Government Should Encourage the Evolution of a
National Data Handling System Through a Program of Decentral-
ized Planning and Development Efforts.

Such an approach is in contrast to the centrally planned and directed
system. The reason for a decentralized approach to the development [
of a national system or set of interconnected systems is that this
approach is more likely to generate true definitions of system
requirements. In addition, an extremely fluid state exists in the
fields of data management and data handling systims design. This

IV
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condition is due primarily to the rapid change in technology and the
still experimental nature of practically all large-scale data handling
systems, as well as the nascent stage of data management. So many
new approaches and methods are being tested in the field of data
handling that, if given time, the more successful of the new approaches
and methods will become evident, especially if they are tested in
limited, local, but real data activities.

4. The Federal Government Should Create a Means for Coordinating
Developments in the Design of Large-Scale Data Management and
Data Handling Systems and Networks in the United States.

Ths purposes of such a policy are numerous:
(1) To provide a sorely needed focal point for nationwide

data activities through which guidance, direction, and

information can be sought;

(2) To support and develop those prospects that have
promising applicability to national syittems;

(3) To identify areas of duplication and areas that are
not noA being served; andI

(4) To give overall direction to the evolution of A national
system by identifying broad data management objectives
and by developing broad planning concepts. In doing so,
emphasis should be placed on the identification of tffec-
tive management and systems approarhee as they develop
through the scientific and technical community. Because
large-scale data handling systems are only now entering
the concept-definition phase, it is important that the
best approaches be identified now. even if this requires
a delay in achieving cost optimization. As part of such
a program, the Federal Government should assume the
responsibility to identify, evaluate, and make available
information concerning techniques, methods, and equip-
ment applicable to the development of da:a management
and data handlirg systems.

5i
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5. The Federal Government Should Stress the Development of
Intra-Community Data Management and Data Handling Systems.
Rather Than Inter-Community Programs and Systems.

Emphasis should be given to bringing about effective and viable data- 3
haindling systems or, a nationwide, intra-community level. Once I
knowledge is gained as to which system configurations best answer
the problems of various communities, this information can be applied
to inter-community systems development. Too little is now known
concerning the typeis of data to be exchanged between various com-
munitiei or the extent of exchange that should take place. Further
development on the intra-community level will help to provide the I
necessary information for this second phase of national systems
development by identifying valid structuring concepts, efficient

equipment configurationE, etc.

6. The Federal Government Should Recognize the Different Types [
of Data Activities in Scien-e and Technology and Establish
Policies Commensurate with this Recognition.

This study has attempted to show that problems of data manage-
ment and daita handling differ significantly among discipline-research
activities, mission-development activities, and applications -product I
activ•ties. For each uf these areas, the types of data. the needs for
it, and its user! differ. Specific developmental policies are therefore

required for each of these areas. Also, each of these types of data I
activities must be provided a voice in determination of the goals,
functions, and structures of national data systems. I

7. The l'ederal Government Shout-' Place Greater Stress on the
Husbandry and Use of Existing Data.. I

The current Federal policy ts oriented toward supporting the generation
of new data over and above making use of existing data This policy is

evi-ent in the Government's funding programs. where knsuffticient funds
are made aalable to see that the data generated is fully utilized. The
support poeictes of the Government should requ-re thas, the data generated
in Government programs is handled so as to conserve its potential utility vad tt,
dka are made accessible for other usesc A policy should be promulgated

shereby Federal agercies enga[ed in scientific and technical research j
ond development would designate a minimum percentage of their total
budget for data management and handling.

V6 I



I SIolnoe mmunlodon
Washington. 0. C. 20 07
COSATI Data Systems Study
Final Report - F44620-67-C-0022 30 April 1968

I
8. The Federal Government Should Acknowledge in its Policy

Formulations Both the Difference and Interrelationship
Between Data Management Programs and Data Handling Systems.

Data management includes those policies, procedc:-es, and actions used
for coordinating and directing efforts to determine data needs, generate
data, and handle data in a manner which permits optimal use and con-
servation. An F.qsembly of procedures, personnel, and equipment
interacting to . orm operations on data (recording, reduction,
dissemination, etc.) constitutes a data handling system. Basic policy
recognizing and giving due consideration to this distinction will
materially .,Vist the Government in its efforts toward development.
management, and use of our national data resource. Such recognition
will aid significantly in bringing together the diverse talents and skills.
not only of systems designers, but also of scientists and technologists.
required to formulate and implement effective data management and

[ handling systems.

9. The Federal Government Should Support the Development of
"Programs and Data Systems Which Aid a Given Scientist or
Technologist tO Interact More Effectively With His Own Data.

r

Too frequently. data systems are viewed as the means for communicating
data between scientists or techrologists remotely situated either geograph-
ically or institutionally from one another. In fact, many of the data-
related problems faced by the scientist or engineer involve tLe. handling,
evaluation. use, etc. of data at his work station - frequently. data
which he generated himself. Therefore, national data systems shouldL be viewed as extendini to this level if they are to make major contri-
butions to science an:d technology. Federal policy should include
support of systems development efforts directed at the day-to-day
working needs of the scientist ur technologist, as well as systems
d rected to the less frequently encountered needs for remote com-

j munication of data.

I
I
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I() The Federal Government Should Better Define Responx bilities
for Policv Formulation and Coordination of International Data
Activities.

The key requirement is not for redefinition of responsibilities for

"3(?•lduct and direction of U.S. involvement in international dafa efforts.
Ih'o main problem is that the attention given by responsible offices has
rnt kept pace with the growing level and importance of international
(ita activities. Existing offices in the National Science Foli-dation,
I),:partrr.cnt of Commerce, State Department, etc. need to be streng-
Owcned not only to permit them to better represent U.S. interests,
hut also to enable them to establish better communications and working
r-.latton-ihips with on-going data activities in the U.S. Means must be
found to apply the best or our national skills to formulate national
pol•itions which consider the many factordlmportant in establishment
of international data systems. Particular effort must be made to
,void unilateral actions by specialized scientific or technical com-
mruni'ies. Currently, much international data activity involves
rmulti-nation efforts to collect data on a worldwide basis. These
d•ita will constitute the data base which future international data
nystems must handle. Consequently, it is critical that such activities
I,! planned and conducted on the most informed basis possible.

i 1. The Federal Government Should Adopt a Policy of Encouraging
the Private Sector of the Economy to Develop Data Handling
Systenms and Innovative Data Management Technigices.

In doing so, the Federal Government should encourage professional
mocicties and industry to develop data systems within their own
Communtties. These systems should maintain and conserve the
corpus of knowledge for those subject areas. In order to stimulate
dIata system developmen! in selected areas of the private sector,
Ihe Federal Government should support the initial planning and
deivelopment efforts. As these systems advance to an operational
S-tatus, the Federal Government should decrease its support to allow
the economics of the marketplace to serve as a criterion of effec-
tiveness.

Policy concerning support of data system development in non-
governmen! communities should recognize and acknowledge the
realities of public and commercial interests in data activities. The
.ederil Government, therefore, should support to a greater extent

discipline-research activities as opposed to applications-product
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12. The Federal Government Should Estaolish a Policy to Encourage
the Accessibility of Scientific and Technical Data to as Many
Potential Users as Possible.

Such a policy should not conflict with full recognition of the property
rights of individuals or orgarizations. Rather, it would be promul-
gated with a specific delineation of private data (data which an indi-
vidual or organization does not desire to disclose or releasei, pro-
prietary data (data which the owner or possessor will release under
prescribed conditions such as payment of a fee), and public data
(data for which ownership and possession is in the public domain).

Government support should be given to efforts for removal of the
economic barriers which result in data being restricted when, in
fact, the owner or holder has no objections to release of the data.
In particular, the Federal Government should establish policies
required to assure that data generated at Government expense are
more accessible to other potential users.

13. The Federal Government Should Encourage Greater Recognition
of Information or Data Handling Systems as an Integral Part of
the Total Information Transfer Process.

In the past, concentration on increasing the effectiveness of document
handling systems (including libraries) has overshadowed the efforts of
handling data to the extent that data handling systens have hardly been
recognized as part of the scientific and technical information mrnage-
ment and transfer process. This narrow concept or picture of the
function of information systems must be redrawn to include data
handling systems and data management as a major part of the process
of information transfer. It is vitally important that this more inclusive
view of information systems be made widely known so that those who are
considering doing something about their information problems will be
aware of the various possibilities open to them.

Data handling systems go beyond the normal concept of document
handling systems, in that they are more closely tied to the actual
daily working environment of scientists and technologists. In this
sense, they are more like tl~e other tools used in the daily course
of work and therefore, are not considered within the legitimate
province of the scientific and technical information program of the
organization, nor of the information systems design specialist.
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C. Improvement of Existing Data Services and Systems

I The following recommendations concern themse.ves with improving the
existing methods of managing and handling data. Scientific and tech-
nical data are handled, packaged, and stored in many different ways
and are transferred through a variety of media. When data are viewed
as having a distinct qualit' unlike other information, a perspective is
facilitated with regard to the methods employed to peckage, store, and
manage it. Th.'s perspective helps to illuminate the shortcomings in
the way data are handled today under existing methods, an 2 also theI possible means by which those methods might be improved.

Today, data are recorded, packaged, and transferred through a variety
of media and formats. This study has attempted to analyze these various
means to determine what steps can be taken to improve the existing
services and systems. The recommendations cover six areas in which
improvements can be made. The areas are the media employed, data

1• automation, national systems, barriers in handlinR and managing data,
education, and international data exchange.

1. Demonstration Projects Should Be Conducted to Explore New Media
for Storing, Packaging, Formatting, and Transferring Data.

Such demonstration projects should be controlled experiments care-
fully conducted to gain knowledge about the effectiveness and potential
of these new media. Documenting the results could be useful for educa-
tion and training purposes, especially among data system operators
and managers. A major intent of the demonstration projects would

-i b to induce acceptance of the new media and formats (including micro-
forms) by the intended users of the new methods. I" order to reach a
wide audience of potential users and to gain a wide acceptance, the
demonstration projects should be held in a number of different areas
throughout the United States in cooperation with, and with the support
of. the private sector.

In concert with this technique to introduce new data packaging methods,
additional studies should be undertaken to ascertain such important
factors as the effect of computezr.aided design on data requirerrnem.
techlical feasibility, economic consequences, standardization aid
compatibility problems among the various data packages and da sys -
terms, and the adaptiveness of existing and new data,.pckaging methods
to technolcgical advances.
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2. Study Should Be Encouraged on the Use of Computers and Other

Data Packaging Techniques to Assist in the Publication of Data [
Handbooks and Similar Data Publications.

Scientific and technical handbooks and reference tools with a high degree
of data content are an important and continuing means of disseminating -
data. Increasingly, however, these publications are becoming a less
efficient method of keeping the scientist and engineer abreast of the I
latest data available. Publication time lag and the increased amount of
scientific and technical activity makes obsolete an increat ing proportion
of the data content of these publications. I
Greater emphasis should be placed on cutting down the time lag and the
data collection and up-dating process through the use of computer tech- I
niques. Computers can be used for efficient up-dating and for revising
handbooks. Prototype efforts using computers to prepare and main-
tain high data content publications, such as those planned by Project [
INTREX at M. I. T., should be supported. Knowledge about data struc -
tures and feasible transformations,- which is gained from such proto-
type operations, will be useful in planning and developing future, more [
completely automated data systems Where computers now generate
tables and graphs, efforts can be supported to couple these processes
directly with that of producing a handbook.

Widesrread use of source data automation, computer processing of data,
and electronic or photocomposition processes will expedite data pub-
lication. Efforts at making these steps more efficient should be sup-
ported. Also, efforts should le encouraged to develop software tech-
niques that will permit handbook data to be selected from computer '
storage for computational purposes Software offering this possibility
to scientists and engineers will greatly increase the desirability of com-
puter storage of selected handbook data.

Data handbook publishers should therefore be encouraged to participate
actively in such studies and demonstrations. L

3. The Federal Government Should 3eek Greater Understanding of
the Electronic Medium as a Means for the Husbandry and Transfer
of Scientific and Technical Data.

Automation has been applied, mostly in isolated cases, to each of the l

functions (i. e.. collection, reduction, analysis, evaluation. dissemilla-
tion) involved in handling scientific and technical data. There is yet no
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case where all of the functions have been automated and pla, ,d within a
total system utilizing in an optimal way the combined asset man
and electronic equipment. In no instance has the electronic medium
been completely divorced from the medium of the printed page as a
means for storing and communicating scientific and technical data.
(Electronic printout of manipulated and retrieved data is obviously a
necessary adjvunct to such a system using the electronic medium. )

Those functions that are now automated within existing data handling
systems should be studied and compared to ascertain the most success-
ful methods now in operation. System concepts should prove fruitful
in analyzing the successfully automated functions in terms of com-
patibility and possible integration.

J 4. A Sense of Community and Participation Should Be Fostered
among Data System Managers and Developers and among the
Data Efforts of Scienc - and Technology.

The COSATI Committee haa taken the first step by providing, through
the present study, a preliminary directory of data activities in the

i. United States. As a second step, a new referral center might be charged
with maintaining cogni:azce of existing data activities in science and
technology, and directi:n those seeking data to the proper data handling
system. An added function of such a referral center should be to de-
velop and maintý,tn a directory of scientific computer programs. Third,
a conference or series of conferences could be held among data handling
sy,,tems managers and developers. One purpose of such a conference
would be to acquaint the specialists with the data activities in the
various fields of science and technology. Fourth. a data notification

V system could be established whereby the various data handling systems
would be made aware of initiated and on-going data generating projects.
Such an alerting system for data handling systems is now done on a
limited sca'e by Science Information Exchange

5. One or a Serie. o! Studies Should Be Undertaken to Determine
the Interrelationships and Roles of the Different Types of In-
format ion Systems.

A truly national information system would have as its components
data handling systems, document handling systems, information analy-
sis centers, libraries, management information system., computer
service networks, and possibly other types of systems. These ele,-ents
provide distinctive services and perform varying roles. The problem
to be resolved is how they can most effectively complement and assist
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each other and what should be the nature of the interface among them. C
Establishing a national system for one of them should not be detrimental
to the service and role of one or all of the others. Initial studies could f
concern themselves with the possibility of augmenting current document 5
indexing methods to include the identification of data within the document
and notification for possible extraction and subsequent inclusion into an

appropriate data handling system.

6. A Sustained Effort Should Be Mounted to Minimize the Barriers
That Restrict Existing Data Handling Activities from Achieving
Their Optimal Utility as Conservers and Communicators of
Scientific and Technical Data. [

Military, proprietary, and security restrictions art as barriers to the
transfer and increased utility of a great deal of scientific and technical
data. Existing barriers of this kind should be systematically identified
and evaluated on an individual basis, especially in regard to their im-
plications for the effectiveness of existing and future data systems.
Periodic tests to determine whether existing barriers continue to be
justified could lead to greater dissemination of data, and at the same
time provide necessary guidelines for data systems managers. For
instance, unclassified data contained in classified documents could be
utilized by being transferred to non-sensitive data systems.

The increased number of data systems in science and technology through-
out the country constitutes a growing argument and opportunity for a
change-over from the English system of measurement to the metric
system. Agreements can be established that ne.v data systems will
adopt, or at least include, the metric basis. For data systems in
which computer conversions are available, the English-metric barrif-r
can be eliminated by giving the user a free choice.

7. The Federal Governmen' and the Proh~sions Should Jointly "
Attack the Difficult Barrier Represented by Lack of Standard-
ization of Data.

Data standardization is perhaps the most important technical challenge
for those concerned with barriers to data usage. The great mcrite of
standardization, in its application to system operations. arc- self-evident.
The equally great hazards of ill-considered standardization consist of the
creation of intellectual barriers -rough terminology or criteria that
are incompatible among too mat.. sectors because of the diversity of -
usages expected in each sector, or which are too rigid to grow with ad-
vancing tect-.;tcal knowledge and practice. Strong governmnt support F
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and organizing leadership appear appropriate, but the controlling tech-
nical guidance should be provided by the professions and other data-

"3 Igenerating and data-using elements. The professional societies should
take it upon themselves to support such programs in standardization,
but must recognize the time that is required in such an activity, and
the comparative lack of status associated to such a "labor of love. "
The ,overnment might contract for some recommended work in stand-
ardization which, when finished, could be brought before a government-
appointed committee for discussion and approval.

8. Effective Educational and Promotional Activities Should Be Pecog-

nized as .ital;ynportant and Funded "or Seeking Optimal Usage
of Operational Data Systems.

I, The educational effort should be carried on over a broad front, both
by the operating systems themselves and by secondary-access systems
such as the National Referral Center and the Science Information Ex-
change. The secondary services are particularly well placed to dt. I-
op dirct.crci,..and to maintain network-type, organized displays of
families ol data systems, their scope, resources, :rd service policies.
Operating services should be encouraged to experiment with demon-
strations and cooperative arrangements that take direct advantage of
their internal resources and service skills. The schools, professional
and trade meetings, and major data-using institutions, both public and
commercial, are all important candidates for these education efforts.

9. Contractors and Technical Units of the Federal Agencies ShouldBe U.ed to Test and Develop Data -Utilization Strategies in

"Techni'al-'ffort Activities.

E:conomic' shelter can be provided in Federal programs for tests of
s.•trategies in technical program ,.ianagement for data syst, m usage.
O • x .,ample %ould be the requirte'ment that a formal data search be
conduct.d before authorization is given for a data-measurement
action in a project activity Tests of this nature should help to high-
!ight data services and service features that are the most productive
for identified requirements Such tests will simultaneously advance
the data-servicing art and perhaps develop techniques of technical
management that are more knowledgeable concerning data system usage.

10. Data Systems Should Seek 'Means to Acquire and Make Usefully
Available Qualifying and Critique Information Relevant to Data
Items

Reports on the experience of data contributors and prior users have the
potential of deepening the signficance of supplied data. and thereby
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strengthening the requestor's r-gnizance of the value of the data for his I
needs. Development of a workable means to acquire and provide such
documentation may prove a break-through in the data-system art and in
the use of data systems.

11. The Data Resources, Services, and Systems of Other Countries
Should Be Studied for Their Potential Contributiono to Our Data
Syste'

It is evident that careful study of "exported" U. S. technical documents I
is an important means used by some countries to maintain their techni-
cal effectiveness. Non-U. S. activities of this nature should be surveyed 3
to learn whether they generate data accumulations that constitute benefi-
cial "imports" for U. S. systems and services. It is believed that most
U. S. data services, particularly those that are research- and science- I
oriented, would benefit from strengthened data exchange relaticnships
with technically compatible activities elsewhere in the world.

I
[

I
I

I
I
I
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D. Development of Data Systems Capabilities

The national scientific and technical da-ta system will provide services
which to a large degree will be shaped by the development efforts of
several professional communities. Among these are data-processing
equipment manufacturers, software suppliers, the publishing industry,
educational and training institutions, governmental agencies, anr.i
scientific and technical communities which generate and use data.
The recommendations in this section deal with activities to assure
that the capabilities of the national data system match with the
requirements of the user communities. The activities include
prototype test programs, coordination of software, media and equip-
ment development, and generation of data standardization programs.
These recommend!iions in this section are arranged in a sequenet
that facilitates logical thought development. The order does not
imply rated importance

1. The Federal Government Should Sponsor Demonstration Programs
In Which Innovative Data and Media Would Be Employed.

Certain scientific and technical data have historically been packaged in
sgpecific media and formats. For example, the blueprint has been used
for enginvering drawings, product bulletins and catalogs for vendor
data, and hardcopy ..andbooks for scientific reference data. The shifts,
to dat, from the es~ablshed forms and media to machine processable
fornms and mi, roforms have been slower and less effective than they
shouIr' have been. Demonstration projects should be implemented
witl-i•t a government programmatic and a non-government context.
Th. .-., ic .nn:tration prolects should be conducted as ;:ontrolled
experimenIts %%ith results documented for educational and training
pu rpolses.

Pro 0, ms Must Be implemented To Assure Coordination of the
Efforts o4 Equipment and Software Suppliers With Data System
l0 LLuHrelents

There is increasing evidence that equiprrent developments are moving so
rapidly in the information systems that they are controlling the structure
of the automated data systems now being established. Therefore,
scientific and technical data system designers and users must define
their requirements more explicitly These requirements cannot be
effectively satisfied by equipment and program languages designed for
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business data processing or for mathematical computations, and
equipment manufacturers cannot develop optimal equipment to mneet
ill-defined. nons-standardized system specifications. However, by
analyses and prototype testing, cita system designers and users can
systematically establish the functional characteristics of required

equipment. In addition, data system designers mus, define, docu-
ment, and publicize the current and future equipment market
potential which exists in scientific and technical d..ta systems.
Equipment manuiacturers and software firms havc the basic
capabilities required and can be expected to move quickly to meet
economically valid equipment and programming requirements of3
scientific and te~chnical data syste ms.

3. Future Data Service Systems Should Provide the User WithI
Simultaneous Access to a Computing Capability and a File
Containing the Data Required for Cbmputations er Output

Structuring.

Efficient means should be developed for providing effective access
to both frequently used working files and to less frequently usedI
reference files. Experimentation should bt undertaken with different
system conf igur~t ions. One configuration to be tested should be co-r
location of the working files and computing capability with remote
access to central reference data files. It is possible to expand this
recommendation to include the concept of data utilities, where we

may consider many such systems to be interconnected for associative
searches .-nd dat.i exchanges. However, the concept of information
utilities is onily beginning to emerge, and there is an inherent danger

associated waith confusing data utilitics with information utilities.
$zeparation of these two t:'ilities implies rather difficult transformation
processes which will need further dev.elopment.I

4. PrgasMs He Established to Svineardize Equipment. D~ata
Form a4nd Vorat. and Programming Languages.

Due to its large involve~nent in scientific research, the Federal
Government has a substantial knvet--ient in the resultant data.I
Accordingly. the Government io increasingly assuming the firtancial
bureen of supporting the drvvelopment of Jata systems to support

research efforts. Consequently, the Government should take action
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to assure development and application of standardized methods of
handling basic scientific data, especially those automated methods
broadly applicable to data systems in more than one field of research.
In con r:ist to data handling methods, standardization of data must be
approached with a full appreciation or the technical implications.
Therefore, scientists in specific areas ui research must make the
final determination of whether standardization of measurements and
data is feasible, or desirable. Whereas, Government-initiated
standardi-tation of data handling methods supporting research on a
broad basis appears desirable, standardization of data handling
methods supporting development or applications activities does not
appear warranted except within specific Government development
orograms. Industry, through cooperative arrangements, should be
encouraged to upgrade and standardize its developmental r.nd appli-
cations data activities. In situations where it can be shown that
standardization will contribute to a better integrated and sro:.iger
national scicnfi'ic and technological competence, the Federal
Government should, if required, subsidize standardization efforts.
At a minimum, the Government should provide technical assistance.

In addition, as a major user of equipment in data systems, the Federal
Government has a responsibility to select and use equipment in the
most effective manner possible. Government practices materially
influence the equipments developed and subsequently offered for non-
Government use. Consequently. the capabilities of offices such as
the Center for Computer Science and Technology of the National
Bureau of Standards, which have been designated as responsible for
government -wide technical review and coordination of data system
development and procurement, should be augmented, in terms of
funding and staffing, so that these duties can be per 'm red adequately.
Hv:,lw:,titov and planning documents developed in the course of Govern-
inent systcims imiplementation and operation should be made more
freely available to non-Government organizations planning or
developing data systems or equipments. In addition, organizations
developing or considering the development'of scientific and technical
data systems should meet periodically, perhaps under Government
coordination, to articulate and document their common equipment
requiremeits.
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5. A Program Should Be Started to Fund and Coordinate Oevelop-
ment of Computer Programs Which Meet the Special Require- 3
ments of Scientific and Technical Data Systems.

H ighl%: sophisticated computer programs have been developed for
scientific and technical computations. However, there is a need 3
for more effective programs to generate and control computer
operations such as the rotation and translation of drawings and the
interrogation of large data files. Computer programs must be
developed for construction and manipulation of specific sub-systems
of the national data system. It is vital that scientists and engineers,i3
not just systems programmers, contribute to development and
testing cf the new programs, and that adequate user surveys are
used to develop progrAm design criteri-. 3
6. A Directory of Data Processing Computer Programs Should

Be Developed and Maintained.

Existing programs should be reviewed to determine their utility in
other apphcations. Where required, funds should be made available I
to Lctter document existing programs so they can be used by other
organizations. In addition, standards of program documentation
should be developed and enforced so that future programs will be
properly documented. Government sponsorship will be required to initiate
development of the directory, but the activity should eventually be
self-sustaining as customers for the directory services provide &
support,

7. Several Research and Development Projects or Programs
Should Be Used to Test the Applicability and Effectiveness
of Automated Data System Concepts..

In these test projects, all operations involving data would be automated
and incorporated into a system serving the project. For example, a I
typical scientist or tecnnologist working on the project would have
direct access to several data files which would be used not only to
facilitate his own work, but also to communicate with other members I
of the project team. Information handling specialists would be planted
ii, each project environment to aid in gathering and structuring of the
data and the related data managemc,-t techniques. Files directly I
accessible to the user should include the archival or reference files
commonly found in data centers, as well as the frequ,-itly used work
files often maintained either at tie worker's desk or ,,. the computing 5
center.
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The operations of such projects should be carefully monitored and
analyzed to identify data management methods and equipment applic-
able to other similar or larger scientific and technical program
efforts. The program should begin with a partially automated
system te "aclude the services of some scientists and information
scientists who can work with him to find out how he can best be
served. This will be an education in both directions and will be
much more beneficial than forcing a specific highly- automated
system down the individual user's throat.

8. Programs Must Be Established to Develop Capabilities of Data
Generators and Users Simultaneous To the Evolution of Data
System Capabilities.

The objective of the dat-i system is to serve the sciert.fic rnd tech-
"nical community, and this goal may be reached only .i there re
personnel development a-tivities commensurate to system develop-
ment activities. The skills, knowledge, and work attitudes inust
match the operating requirements of the system; moreover, these
personnel capabilities must be prime considerations in the design
of the system. On-th!.-job training programs, short courses, and
workshops must be sponsored by both government and private organizations
to develop the necessary data management skills, and to cultivate work
atti'.udes that will foster the use of modern data handling systems.
Furthermore, education curricula in engineering and the sciences
must be modified to include instruction in the use of modern data
management methods and equipment.

9. Professional Societies, Such As the American Society for
Information Sciences, Should Be Encouraged to Establish
Panels or Sub-Groups of Data System Professionals and
to Undertake Development of Publications and Meetings
to Communicate Developments in Scientific and Technical
Data Management Systems.

Similarly, the scientific and engineerl.ng societies and tracL- associations
should encourage the formation of sub-groups which would work toward
becoming effective spokesmen, regarding scientific and technical data,
for the interests of their profession or industry. The Federal Govern-
ment should establish an information center to serve as a depository and
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I
dissemination agency for documents dealing with design, de-,elop-
ment, operation and management of scientific and techuical data
systems. The services of this center, should be offered to non-
Government, as well as Government offices. Such a center could
be established by consolidating and augmenting some if the current
information service activities of the NBS Research Information
Center and Advisory Service on Informatiori Processing, the NSF
Office of Science Information Service, and the Bureau of the Budget
Management Study File. As information concerning modern data
management and handling systems is disseminated, the capabilities
of the scientific community to use and help develop a national data
system will be greatly enhanced.

II
I
[
I
I,

I
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E. Implementation of Future Data Programs and Systems

The promise of quantum increases in the utility of our national scientific
and technical data resource provides the impetus for establishing
future data programs and systems. The expectations are based on the
realization, however limited at present, of the benefits of automating
data handling, as well as the availability of data processing technology
to implement real programs and systems. The recommendations of
this pioneering study of national scientific and technical data manage-
ment focus on these developmental actions, rather than the functional
structure and organization of programs and systems. The approach is
to define the objectives of the national systems program in terms of
data management needs that must be met, and to recommend steps
that should be taken to meet these needs.

Two points of paramount significance underlie this series of recommen-
F dations: first, the main problem to be solved is not the lack of tech-

nology but the lack of techn-ilues to implement national programs and
systems; and secondly, the implementation efforts are unlikely to

I. evolve a monoliti :c system or program. The recommendations lead
to the conclusion that considerable work is needed in the testing of
several generations of prototype data systems and programs, with
the concurrent development of techniques for managing and handling
data. The recommendations that follow elaborate on some specific
efforts that will enable attainment of these goals. The order in which
the recommendations are listed gives some indication of their relative
importance.

1. For the Foreseeable Future, Data Management Must Continue to
bc a Decentralized Process Directed by the Scientists, Engineers,
and Administrators Responsible for Specific Scientific and Tech-
nical Endeavors.

However, as data system management methods and systems are
developed and implemented, a capability will be created for manage-
ment of larger and more complex sets of data. In the near future,
efforts at the national level should be directed toward the developmentIL and test of systems or tools to facilitate better data management.
Initially such tools or systems should be designed to facilitate current-
ly definable data management functions, such as the location of data.
As soon as data management functions are defined, data management
requirements should be analyzed and articulated for workers at all
levels from the bench scientist to the admiuistrator of national-scope
scientific and technical efforts. This should be done jointly by systems
analysts and the workers involved in each level of activity.
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[
There are several difficult aspects to implementing the recommended
actions. Normalizing data management for the scientist will be difficult
for disciplines that are not well-structured, subjective, and of signifi-
cantly semantic conceptual content. However, highly technological and
quantitatively well-developed fields will be approached first. In these
fields developed data system management capability will automatically
be transferred to organized data management. In these fields, it will
be the responsibility of capable people in specific scientific and techni- [
cal activities to adapt their work patterns so they are compatible with
larger and possibly more complex contexts. It will be necessary for
scientists and tecL iolgists to play an active role in directing the f
software development efforts and in assuring compatibility of manage-
ment requirements with system performance.

2. The Structures of Data Systems Must Evolve From Working-Level
Responses to Real Needs. The Current Need is for Coordination
and Financial Support of Systems Already Developing in This
Fashion.

Prototype data systems should be tested which tie into a network several
of the systems and services which the scientist or engineer now must
use separately. The experimental system components should include
automated recorders, computing equipment, automated archives of
relevant data, archives of computer routines, reactive display consoles,
and automated report generators.

The development of such prototype systems should be in response to
adequately measured data requirements of specific user communities.
Agencies sponsoring and coordinating prototype development efforts
should monitor these activities to assure adequate system interfacing
in the network development and attainment of defined data management
objectives.

An initial step required in implementation of this recommendation
will be to develop a coordinate system for describing current classifi- [
cation, media, form, format, languages, codes, and operations on
data. The first need is to inventory existing information activities;
the second, to review inventory data for duplication and gaps; and the third, K
to select related information activities to provide mutual support
(i. e. initiate network planning). I
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3. Specific Agencies, Not Necessarily Governmental. Should Be Designated
I Responsible for Coordinating Data System Development Within

Each of the Major Areas of Scientific and Technical Activity-,

1i.e., Scientific Research and Technology Applications.

LI These agencies would assure that developing and operating data activi-
•ties are gradually integrated into an effective national scientific and

technical data system. They should be staffed with planning and evalua-
tion personnel and should be advised by councils of leading scientists,
tjechnologists, and industry leaders from several mission- and discipline-
oriented fields. Representation by several fields will assure satisfac-
tion of their unique data management requirements.

Each coordinating agency should be provided with Federal funde nat
only to underwrite its operating expenses but also to disperse, in the
form of matching fund grants, etc., to institutions developing or opera-

" ting data efforts. Volume 1, Section Vi, elaborates ,:t this recommendation.
I.

4. The Professional Societies, Trade Associations, and Mission-
Oriented Government Agencies Should be Encouriged to Identify
and Service on a Joint Basis, the Data Needs of Their Community
of Scientists and Technologists.

A centralized element of the Federal Government should establish forumrs
and otherwise coordinate the programs of organizations tackling this
problem. The government should assume special responsibility for
identification and service of inter-disciplinary needs or those not
served by other organizations. User need studies are costly and are
only practical for discrete communities. Among the user need factors
to be studied are the nature of the substantive work, the size and scopos
of technology involved, the education level and orientation of the
community, the organization position of the users, and the motivational
forces that drive data generation and search activities.

5. The Federal Government Should Acknowledge a Responsibility to
Support, and Where Necessarg, to Fund Efforts Directed Toward
a Timely Development of Scientific and Technical Data Systems
to Serve AUl Basic or Fundamental Research Activities in the U. S.

Where feasible, the operation of such systems should be by non-Govern-
ment organizations such as trade associations, and should be at least
partly self-supporting by sale of their services. Government funding
of data systems to serve engineering and other developmental activities
should be on a selective '-asis, with direct Federal funding and operatiorn
rf-stricted to systems required for performance of specific missions
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I
assigned to Government agencies. Development of systems in other
areas should be provided technical assistance and financial subsidies if
it can be demonstrated that development of a given system will materially I
contribute to a stronger national scientific or technological capability.
The government should, as it has in the case of scientific journals,
support development and early operation of data systems where other [
funding modes are not possible, Eventually systems should become
self-supporting, but up to now the start-up and operating costs have
been so formidable that economic viability is not possible. However,
systems should be carefully screened to avoid long-term or permanent
Federal financial support when these costs can be sustained by the
scientific community that will benefit from them. Two examples of
systems which satisfy these criteria are: F

* Multiphasic health screening facilities to gather strati-
fied population data necessary for computing diagnostic
probabilities.

* LData systems that can be used for testing Bayes theorem,
discriminant functions, perception, likelihood ratio, and
data collections for use in critical path planning of medi-
cal diagnosis and treatment when appropriate.

6. The Operationc of Existing Data Systems and Document Systems
Should Be Conducted So They Complement and Supplement One
Another. Existing Document Handling Systems Should Augment
Current Indexing of Conceptual Content of Documents to Include
Adequate Indexing of the Data Content of Documents.

Such indexing would facilitate identification of data for extraction and
incorporation in data systems. Increasingly large quantities of useful
data are not being published; consequently, data systems must also
acquire input data from other sources. Indexing rf the data content
of documents will facilitate direct search for data in the context of
related information contained in the publication source. Multiple [
indexing of the data content will assure access by any one of several
search routes.

In the future, it will even be desirable to by-pass publication of data
and to transmit data from the point of measurement directly to the
data system. The data system will thus perform many of the functions [
now served by publication (i. e., exposure for review aaid verification
by colleagues, dissemination for use, and recording for archiv! or
reference purposes). Therefore, data systems will in the future tend
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to supplant document systents, especially for archival purposes, for bench
Ii or console-level services to the technologist, and, to a lesser extent, for

the scientist.

3 7. Existing Data Systems Should Be Used to Test User Response and to
Make Other Measures of the Effectiveness of Specific System Opera-
tions and Service Concepts.

"Existing data systems, such as the National Standard Reference Data System,
National Oceanographic Data Center, and the National Space Sciences Data
Center, etc., should be given support for developing and testing methods of
identifying service needs, and for developing and testing means to measure
the effectiveness of specific system operations in satisfying these needs.
Additional systems should be implemented in other areas of science and tech-
nology, especially fields such as the biomedical sciences where broad-base
attacks on scientific problems are required. This would permit development
and testing of methods applicable to determining the data service requirements
of the many diverse communities of scientists and engineers. Prototype sys-
tems should be implemented in typical work environments rather than in
experimental information science laboratories.

Scrutiny of the existing systems should involve two quite different kinds of
analysis. The first point of analysis is how the system relates to a well-
defined body of users all by itself. The second point is that there should be
careful thought given to the situation which is bound to occur when two systems
with well-defined bodies of users discover or develop an interface which, in
effect, makes them part of a larger system. The question here is, how do
they relate to one another across the interface and how do they provide ser-
vices to each other's users. The size of the individual systems will be an
important point to take into account. Precautions that must be considered
in the analysis include the danger of developing prototypes of use in analy-
sis. but of little use in technical activities; and the possibility of results
from poor systems distorting conclusions.

8. In the Area of Vendor Data. Initial Attention Should lie Directed AtUpgrading of Data Activitiet. in Individual Firms. Followed by Cooper-
ative Efforts Within Trade Associations and Manufacturing Groups.

f Increased effort should be directed to develoipment of improved methods
(e. g.. computer controlled photocompositioni of equipmient cat Jogs.
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automated design programs etc.) which can be applied to improvement
of vendor data activities in a large number of industries. Motivation
to develop hardware and software should be based on competition betwefn
manufacturers. However, incent:ives for private industrial and govern-
mental utilization of the newly developed and improved methods are
necessary. For example, hardware vendors with tens of thousands of
employees are eager to help hospitals install automated health informa-
tion systems and have yet to install them in their own plant facilities.
Crioeria of applicability and cost-effectiveness data are necessary to
stimulate managers with limited intuitive judgment of new technologies,
and government-sponsored studies may be necessary to develop these
data.

9. The Federal Government Should Support the Establishment of
Demonstration Programs, Such As the Undertaking Proposed
by the International Science Information Service, to Develop
Lz'rge-Scale Multi-Disciplinc Data Files Which Would Provide
On-Line Access to Public Data, Proprietary Data, and Private
Data.

Relatively little experience has been obtained from the operation Crf
large-scale scientific and technical data files. Useful information has [
been provided by experience in related fields, such as command and
control systems and document storage systems. Such experience has
not, however, provided actual confirmation of the applicability of
equipment and software to scientific and technical data systems, There-
fore, demonstration programs are needed to develop data-file operation
e-xperience. Patent files offer one highly useful area on which to focus I
efforts.

In implementing such demunstration data files, stress should be placed 1
nn the compatibility of access with small-scale files in scientific and
technical organizations. A pre-demonstration survey should be conducte.d
prior to its establishment.

10. Referral (Centers Shoul. Be Established to Identify the 1.xcation of I
Data Resources.

Referral centers and networks offer ,a logical stepping-stone from our
current uncoordinated data efforts to future, more highly integrated data
systems. In fact even after highly integrated data systems are develop.,d.
a switching mp-rhnnis-r. rr:.lar !c :: rc~crral nct-aork % JI b aequired to I
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direct inquiries to the location where the response data are available.
The existing National Referral Center at the Library of Congress should
be supplemented with specialized referral centers in specific areas of
science and technology (e. g., engineering materials). Each specialized
referral center should maintain indexes of scientific and technical data
in te field served by the center. Ultimately, automated data location
information can be used in directing queries to a national data system.

11. Future Data Service Systems Should Provide the User With
Simultaneous Access to a Computing Capability and a File
Containing the Data Required for Computations or Output
Struc t u ri

Efficient means should be developed for providing effective access to
both frequently used working files and to less frequently used reference
files Coordination of data file construction and manipulation must go
hand in hvnd with a total system design in a computer system designed
to make manipulation of stored data easy. Access to the system should
be flexible so that both a sophisticated programmer and a scientist can
have easy access to data and manipulate it.

Experimentation Ehould be undertaken with prototype system configura-
t.ons. Information should be stored in a manner appropriate for its
degree of usage, such as: rarely used on aperture cards in microform,
seldom used on tape, moderately used on disc, frequently used on drum,
and quite frequcL:itiy used in core. One configuration to be tested should
be co-tocation of the working files and computing capability with remote
access to a central reference data file.

12. Screening and Review Methodologies and Programs Should Be
Estabixshed to Eliminate the Input of Erroneous and invalid Data
Into Data Systems.

Activities similar to those of the National Standard Reference Data
S•stem should be expanded to cover a broader range of data which are
of use to the physical scientists conducting fundamental research. A
similar system should be developed to cover basic data in the biological
sciences. Critical reviews of data used primarily by the applied
scientists and technologists should continue to be conducted on a
decentralized basis by mission-oriented Government agencies, universities,
and commercial firms. An assigned Federal agency should support
development of tools to decrease the cost and increase the utility of data
review and evaluation efforts.
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Screening and review will require the efforts of technically qualified
individuals and constant re-evaluation to facilitate elimination of
obsolete data. Furthermore, user surveys should be used to validate
ev'tduation criteria for both input and eliminatior proccqtses.

!3. Studies, Including Collection of Use Statistics in Operating Data
Systems, Experiments With Workers Operating Within Controlled
Data Service Environments, and Laboratory Modeling and Simula-
tion of Data Servicing Concepts, Should Be Conducted to Acquire
Knowledge Concerning Data Use Patterns in Science and Technology.

Results of such studies will indicate the degree of refinement, optimal
output packaging mode, required input form, and format and other
servicing requirements of future systems. The tests must be conducted
using means which will resolve questions concerning actual or suggested
systems and their effectiveness In providing data (in a deflnud field) in
such a way that the users' questions are answered rapidly, accurately,
and without bias cr prejudice. Also, the tests must be made in a way to
insure that the data system is completely passive; I. e., that the data
system does not inadvertently influence research user or contributor
opinions or conclusions other than through the supplying of fact.
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F. Institutional Roles and Responsibilities

Priority is given in this section to recommendations concernine institu-
tional roles that are both (1) of such breadth as to be significant in a
nalional context, and (2) workable charters which we believe can be
made vigorously viable in existing or achievable real-world environment.,.

There is a striking dearth of existing institutional activities that satisfy
this dual criterion. Commercial publishing activities involving data, for
example, are viable and nationally important, but necessarily ignore dat i-
Landling functions that do not promise profits. Professional institutions,
as a class, are almost completely innocent of operational data-oriented
activity. This is true despite the growing evidence that new tools for data
servicing may break some of the near-disastrous bottlenecks traceable to
the present publication systems of the professional societies. Many
mission-oriented agencies tend to express relatively low-grade and self-
serving purposes in their present data-management practices. Typically,
one may find accumulated data directed toward archival storage with
indexing that suggests the archive has been created primarily to prove
t he data have not been thrown away or lost. In a few instances (e. g., the
Interservice Data Exchange Program), the indexing and the associated
exchange activity result in a desirable, continuing usage of the data, but
the charters tend to be internally or defensively oriented (e. g., in the
;DEP example, they are essentially a DoD-level aid for more effective
sc'cction and procurement of military commodities and components).

These observations are made not to criticize the institutions thal are
performing data management or handling, 'ut to highlight the limitations
of their charters as currently interpreted. Our comments are made
primarily to emphasize two major points. The first is that currently,
'here is no central institution possessing (or at least expressing) a con-
tinuing obligation to look at data activities and needs in a national perspec-
tive The second is that there is, however, a significant corpus of
pztential institutional competency for accepting appAopriate national
charters concerning data, and bringing these charters to healthy opera-
tuonal viability.

It is evident from the previous recommendations that we have been
impressed by the range and variety of individual data needs and usages
disclosed in this study. Study findings suggest that the national interest
in scientific and technical data will be served best in the near future
through a primary emphasis or, national programs that support, coordinate,
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i
and supplement existing activity, rather than effecting major mergers or
cre.pting revolutionary new systems. The recommendations that ivllow
here are consistent with that viewpoint. We have suggested that functions I
required to develop an effective national technical data program activity
be deleg. ted to existing institutions that appear realistically com,,tible
and qualified.

1. A Nationally Eminent, Non-Governmental Institution Should
Create and Operate a National Advisory Council for Scientific
and Technical Data. I

The Counctils charter should provide for two principal functions. It
uhould be equippeJ to receive, evaluate, and, as it deems appropriate,
advocate views from the scientific and technological community relevant I
to the broad national interest irs data management and handling. Secondi:,
it should be charged with the duty of performing a broad oversight review,
technical advisory, and policy formulation role for the key institutions i
associated with the national data program. In both these roles, the
Couric:l should be viewed as the ultimate public advisor concerning aspects
of national data programs that affect the present and futu-e strength of J
our national scientific and technological program.

It is recommended that the structure of the Council be essentially that of
a consultativc body. It should have a small permanent staff, which would
function as a secretariat for a number of advisory pancl-i. The panels
should provide adeqnate representation for the experience and needs of I
scientific, technoLogical, and operational institutions conrerned with
scientific and technical data. The panels should include (but not 1
necessarily be limited to) representation of: a

- Discipline-research (scientific) data activities -
professional societies, research specialists, etc. J

- Developmental -mission data activities - including
relevant government agencies and their contractors,
industry associations, etc.;

- Applications-product data activities - manufacturers,
trade associations, public utilities, health institutions I
and practitioners, etc.;

General-purpose technical data activities - including
geophysical and other ambient-data activities, survey I
and monitoring organizations, the communities using their
data products, etc.; I
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- Data-system technologies and activities -data-system
managers and specialists, hardware and software
institutions, infformation scient-sts, etc.

The National Council, its staff and panels would participate in develop-
ment of a National Scientific and Technical Data System Development
Plan. The National Academy of Sciences-Engineering would appear toI be one institution possessing excellent potential to create and house the
National Council on Scientific and Technical Data.

2. A Scientific Data Program Office Should Be Fbtablished in a

Basic-Science Oriented Element of the Executive Branch of
the Federal Governmert.

The activities of this office should fall into three principal areas, all of
whicL would be supportive in character. The first of these would provide
funding support to data-owning tecinical and professional institutions for
studies, development, and (when appropriate) continuing operation by the
institutions of scientific- as distinguished from technical-data efforts.
Funding mechanisms such as matching grants are suggested, to

induce the greatest fesible degree of planning initiative and operational
identification by the participating scientific ir:3titutions.

The second activity would be directed toward strengthening of the d-Ata-
]sage pot ntials of existing information services of the scientific com-
munities. Eixamples are the generation of indexes 'o the data content1 . of existing documentatiun services, data-source referral services, and
similar data-oriented ancillary products or activities.

The third activity would support grant and contract research addres'-ed
to advancement of the working effectiveness of the Scientific Data
Program.

The administration of the Scientific Data Program calls for techniques
generally associated with the offices and agencies supporting basic
scientific research, except that institutions rather than individuals will
normally be the entities funded. The National Science Foundation will
be recognized as one agency possessing an appropriate existing charter

and significant experience for the recommended assignment

A,
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3. A Technical Data Program Office Should be Established in a
Technical-Service-Oriented Element of the Executive Branch
of the Federal Government.

The same three functional activities recommended for the Scientific Data
Program Office are also recommended for this office, but technologically
oriented organizations rather than scientific institutions would be the
principal operating activities supported. The fundirg mechanisms for
developing daea-system potentials of national value would be directed
toward commercially oriented technological institutions such as the
trade associations. Special d'3ta services developed out of existing
technological information resources (such as technical information
generated in the programs of government agencies) would be developed
by funding the data possessors, or operated through service contractors.
The Office should have a broad dissemination service charter for data,
comparable to the charter for technical document dissemination now
vested in the Clearinghouse for Federal Scientific and Technical [
Information, but extending to non-federal, as well as federally generated
data.

It is anticipated that even in its third function of supporting research
directed to the advancement of the Technical -Data Program, the bulk
of the actual research effort sponsored by the Technical- Data Program [
should be performed by the data-owning institutions or by research con-
tractors. The requirements for direct research planning and supervision
by the Program Office staff appear relatively modest. r

The Department of Commerce has an existing basic charter to serve the
technological coinmunity, and several operational activities that make it 1
appear a well-qualified organization to consider for the recommended
assignment.

4. A Data Systems Technology Program Office Should Be Established
in an Element of the Executive Branch Possessing Expertise in the
Technical Specialties Involved.

The establishment of this office is recommended to provide an institu-
tional locus for leadership in development of techniques n the manage-
ment and handling of scientific and technical data. The staff of this
office wo d therefore have a more specific technical and programmatic
accountability for national state-of-the-art levels (somewhat similar to
ARPA's role in the military technology regime) than that associated with
the other offices whose establishment we have recommended. The Data
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Systems Technology Program Office would plan and conduct research,
development, and demonstration projects. Some of these would be per--
formed in-house, while others would be conducted under grant or contract.
For example, a demonstration project by a commercial publisher might
be commissioned, or a specialist organization employed to study an
aspect of research of interest to the Office. The Program should be
broad in its technical scope. It should include R&D on small-scale and
local systems and methods aiding the individual scientist and technologist
at his work-station, as well as work on larger, more complex, and more
sophisticated data-system concepts and techniques.

This office should coordinate standardization efforts relative to equip-

ments and handling methods used in scientific and technical data
systems. To disseminate the knowledge generated through its R&D
program, the Office should provide a suitable array of communication
modes, ranging from an active conference and publication program to
consultative and project services. A data systems technical information
center could also be operated or sponsored by this agency.

The Department of Commerce currently carries several continuing
technical assignments requiring the expertise called for by the program
activity we have proposed. Should the Data Systems Technology
Program Office be established in the National Bureau of Standards or
other office of the Departmpnt of Commerce, we would anticipate some
mutual reinforcement and benefit to result.

5. Mission-Oriented Agencies Should be Encouraged to Investigate
and Develop Data-Husbanding Practices Contributing to Both the
Institutional and National Levels.

The support programs described in Section VI of this report can provide
funds for data-management studies and demonstration projects that will
establish a more knowledgeable basis for optimal data practice in
mission-oriented agencies. Such studies may reveal places where
additional data-husbanding activity will be justifiable on a mission-
effectiveness basis. The size and technological sophistication of the
Federa' mission agencies provides a fertile field for a wide range of
such studies, including "data pool" interagency systems, identification
of institution-owned data classes justifying joint support from outside
using communities, and similar innovative approaches. COSATI,
together with the National Advisory Council on Scientific and Technical
Data, should encourage operational network tests extensive enough to
generate experimental evidence of the total payouts potentially obtainableIL
from data-handling systems operating on a national scale.
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I
6. The Professional Societies Should Initiate Data Program and

Systems Development Efforts and Related Studies, Pilot Demon-
strations, etc. to Improve Data Management and Handling in the I
Communities Which They Serve.

The professional society is the primary steward of the languages of
science and technology, including the data languages. It gives prefer-
ential treatment in its formal information services (which are now
primarily the journals) to the more rigorously codified material
generated by its community. It is thus almost uniquely equipped to
undertake the leadership in basic studies and developments in its field
leading to formal articulations of data languages, development and
user testing of data indexes and compilations, and experiments with
new, data-oriented information services that are not derived from
intermediate publication formats. The potentialities for computer-
based technical data service practices also deserve early and intensive
study. Information service formats permitting the sale of information
units (as contrasted to the present tradition of selling the "bundles"
represented by publication formats) may prove the economic key to
the society's capacity to maintain its traditional subject-comprehensive F
service charter without incurring financial disaster or becoming a I-
de facto instrument of the Federal Government through major opera-
tional subsidies.

To the extent feasible, the data program development efforts of the
societies should be integrated or coordinated with a National Scientific L
and Technical Data Program.

7. The Trade and Industry Associations Should Initiate Data [
Programs and Systems Planning and Development Efforts
and Related Studies and Pilot Demonstrations, etc. to Improve
Data Management and Handling in the Communities Whicih They
Serve.

In serving technically specialized industrial communities, traIe and [
industry associations perform roles comparable to those played by
scientific and prL.Zessional societies in their service to scientific r
professions. Effective data management in this sector is as important I
to the national interest as it is for data classes encountered in society
activities. As noted in Recommendation 3 in this section, funding sup-
port from the Technical Data Program Office would be one substantive K
means to stimulate interest and provide economic shelter for innovative
tests of methods for upgrading the husbandry of technical data. The [
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trade associations are strategically located to contribute to Advisory
Council panels, particularly on resolutions of issues involving pro-I prietary/public interests in technical data systems. As an institutional
class, they are probably one of the most appropriate focal points for
coordinating technical data program developmental efforts and providing
operational service to the industrial sector.

1 8. Commercial publishers, data-processing services, and the com-
munications industry should be encouraged to advance the processing
arts and establish organizations and facilities capable of meeting
data-system service demands.

While the governmental and "societal" institutions must bear inuch of the
burden of planning and development of viable data systems, commercial
enterprise possesses the basic endowments for building and operating
ms t of the "production plant" activities associated with data systems.

I. The technological skills of the industry can be employed through contrac-
tual relations in pioneering work requiring the development of novel
equipment, indexing, or processing arts. Experiments involving new
publication formats (e. g., offering the data content of a proprietary
handbook as a computer-based, reactive service, as well as in the
traditional printed form) could be assisted through underwriting support
from the Data Systems Technology Program Office (See Recommendation
4).

Commercial institutions generally appear the focal point for activities
where cost and profitability criteria are influential measures or con-
trollers of efficient performance, and where data activity provides
sound opportunities for attracting private investment. Therefore,
professional societies, trade associations, and Federal agencies should
make maximum use of commercial services, not only as consultants onI. planning and development phases of data systems implementation, but
especially as operators of segments or all of data systems when they

"p are fully implemented.

9. The National Science Foundation and Other Organizations Currently
Funding or Conducting Training and Educational Programs Should

Consider the Special Educational Needs of Data System Designers.
Operators, and Users.

Current programs directed to the education and training of information-
science or library specialists should be re-oriented to also accommodate
the needs of individuals oriented toward data management and dat. handlingji -37i
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systems. Similarly, educational institutions and professional societies,
such as the American Society for Information Sciences, should increase
the number of institutes, seminars, conference sessions, etc. which
deal with data management and data handling systems.

I
I
I
[

[
I
I
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VI. IMPLEMENTATION OF RECOMMENDATIONS --
iA TIME-PHASED PLAN

A series of recommendations concerning further study of scientific and
technical data system(s) concepts were presented in previous sections.
Most of these recommendations could be implemented independently;
however, as noted previously, a major deficiency of current efforts'I toward data systems development is a lack of a means for coordina t ion or a
focal point for integrative actions. Too frequently, when data systems of
the future are discussed it is in terms of fantasies of the year 2000 rather
than the actions to be taken in 1969, 1970, etc. This section embodies
our major recommendations in an integrated, time-phased plan. This
plan identifies a network of actions which constitute a desirable sequen-
cing of major steps and indicates sorie of the interdependencies among
the recommendations for study and implementation of national data
system(s) concepts.

I. A. Basic Considerations

v As indicated in the introduction to this report, the Task Group has previ-
ously established three basic guidelines for effort directed to dev,.-op-
ment of national scientific and technical information systems. These
guidelines were:

"* There should be no disruption of existing information
channels;

"* Account must be taken of widely differing capabilities
of existing systems and the realities of funding lcng-
established practices, rapid changes in information
technology, and the differing needs of various segments

V" of the user communities; and
V.

"* The Government cannot direct the private activities
Sthat form a major element of the national information

capability- -that it can only encourage them to join
forces in a national system.

M-Aso, the Office of Science and Technology had previously enumerated
four desirable characteristics of national information systems. First,
the systems would mini-nize the duplication of human effort both in the
generation of data from research and development and in the handling
of information resulting from this effort. Second, national information

"I systems would require the establishment of certain standards for quality
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and form. Third, systems would not normally be operated by Federal
departments and agencies, although exceptions would be required in some
areas of science and technology. Fourth, the responsibility for national
system(s) would be fixed in one Federal department to focus attention Iand effort on a specific set of objectives and activities.

Some of the basic questions examined in formulation of the recommended
plan included:

* What are the principles which snould guide national
scientific and technical data system development
efforts? ?

* How can the present situation be best illuminated
and analyzed to relate present operations and capa-
bilities to the overall objective of a more effective
use of our national scientific and technical data
resources? '

8 How can on-going efforts be promptly and effective-

ly synthesized into a more unified and systematic

total effort?

a What new or additional programs cr systems will be
required to either identify requirements or develop
new means of serving existing needs?

0 What should be the functional purposes of new pro-
grams and systems?

a What should be the relationship between the compon- •
ents, both new and old, of thM. total scientific and
technical data program?

* What controls are required to assure that the national
scientific and technical data program and related sys- [
tenis can be developed and operated effectively and
efficiently ?

The implementation plan proposed is based upon a belief that evolution L
of an effective scientific and technical data system must progress through
the following stages: [

(1) Development of an increased awareness and under-
standing of current scientific and technical data re-
sources, data management and data handling capa-
bilities, and data use factorq by the many individuals
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and organizations who must participate in the future
planning, development, operation, and use of scientific
and technical data systems.

(2) Application of systematic planning and evaluation
methodologies to analyses of the data management and
data handling system requirements for individual com-
munities and between communities within science and
technology.

(3) Coordinated application of improved data handling
methods which

a satisfy the higher priority functional service
requirements, especially those which are not
currently being served,

U make optimal use of available personnel skills,
equipment capabilities, and existing data re-
sources, and

* are acceptably economical.

i4) Monitoring, evaluation, and refinement of data manage-
ment programs and data handling systems to maintain a
data system adequate to suppert national objectives for
scir-n(e and technology.

Efforts, t. date, by the Task Grcup on National Systems have been
direc*ed almost excluslvely to Stage I of the above sequence. The im-
plementation plan present ed in this section extends this effort and out-
lines ac t ions required *o move through the remaining stages of national
data systems development. Th(- plan is not highly prescriptive as to
the configuration and functional structure of national data handling sys-

7 tems. Rather, primary emphasis is given to identification of actions
which will evolve goals, competencies, and motivations which can be
integrated into a comprehensive, yet decentralized program to achieve
"optimum utility from our national scientific and technical data resource.
The recommended program should not, in fact cannot, be implemented
on a crash basis; neither can its implementat ion be delayed if the U. S.
intends to maintain its position of preeminence in s( 'en e and technology.
The plan is offered as a preliminary blueprint for establ.shment of a
National Scientific and Technical Data Program. If the recommended
plan is initiated in FY 1969, national s(entific and technical data sys-
tems could be a functional reality as early as FY 1975.
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B. General Plan I
From the onset of this study, the search for effective means to develop a i
national data management capability has captured tie attention, and re-
mained the focal point of planning objectives. Study findings indicate
that a fresh approach to organization, new working relationships, a work-
ing appreciation for the apparent and subtle differences between the
data management needs of one community and another, and closer dia-
logue between the individuals and organizations involved are required I
for improved national data management. The plan recommended is
intended to evolve a transcendence from the scale of individual or single-
organization level data management to a broader, cooperative national 1
program. It would be futile to attempt to escalate current efforts to a
national data management program before the goals and objectives of
such a program were firmly established and understood. An orderly I
and systematic step-by-step transition is necessary so that current
programs are not disrupted and so that the proper stimulus can be estab-
lished to evoke a responsive attitude among required participants. The I
plan introcbdces the recommended program in such a way that its develop-
ment will be user-oriented, that the program will be responsive to change,
and that timely modifications can be made during the transition from [
current data management practices to those established by the National
Scientific and Technical Data Program. 1.
Study indicated that an effective data program must not only include both
government and non-government participants but should provide for r
interaction of these two major classes of participants at all functional
levels within the planned program. The func4i_..1 levels covered by the
plan are:

a Centralized programming functions,

8 Planning and coordinating functions, and I
P Development atid operating functions. I

The centralized programming !unction consists of establishment of
policies, definition of priorities. husbandry of legislative awid budgetary
needs, and overall re.iew and ,valuation of program effectiveness. I
This function would be coordirsted by the Office of Science and Tech-
nology with consultation from the National Advisory Council for Scien-
tific and Technical Data.

IV
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The coordinating and planning function consists of a systematic effort to
involve a larger segment, both government and non -government, of
the scientific and technological community in a cooperative plannilng
effort directed to upgrading of existing data service~s and systems and
to formulation of artions leading to improved future syst ems. TheII National Advisory Council it~r ;3cientific and Technical Data and its
staff would coordinate the total planning effort with responsibility for
coordination of detailed level planning assigned to two program offices--
onc- for scientific data activities and one for technical data activities.
The National Advisory Council woulo maintain responsibility for inte-
g~ating the planning efforts of the two program offices, other organiza-I ti~ns such as the mission- oritnted government agencies, and its own
study results into a unified national program plan.

The development and operation function consists of implementation of
programs and plans. Initially, this function involves local study and

- examination requir'J to evolve national program needs. In subsequent
phasqes )f the program, this function involves the actual dev~lopment
and operation of data management and data handling systems. These
functions would be conducted by designated agents within the vari-us
scientific and technological communities. These agents might Lie pro-
tt-ssional societies, trade ass"" iations, edlicational institutio.~ :'
gove rnment agencies.

Figure VI-B-l displays the major features of the proposed implementation
plan. It contains four siequentiai £'nd evolutionary phases, each Ut
which is a p~ erequisite to aucceeding phases and the ultimate obliective.
The following sections describe the plan and the sequence of steps in-
volved in its execution. D~escription of the plan concenkrates on the
cuntralized prograrnminpr and tht planning and coordination functions
bt-..auae the plan. itspif, is intended to evolvc a further definition of
ýhe deve~ipment and operation functions. Also. both the achematic antt.L ~~descriptions of the plain emphasire new p'rogranms and organizational
responsibi lities. Ifowever. it should Nw noted the continuation and im -
provement of ue~r~nt data handling oprrations5 is a vital part of tht
retornmencfd National S--ientific and Technical Data Program. The new
programs recommended are not A;ntendtd to supplant existing operatfrnns
but to extend coordinated data management and data handling operaktiOnsI to additional aa of 'qcience and trchnology and to providt- a nicans for
coordination and irnproveuaent of existing p.-ogra"ns and services.
Panels cf the National Advirary Council for Scientific and Technica4i

iFold-out sheet at bac-k ol Rieport
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Data provide a cha, nel to assure that existing programs such as those
of mission-orienteu government agencies and agencies currently involved
in collection of general purpose scientif. -. data, have an effective voice r
in the development of national program plans. It is equally as important
to note that the Panels also provide opportunity for inputs from commer-
cial publishers and other non-government interests.

C. Phasing of the Plan

Figure VI-B-P*depicts the implementation plan as consisting of four
phases, only three of which are detailed. The final phase, which is sys-
tems operation, obviously cannot be prescribed at this time.

Phase I - National Scientific and Technical Data Program Definition.
This phase, extending for one year, can be viewed as consisting of two
sub-phases. The first sub-phase essentially consists of establishment
of the organizational structure requibed to implement the plan. The second
sub-phase is devoted to a more explicit definition of the program plan.

The first sub-phase is initiated by review of the r ecommendations in this r

report by the Task Group, COSATI, and other advisory bodies to OST/
and the FCST. Assuming general approval of the recommendations,
OST would initiate efforts to formally establish the National Scientific
and Technical Data Program. This would involve coordination with Li
affected Federal Agencies, the National Academy of Science - National
Academy of Engineering, and exploration of the requirements for
Executive and/or Congressional actions required to establish the Pro-
gram. The two Federal agencies most affected, the Department of
Commerce and the National Science Foundation, each are currently
operating under specific legislation relative to facilitating the utiliza-
tien of scientific and technical information by the non-government seg-
ments of science and technology. Pertinent legislation includes Public
Laws507 and 776, both passed by the 81st Congress, and Title IX of
the National Defense Education Act of 1958. However, new legislation
may be required either to establish specific authority for cost-sharing
between these departments and non-government organizations or to
establish a stronger justification for program funding.

Major crzizatione1 structuring steps to be taken during this sub-phase
include establishment of a Scientific Data Program Office in the National
Science Foundation, and a Technical Data Program Office in the Depart-
ment of Commerce, creation of a Data Systems Technical Information
Center to support the Program, and the organization of the National
Advisory Council for Scientific and Technical Data. Figure VI -C-i 1

*Fold-out sheet at back of Report.
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I
displays these organizational elements of the Plan and their relation-
ship to other elements of the National Scientific and Technical Data
Program.

Another important preparatory action will be the establishment of mini-
mum budgets for data management activities within each of the Federal I
Agencies performing scientific or technical research and development.

The initial sub-phase would culminate with a White House Conference I
designed to inform the U. S. scientific and technological community
concerning the Program and to enlist cooperation in its development. [
The second sub-phase involves development of the National Scientific
and Technical Data Program Plan. During this period, each of the
major organizational elements of the Program would formulate and I
contribute inputs to the Plan. Both the Scientific Lata Program Office
and the Technical Data Program Office would further define their pro-
gram objectives and establish procedures for selecting and establishing[
priorities among scientific and technical data activities to be included
in their programs. Simultaneously, other Federal Agencies would
identify the data management and handling projects within their res- r
pective agencies which would be coordinated with the National Pro-
gram. These projects would be identified at the earliest possible
date so that their interface with the National Program could be
defined.

During his sub-phase, the National Council for Scientific and Techni- [
cal Data would assemble a staff and establish contact with representa-
tives of the various scientific and technological communities. Specialist
panels would be selected and the panels would formulate inputs to the
National Scientific and Technical Data Program Plan.

Phase I would be terminated by the joint issuance of the National Scien- I
tific and Technical Data Program Plan by the Office of Science and
Technology and the National Advisory Council for Scientuic and Tech-
nical Data.

Phase TT - Formulation of the National Data System Development Plan.
This phase of two years duration is vital to the proposed plan. It is
during this period that requirements for data management and data
handling systems will be critically reviewed both at the local and
national level. Simultaneously, developmental and prototype tests
will be conducted to ascertain the adequacy of equipments and methods
to meet data management and handling requirements. j

VI-8 I



Solenoe Communloadlen
Washington, 0. C. 200 07

COSATI Data Systems Study
Final Report - F44620-67-C-0022 30 April. 1968

During this period, the Scientific Data Program Office and the
Technical Data Program Office will be pursuing two activities. First,I ithey will each select a limited number of scientific or technological
communities to participate in Federally supported data system planning

"*• and development programs. Funds will be provided to a selected organi-
zation within the community for evaluation of data management require-
ments of the community and formulation of a data system development
plan responsive to these requirements. The selected organizationI within each community will be required to obtain the cooperation and
participation of other institutions in the community and will be required
to follow general planning guidelines established by the Data Program
Office. The latter requirement is intended to facilitate review of the
plans and to permit study of similarities and differences of requirements
from community to community. It is anticipated that an inventorying
or indexing of the data resource of the community quite likely w.l1 be a
part of the procedure employed to ascertain data management require-
ments. A second activity of each Program Office will be support of
prototype efforts to develop methods or to initiate services which offer
unusual potential for improving the management, dissemination, or use of
data within specific scientific communities. These prototype tests would
be selected not only to alleviate specific problems but also to identify
those methods and services which should be considered for implementa-
tion on a broader scale. For example, the Technical Data Program
Office might explore the utility to commercial food processing firms of a data
resource referral service which provided access to data files created
by the activities of the Department of Agriculture, DOD Quartermaster
operations, etc. The Scientific Data Program Office might explore the
feasibility of creating an index to the data content of the journals serving
a given community of researchers. All of these prototype services
would be carefully monitored to ascertain their potential application to
national systems.

I Whereas the Scientific Data Program Uffice and the Technical Data
Program Office would direct their support largely to specific communi-
ties, a concurrent program centered within the Department of Commerce
would support tests of new methods and services broadly applicable
to the data management requirements of several scientific or techno-
logical communities. This program would emphasize the adaptation
of computer and other technologies to data handling functions.

During this phase, non-government organizations would begin to play an
increasing role in formulation of the National Data Program. Pro-
fessional societies, trade associations and other appropriate organiza-
tions would apply to the Scientific Data Program Office or Technical
Data Program Office for planning grants for their communities. Once
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[
selected as the designated organization and awarded a planning grant,
the professional society, trade association, etc. would coordinate the
evaluation and planning effort, making sure to provide for participation 3
of all interested groups in the community. The designated agency would
culminate its particpation in this phase of the program by submission
of a data system development plan to the sponsoring Data Pi ogram I
Office. This development plan would be formulated specifically to
meet the requirements of the community and might be highly complex
or simple, and might require extensive or little change in current
data management and handling practices in the community.

During this phase, the National Advisory Council for Scientific and I
Technical Data, its staff and panels would be studying inter-community
data management and data handling requirements. In addition, these
bodies would be formulating plans for integrating appropriate data
management and data handling efforts into a national program. These
efforts would terminate in the joint issuance with the Office of Science
and Technology of a National Data Systems Development Plan. This
plan would integrate iindings from prototype tests of methods and ser-
vices as well as the system development plans generated by individual
scientific and technological communities. It would also integrate
findings from operations and analyses conducted by the mission-oriented
agencies of the Federal Government. Since these data handling opera-
tions are intimately associated with on-going research and development
efforts and would have a longer operating history than any of those
initiated and tested under sponsorship of this Program, their contribu-
tion to formulation of the National Systems Development Plan should be
substantial.

Phase III - Development of National Systems. This phase of three years r

duration will test the feasibility of national data system development.
During this period, several systems will be under development concur-
rently and will undoubtedly differ substantially as to structure and
functional purposes. Each of the Data Program Offices will be con-
tributing to support of development of full-scale data handling systems
to serve specific communities of scientific or technological activity.
A significant part of the activity during this phase of the Program will
be devoted to development and testing of methods and facilities for
serving the data i.andling needs of specific communities. These facili-
ties may be centralized or decentralized depending on the needs of
the community served. However, considerable attention will be given 3
to questions of standardization to assure an optimization of compatibility
between all systems being developed as part of the National Scientific
and Technical Data Program. The National Advisory Council will study
standardization requirements and make recommendations 'i
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promulgated through the Data Program Offices.

Whereas the development effort within specific scientific or technological
communities will be largely evolutionary, the development efforts

i within Federal Agencies will be increasingly integrative especially in
the area of general purpose data collection. Through its appropriate
Panels, the National Advisory Council will continue to study and

I develop plans for consolidation of the data activities of Federal Agencies
wherever it can be shown that such consolidation would result in more
effective national use of the data resource.

The development phase will be terminated by a review of development
and integration efforts. This review by OST and the Nsalional Advisory
Council will precede the shift of systems from developmental to
operational status.

Phase IV - Operation of National Systems. This phase of the Program
will increasingly involve non-government organizations for it is hoped
that many such organizations will voluntarily participate in the Program
without requiring government support of development operations. This
should become increasingly feasible as effective methods are developed
and the benefits accruing from data system development are demon-
strated. It should be noted, however, that it will probably be a con-
siderable period before the Federal Government can terminate its
support of data system development efforts. In fact, it can be antici-
pated that even after the first scientific and technological communities
reach an operational status with their systems, other communities will
not yet have initiated determination of data management requirements.

S1D. Special Implementation Considerations

1. Fiscal Factors: In the previous sections of this report, current
technical data activity has been characterized, key problems and oppor-
tunities identified, informed judgments concerning national systems
aspects marshalled, and specific policies and actions recommended.
A national data program that embodies these recommendations has
been articulated and a phased plan for its implementation has been

3 structured. If this plan is placed in effect promptly and supported at
the level recommended, it can be expected to yield operational data-
system activity, nationally significant in its volume and character,
by 1975.
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Within the Federal R&D program activity, * the means exist to create
virtually overnight a major shaping force for future national data
systems. It can be implemented by adoption of our recommendation I
that each agency allocate a designated minimum percentage of its
budget to husbandry of the data generated by the program. Based
on the suggested "tithing" criteria of 1016 for basic research programs, m
15% for applied research, and 5% for developmental programs, an
activity level in the Federal agencies of approximately $1. 35 billion
per year would thereby be identifiable as related to the National Scientific I
and Technical Data Program approximately diree years after the
Program was initiated. 3
It should be appreciated that this effort level is a relatively modest
fraction of the estimates otherd have made of data activities in
Federal programs. For illustration, activities associated with general-
purpose data collection are estimated as over $400 million annually:
DOD data-activity costs are variously estimated as between $2 and $3
billion annually. The program and reporting accountability suggested K
in this recommendation therefore should impose minimal burdens on
programs containing any reasonable present level of data-husbanding r
activity.

An estimated $71.8 million of "new" money, or about 0.4% of the R&D
budget, will be required initially to fund the national-level planning, [
development, and support offices of the Program. Fur 'ings should be
expected to increase appreciably over the initial 6-year period covered
by the recommended implementation plan. It is expected that a
$100 million budget level would be reached by the sixth year and
would then recede to the initial budget level which would then be main-
tained for a number of years. A breakdown of the budgetary allocations
considered appropriate for the second year of the plan follows:

$ Million [
National Advisory Council $2. 5

Scientific Data Program Office [
(50%) Data system development

program (matching funds) 16.0
(30%) Special data services 9.6 I
(10%) Supporting research 3.2
(10%) Administration 3.2
(100%) Total $32. 0

*Federal Funds for Research, Development, and Other Scientific Activi-

ties, Fiscal Years 1966, 1967 and 1968, Volume XVI: National Science
Foundation. NSF 67-19.
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Technical Data Program Office
(40%) Data system development program $ 8.24
(40%) Special data clearinghouse service 8.24

) (10%) Supporting research 2.06
(10%) Administration 2.06
(100%) Total $20.60

Data Systems Technology Program Office 16. 70

TOTAL 7 71. 80

These activity levels are believed sufficient to establish a program
Sactivity that has some reasonable chance of producing meaningful

development actions at the national level. We think it particularly
important that the Program, from the beginning, begin to function
as a facilitator of advancement in data-management activity in major
data-producing and data-using institutions. It will be noted that the
"new-money" level proposed is intended to facilitate such develop-rments nationaly, and also that it totals only 5% of the Federal data
activities to be identified and accounted for by the National ScientificI and Technical Data Program.

As a matter of somewhat incidental interest, initial funding for the
Scientific Data Program was established as 0. 5% of the basic and
applied research budget of the Federal Government. The Technical
Data Program fund was established as 0.2% of the development
budget, and the Data Systems Technology Program as 0. 1% of the

j total Federal R&D budget.

Over the 6-year development cycle projected, the functional efforts
of the National Program will fluctuate appreciably in scale and
character. Figure VI-D-1 reflects a current estimate of the magni-
tude and pattern of these changes through to the point characterized
by continuously operating systems.

As inferred previously, the initial year or Phase I of the Plan will
require only a small amount of funding. Such funds can probably be
obtainSd from existing agency budgets for FY 1969. The second
year of the Plan. FY 1970. would represent the initial year for
specific funding for the Program. From this initial level, the
amount of funds expended in the Program would increase much more
rapidly than tho funds budgeted specifically for implementation of
the Plan. Some of these funds would be contributed by non-goverr-
ment participants in the form of matching contributions to program
costs. A much larger increase wouild result from identification and
coordination of other Federal Agency data management and handling
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activities with the new elements of the National Data Program to be
established in accordance with this Plan. The latter aggregation of
existing Federal data activities will account for much of the increase
in the level of imnplementing and operating effort shown for Phase IV in
Figure VI-D-1.

2. Technical Factors: The discussions and recommendations of this

volume employ the simple term "data" for what is clearly evident from
Volume 11 as extremely dyaamic and diverse congeries of fact-matter
within the national and international patterns of scientific and techno-
logical activity. This diversity must be dealt witkw realistically as the3 National Scientific and Technical Data Program is implemented. Broad-
ly, it constitutes an underlying reality that cautions against approaches
that can founder by being too inflexible.

Some of the technical and economic factors that significantly affect
implementation concepts are:

8 Physical growth of a specific data body calls for pro-
gressive change in data-management methods. Tech-
nologically desirable "housekeeping" of the body may
call for special assistance to the data-handling insti-
,utions implementing the transition from one stage to
the next.

a Intellectual growth of a subject field requires a con-
tinual housekeeping effort on termknology, a respon-
sibility traditional to the professional society. Its
addition, a field will sometimes go through a revo-
lutionary reform in its conceptual structures. as the
field of chemistry did when the phloglstor theory was
overthrown, or when key methodologies such as Ins-
trun•ental chemical analysis began to replace "w•"
methods. The work reqluirud to Wo.rm data l*apzhges

i and strue' Zres, ane tVq generate new data bodies can
be massive under such circumstances. and at times
will justify ,mplemeuting aid. TechnologytD4rAn,.er
program activity is a sphere of current importance
that may gone-'ate need for translational dictionries
and vim.:ar tools highly relevant to the data program.

I Growth or diversificatiin of the pnpulation using a
data body. oi a shift in Its demand patterns, is ano-3 ther factor that can generate new implementation
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requirements for data service. For example, high-
technology practices have created new demands and
also provide potential new support for more rigorously
validated data resources and more responsive services
than have been traditionally demanded. i

3. Sociological Factors: Sociological factors affecting implementation
are probably more controlling than the technical and economic factors.
Probably the most powerful one, fear that new data programs will I
compete with or weaken existing systems, is too familiar to need
elaboration here. There are, however, some we can identify as speci-
fic and probably important within the scientific and technological com-
munity existing today:

a The community does not, in general, differentiate i
the data activity and the potentials for improved data
activities and systems, from information activity as
a whole. Data-oriented discussions, however, have
readily awakened awareness and frequently strong
enthusiasm. We have the sense of a strong latent
recognition of the potentialities in breaking new
ground with data programs. The essentially fallow
ground now existing requires at least a modest educa-
tional cultivation. However, a thoughtfully framed
program dropped intc the present near-vacuum may
thereby gain adherents much more rapidly than if it
had to find its place among a diffuse array of pre-
existing,inevitably competitive activities.

s Major data programs will produce more conscious
recognition within the community of the potentialities
for technological use of scientific data. They should
have the effect of promoting science-based technolog-
ical approaches, and of stimulating work within the
community on better-codified terminology linkage
between scientific and technological languages. In
inplementing the data program, important benefits
should result by drawing the community into the [
language-codification activities required to create
adequate intellectual control of the data-handling
systems that will be developed. [
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I

6 The typical scientist and technologist has not been
I accustomed to view technical tools such as his data

resources as also being a national resource. In
part, this is the. result of the phenomenological
nature of most scientific and technological data,
whose nationally significant attributes principally
associate with their management rather than their
substance.

4. Priority and Incentive Factors: The supply of development supportI funds provided for the Scientific Data Program and the Technical Data
Program can be expected to prove much smaller than the demands
made on them for data program development cost sharing. This
situation should promote sound and vigilantly administered support
commitments. It should also constitute an important educational
exposure for Program specialists whose advice would normally be
sought when major system priorities are under discussion.

r •A source of gcnuine expe. ;se must be developed during the early years
of the Program to prepare for the crucial decisions when operational
system priorities must be weighed. The complexity of these considera-

Sr tions has beccme strikingly apparent in this exploratory study: as
more is learned, we expect further complexity to become evident.

We also expect that sound rationales can be developed for identifying
the significant value elements of a proposed data system development
program. Figure VI-D-2 displays a coarse characterization of the
data activities in the science-technology fields examined in this
project study. They have been characterized by factors we believe
are significant when evaluating the benefits expected to accrue from data

S [ system development efforts and expenditures.

Refinement of methods for establishing priorities and optimizing return
on data system development expenditures constitutes a critical require-
ment if the National Scientific and Technical Data Program is to be
implemented efficiently. At least initially, however, the selection of
areas for program development can probably be made on the basis ofII less systematic and mu±e intuitive bases. For example, the compe-
tence of the individuals or organizations applying for Federal support
could easily become the over-riding consideration, for currently high
competence in data system development is exceeding scarce. In order
to attract the best available data system development competencies, 4
it may be desirable to publicize the Program under a designation such
as Project Dataphore. This title would emphasize the increased
functional utility for data which is the main objective for the proposed

S I Program and National System Development Plan.
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I
FEDERAL COUNCIL FOR SCIENCE AND TECHNOLOGY

COMMITTEE ON SCIENTIFIC AND TECHNICAL INFORMATION

CHARTER

for
Task Group on National System(s)3 for Scientific and Technical Information

l GOALS AND OBJECTIVES

The Task Group will:

1 1. Undertake those investigations needed to (a) inventory
and evaluate the resources (people, libraries and otherK •. services, equipment, materials and funds) currmntly
being utilized in national and other domestic scientific
and technical information activities, and (b) ascertain
the information needs of users such as: scientists,
engineers, managers, practitioners, and the tech-
nical public, as individuals and as groups, in and out
of the government.

2. Based upon these and other findings, prepare recom-
mendations and plans for the development of national
information system(s) to include action for government
agencies, suggestions for actions by the private sector.
and steps to move from current to advanced information
systems.

APPROACH AND SCOPE

The Task Group will undertake such studies as are necessary to provide
requisite knowledge for its deliberations. Because of the varied interests
and specialized knowledge of groups not directly represented on the Task
Group, such as librarians, abstracting services, commercial publishers.
and professional societies, it is the intent of the Task Group to call on
representatives of such outside groups for information and suggestions.
An illustrative list of problem areas incbides:

1. Determine why and how the scientist. practitioner.
manager, and the technical public assimilate and use
technical information and identify trends that in prac-

1-2 (3)
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I
tice and under certain environmental conditions may
change these use patterns.

2. Examine the relationships between producers, processors,
wholesalers, retailers, users, .and systems of scientific
and technical information. The study should seek to
obtain Ldch data as numbers of each type involved, size
of operation, characteristics, trends,. problems, econo-
mics, efficiency of effort, and education and training
re.quirements. Both present and future aspects should
be analyzed and evaluated. 3

3. Identify and evaluate a series of independent proposals for
scientific and technical information systems presented in
the last few years, considering for application those ele-
ments which appear to have immediate or future value for
advanced information systems. I

4. Analyze present and proposed national information systems
which range from centralized to decentralized for costs, [
performance, resource requirementb. impact, copyright
and piz prietary right problems, and rncthods of financing. [

5. Examine other information systems in operation or under
development of sufficient importance to the scientific and
technical information community to warrant close coor-
dination.

S. Cunsider the development of national informatior systems I
in relation to international scientific and technical informa-
tion trends and patterns.

7. Review the state-of-the-art pertai-ning to equipmerts.
facilities. techniques, organizations, as related to
existing and potential national information system(s). I

1
I

1-2 (4) 1*
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I

PARTIAL GLOSSARY
FOR SCIENTIFIC AND TECHNICAL DATA ACTIVITIES

Many of the current difficulties in scientific and technical data management
and system development efforts result from an inability to conduct precise
and effective communication3 concerning the subject. Individuals, offices,
and organizations frequently use a customized vocabulary with special

Ii connotations for each word. A means is needed to formulate an appropri-
ate set of terms and definitions, and to encourage their acceptance and use
throughout the scientific and technical community.

Although it was not an, expressed objective of this study effort to formulate
a scientific and technical data nomenclature, a partial vocabulary did
evoive from the study. To a large extent, the terms had been previously
conceived and documented by other individuals or groups. In addition, a
limited number of terms and connotations were formulated to facilitate
conduct and reporting of this study.

The following terms and definitions are representative of those informally
developed during the conduct of the study. These and other definitions
developed and used in the study are suggested as a focal point or basis
for future development of a recommended nomenclature for scientific and
technical data activities. Implementation of an effective nomenclature
system would be an appropriate step toward a more systematic and effec-

r tive management of scientific and technical data activities. The Depart-

ment of Defense Technical Data and Standardization Glossary, wh~cl in-
corporates many definitions from previous glossaries prepared by COSATI
and other groups, was a primary resource in developing the following list.

Technical Data and Standardization Glossary, Office of the Assistant
Secretary (Installations and Logistics), Department of Defense,
December, 1965. TD-2. 21 p.

1-3 (3)
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PARTIAL GLOSSARY [
FOR SCIENTIFIC AND TECHNICAL DATA ACTIVITIES I.

APPLICATIONS DATA: activities subsume both the formal

Data utilized in the production, and informal data efforts conducted I
operation, and maintenance of end to facilitate the generation, hand-
items of equipment, material, pro- ling or use of scientific or technical

ducts, and operating systems of all data. I
types.

DATA -DOCUMENT:

APPLICATIONS-PRODUCT DATA A document which contains prin-
ACTIVITIES: cipally factual information or data,

The management and handling of rather than conceptual information.
data associated with the application I
of scientific and technical knowledge, DATA EFFORT:
material and/or techniques to the An organized activity which serves
production, operation, and mainten- to facilitate the transfer of scienti-
ance of end items of equipment, fic and technical data from the gen-
material products, and operating erator to the user or from one to r
systems of all types. another of the intermediaries be- A,

tween the generator and the user.
CHARACTERISTICS (OF DATA): Functions of data efforts include col-

Attributes which are germane to lection, reduction, evaluation, trans-
a given bit of data or are descrip- mission, extraction, storage, re-
tive of a class of data. Typical trieval and dissemination of data.
chdracteristics of data include de- [
gree of refinement, (raw, reduced, DATA HANDLING:
evaluated, etc.), accuracy, preci- The processing of data and its
sion, volume, rate of obsolescence, transmission from the sourcc to the
etc. user. Data handling excludes the

creation and use of data.
DATA:

Quantitative or qualitative rep- DATA HANDLING SYSTEM:
resentations of properties, charac- An assembly of procedures, per-
teristics, or attributes of objecti, sonnel and equipment inter-cting to
events, measurements, or obser- perform data operations such as re-
vations. cording, reduction, transmission,

extr.-ction, manipulation, storage,
DATA ACTIVITIES: retrieval, formatting, and dissemi-

Any operations involving the nation. Data handling operations are I
management or handling of scien- primarily conducted either to facil-
tific or technical data. Data itate interaction an: evaluation of

[
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data by the generator of the data, DATA SCIENTIST:
or to facilitate the flow or transfer A person informed in the field of
of the data from the generator to data science who is capable of ob-
the user, either directly or indi- serving, measuring, and describing

rectly, the behavior, properties, and flow
of data; and who, through research,

DATA MANAGEMENT: advances its understanding and use.
Those policies, procedures and The data scientist engages in data

actions used for coordinating and science per se; whereas a data spe-
directing efforts to determine data cialist engages in data activities
needs, generate data, and handle concerning a specialized subject.

data in a manner which permits op-
timal use and conservation. Data DATA SPECIALIST:

Smanagement is performed by all A person primarily engaged in
levels of participants in science and the management or handling of data
technology and is facilitated by data in a particular field such as human

F management programs and data engineering or solid~state physics.
I handling systems. A librarian or documentalist, by

way of contrast, devotes his efforts

DATA PROGRAM: to document control and reference
A plan or scheme of action de- services.

signed for the accomplishment of a
definite data management or data DISCIPLINE -RESEARCH DATA
handling objective which is specific ACTIVITIES:
as to the time-phasing of the work to The management and handling of
be done and the means proposed for data associated with research which
its accomplishment. is primarily directed toward achiev-

ing greater knowledge or understand-
DATA PROJECT: ing of certain subject matter.

Any identifiable study, task, com-
ponent, syttem or program, directly DOCUMENT:
applicable to data management and A record of data, or of a concept,

handling, such as data preparation, presented in any form from which
acquisit on. storage. retrieval, re- information can be derived, e.g.. a
"production. display, exchange, dis- page containing data, a graphic rep-

semination. utilization and system resentation; a tape recording,or a
or progran development or opera- book.

r tion.

"FORMAL DATA EFFORT:

DATA RESOURCE: A data effort which has a recog-
The wealth tepresented by data; nizate structure, name. staffing or

the aggregate sutply or source oi other definable attribute, and which
data. iunctxcnt to handle data by formal

1- 3 (5)
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I
means. Examples of formal data PRIVATE DATA:

efforts include data collection net- Data for which the ownership rights 3
works, data-document depositories, are held by an individual o c organi- U

etc. zation which prefers to retain the

data in security, or strictly for pri- 3
FORMAT (OF DATA): vate use.

The mode of representation used

in recording, storing, retrieval, PROPRIETARY DATA:
transmitting or presenting data. Data for which the ownership rights

Format defines the sequence of sym- are held by an individual or organi-

bols or sets of symbols used to zation who will sell or otherwise per-

represent data. mit controlled use of the data. In

many cases, proprietary data are

GENERAL PURPOSE DATA copyrighted. [
ACTIVITIES:

The management or handling of data PUBLIC DATA:

in a context which is neither an in- Data which are in the public do- t

tegral part of a scientific or tech- main and can be used without consi-
nri•al effort nor serves as a direct deration of ownership rights.

support for specific scientific or
technical efforts. Such activities SCIENTIFIC DATA:

frequently collect or organize data Data generuted by research or

which subsequently finds application other study employing the scientific
in scientific or technical efforts. method. Scientific data are normal-

ly generated by discipline-oriented

INFORMATION: research activity, but are applied in [
An elaboration of, description of, all phases of scientific and techno-

or exttnsion of data. Knowledge logical activit;.

communicated or received.

SCIENTIFIC DATA HANDLING
MISSION-DEVELOPMENTA L DATA SYSTEM:

ACTIVITIES: A set of data handling operations by I
Tne management and handling of which data are processed and trans-
data associated with the practical ferred in connection with discipline-

appl,cation of scientific or techni- oriented research a:tivities. Scien- I
cal knowledge, material, and/or tific data handling systerrs facilitate
techniques directed toward a solu- the maintenance of the knowleage

tion to an existent or anticipated structure of a science or discipline.
technological requirement. A major fur ctior of this system is

validation of new measurements ard

NATION'AL. DATA RESOURCE- establishment of relationships be-
rhe coilective data wealth of a tweern new data and the pre-erosting

country or its means of producing data base
wealth :n the form of data.

1-3 (6) [
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TECHNICAL DATA:
Data generated as a result of the

practical application of know'ledge,
material and/or techniques directed

• I toward a solution to an existent or
anticipated technological require-
ment.

I TECHNICAL DATA HANDLING
SYSTEM:

A set of data handling operations by
which data are processed and trans-
mittea from originator to the tech-
nologist user. It is by means of
the technical data system that the
coupling of basic research to devel-
opment and application is achieved.

L
9.
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I
SELECTED READING LISTI

During the past several .ears, relatively little study and examination
has been directed specifically to scientific and technical data manage-
ment and data handling systems. Rather, most existing study docume.,ts
treat the broader questions of scientific and technical information
systems. Consequently an individual c.siring to familiarize himself
with the current sitaatior, concerning scientific and technical data acti-
vities should read both the few documents specifically directed to dataII activities and a selected set of the documents which deal with the
broader concept of information activities.

The following listing constitutes a set of documents which the reader
I could use to relate this Report to the views of leading data system

specialists. findings of previous st,adies, current system development
efforts, and future data system potentials. The listing consists of
three sections--Part A, General; Part B, Descriptions of Current and
Evolving Systems; and Part C. Data Systems--State of the Art.

A. General

1. Air Force/Industry Data Manaaement Symposium Proceedings.
Ballistics Systems Division. Norton Air Force Base, California.
Conference held September 28, 29. and 30, 1965. Beverly Hills.
California. AD 626 032.

2. American Institute of Ptyyaica. "Toward National Itformation1 8. Networks" -- a selection of reprints from PhysiCs Todsy&
Washington. D. C., Vol. 19. No. 1, January 1966, 15 pp.

3. American Library Association. The Library and Information
Networks of the Future. Chicago. 1963. AD 401 347.

4, Auerbach Corporation. DoD User Needs Study Phase 1. Vols. I and
It. Philadelphia. Pa.. May 14, 196$. Final Technical Report
11l5-TR-3. AD 615 501 and AD 615 502.

S. Brock. (71itton. "The Quiet Crisis in Government Publishing., in
Col&adRsarhLbais Vol. 26. No. 6. November 1965.
pp. 477-489

i 1-4 (3)
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[
6. Cahn, Julius N., A System of Information Systemr.s, U. S. Senate,

Committee on Government Operations, Subcommittee on Reorgani-
zation and International Organizations, presented at Fourth Institute
on Information Storage and Retrieval, American Unkversity, School
of Government and Public Administration, Washington, D. C.,
February 12, 1962, 21 pp.

7. Committee on Scientific and Technical Information (COSATI) of the
Federal Council for Science and Technology, The Copyright Law
as it Relates to National Information Systems and National Programs--
a Study by the Ad Hoc Task Group on Legau Aspects Involved in
National Information Systems, Washington, D C , July 1967,
PB 17 5 618.

8. Committee on Scientific and Technical Information (COSATI) of the I
Federal Council for Science and Technology, Progress of the United
States Government in Scientific and Technical Information, Washing-
ton, D. C. ' 1966. 35 pp. PB 176 535.

9. Cuadra, Carlos A., Ed.. Annual Review of Information Science and
Technology, Vol. 1. New York, John Wiley and Sons. 166.

10. DOD/NSIA Technical Information Symposium for Management
Proceedings, Statler Hilton Hotel, Los Angeles, California. May
26-27, 1965.

11. de Solla Price, Derek J., "Communication in Science: The Ends--
Philosophy and Forecast. " Reprinted from Ciba Foundation
Symposium op Communication in Science: Documentation and

Automation, 1967, pp. 199-209. (Edited by Anthony de Reuck and
Julie Knight. Published by J. & A Churchill Ltd., London. )

12. Dunn. Edgar S.. Jr. , Review of Prcpoal for a National Data Center.
Office of Statistical Standards. Bureau of the Budget. Fxecutive
Office of the President, Washinron. D C.. December 1965.
Statistical Evaluation Report No. 6.

13. Graham. Warren R.. Exploration of Oral/Informal Technical [
Communications Behavior. American Institutes for Rervarch.
Silver Spring. Maryland. March. 1967. 61 pp 1

1-4 410
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!
14. Hall, R. X. S., "The Developmen* of the United Kingdom Data

Program," Office for Scientific and Technical Information,
State House, London, England, Journal of Chemical Documenta-
tion, Vol. 7, No. 1, Februai'f 1967, pp. 18-20.

15. Henderson, Madeline M., et al., Cooperation, Convertibility,
and Compatibility Among Inform.*ion Systems: A Literature
Review, National Bureau of Standards, NBS Misc. Pub' 276,
Washington, D. C., U.S. Government Printing Office, 1966.

3 16. Hornig, Donald F., "Cormmunications and Civilization," Federal
Council for Science and Technology, in IEEE Spectrum, May
1966, pp. 43-46. Address presented at the IEEE InternationalI Convention, New York, N. Y., March 23. 1966.

17. Hoshovsky, A. G., and Album, H. H., "Toward a NationalrTechnical Information System, " Headquarters, Office of Aero-
space.Research, USAF, and .Dipt. of Mechanical Engineering°
Stanford University. AFIT Prcgrawr. in American Documentation,[ October 1965, pp. 313-322.

18. Huntoon, R DL, The Measurement System of the United States,
Inutitute for Basic Standards, National Bureau of Standard-s.
Washington, D.C., 1966. 10 pp.

19. Kochen, Manfred, Ed., The Growth of Knowledge: Readings or
Organization and Retrieval of Information. John Wiley and Sons,
Inc.. New Ycrk. 1967. 394 pp.

20. Knox. William T.. '"Toward National Information Networki.-
1. The Governmen, Makes Plans.' Federal Council for Science
and Technology. C%nmittee on Scientific and Technical Informa-
tion. in Physics Todky. January 1966, pp. 39-44

1 21. Knox, William T.. "Nitional Information Networks and SpecialLibraries." Office of Science and Technology. Executive Office
of the President. Washington. D C.. in Skecial Libraries.3 November 1966. pp. 627-630.

22. Licklider. J. C. R.. Libraries of the Future. Cambridge. Mass.-Massachusetts Institute of Technology Press. 1965

I
1-4 tSII
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I
23. Mikhaylov, A. I. . el al., Oranization of Scientific and Technical

Information in the Communist World, Translation from the
Russian., Aerospace Technology Division. Library of Congress, I
Washington. D. C., January 24, 1966, 88 pp. AD 627 802.

24. National Academy of Sciences-National Research Council, I
Communication Systems and Resources in the Behavioral
Sciences, a Report by the Committee on Information in the
16ehavioral Sciences, Division of Behavioral Sciences, Washington,

D. C. , 1967. 67 pp. Publication 1575.

25. National Academy of Sciences-National Research Council, I
Division of Medical Sciences, "Communication Problems in
Biomedical Research: Report of a Study, " reprinted from
Federatioz. Proceedings, VoI 23, No. 5. September-October
1964, pp. 1118-1176, and Vol. 23. No. 6, November-December
1964, pp. 1297-1331. 1

26. Nut -,mal Science Foundation. Scientific Information Activities of
Fede,-al Agencies, Washington, D.C., U.S. Government
PrinLmg Office (A series of reports published periodically under
th i m title . )

27. North American Aviation. Inc., DoD User-Needs Study. Phase 11
Flow of Scientific and Technical Information Within the Defense
Industry, Final Report. Vols. I, II. and 11, November 30, 1966.
AD647 a11, AD647 112, and AD649 284.

28, (Oerhage. Carl F. J.. and Harman. R. Joyce. Ede.. INTREX -

Report of a Planning Conference on Information Transfer
Experiments. Massi rnusetts Ihstitute of Technology. Cambridge.
Mass. . September 3. 1965. 276 pp.

29. President's MessAle on ('ommunications Policy to the Corses of
the Vnited States. The White House. Washington. D C.

August 14. 1967.

30 President's Science Advisory rommitte,. Handling of Toxicao2ogcal 3
Information . Washington. 1) C . The White House. t une 1966. 21

1-4 !6# 1
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31. Presidentes Science Advisory Committee, Science, Government,3 and Information: The Rksponsibilities c.- the Technical Community
And the Government in the Tro,',fer of Information, The White
House, Washington, D. C , January 1963 (The Weinberg Report)

32. President's Science Advisory Committee, Rap ri. of the Office
of Science and Technology Ad Hoc Panel on Scientific and
Technical Communications, The White House, Washington, D. C.
Sebruary 1965, 21 pp. (The Licklider Report)

1 33. Rubinoff, M., Ed., Towa,-d a National Information System,
a Second Annual National Colloquium on Information Retrieval.

April 23-24, !965, Philadelphia, Pa., Washington. D. C.,
Spartan Books, 1965.

34. Sackman, Harold, Comrputers, System Science, and Evolving
"Society: The Challenge of Man-Machine Digital Systems, New
York, John Wiley and Sons, 1967, 637 pp.

" 35. Sullivan, Ralph H., and Dubestcr, Henry J., Data Collection
Network of the U. S. , Office of Science Information Service of the
Nationa! gc,,.., - Foundation, Washington, D. C. , 1966. 18 pp.

36. Swanson, Rowena. Informiaion System Networks.... Let's Profit
From What We Know. Offierc of Aerospace Rese.arch, Arlington,
Virginia, June 196b.

37. System Development Corporation. Recommendations for National
j Document Handling Systems in Science and Technology. Appenix

A--A Background Study- -Volumes I and II, conducted for the Com-
mittee on Scientific and Technical Information. Federal Council[�for Science and Technology. November 1965. AD 624 560.

38. U. S. Corngreas, House of Representatives. Committee on Science
and Ast.-onautics. Government, Science, and International policy.
a Compilation of Papers Preplred for the Eighth Meeting of the
Panel on Scienco and Technology. 90th Congress. lot Sees.
Washington. . C. . GPO. January 1967. 220 pp.

39, 1' S. Congress. House of Representatives. Committee on Science
and Astronautics. A B;ill to Provide a Standard Reference #.)ta
System, tlearings befor• the Subcommittee on Science. Research.

and Development. 89th Congress. 2nd Sees . IlR lAR9Q. Washinonn
D C. . GPO0. June 1966. 181 pp

1-4 (7)'I
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F
40, U. S. Congress, Senate, Committee on Government Operations,

Report to the President on the Management of Automatic Data
Processing In the Federal Government, 89th Congress, 1st Session,
Senace Doc. tNo. 15, Washington, D. C., U. S. Government Printing
Office, March 1965.

41. U. S. Congress, Senate, Committee on Government Operations,
Summary of Activities Toward Interagency Coordination, Report No.
369, 89th Congress, 1st Session, Washington, D. C., U. S. Govern-
ment Printing Office, June 1965. (The Humphrey Report)

42. U. S. Department of Commerce, Scientific and Technological
Communication in the Government, Task Force Report to the
President's Special Assistant for Science and Technology, "
Washington, D. C. , April 1962, 81 pp. AD 299 545 (The Crawford
Report)

43.. Waddington, Guy, A World System of Evaluated Numerical Data
for Science and Technology, Central Office, ICSU Committee on
Data for Science and Technology, Washingten, D C., Presented
before the Division of Chemical Literature, Symposium on Com-
pilations of Data on Chemical and Physical Properties of Substances,
152nd National Meeting of the ACS, New York, September 12, 1966,
14 pp.

44,. Weisman, Herman M., "Needs of American Chemical Society
Members for Property Data, " Office of Standard Reference Data,
National Bureau of Standards, Washington, D. C., presented at the
Div. of Chemical Literature, Symposium on Compilations of Data
on Chemical and Physical Properties cf Substances, 152nd
National Meeting of the ACS, New York, September 12, 1966,
in Journal of Chemical Documentation, February 1967, pp. 9-14.

I
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B. Description of Current and Evolving Systems

1 1. Belfour Stuien, Inc., Mechanical Properties Data renter Inventory

Report 626, Data Storage Content ,•r the Mechanical Properties
Data File, Technical Informatior: Systems Division, 2 pp., January

1967, AD 648 239,

1 2. Bisco, ixalph L., "Soczial Science Data Archives; Progress and

* Prospects", Courcil on Soc~ai Science Data Archives, Ann Arbor,
Michigan, repk'inted from Social Sciences Information sur les

J Sciences Sociales, Volume V1, I February 1967, pp. 39-74.

3. Bisco, Ralph L , and Glaser, William A., i"Plans of the Council
on Social Science Data Archives", reprinted from Social Sciences

Information sur les Sciences Sociales, Volume V, 4 December
1966, pp. 71-96.

4. Brady, Edward L., "The National Standard Reference Data
System", Office of Standard Reference Data, Institute of Basic
Standards, National Bureau of Standards, Washington, D.C.,

; •printed in Journal of Chemical Documentation, Volume 7, 1

February 1967, pp. 6-9.

5. Dillon, E. L., and Nichols, C. W., "Handling of Statistical Well
Data by Computer", reprinted from The Bulletin of the American
Association of Petroleum Geologists, Volume 49, No 9,

September 1965, pp. 1520-1531.

6. Department of Defense, Department of Defense Engineering Data

Retrieval System Plan, Joint Working Group for Planning
Engineering Data Retrieval System, Dept. of Defense. April 1964, 71 pp.
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the U.S. Army Engineering Data and Information System,
7�.Edgewood Arsenal, Maryland, December 1964, Technical Report

No. 5, Report No. EDIS-2, AD 453 737.

"1 8. Hackett, 0. Milton, "National Water Data Program", Office of
Water Data Coordination, U. S. Geological Survey, Department
of the Interior, Washington, D.C. Reprinted from Journal of

the American Water Works Association, July 1966, pp. 786-792.
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10. Interagency Data Exchange Program, IDEP-IV Program
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and Evaluation Technical Data and Information, Air Force

Flight Test Center, Edwards Air Force Base, California, I
September 1966, 94 pp., AD 640 811.

16. Miller, James G., "EDUCOM: Interuniversity Communications I
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S1. Agalides, Eugene and Swisher, Scott, "The Limitations in
Biological and Medical Data Acquisition and Processing,"

SIGeneral Dynamics/Electronics, Research Department,
- IRochester, New Yorkr Medical School, University of Rochester,

Rochester, New York, reprinted from Proceedings of the
Conference on Data Acquisition and Processing in Biology and
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L C.CRI. -50132.
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Council for Science and Technology, Information Sciences Tech-
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Diebold Group, Inc., New York, N.Y., reprinted in Harvard
Business Review, September-October 1965, pp. 76-82.
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Research, May 1966, pp. 63-72. 1'
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18. Gold. Michael M.. atid Selwyn. lee L.. Toward Economical
Remote Computer Access. Carnegie Institute of Technology [
and Massachusetts Institute of Technology. July 1967. 13 pp.
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and Future. Brookhaven National l.aborator;. Upton. New York.
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ference. V."a.hington. D.C.. March 22-24. 1966. 9 pp.
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Houston Research Insti'.te, Inc., Houston, Texas, Mdy 31, 1965,
61 pp. Presented to National Science Foundation, Washington, D.C.

21. Grove, Alexander C., 'International Standardization--Interface with
the Future," from IEEE Spectrum, August 1966, pp. 91-101.

22. Hobbs, L.C., "Display Applications and Technology, " in Proceed-
ings of the IEEE, Vol. 54, No. 12, December 1966, pp. 1870-1884.

23. Jackson, Kingsbury T., A Study of the Application of Present and
Future Methods of Automation, Retrieval and Portrayal to Depart-
ment of Defense and NASA Engineering Documentation Systems
and Centers, University of Alabama, AD 417 583, 221 pp.. 1963.

24. Informatics, Inc., A Study of the Remote Use of Computers,
Bethesda, Md., September 1966, prepared for National Bureau
of Standards, Contract CST-313, PB 175664.

26. Jones, Arthur E., "Sharing Communication Networks, " condensa-
tion of paper presented to the Science-Technology Division's
Nuclear Science and Engineering Sections and the Metals/Materials
Div. at the 56th Special Libraries Association Convention, June 8,
1965, Philadelphia, Pa., in Special Libraries, December 1965,
pp 705-808.

26. Kasher. Asa, Data-Retrieval by Computer: A Critical Survey,
The Hebrew University, Jerusalem, J-anuary 1966, 73 pp.,
Contract N62558-4695, NR 049-130/6. Technical Report No. 22.

27. Landis, Daniel, Slivka. Robert M.. and Jones, James M., et al.
"•"Ealuation of Lare Scale Visual Dizolav. The Franklin Institute
Research Laboratories, Anril 1967, RADC-TR-67-67, Final
Report. AD 651 372.

28. Lawlor, Reed C.. "Information Retrieval and Copyright Law
Revision." prepared for presentation at the Third Technical
Conference of the Council of the Social Science Data Archives.
Ann Arbor. Michigan. May 10-12. 1966. Reprinted from
Social Sciences Information sur les Sciences Sociales. Feb.
1967, pp. 75-85.
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National Aeronautics and Space Administration, Goddard Space
Flight Center, Greenbelt, Md., April 1967, 20 pp., N67-26587.

31. Markus, John, "State of the Art of Computers in Commercial
Publishing," McGraw-Hill, Inc., New York, in American
Documentation, April 1966, pp. 76-88.
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and Engineering- Innovation, Economics and Public Policy,
The Rand Corporation. ganta Monica, California, July 1967,
53 pp., Contract F44620-67-C-0045, AD 657 009.

33. Merritt, Richard 1., and Lane, Robert E., "The Training
Functions of a Data Library," Yale University, Political
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Yale Papers in Political Science, No. 23.
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Cambridge, Mass., Doctorate Thesis, June 1965, 176 pp.,
MAC-TR-18, AD 470 715.

42. Shaw, Christopher J.. Computer Software: Developments and
Recent Trends in Program'ming and Operating Systems, System
Development Corporation, Santa Monica, Calif. . August 26, 1966,
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48. Warshawskv, Erwin 1t., "Design by Computer," Mesa Scientific

Corp., in Industrial Research, October 1965, pp. 55-60.
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Science Communication, Inc.
Washington, D. C. 20007 Tel FEderal 3-1343 1081

Wisconsin'I Ave.. NW,

I

Dear

"We are asking your cooperation in a broad. a-.%lysis and planning study
covering scienlrific and technical data activýt,.es of national importance.
Science Communication, Inc. is conducting th-s study for tVe Committee on
Scientific and Technical Information (COSATI), of the Federal Council for
Science and Technology. The Committee operates under the chairmanship of
a staff member of the Office of Science and Technology, Executive Office
of the President.

An important product of our study will be a time-phased plan for use by
the COSATI Task Group on National Systems for Scientific and Technical
Information. The purpose of the plan will be to formulate these policies
and %ctions that will facilitate development of adequate national systems
for scientific and technical data management. Througl Mts plan, we hope
to benefit the interchange of technological know-how a i ;he conduct of
research and development. Two desirable by-products of development of the
plan will be (1) a clarification of th( role that scientific and technical
data, in various stages of refinement, play in the technical decision pro-
cess; and (2) an assessment of the amount of attention devoted to data on
the national level. The enclosed Statement of Work for our study indicates
"the scope and areas of emphasis which the time-phased plan must accommodate.

Prerequisite to our preparation of the time-phased plan is the selection of

important issues or problems which must be resolved before national data

systems can be realized. The generation of candidate issues occurred dur-
ing a previous phase of our project when we conducted workshop discussions,
visits to data centers, and mail surveys. We have selected those problems
and issues which seem most valid and important, and grouped them in six
categories. It seems imperative at this point that we verify and evaluate
these problems by consulting experts wiith extensive knowledge of the sub-
ject areas involved. Therefore, we have chosen a panel of experts to
evaluate each group of problems. The panels are as follows:
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Panel A-1 - Data management requirementsj
Panel A-2 - Data systems requirements

Panel B - Media, forms, software, and artifacts
for packaging and transmittal of da7.a

Panel C - Equipment for handling data I
Panel D - Institutional roles in data management
Panel E - Educational and training requirements

for future data handling I
Because of your demon3trated knowledge of data systems requirements,
we are asking you to help by participating in Panel A-2. It is re-
quested that you participate as an individual rather than as a spokesman
for any organiation or group. Although we realize that your parti-
cipation will involve a considerable expenditure of time and effort,
we feel that your responses ',ill greatly enhance the quality of our I
recommendations to the Committee.

We hopF. to find areas of consensus among panel members concerning the j
problems presented and possible resolutions. We also want to identify
additional problems, and to acquire informed forecasts of trends and
future developments which must be considered in planning data systems. I
We hopa that you will find the questionnaire thought provoking, and that
the results of our study will prove beneficial to you and your colleagues
in the near future. The following sheet provides a few instructions to I
guide you in completion of the questionnaire. If you should need any
Ularification oa instruction, please write or call me (202-333-1343).

A primary purpose of our study is to develop a discourse with knowledge-
able individuals and groups concerned with data management and data
systems. We, therefore, request that you augment your response to the
enclosed questionnaire with other comments or observations which you
feel would contribute to achievement of the study purposes.

Sincerely, 3
SCIENCE CGVMUNICATICN, INC.

B. K. Farris
Vice President

I
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Contract F44620-67-C-0022 Approval Expires March, 1963

INSTRUCTIONS FOR COMPLETION OF PROBLEM
EVALUATION AND FORECASTING QUESTIONNAIRE

j The purpose of this questionna:re is threefold: (1) to obtain your, opinion regarding
national data handling problems and recommendations for their resolution, (2) to
identify other problems relevant to planning national data systems, and (3) to learn
your views concerning future developments which will influence tne development of
national data systems We need your opinions concerning the specific aspect of
data systems identified on the attached questionnaire. Other panels will address

themselves to the other aspects of data systems,

The following five-step procedure will mcve you quickly through the questionnaire

and help you provide the responses we need

I Read each problem statement and feel free to edit, criticize, or rewrite it.
If you run out of writing space, please use the back of the page.

2 Indicate in the spaces provided your judgment of the relevance of your
experience to each problem statement, how important the problem is to
the planning of national systems and the amenity of the problem to
resolution within the present-day political and technological context.

3 Read the recommendation giver, for resoluti.on of each problem. These
recommendations do not necessarily represent the viewpoint of our
Project sponsor or the position of Science Communication, Inc. We have
conjectured them to evoke constructive criticisms, which we ask you to
write down in the space following each recommendation You may choose
to make an alternate recommendation or modify or criticize the con-

.iectured recommendation

4 In the space provided on the page following our problem statements and

recommendations write down any additional problems that you think

pertain to that specific aspect of national data handling which your panel
is considering Then follow the same evaluation and recommendation
"procedure as indicated above.

5 Finally, on the last page of the questionnaire, answer the question
"concerning future developments that are relevant to plans for future
national data systems In providing your forecasts or predictions,
please give projected dates for the possible developments (e.g., 1975,
"1O•,0. 2050). You may find it desirable to qualify your projections by
identifying relevant assumptions

IV- 1 (5)



PART I - STATEMENT OF WORK AND PERIOD OF PERFORMANCE*

A. RESEARCH

1. The Contractor shall furnish scientific effort during the period and I
at the level indicated in paragraph 2, together with all necessary related services,
facilities, supplies, and materials, to conduct the following research:

a. Conduct studies which will embrace at least three forms of i
data pertinent to science and technology, as follows:

(1) Data acquired in the course of conducting experiments
or examining natural phenomena, or in the course of performing tests according
to prescribed procedures.

(2) Data which describe the characteristics or performance
of a natural phenomenon, a material, a device or a component.

i3) Data which instruct, guide or aid skilled or semi-skilled
persons in the proper use, maintenance or replacement of artifacts, or intechniques and prccedures.

These data may be embodied in any physical format, from magnetic tape through
standard reference texts and handbooks to programmed instruction or other manuals. I

b. E•tablish how the various types and forms of data are
acquired, stored, retrieved, packaged and disseminated for various specific
types of users, why these packaging methods have been adopted, and what
changes in storage, retrieval, packaging or dissemination of data are
foreseen in the near future.

c. Place special emphasis on uses made of data by various .
functional groups (e. g., research, design, quality testing, product application,
etc. ) and the degree of processing or refinement of data needed for such
functional groups.

d. Develop a preliminary census of data efforts in industry,
tne professions and government to guide the formation of national policy with
respect to data collection, reduction, storage, retrieval, analysis and
dissemination This census and a time-phased plan for the remainder of
the study, will comprise the effort to be the first phase of the study, and the
subject of this procurement

I
Air Force Office of Scientific Research Contract F44620-67-C-0022.

I
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Science Comrm-uniallon
WasIngton. 0. C. 200 07 Budget Bureau No. 21-S67003
Contract 1'44620-67-C-0022 Approval Expires March. 1968

ISSUE EVALUATION QUESTIONNAIRE

Panel A-2, Data System Requirements

PIOBLEM S'I'ATKEM ENT: The current data service requirements of
scientists and engineers are largely undefined. Additionally, effective methods
are not available for predicting future data requirements. If the preceding is
accurate, how can the required functions and scopes of national data systems,
which are intended to service the needs of scientists and engineers, he deter-
mineed"

Problem Importance Amenity to Resolution Relevance uf Your Experience

Vital to National Systems Tl/ Easily Solvable V1 Highly Relevant

Secondary Importance •J Difficult Relevant 0

Not Impor t ant "Impossible I.1 Not Related 0

POSSIBLE RECOMMENDATION" I'rototype data systems should be used
to test user response anri to make ,,ther measures of the effectiveness of specific
system operations and service concepts. :xistinR prototype data systems
(Nalional Standard rleference 17jta System. National Oceanographic Data Center,
National Space Sciences Data ('enter. etc. ) should be given support for developing
and testing methods of identifying service needs, and for developing and testing
means to measure the effectiveness oif specific system operations in satisfying
these needs. Additional inroltlype s ystenms should le implemented in other areas
o' science and technology. This wotuld permit development and testing of methods
applicable to ,ietermininig the data service requirements of the many diverse
communities of scientists and engineers. Prototype systems should be implemented
in typical work environment.s rather than in experimental information science lab-
oratories.

CRITICISM O1" TIIIr I{I0COMMEINDATION AND ALTERNATE RECOMMENDATIONS:

I would agree with the recoesendation that prototype data systems should he used to
test and evaluate user requirements. lowever, my orientation toward the solution
to the problem is a little bit different. I would stress the point that prototype
systems now in existence are of several linds. The first kind are those which have
becn set up by administrative acticn in response to a rather broad range and loeselv-
defined sense that something should be done. The National Standard Reference Data
System is an cxmplc of this. On the other hand, certain other systems or centers
have been set up by a mission-oriented operation within a Federal agency or elsewhere
(including nrivately-sponsored in-house information systems) where the authoritative
body knew explicitly what it expected of the system and how it expected it to be done.
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That is, there was a clear mission need! related to a well-stated mission problem.
A third set of system elements includes those which have been established within
very narrow scientific or technological limits which contain a rather small but
explicit set of users. Here the system has been set up in response to the clearly
stated needs from a small body of users. In many cases, the people who are ruming
such a small center or system are themselves users of the data. And they know
exactly what their audience wants because they are members of thei, own audience.
In the last category I include the JILA Information System at Boulder, Colorado.

All three of these kinds of system can in fact be used to explore the requirements
which would be placed on national systems.

I agree with the recommendation which has been proposed in general, but I would like
to stress that scrutiny of the existing systems should involve two quite different
kinds of analysis. The first is an analysis of how the system relates to a well-
defined body of users all by itself. Such a test is particularly applicable to the
second and third types of systems which I categorized.

The second point is that there should be careful thought and analysis given to the I
situation which is bound to occur when two systems with well-defined bodies of users
discover or develop an interface which in effect makes them part of a larger system.
The question here is, how do they relate to one another across the interface and !
how do they provide services to each other's users.

('8)
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I.
PROBLEM STATEMENT: The data activities for each phase of3 scientific and technical activity (e. g., basic research, technological development,
application operations. etc. ) differ so much that it is difficult to et.oision a single
system servicing all phases of scientific and technical activity even if its coverageSwas limited to a single discipline such as chemistry. If national data systems are
established, how could these differences be handled, eqspecially if the systems are
structured by discipline or technical field'

Problem ImDortance Amenity to Resolution Relevance at Your Experience

Vital to National Systems 0 Easily Solvable O ,fighly Relevant I.

Secondary Importance Dificult )~Relevant

Not Important Impossible No. Related 0

POSSIBLE RECOMMENDATION: Large-scale or national data systems
should not be structured on a discipline basis. They should be structured instead
to cover related sets of properties (e. g. , thermoeynamic, electrical, etc. ),
whereas the systems to serve communities applying science and technology should
be structured to cover related sets of substances or items. Initial priority should
be given to the property-oriented data systems, which would be capable of serving
the n-eds of large populations of researchers in different research fields.

CRITICISM OF TllI• HECOM \IC N DATION ANtD ALTERNATE RECOMMENDATIONS:

The problem statement here does, nognize an important issue. In the Office of
Standard Reference Data we were very seriously concerned for quite a long time with
ways of structuring the subject matter content of data of the physical sciences.
We had contract studies made on this subject, we attewted to analyze it ourselves,
and we looked carefully into the previous analyses which had been made by other
bodies. Of particular note is the study which was made by the Office of Critical
Tables in atteopting to develop a prvperty list. I .vself came to the conclusion
that the problem of defining the universe in clear and umbiguous term could not
he solved. However, I think that the problem is susceptible to resolution because
I don't think an exact closed solution is necessary. Aloa these lines I turn now
to the recemendations which the questionnaire provides. I agree with the statement
that large-scale or national data systems should not be structured on a discipline
basis. Iwever, I do not agree that they should he structured to cover related sets
of properties uniquely. The reason i say this is that it is apt to lead into the
trap of dividing ui) the universe into neat boxes -•J then finding that the boxes
don't fit the universe. I agree that priority shculd be given to property-oriented
data systems but I so not sure that even they are capable of serving the needs of
lUrge populations of researchers in different research fieldn.

I woull propose the following alternate rec mendu ion. I twuld suggest that the
grand plan for structuring of large-scale or national data systems should not be
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superimposed from above, hut instead the system should base itself on those
specialized and knowledgeable data centers and information system activities
which prove themselves capable of serving small or medium sized groups of users.
The structure which the national evstem would place over these would be flexible,
inter-connected, susceptible to change, and abo've all, redundant in its infoyi0a-
tion paths. The only requirement I would place en a national system would be
that it should he capable of accepting an inquiry from a user even when the
inquiry was directed to the wrong cmponment of the system, and somehow Processing e
the inquiry to a commanication point where the inquiry could be handled appropriately. I
There are several ways that this can he done. The first would a*Iear to be merely
to accept inquiries from anybody by any component of the system and shuffle them
up to a headquarters activity for sorting unless the recipient himself was clearly I
aware that he was the right person to answer the inquiry. If the inquiry then
reached the central point it could be switched down to an appropriate sub-unit.
This means that somhere in the system there is a fairly competent referral center.
The second aspect of the solution is to provide easy access to the entire content
of the system and trust to the inquirer to do his own retrieval. This merely means
in the simplest case that you have large sets of books and indexes to the contents
of the books. Then you make the books readily available and the person who wants I
to find the answer can go through until he finds the right book and the right answer.
If he doesn't find an answer he can he fairly confident that the system does not
contain the answer. This does not provide any mechanized interconnection of I
individual specific answers, but perhaps that can ccme later as sophistication
builds up or perhaps the individual specific answer can be keyed in with a
recognition of a place where competence in this area exists so that the inquirer,
having found a specific answer, will know exactly where to go for a more complicated
one.

F1
F
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PROBLEM STATEMENT: Each year, many more dollars and man-hours of
effort are expended on equipmlent, product, and vendor service data activities
than on scientific data activities. What should he the place of such data activities
(equipment, product antd vendor) in national data systems?

Problem Importance Amenity to Resolution Relevance of Your Experience

Vital to National Systems ,> Easily Solvable F.i llighly Relevant 0

Secondary Importance • Difficult '1 Relevant hT

Not Important Impossible Not Related 0

POSSIBLE• RF, C()M1M.N l N)A'I(ON: Equiplnment, pr-oduct and vendor data activities
must be considered a vital part of any nati,,nal data system. Ilowever, due to the
vast scope, diversity, pro)perty right considerati.ns, and other complicated legal,
ecoriomic, and social factors assotiated with these data activities, centralized
direction of system development for ItI'se data activities is unfeasible and or
qestionable value. Instead. initial attintiot, should be directed toward upgrading
of data activities in individual firms, rollowa'd hy cooperative efforts within trade
associations, manufacturing groups., tc. Increased effort shoild bIe directed
to development of improved melthods (e. g. , computer corwrolled photocomposition
of equipment catalogs, automated design programs, etc. ) which can he applied
to improvement of vendor data activities in a large number of industries.

CRITICISM OF TIIE REICOMM ENDATrION AND A LTERNATE RECOMMENDATIONS:

The problm posed, that of equipment, product and vendor service data. is indeed a
girnificant one. The recommendation nrovided.in the questionnaire does recogniize
the difficulties, hut I am not confident that such proprietary operations should
be explicitly included in a national system as such. Rather I would suggest that
the national system confine itself to providing channels by which trade associations,
nanufacturing groups, etc., can develop effective and expeditious communication
channels with their users. One as•ect would be a ccr'uter-tased index to equipment
catalogs and to product and vendor data. I do not think that a national attempt
to provide conputer-controlled photocomposition of equistent catalogs is appropriate.

IV-I (11)
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PROBLEM STATEMENTr: Certain missiun-uriented inaustry activities, such i
as in the food industry, are presently evolving from craft arts to hilgh -technology5
activities. National data systems must. thereforu, be designed to accommodate
data from such activities and to ser~e the comminities concerned. What allow-

ances should be made for such services, both at v'ie present and in the futureo)

Problem Importance Amenity to Resolution 1Relevance of Your Experience I
Vital to Nationail Systems IEa~sily Solvable C'Highly Relevant 0

Secondary Importance Difficult g Relevant

Not Important Impossible Not Related 0

()SSIBLE 1:XNOMEl'NDALION- [The less highly developeu industries and
technologies pro~vide especi~a~lh at~ractive opportuii ties for development of
effective data systems. Scientists and teed rlogicts in these fields have not
vs't established highly struztured and inistitutionalized data acquisition and
application niethodol )gies. Consequently, these scientists and technologists
would be mrore recepti'.e to trial %)I new niethods and systems. In addition.
if data s~ stenis e'volt siminitat.co:tusl '% with these technologies, the systems t
C4)Llld contri~bute suhstantial. to~( structu ring of the knowledge bases required
fr rapid t~hd~cIpr1voge.s. Radpidly dev~eloping industries and teelnologies
should be c' brlti!1Uý.l% tuskinoittor-ed f(r- iudentificationi of situations offering highi
promise ior the int oduction of 4 coord~r~itetl data system. lrad-_ associations
arid industrial c~ipvratives, as welit as inission-oriented Government agencies,.I
should be er-' outrmiged t4-( fi-rniulatt- anti i mplemrict such svstetxis.

CHIICSN OFl: 1111% )MIMKl'NO).\ION AND1 ALTERNATE JIECt )MENDATIONS:

The problem is a gtoon one, well*'ýtated. I dis~gree h'ith the recommnd~tirA only
in certain specific aitrects. I iio not feel for exanple that the"c- lessivly
developed industries and technologi ". do provide especially attractive oM -i !'It ir
for effective data %ystem. The reeson I dinagtree is that I thinit it would he rit-
trmwly difficu.lt to develop effective data %ystems for t1IS" &i.ustriv% becauseI
the industries themselves dmcwt kno'w what kind of data Or wl-at il Of data S"stem'
they maed. Rather., would otugrest that the appripriate we. to rorovide as'itAn.Ce
for'such inkistries anil tectvwolcirit it to make 'ure that the 1,asic scieraiflc andj
technological data ;Aiich are kncmn to t* uqeful in induistrial a'2ic~ations aOd
research program %hvul%. he wade extremely well acceSs1ihie to these Pm-I-pl. Aftl that
the scienatist% in them slhculd he provideJ with assistance in reachinij iat to areas
of data where thev are thmsweliies not familiar with the %cientific aiprosch cc
tectunalogv or rthrateolcj involvedJ. I think the best hasiti for natioaail data aWW
information !Lvstwms P in the well-defined sciencces "i technologies no~t in the ties

which are changing rso raridl iii their rrientation. NY w~v of a specific elwrle.
let mie mrint out that until 2 few 'e3r'v :Kin there uas- yn thought at all that foodI
Procesting technology uaiuld have aiw concern with hiel energy radiation. 'iwn ?qv

;'-1 1121
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* I to develop an infomation or data system for that industry would have failed

miserably and in fact would have probably inhibited the utilization of radiation
as a food preservative technique because there would he the clear i~lication
that it was not relevant. I am sure that any systm we set up now for theoe
highly evolving areas would he inadequate to their needs of two years hence.

I
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I
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tOROBLEM STATEMENT: Trraditional means of informal communication at j
techniccd meetings and via direct correspoadence or discussion among scientists
and engineers perform some useful functions which cannot be easily assumed by
formal data systems. What should be the function of informal communicationsI
in national data systems and how can these functions he best coordinated with
highly structured data systems?

Problem Importance Amenity to Resolution Relevwice of Your Experience

Vital to National Systems 1)1 Easily Solvable Higghly Relevant

Secondary importance 7 Difficult 71 Relevant 0

Not Important > Impossible :z Not Related 0

POSSIBLE RECOMMENDATION: Informal systems are used, essentially,
to communicate -onceptial information of a current a.wareness nature. Informal
communications provide the lubricant at the biting edge of scientific and tech- I
nological advaces. In contrast, structured data constitute the machine tool for
scientific and technological advance. Increasingly large quantities of scientific

1iid technical data are being Jointly used by groups of workers. Such joint use I
o a data constitutes a communication system, in a very -estricted sense. As
more data files are structured and made directly accessible to workers, the
volume of com--munication conducted via the data files and related access tools I
will increase rapidly. informal communications will continue to perform
social and motivational f;, '-tions.

CRITICISM OF THE RE',_,vMMENDATION _AND AITERNATE RECOMMENDATIONS:

The problem statement is appropriate because it recognizes the existence of these
informal ccommunication channels. I agree with the recommendation that the in- N
formal channels are highly valuable and that they will continue to perform social
and motivational functions. However, I would gc furthe- and say that these
informal communication channels will continue to be essential in many ways and I
the formally based highly structured data system; will benefit from whatever
communication they provide. However, the infcrmal channels cannot be built in
to the formal systems without doing harm t3 the informal channels. I would
suggest that they should he let alone and admied.

j
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PROBLEM STATEMENT: During recent years, much attention has been
I devoted to document handling systems (e. g., the Defense Documentation Center

and the National Library of Medicine MEDLARS System). What should be the
relationship between such document handling systems and data systems (i. e.,
systems that handle the factual information content of the document rather than
the document itself)? Should operation of data systems be totally separate from
that of document systems; should the two perform only complementary functions;
or should they be totally integrated?

jProblem Importance Amenity to Resolution IRelevance of Your Experience

Vital to Natio.,al Systems 0l Easily Solvable 0 Hllighly Relevant C

Secondary Importance Difficult >! Relevant

Not Important ] Impossible Not Related Ul

POSSIBLE IRECOMMENDATION: The operations of existing data systems
and document systems should be conducted so as to complement and supplement
one another. For example, existing document haiidling systems should augment
current indexina of conceptual centent of documents to include adequate indexing
of the data content of documents. Such indexing would facilitate identification
of data for extraction and incorporation in data systems. Increý,singly large
quantities of useful data are not being published; consequently, data systems
must also acquire inpu, data from other sourcec. In fact, in the future it will
often be desirable to by-pass publication of data and to transmit data from the
point of measurement directly to the data system. The lata system will perform
many of the functions now served by publication (i. e., exposure for review and
verification by colleagues, dissemination for use, and recording for ai-chival
or reference purposes). Therefore, data systems will in the future tend to
supplant document systems, especially for archival purposes, for bench or
console-level services to the technologist, and, to a lesser extent, for the

I scientist.

CRITICISM OF THE RECOMMENDATION AND ALTERNATE RECOMMENDATIONS:

The problem provides appropriate recognition of the difference between docinent
handling and data systems. I agree in general with the recommendation, specifi-
cally with the first part of it. I disagree that data systems will in the future
tend to supplant doctuent systems especially for archival purposes. Rather I feel
that there will always be a need for archival handling of the documents themselves.
The most profound analysis of previous work is performed by scientists who go to
the original papers themselves and perhaps back to the scientist who wrote the paper.
Archival storage of documents is a neces-ity and data systems will not obviate the
need for reference to the documents. Ho%..ver, for the bench and console level
services to the technologist and to the scientist outside of his field, I agree

IV-1 (15)
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that the data systems will be more useful than the document systems. I also
agree that the two kinds of systems do provide complementary functions, they I
should not be totally integrated, and that increased efficiency in each willbenefit the other.

One very difficult problem remains before this general problem could be resolved. I
As the scientific literature grows the document system as an archival storage
will become increasingly unwieldy and access to the documents will be a very
complicated process. Adequate indexing of all the content of a documient is
extremely difficult and it is not easy to see what archival system will be
appropriate. I am not talking about the mechanical storage of the material
itself because there are technological advances which will certainly provide
a solution to reduction in bulk. Howev er, I am talking about the difficulties
inherent in making the inquirer aware of which documents contain material which
may be relevant to his problem. Author indexing by itself is not adequate and
external indexing is becc ing increasingly expensive. I do not believe that
computer searching cef whole text of each document can ever he feasible and I
don't think it should be attempted. There's a real nroblem here, but I am not
the right person to recomnend solutions.

I

I

1.

I

I
I
II
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PROBLEM STATEMENT: It is unquestionably much easier to develop systems
which provide the user the location of data rather than deliver data to the user.
To what extent should data services be rendered by a referral center or network
rather than a data retrieval and dissemination network or system?

Problem Importance Amenity to Resolution Relevance of Your Experience

Vital to National Systems 0 Easily Solvable i- Highly Relevant 0

Secondary Importance I Difficult 0 Relevant

Not Important ,l Impossible 0J Not Reiated 0

4D.

POSSIBLE RECOMMENDATION: Referral centers and networks offer a
logical stepping-stone from our current uncoordinated data efforts to future,
more highly integrated data systems. In fact, even after highly integrated
data systems are developed, a mechanism similar to a referral network will
be required to direct inquiries to the location where the response data are
available. The existing National Referral Center at the Library of Congress
should be supplemented with specialized referral centers in specific areas
of science and technology (e. g., engineering materials). Each specialized
referral center should maint'±in indexes of scientific and technical data in
the field served by the center.

CRITICISM OF THE RECOMMENDATION AND ALTERNATE RECOMMENDATIONS:

In my own thought the individual center covering a specialized area with a
specialized body of users is the basic and key element of national systems.

Therefore I agree with the recommendation that referral centers and networks
offer a logical stepping stone and that they will continue to play an important
role. I don't think a very highly integrated data system is ever going to
emerge because I don't think we are ever going to become that clear in our
scope and that unified in our way of attacking the problems. Therefore I see
the referral centers and networks as being an essential part of all the future.

(
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PROBLEM STATEMENT: Users of scientific and technical data often
wish to make retrospective searches. What criteria should be used for I
selection of the retrospective data to be incorporated into national systems ?

Problem Importance Amenity to Resolution Relevance 1 Your Experience

Vital to National Systems ry1 Easily Solvable F- Highly Relevant

Secondarý Importance Difficult K Relevant 0

Not Important I Impossible LI Not Related 0 J
POSSIBLE RECOMMENDATION: 5?he rate of obsolescence of data
varies considerably; consequently, where feasible the value of each type of
data should be analyzed prior to input of back-logged data into a new system. V
In general, inputting of back-logged data does not appear highly desirable;
rather, systems should concentrate on capture and use of current data.
Exceptions to this general rule are useful data which cannot be regenerated
(e. g., weather records, epidemiological data, etc. ), data whose regeneration
cost would considerably exceed the cost of maintaining the data in a system,
or data whose utility can be substantially upgraded by incorporation into a more
efficient system. In addition, existing data files, although perhaps they are
not of substantial continuing value, can provide in some instances an econo-
mical test-bed for use in the structuring and testing of new systems.

CRITICISM OF THE RECOMMENDATION AND ALTERNATE RECOMMENDATIONS:

I agree with the problem and I disagree with the recommendation. It is true
as the recommendation states that the rate of obsolescence of data varies
considerably. liowever, I disagree as to the statement that systems should
concentrate on capture and use of current data. There are many cases where
it has been clearly indicated that older data are just as good and sometimes
better than current data. It is true that systems which attempt to go back
in time face a larger volume of material to cover and a more difficult job
for that reason. However, the problem can be solved on a piece-meal basis by
going back in time for selected key areas in whith all of the past data can be
surveyed, arqlyzed, and integrated with the present data. Any system which
tends to overlook or brush aside the existing backlog of scientific data will
he encouraging the unnecessary reretition of measurements already made and will
the.refore be inefficient in the long run. 1

IV-1 (18)
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,PROBLEM STATEMENT: There is increasing evidence that equipmentI developments are moving so rapidly in the information systems that they are
controlling the structure of the automated data systems now being established.
What can be done to assure coordination of the efforts of equipment and software

suppliers with system requirements'?

Problem Importance Amenity to Resolution Relevance of Your Experience

Vital to National Systems Dl Easily Solvable i HIighly Relevant El

Secondary Importance / Difficult Relevant

"Not Important ] Impossible 1i Not Related El

POSSIBLE RV('OMMENDATION: Scientific and technical data system

designers and users must define their requirements more explicitly. These

requirements cannot be effectively satisfied by equipment and program

languages designed for business data processing or-for mathematical com-

putations. Equipment manufacturers cannot develop optimal equipment to
meet ill-defined, non-standardized system specifications. However, by

analyses and prototype testing data system designers and users can system-

atically establish the functional characteristics of required equipment. In

addit.on, data system designers must d fine, document, and publicize the

current and future equipment market potential which exists in scientific and

technical data systems. Equipment manufacturers awid software firms have

the basic capabilities required and can he expected to move quickly to meet

economically valid equipment an' programming requirements of scientific

and technical data systenms.

CRITICISM 01' TilO RI'C)OMMI"N[ATI)N AND ALTERNATE RECOMMEN JATIONS:

The statement of the problem is valid. There is increasing evidence that equipment
.* develorpents are moving so rapidly that the information system designers and informa-

tion certers can't keep up. 1Iowe.r, I think that the recommendation is pointed in
the wrong direction. The simpl. fac'. is that we have another case here of unnec-
essary obsolescence. The equipment manufacturers are doing themselves and every-
"body else a disservice by making past equipment incompatible with present equipunent.
The information centers would do best to ignore the mad scramble toward more and
more complex computers and concentrate on making their own systens readily machine-
readable and flexible as to utilization. W~henever a small element of the system,
that is a data center or information activity of narrow scope, gets itself well-
"established it should seize upon some flexible means of stoage and retrieval of
information and let the comnuter companies go ahead in their mad race. Eventually
translation devices must and will be provided which will permit interconnection.
I think that it would he unfair to impose on the data centers Mnd the system design-
ers any requirement that they keep testing prototynes. They've got their own business
to do and the equipment manufacturers should recognize that they've got to provide
flexibility. IV-1 (19)
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PROBLEM STATEMENT: Currently scientific and technical activities are
conducted largely independently of the operation of formal data centers. More S
direct coupling of day-to-day work activity and archives of data is now tech-
nically feasible; exploitation of this possibility offers unprecedented potential
for rapid and effective use of existing data. How can the potential of such systems
be jemonstrated? • I

Problem Importance Amenity to Resolution Relevaace of Your Experience

Vital to National Systems VEasily Solvable 0 Highly Relevant

Secondary Importance F] Difficult fW Relevant 0

Not Important C: Impossible I] Not Related C [

POSSIBLE RECOMMENDATION: A small number of research and
development projects or programs should be selected to test the applicability
and effectiveness of automated data system concepts. In these test projects,
all operations involving data would be automated and incorporated into a
system serving the project. For example, a typical scientist or technologist
working on the project would have direct access to several data files which
would be used not only to facilitate his own work, but also to communicate
with other members of the project team. Files directly accessible to the
user should include the archival or reference files commonly found in data I
centers, as well as the frequently used work files often maintained either
at the workerA desk or at the computing center. The operations of such
projects should be carefully monitored and analyzed to identify methods r
applicable to oth(.r similar or larger scientific and technical program
efforts.

CRITICISM OF THE RECOMMENDATION AND ALTERNATE RECOMMENDATIONS:

The problem is a good one and the rec•muendation has some valid points. However,
I think that I would modify thc recommendation and suggest that it is less important
to put the scientist next to a fully automated data system, instead he should be
put next to a flexible partially automated system which will include the services
of some scientists and information scientists who can work with him to find out I
how he can best be served. This will he an education in both directions and will
he much more beneficial than forcing a specific highly-automated system down the
individual user's throat. [

(
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I PROBLEM STATEMENT: There is almost a complete absence of criteria
for the evaluation of the economic performance of current data systems.
Recently the concept of cost-effectiveness has gained wide acceptance as a

* basis for deciding whether or not a system would be developed or operated.
SShould cost-effectiveness be the principal criterion to determine whether

future scientific and technical data systems will or wiil not be developed?

Problem Importance Amenity to Resolution Relevance of Your Experience

Vital to National Systems Easily Solvable DIHighly Relevant 0

Secondary Importance C Difficult _ Relevant

Not Important ] Impossible Not Related

POSSIBLE RECOMMENDATION: The specific costs associated with data
handling or with the development and operation of data systems should and can
be assembled although such cost data are not currently known. The benefits
accrued from data handling systems are difficult to quartify. Consequently,
in the immediate suture the primary emphasis of system development efforts
should be on achievement of effectiveness. Cost optimization can then he
achieved by selecting the more efficient system from the systems previously
proven effective.

CRITICISM OF TqE RECOMMENDATION AND Al TERNATE RECOMMENDATIONS:

It is difficult at best and usually impos.ible to do any honest anl realistic
cost-effectiveness studies of research. Our own experience in the Office of
Standard Reference Data indicates that cost-effectiveness studies of data systems
which are a support of research is equally impossible. It may be possible to
apply cost-effectiveness and cost-optimization techniques to specific system
"elements, mechanical portions of information activities. tkowever, I do not feel
that any attempt to base system plan5 on cost-effectiveness can he productive.

Instead, I would suggest that user satisfaction and utilization of data system
elements is a much better criterion and one which is far more easy to obtain.
At the present time COSATI Panel #6 nn Information Analysis Centers is concernTing
itself with effectiveness studies of information analysis centers, with reasons
for closing information analysis centers, and related nroblers. Wring the
forthcoming year we will probably have some conclusions to offer which are relevant
to this problem.

I
IV- 1 (2 1)
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PROBLEM STATEMENT: Inability to define a single system structure
applicable to the national requirements of data communication and use has been
cited as a justification for not developing new or improved national data systems.
What criteria should be employed in the planning of national data systems to
determine whether centralized data systems, decentralized data networks, I
coordinated data exchange programs, data source referral centers, or no
system should be implemented? 3

Problem Importance Amenity to Resolutlonj Relevance of Your Experience

I Vital to National Systems Easily Solvable fHighly Relevant 00

Secondary Importance F] Difficult 0_ Relevant [ 3
Not Important Impossible _ Not Relate 01

POSSIBLE RECOMMENDATION: The structures of data systems cannot

be dictated by fiat from a top-level policy position. Rather, such structures
must evolve from working-level responses to real needs. In fact, national
systems arc already developing in this fashion. The current need is for
coordination and financial support of these evolving systems. Experimental
data systems should be tested which tie into a network several of the systems
and ,,ervices which the scientist or engineer now must use separately. The
experimental system components should include automated recorders, computing
equipment, automated archives of relevant data, archives of computer routines,
reactive display consoles, and automated report generators. SuCI experimental
systenms should be carefully monitored ant' evaluated. J
CRITICISM CF TIlE RECOMMENDATION AND ALTERNATE RECOMMENDATIONS:

! !

I.
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I
FORECASTING QUESTION

Currently, much scientific and technical data are handled by informal means
(telephones, conferences, etc. ) as well as by formal systems such as data
collection networks, data exchange cooperatives, government and commercial
publishing, data centers, and data-document depositories (data libraries).
Examples of relatively recent implementations of systems of national
importance are the National Space Science Data Center and the Nationil

Standard Reference Data System.

I Would you please give your opinion as to the formal systems of national
significance which you expect to be implemented over the next 10 years.
The list should include only those systems implementations which can be
expected to significantly affect current practices for handling scientific and
technical data. Please indicate the date when each system can he expected

-- to be in operation.

-Date When System
Brief Description of Project d Formal Sstem Will Be Operational

E\pansion and vitalization of National Referral 1975
Center with better national interconnections

Emergence of the National Chemical Information 1975
System and a similar system for Physics

Joint operation of EHWCtN, NSR11S, NCIS, NPIS 1980

1

I
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ISSUE EVALUATION QUESTICONNAIRE I

YOUR PROBLEM STATEMENT: Within mNmy Federal agencies, specialized
data centers and information systems have been set up or are being set up in
response to legitimate needs. Within private industries, similar steps have been I
taken, and more will be taken in the future. However, these centers and systems
are not adequately recognized, even within the sponsoning organization, as a
valuable resource. Manageaent does not know about them. Staff does not use them.
Utilization and awareness across organizational lines are even more scarce. How
can the data system reach Tts users? I

I

Problem Importance Amenity to Resolution Relevance of Your Experience

Vital to National Systems E Easily Solvable C Highly Relevant

Secondary Importance 0 Difficult gr Relevant

Not Important C Impossible ] Not Related Cj

YOUR RECOMMENDATIONS-
Two kinds of action are necessary. First, COSATI shuld focus top-level R&D management
attention on the resources which are available. Across-agency cnmunication should be
officially encouraged. Second, scientific and professional societies should set up,
at national and regional meetings, display areas where selected information and dzta
centers can offer their services. nlus a guide-hook on the existence of other centers. I

I
I
I.
I

IV- I 4Z4)

I
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I
Sources of Q(uotations Included in the Foreward

1. McLuhan, Marshall, "Technology: Its Influence on the Character
of World Trade and Investment," in Proceedings of a Symposium:
Technology and World Trade, National Bureau of Standards, U.S.
Department of Commerce, November 16-17, 1966, p. 11.

2. Swanson, Rowena, Information System Networks.... Let's Profit
From What We Know, Office of Aerospace Research, U.S. Air
Force, Arlington, Virginia, June 1966, p. 1.

3. Shipman, Joseph, "The Mounting Crisis in Primary Literature,"
Engineering Societies and Their Literature Programs: Proceed-
ings of a Critical Appraisal, Engineers Joint Council, New York,
New York, January 17-18, 1967, p. 28.

4. Kochen, Manfred, The Growth of Knowledge: Readings on
Organization and Retrieval of Information, John Wiley & Sons, Inc.,
New York, New York, 1967, p. xi.

5. North American Aviation, Inc., Final Report: DoD User-Needs
Study Phase II: Flow of Scientific and Technical Information
Within the Defense Industry, Anaheim, California, November 30,
1966, pp. 1-9.

1 6. TRW Space Technology Laboratories, Technical Data Management
and Implementation Program - Final Report, Thompson Ramo
Wooldridge, Inc., May 28, 1964, p. 2-2.

7. Committee on Government Operations, Summary of Activities
Toward Interagency Coordination, Report to the United States
Senate, 89th Congress, 1st Session, June 24, 1965, p. 16.

i8. Cahn, Julius N., A System of Information Systems, a paper
presented at Fourth Institute on Information Storage and Retrieval,

S - School of Government and Public Administration, American
i University, Washington, D.C., February 12, 1962, p. 2.

9. Tie President's Science Advisory Committee, Science, Government,
and "nformation: The Responsibilities of the Technical Community
and the Government in the Transfer of Information (The Weinberg
Report), The White House, Washington, D.C., January 10, 1963

* p. 7.
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Quotation Sources, Continued...

10. Campbell, Colonel Charles T. , "The Army Concept and
Organization for Technical Data Management," in Minutes of
Eighth Annual Meeting of the Engineering Documentation Section,
American Ordnance Association, Washington, D.C., April 1966,
pp. D2-14. I

11. Committee on Government Operations, Summary of Activities
Toward Interagency Coordination, Report to the United States
Senate, 89th Congress, 1st Session, June 24, 1965, p. 19.

12. Cohen, Dr. Karl, "Interaction of Industry with Information, " in I
Proceedings of DoD/NSIA Technical Information Symposium for
Management, Statler Hilton Hotel, Los Angeles, California,
May 26-27, 1965, p. 32. I

13. Reily, Philip K., "Technical Information Transfer and Economic

Growth," Keynote Address presented at the Institute on the I
Transfer of Technical Information, The American University,
October 23, 1967, p. 3. .

14. Carlson, Walter M., "Management of Scientific Information,
in Proceedings of DoD/NSIA Technical Information Symposium
for Management, Statler Hilton Hotel, Los Angeles, California,
May 26-27, 1965, p. 44.

15. Ignatius, Paul R., "Defense Data Management Program [
Objectives, " in Proceedings of DoD/NSIA Technical Information
Symposium for Management, Statler Hilton Hotel, Los Angeles,
California, May 26-27, 1965, p. 57.

16. Morris, Thomas D., "Keynote Address, " in Proceedings of DoD/
NSIA Technical Information Symposium for Management,
Statler Hilton Hotel, Los Angeles, California, May 26-27, 1965,
p. 3. 0

17. Select Committee on Government Research, Documentation and
Dissemination of Res~earch and Development Results, Study
Number IV, House of Representatives, Washington, D.C., u
November 20, 1964, p. 91.
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4 Quotation Sources, Continued...

18. Adkinson, Burton W., as quoted ii. Interagency Coordination of
Information, Hearings before the Subcommittee on Reorganization
and International Organizations of the Committee on Government
Operations, U.S. Senate, September 21, 1962, p. 42.

19. Johnson, President Lyndon Baines, Presidential Message upon
signing of the State Technical Services Act, P. L. 89-182,1September 14, 1965.

20. Select Committee on Government Research, National Goals and
Policies: Study Number X, Report to the House of Representatives,
December 29, 1964, p. 64.

21. Battelle Memorial Institute, Proceedings of 1st Ad Hoc Forum
of Scientific and Technical Information Analysis Center
Managers, Directors, and Professional Analysts, November 9-
11, 1965, p. 4.

22. Fubini, Eugene G., "Scientific Information," in Proceedings of
i DoD/NSIA Technical Information Symposium for Management,

Statler Hiltou Hotel, Los Angeles, California, May 26-27, 1965,
1 p. 29.

23. Hornig, Donald, A Bill to Provide a Standard Reference Data
* System, Hearings before the Subcommittee on Science, Research,

and Deve)opment of the Committee on Science and Astronautics,
U.S. House of Representatives, June 28-30, 1966, p. 10.

24. Committee on Government Operations, Summary of Activities
Toward Interagency Coordination, Report to the U.S. Senate,1• 89th Congress, 1st Session, June 24, 1965, p. 19.

25. Select Committee on Government Research, National Goals and
i Policies: Study Number X, Report to the House of Representatives,

Decemnber 29, 1964, p. 51.

26. Hoshovsky, A.G., and Album, H.H., "Toward a National
Technical Information System," in American Documentation,
Volume 16, No. 4, October 1965.

I 27. Committee on Government Operations, Summary of Activities
Toward Interagency Coordination, Report to the U.S. Senate,1 89th Congress, 1st Session, June 24, 1965, p. 16.
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Quotation Sources, Continued...

28. Hoshovsky, A.G., and Album, H.H., "Toward a National
Technical Information System, " in American Documentation,
Volume 16, F,). 4, October 1965, p. 313.

29. Klein, Stanley, "A Summary and a Perspective of This
Conference, " in Engineering Societies and Their Literature
Programs: Proceedings of a Critical Appraisal, Engineers
Joint Council, New York, New York, January 17-18, 1967,
p. 7.

30. Fubini, Eugene G., "Scientific Information, " in Proceedings of
DoD/NSIA Technical Information Symposium for Management,
Statler Hilton Hotel, Los Angeles, California, May 26-27, 1965,
p. 31.

31. President's Science Advisory Committee, Science, Government,
and Information: The Responsibilities ef the Technical Community
and the Government in the Transfer of Information (The Weinberg
Report), The White House, Washington, D.C., January, 1963,
p. 21. [

32. Wiesner, Dr. Jerome, Interagency Coordination of Information,
Hearings of the Committee on Government Operations, U.S. K
Senate, September 21, 1962, p. 31.

33. Terry, Luther L., Surgeon General, U.S. Public Health Service,
as quoted in Interagency Coordination of Information, Hearings
before the Subcommittee on Reorganization and International
Organizations of the Committee on Government Operations,
U.S. Senate, September 21, 1962, p. 104.

34. de Solla Price, Derek J., "Communication in Science: The Ends--
Philosophy and Forecast," reprinted from Ciba Foundation
Symposium on Communication in Science: Documentation and
Automation, Anthony de Reuck and Julie Knight, Editors;
J. & A. Churchill, Ltd., Publishers; London, 1967, p. 209.
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This v-olume presents a plan for study anid implementation of national scientific[ and technicpl data system(s) concepts. The plan reported was developed as a part
of a b)roader planning effort by the Task Group on National System(s) of the rI Committee on Scientific and Technical Information (COSATI). COSATI is a
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Major objectives of the plan are: (1) management of scientific &nd technical
data resour~es in a manner optimal for maintenance of a strong science and
technology, (2) improv,!ment of tz-'isting data management programs and data
handling services by better use of available technologies and methodologies,I (3) development of the personnel, institutional, and methodological capabilities
required to support future data -ianagement and data-handling systems, and
(4) identification of procedures and designation of responsibilities for actions

to facilitate the development of new systems of data management and data handling.

The plan envisions the achievement of those objectives within a National Program
for Scientific and Technical Data. Significant elements of the National Program
include organization of a National Advisory Council for Scientific and Technical

I Data and establishment of two Program Offices -one for scientific data ac-

L tivities and one for technical data-activities. (continued on back)

DI r.T



UNCLASSIFIED
Security cleasisfication

_ __ __ _ II---

Scehtif-c

FData managementI

National data systems

Data handling 'systems

Scientific communications

Data storage and retrieval

Data collection networks

Data service centers

Data libra ries

Data processingI

Computers

Microfilming

13. Abstract (continued)

The plan presented iAa-hio M1ar on anui p~~i extensive survey-stli -

7 of data activities as currently conducted in government, industry, and the pro-I
fessions. The results of this background study are reported in Volume~ 11 of this
report.
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