at universities in obtaining the use of
large-scale research facilities, including
instruments and systems, and would
present opportunities for graduate stu-
dents to engage in thesis research. The
University Corporation has energeti-
cally moved to establish the Center, and
funds have been allocated by the Na-
tional Science Foundation for the ini-
tial steps, including the appointment
of a director and his planning and or-
ganizing staff.

Other centers, both regional and na-
tional, devoted to major research en-
deavors, are under construction, such
as Kitt Peak and Green Bank observa-
tories. Still others will follow, like those
designed to carry on the great research
programs in oceanography recently
proposed. The centers will not be ham-
pered by barriers among sciences and
departments, for their mission is to
search out answers, not to maintain the
straight lacing of straight-laced disci-
plines! They will provide freedom to
communicate, and encouragement to
cooperate, throughout their scientific
staffs. In all of them, the common fac-
tor is dependence on instrumentation.

Instruments, the Unifying Element

Little doubt remains that in our
burgeoning activities, research in in-
strumentology and in instrumentation
for research are gaining recognition
and respectability. Paradoxical as it
may be, the application of research to
the furtherance of research is as basic
as the research itself. Without it, much
research would be vastly more difficult
if not impossible. To illustrate: astro-
physical studies depend on expert
knowledge of the latest in lens design,
on image converters, and on maximiza-
tion of signal-to-noise ratio in micro-
wave receivers; study of the atomic nu-
cleus could not proceed without the
application of research to the constant
improvement of high-energy accelera-
tors and on their proper design, con-
struction, and management.

The scientist whose research deals
with instruments for research is find-
ing his place among his fellows. Since
the scientist’s reward is, in large part,
recognition by scientists, this is impor-
tant to science, for it will encourage
able students to select an interesting

Research on Handling

Scientific Information

Improvements in communication and information
handling contribute to scientific progress.

Research on new and improved
methods of handling scientific informa-
tion received its initial impetus from an
imaginative and stimulating article by
Vannevar Bush entitled “As we may
think,” which appeared in The Atlantic
Monthly in July 1945. He stated the
scientific information problem suc-
cinctly:

“There is a growing mountain of re-
search. But there is increased evidence
that we are being bogged down today as

1922

Helen L. Brownson

specialization extends. The investigator
is staggered by the findings and conclu-
sions of thousands of other workers—
conclusions which he cannot find time
to grasp, much less to remember, as
they appear. Yet specialization becomes
increasingly necessary for progress, and
the effort to bridge between disciplines
is correspondingly superficial.

“The difficulty seems to be, not so
much that we publish unduly in view of
the extent and variety of present-day

and satisfying career. The trend is grati-
fying. More persons with unusual talent
will be needed to assume the planning
and execution of the experimental at-
tack as the problems and the instru-
ments for probing them become more
involved and complex.

Science faces a bright future. So does
man, in his enjoyment of the fruits of
science, if he can become and remain
a rational being in his relations with his
fellow-occupants of this planet. Theory
and experiment will continue, as they
have in the past, to work hand-in-hand
to advance knowledge, and the greatest
advances will occur where self-centered
and ingrown disciplines shed their iso-
lationism and work cooperatively in ex-
ploring dark areas of broad interest. In
all such efforts instruments, the indis-
pensable tools of science, are the unify-
ing element; hence they must and will
play a vital part.

Note

1. T am greatly indebted for guidance, in my
endeavor to appraise the notables in the light
of modern historical research, to Dr. Duane
H. D. Roller, associate professor of the history
of science at the University of Oklahoma,
Norman.

interests, but rather that publication has
been extended far beyond our present
ability to make real use of the record.
The summation of human experience is
being expanded at a prodigious rate,
and the means we use for threading
through the consequent maze to the
momentarily important item is the same
as was used in the days of square-
rigged ships.”

Bush predicted a change in this sit-
uation “as new and powerful instru-
mentalities come into use.” He indicated
tasks that might be performed by exist-
ing and potential mechanical aids in
adding to the record of accumulated
knowledge and in consulting that rec-
ord. He envisaged a possible future de-
vice for individual use, a sort of mech-
anized private file and library, for which
he coined the name “memex.” Resem-
bling a desk equipped with slanting
translucent screens on which material
could be projected for reading and a
keyboard with selection buttons and
levers, it could store on microfilm a
tremendous volume of material—books,
periodicals, newspapers, correspond-

The author is program director for documenta-
tion research in the Office of Science Informa-
tion Service, National Science Foundation, Wash-
ington, D.C.

SCIENCE, VOL. 132



ence, longhand notes, and photographs.
The stored material would be coded by
a technique of “associative indexing,”
which would tie related items together;
and the user would continually build
the trails of association while entering
new material and consulting stored ma-
terial.

Fifteen years have passed since this
article appeared. We still do not have
a “memex” or a technique of associa-
tive indexing ready for use. But we do
have a whole new field of interdiscipli-
nary research on the handling of scien-
tific information. The phrase “research
on the handling of scientific informa-
tion” is an awkward name to apply to
a field, but it seems to me to be the
most descriptive and least confusing
name that is general enough to cover
all the activities that make up this field
of research. (The term documentation
research is often used, but unfortu-
nately documentation means different
things to different people.) A recent
Soviet paper (/) indicates that in the
Soviet Union, also, this new field has
no satisfactory name as yet: “Searches
for new ways of storage, dissemination,
and processing of scientific and tech-
nical information have led to the crea-
tion of a scientific discipline (still un-
named), which can be considered a
branch of cybernetics.”

The lack of an accepted name for a
new field of research is perhaps not
unusual, particularly when the field is
still so young that there is as yet no
clear delineation of its scope and no
widespread agreement as to research
objectives and priorities.

The research that is the subject of
this article is concerned primarily with
the handling of information expressed in
language and other nonquantitative
forms, such as photographs and circuit
diagrams, as distinguished from quan-
titative or numerical data. The latter
can be quite readily coded, stored, and
manipulated by widely understood elec-
tronic data processing techniques. But
the mechanized handling of the ideas,
concepts, and techniques embodied in
the texts and illustrations of scientific
documents presents difficult problems
that have yet to be solved.

It is my purpose in this article to give
an informative account of the scope of
present activities in the field and brief
descriptions of current research proj-
ects. It is not feasible in the space of
this one article to cover every project,
but I shall describe representative proj-
ects in each research area. I shall be
able to be more informative about the
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research projects supported by the Na-
tional Science Foundation, because 1
am more familiar with them. The foun-
dation, however, has for some years
compiled and published a semiannual
report on Current Research and De-
velopment in Scientific Documentation,
which contains descriptions of projects
and lists of relevant publications and
reports. The information contained in
the latest number (2) of this series
serves as the basis of my discussion of
the field as a whole.

I shall not attempt to assess the mer-
its of any particular effort or the rela-
tive importance of the various areas of
research. Any attempt to review the
field critically should be based on thor-
ough study of all available publications
and reports, a much larger task than
any one individual could undertake. In
order to make possible such thorough
study of work in the field, the National
Science Foundation provided funds in
1958 for the establishment at the Na-
tional Bureau of Standards of a Re-
search Information Center and Advis-
ory Service on Information Processing.
Some of the center’s operating funds
have been provided also by the Coun-
cil on Library Resources and the Bu-

‘reau of Standards. The center is as-

sembling all reports and publications in
its field of interest and is preparing a
number of background and “state-of-
the-art” papers on research activities.

Before discussing the various areas

of research I shall touch briefly on
three other topics in order to provide
a certain amount of background infor-
mation: the organizations supporting
and conducting research on the han-
dling of scientific information, the de-
velopment of special-purpose informa-
tion-handling equipment, and the ex-
tent to which nonconventional infor-
mation-handling systems are already
in use.

Organizations Supporting and
Conducting Research in the Field

The National Science Foundation
was given a broad directive in its ena-
bling act of 1950 “to foster the inter-
change of scientific information among
scientists in the United States and for-
eign countries.” From the beginning,
those responsible for the foundation’s
scientific information programs believed
that one very important means of fos-
tering such interchange would be the
encouragement and support of studies
of information problems and research

directed toward improved methods and
techniques for handling scientific infor-
mation. The National Defense Educa-
tion Act of 1958 made the responsibil-
ity of the foundation in this field more
specific. It directed the foundation to
establish a Science Information Service
to, among other things, “undertake pro-
grams to develop new or improved
methods, including mechanized systems,
for making scientific information avail-
able.” The foundation has supported
studies in the field since 1952, the first
year funds for grants were available;
but the program, known as the Docu-
mentation Research Program, has been
expanded considerably since 1956. In-
sofar as possible it places emphasis on
projects of a fundamental or general
nature that may produce new insights,
knowledge, or techniques applicable to
information systems and services.

Like the foundation, the Office of
Naval Research and the Air Force Of-
fice of Scientific Research support re-
search on information handling in the
interests of science generally.

Certain other federal agencies have
tremendous internal information-han-
dling problems of their own and there-
fore have a compelling need to seek
better techniques and devices for their
own use. The intelligence agencies fall
in this category and are making a con-
siderable effort to devise new tech-
niques. In addition to the work within
the intelligence agencies, the Intelli-
gence Laboratory of the Rome Air De-
velopment Center, an activity of the Air
Research and Development Command,
supports under contract a good many
research and development projects. The
U.S. Patent Office also handles a tre-
mendous volume of information and
has an extensive research program of
its own on the mechanization of patent
search procedures. The National Bu-
reau of Standards is collaborating in
the research program of the Patent Of-
fice and is also conducting independent
research on various aspects of mecha-
nized information handling.

Research on mechanical translation
is currently supported by the Air Re-
search and Development Command, the
National Science Foundation, the Cen-
tral Intelligence Agency, the Office of
Naval Rescarch, the Office of Army
Research, and the Army Signal Corps.
An Interagency Committee on Mechan-
ical Translation Research has been es-
tablished by the National Science Foun-
dation to coordinate the administration
of these various research programs.

In addition to these federal agencies,
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some private organizations provide
funds for work in the field. The Coun-
cil on Library Resources, established
in September 1956 with a grant of $5
million from the Ford Foundation, has
initiated and supported many studies
of library problems, including a num-
ber of projects concerned with the de-
velopment of new information-handling
equipment and new indexing techniques.
The American Society for Metals for
more than three years has financed a
mechanized literature-searching project.
The Chemical Abstracts Service and the
American Institute of Physics have ac-
tive research programs on information
handling and dissemination, supported
in large part by the National Science
Foundation.

Much of the more fundamental re-
search in the field is being done by a
dozen or so universities with the aid of
grants or contracts from federal agen-
cies, and their number is gradually but
steadily increasing. Private firms and
research institutes are also doing a good
deal of research in the field, most of it
under contract with federal agencies or
the Council on Library Resources.

Organizations abroad that are actively
conducting research include the follow-
ing: several governmental organizations,
a society of librarians and infor-
mation specialists, and a private lan-
guage research group in England; a uni-
versity laboratory of social psychology
and a center for nuclear research in
France; Euratom, an international or-
ganization with headquarters in Brus-
sels, which has an internal research
program in this field and contracts for
additional work with organizations in
several European countries; the Patent
Office of the Netherlands; a library re-
search group in India; and a number
of research institutes in the Soviet Un-
ion that are concerned broadly with the
applications of electronic machines and
with the field of linguistics.

Development of Special-Purpose

Information-Handling Equipment

Although standard punched-card
equipment and general-purpose comput-
ers are used in most mechanized infor-
mation systems and in most of the re-
search in this field involving the use of
machines, a number of devices designed
especially to handlelinguistic and graph-
ic information have been and are being
developed. The following are examples.

Perhaps the earliest development was
the Rapid Selector (3), conceived by
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Vannevar Bush before World War II.
The first model was built by the En-
gineering Research Associates, of St.
Paul, Minnesota. It scans very rapidly
a large reel of microfilm containing tex-
tual material on one side of each frame
and coded information on the other and
selects and reproduces the frames for
which the codes meet prescribed speci-
fications. The latest version of the Rapid
Selector embodies some modifications
built into it in recent years at the Na-
tional Burecau of Standards and is in use
in the Bureau of Ships of the Depart-
ment of the Navy.

Minicard equipment (4) has been de-
veloped for the Air Force by the East-
man Kodak Company, and three sets
of the equipment are now in use either
operationally or experimentally. A set
of Minicard equipment includes a spe-
cial camera for photographing docu-
ments to be entered into the system, a
film processor, storage magazines, a
Minicard duplicator, a sorter, a selector,
a viewer, an enlarger, and so on. The
Minicard itself is a discrete piece of
microfilm measuring 16 by 32 milli-
meters and containing up to 12 pages
of text and an area for codes.

The AVCO Corporation, with partial
support from the Council on Library
Resources, has developed a high-den-
sity, rapid-access information storage
device to provide a means of automat-
ically gaining access to large collections
of documentary material. As with the
Minicard system a microphotographic
medium is used for information storage.
A model based on a 100:1 reduction of
page size is under construction.

Filmorex equipment, a French de-
velopment, stores and searches infor-
mation recorded on “microfiches,” mi-
crofilm cards measuring 35 by 60 milli-
meters. Each microfiche holds up to two
pages of text and up to 20 codes or in-
dexing terms, The cards pass through
the Filmorex selector at the rate of 700
per minute, and the textual material on
the selected cards can be enlarged and
reproduced automatically.

Magnacard equipment (5), which
has been developed for the Air Force
by the Magnavox Company, uses in-
dividual magnetic cards as the basic
storage medium and pneumatic tech-
niques for selective transport of the
cards to achieve any desired grouping
or rearrangement.

Another development, which has been
supported in part by the Navy and the
Air Force, is the photoscopic disk and
associated equipment at the IBM Re-
search Center. It is a large-capacity,

random-access device that manipulates
coded, photographically recorded in-
formation. It was designed to be par-
ticularly well suited to the handling of
natural languages for such purposes as
automatic translation and information
storage and retrieval.

The Rabinow Engineering Company
is also developing a large-capacity, rap-
id-access device in which information
is stored as small holes etched in metal
plates. It is believed to be suitable for
use as an automatic dictionary in trans-
lation or retrieval systems.

The Laboratory for Electro-Modeling
in Moscow has developed, for use in
information-handling systems, a storage
device that uses sheets of paper on
which small capacitors have been pre-
printed (6). Information is stored by
punches in the sheets, each punch dis-
connecting a capacitor. The sheets arc
electrically interconnected to permit
very rapid electronic searching of the
stored information.

Quite a number of organizations are
developing character-recognition devices
that will automatically ‘“read” alpha-
betical and numerical characters. Read-
ing machines that are versatile enough
to recognize different styles and sizes of
printed type will be needed to provide
the “input” to translation and informa-
tion retrieval systems.

A principal point to be made in dis-
cussing equipment is that we do not yet
have procedures for handling informa-
tion that enable us to use existing equip-
ment to best advantage. When effective
procedures have been developed and
tested, still other special-purpose de-
vices may be needed. But it would ap-
pear that the state of our computer
technology is sufficiently advanced that
any such device can be readily built if
the engineers can be told in very pre-
cise terms just what it must be able to
do.

Current Use of Nonconventional

Information-Handling Systems

The National Science Foundation is-
sues a series of reports on Nonconven-
tional Technical Information Systems
in Current Use as a service to individ-
uals and organizations interested in sci-
entific-information handling. The latest
number in this series, and its supple-
ment (7), describe in general terms 52
systems that employ either nonconven-
tional indexing techniques or automatic
equipment, or both. The reports also
list available publications describing the
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systems in more detail. These 52 sys-
tems are by no means all the systems of
this kind in existence, but they exem-
plify the various types of systems now
in use. Brief descriptions of a few of
the larger partially mechanized systems
will illustrate the success with which
new techniques and machines are being
applied in systems now in operation and
giving service to users.

The Merck Sharp and Dohme Re-
search Laboratories use an IBM 101
Electronic  Statistical Machine and
punched cards for storing and searching
index entries for publications in the
fields of pharmaceutical chemistry, bio-
chemistry, microbiology, and so on. The
system was initiated in 1950 and covers
about 60,000 documents. A panel ar-
rangement, on which code numbers are
indicated with switches, facilitates the
setting up of searches for code patterns.
This panel was developed at the Merck
Laboratories for use with the 101.

The Socony Mobil Oil Company
and Smith, Kline and French Labora-
tories both have punched card systems
employing also the IBM 101. Each sys-
tem covers upwards of 100,000 docu-
ments. The Socony system, in opera-
tion since 1952, covers journal articles
and patents on petroleum chemistry.
The SKF system, in use since 1953, cov-
ers the chemical, biological, and clinical
data in published papers and internal
reports. '

The General Electric Company in
Cincinnati has combined a system of
key word indexing for about 50,000
documents on flight propulsion and re-
lated subjects with a program for search-
ing the coded information on an IBM
704 computer. A machine search can
be made to produce either a list of the
accession numbers of documents identi-
fied as being relevant to the search pre-
scription or printed citations and short
abstracts of the documents identified.

The Office of Basic Instrumentation,
National Bureau of Standards, has de-
signed a “peek-a-boo” system, which
covers some 30,000 papers and reports
on instrumentation and is probably the
largest operating system of its type. It
makes use of 5- by 8-inch cards, one
for each indexing term in the system,
and punching and viewing devices. Each
card has provision for 18,000 holes,
and each hole punched on a term card
identifies by its location a document
that has been indexed by that term. To
search for documents relevant to com-
binations of terms, the appropriate
term cards are stacked in front of a
light source, and the holes in alignment
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that permit the light to shine through
all of the cards identify the documents
relevant to the selected terms. Since the
capacity of a card is 18,000 holes,
another set of cards must be started after
18,000 documents -have been indexed.

Among the foreign systems of partic-
ular interest is that of the documenta-
tion center of the Centre National de
Recherche Scientifique, in Paris. Em-
ploying Filmorex equipment, the sys-
tem has been in experimental operation
for four years and stores abstracts and
codes for some 200,000 papers on the
biological effects of chemical com-
pounds.

Of the 52 systems described in the
foundation reports, 34 deal primarily
with chemical or biochemical informa-
tion and 35 are operating within indus-
trial organizations. Whether these pro-
portions would hold true for all existing
nonconventional systems is not known,
but at least they suggest that the incen-
tive for devising information-handling
systems and for attempting to use ma-
chines and new techniques for this pur-
pose is greater in industry than else-
where. Similarly, it might be inferred
either that chemical information is more
readily coded for mechanized handling
than other information or that chemists
and chemical literature specialists are
to some extent more interested than spe-
cialists in other disciplines in trying out
new information techniques. Perhaps
both inferences are correct.

Even the larger systems that have
been described are small in comparison
with the task of placing indexes to the
content of all scientific literature under
some sort of mechanized control. It is
not at all clear that procedures that work
satisfactorily for limited collections of
information in relatively homogeneous
fields could be adapted to handle very
large volumes of material cutting across
a number of scientific disciplines.

A recent report of the Senate Com-
mittee on Government Operations (8)
contained a brief description in general
terms of a very large punched card sys-
tem for intelligence information—thg
“Intellofax” system of the Central In-
telligence Agency. The system was in-
stituted in 1947 and has undergone
some modifications since then. It now
comprises over 40 million punched
cards; those prepared in recent years
bear both coded information and micro-
films of documents mounted in aper-
tures in the cards. Quite understandably,
the agency has not made available de-
tailed information about the system. For
intelligence purposes, however, it may

not be necessary to index or classify
the subject matter of scientific and tech-
nical documents to anything like the
the depth that would be required for a
system designed to make literature
searches for scientists.

One last observation about the exist-
ing partially mechanized systems is that
most of them appear to be based on
some form of “coordinate” indexing,
which makes use of individual indexing
terms or short compound terms that
can be combined in a variety of ways
in the process of searching. Conven-
tional indexing or subject-heading sys-
tems include phrases as index entries
whenever several terms are required to
describe a concept. The indexing terms
of a coordinate system may be called
key words, descriptors, Uniterms, or
simply terms. By now, a good deal of
experience has been gained with systems
of this type, some of which incorporate
techniques for handling various types of
relationships among terms. The Na-
tional Science Foundation, therefore,
has contracted with Documentation, In-
corporated, of Washington, D.C., for a
state-of-the-art study of all aspects of
coordinate indexing, including operating
experience, theoretical work, and ex-
perimentation, The report of this study
should be available early in 1961.

Current Research Activities

In spite of rapid and continuing prog-
ress in computer technology and pro-
gramming techniques, continuing de-
velopment of special-purpose devices
for the handling of linguistic and graph-
ic data, and accumulating experience
with mechanized techniques in search-
ing limited collections of information,
the essential problem of applying ma-
chines to the handling of scientific in-
formation on a large scale has yet to be
solved. This unsolved problem has to
do with means of analyzing the subject
content, meaning, and relevance of doc-
uments for mechanized handling. Re-
search directed toward this end is mak-
ing progress but is still in its infancy.

Only a few short years ago, most peo-
ple in the field were thinking in terms
of attempting to mechanize only the
more routine or clerical aspects of in-
formation handling, with reliance on hu-
man judgment for the analysis and in-
dexing or classification of the subject
content of documents. All of the present
operating systems that employ auto-
matic searching techniques are of this
type. Much of the current research work
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is directed toward the development of
improved indexing or classification sys-
tems to be used by human analysts in
combination with automatic techniques
for coding, storing, and searching the
index data and printing out the results
of a search. Continued work in this area
is important because improved systems
of this type will undoubtedly be useful
for many purposes.

Within the past five years, however,
more and more persons have become
interested in exploring how far it is
possible to go in devising ways of using
machines to process and analyze auto-
matically the actual language of docu-
ments for a variety of purposes—trans-
lation, abstracting, indexing, selective
dissemination, and storage and retrieval.
Some of the current research efforts on
the processing of information for dis-
semination and retrieval and all of the
mechanical translation efforts are in this
area.

The following descriptions of re-
search activities are grouped under sev-
eral headings: background studies of
the communication practices and infor-
mation needs of scientists; research on
partially mechanized information re-
trieval systems, with mechanization ap-
plied to the more routine processes
subsequent to document analysis; re-
search on the automatic analysis of
texts; evaluation and comparison of
information-handling systems and pro-
cedures; and studies in other areas.

Communication Practices and

Information Needs of Scientists

Although most of the research de-
scribed in this article is directed toward
the development of faster and more re-
liable techniques for handling scientific
information, it goes without saying that
the information needs of the scientific
community should determine the char-
acter of new information services and
techniques. Although there is a good
deal of intuitive and subjective knowl-
edge about the various ways in which
scientists communicate the results of
their own work to others and learn
about the work of others, there is very
little precise, objective knowledge of
the inadequacies in the present flow of
scientific information and of the cost
to scientists and to society of those in-
adequacies. A deeper understanding of
the role and the mechanics of com-
munication within the sciences and of
the information problems and needs
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of scientists would be of assistance to
scientific societies and all other organi-
zations involved in planning and main-
taining publication programs and
scientific and technical information
services. Such understanding is also
needed for the design of information-
handling systems and procedures that
will provide the sort of help scientists
can use to best advantage.

In an excellent discussion of the
problem of “technical communication
in psychology” (9), the Board of Scien-
tific Affairs of the American Psycho-
logical Association presented the think-
ing of a group of psychologists on the
need for work in this area of communi-
cation practices and information needs:

“BSA considers the problem of effi-
cient and effective communication of
scientific information to be perhaps the
most critical problem faced by scien-
tific psychology today. . . . The tech-
niques of scientific communication now
employed by psychologists have evolved
from past experiences, conditions, and
needs, without much self-conscious
analysis or deliberate planning.

“The interdependence of the func-
tions of different media of communica-
tion suggests that psychologists should
self-consciously design a communica-
tion system in which the inherent capa-
bilities and limitations of different media
are matched with the specific needs or
functions to be served. Only by the
analysis of such a total system will
it be possible to specify the required
media, their principal functions, and
the criteria in terms of which they
should be evaluated.

“. . . traditional roles of our com-
munication media need to be reexam-
ined in the light of present and antici-
pated information loads and needs.
Further, these needs should be those of
the user of the information rather than
those of the originator of the informa-
tion.”

During the past 10 to 15 years, some
30 or more studies and surveys have
been made of the use by scientists of
scientific publications and reference
tools and of their views on information
problems and services. Most of these
studies have been made by means of
questionnaires or interviews, in which
scientists were asked to recall or to
estimate their use of publications and
services. A few investigators have used
other techniques for gathering data, and
some have attempted to delve deeper
into the communication problem and
to identify actual situations where re-

search suffered because certain exist-
ing knowledge was not available, and
thus to throw some light on specific
failures of our present communication
system. By and large, however, the
studies thus far have been concerned
with what scientists do in the present
situation, which is admittedly far from
perfect. They should be regarded as
merely a first step toward better under-
standing of the information problem,
to be followed by experimentation with
courses of action likely to lead to im-
provements in the situation.

Studies in this area prior to the sum-
mer of 1959 were analyzed and com-
pared in a Review of Studies in the
Flow of Information Among Scientists,
prepared for the National Science Foun-
dation by the Bureau of Applied Social
Research, Columbia University, and
issued in January 1960. This review
contains a discussion of completed re-
search and a synthesis of the findings
of the various studies wherever the data
are at all comparable. The many ob-
stacles to comparison included the di-
versity of populations studied, differ-
ences in the units of observation or re-
cording, differences in classification of
communication media and channels,
and paucity of analyses in depth and of
interpretations of the collected data.
Some of the studies were designed for
the purpose of guiding the activities of
a single establishment and were useful
for that purpose but added little to the
knowledge needed for decisions on a
more general level. Techniques of data-
gathering have included the analysis of
library withdrawal records (with or
without special questionnaires at-
tached); study of records of inquiries
at information centers; use of question-
naires, interviews, and diaries; and ob-
servations during specified time inter-
vals.

The choice of technique, however, is
believed to be secondary in importance
to careful delineation of the area of in-
quiry and of the units of observation.
The review states the belief that the
time hds come to devise new research
strategies and suggests some neglected
approaches that seem both feasible and
promising, such as studies focusing at-
tention on the functions of the scientific
communication system and the ways in
which each is being met and studies de-
signed to determine how individual units
of information percolate through the
scientific community.

Among the studies in progress at
present, two are being conducted in in-
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dividual industrial laboratories. A group
at the Bell Telephone Laboratories is
analyzing the responses to question-
naires sent to their 4700 technical and
administrative personnel to obtain data
on the use of the library and of infor-
mation; a paper on the principal results
and implications of the study will be
published. The Technical Information
Division of the Esso Research and En-
gineering Company is analyzing some
2000 requests for technical information,
covering both current reference use of
materials and retrospective searches of
published literature and internal re-
ports. It is hoped that the study will
help to determine the types of indexes
most useful for answering the questions
put to the Division.

The Institute for Advancement of
Medical Communication is conducting
two very similar studies of the fate of
papers given orally at scientific meet-
ings. The purpose is to discover what
proportion of them are eventually pub-
lished, the factors determining whether
or not a given paper is published, and
the time lag between oral presentation
and publication. -

The American Institute of Physics is
experimenting with various forms of
printed indexes to see how they are
received by physicists and how useful
they prove to be in practice, and is
studying several aspects of current pub-
lication practices in physics.

The Operations Research Group at
the Case Institute of Technology is ob-
taining data on the use of published
scientific literature by chemists and
physicists. A technique has been devised
whereby the participating scientists, by
using a random alarm device, make
notes at random intervals on what they
are reading, if they are in fact reading
when the alarm sounds. This study is
a continuation of an earlier operations
research study of the scientific activity
of chemists (10), in which both obser-
vations by others and self-observations
away from the place of work were used.
The data collected on a large represen-
tative sample of chemists indicated that
the average chemist working in industry
seems to spend more time in scientific
communication (reading, writing, lis-
tening, and talking about scientific mat-
ters) than in all the rest of his activi-
ties concerned directly with science. Of
a total of 32.4 hours per week (both
during and after working hours) de-
voted to scientific activities, 16.5 hours
were spent in scientific communication,
as compared with 10.4 hours in work-
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ing with equipment, 3 hours in data
treatment, and 2.5 hours in thinking
and planning. Comparable figures are
not available for university chemists,
because the “after hours” portion of the
study covered only industrial chemists.
Although the 25,000 observations made
during the first study resulted in a clear
picture of the prominent role of com-
munication in the activities of chem-
ists, there were relatively few (some
900) observations of reading acts, not
enough from which to draw conclusions.
Consequently the present phase of the
study is aimed at gathering more data
on the use of publications.

Another study of the use of publica-
tions is being made by the University
of Chicago Library to determine
whether the present or potential value
of publications can be established on
the basis of frequency of use, and
whether criteria that will predict their
future use or obsolescence can be dis-
covered. Browsing patterns, as well as
circulation use, for both journals and
monographs are being examined in sev-
eral subject areas. The prediction of
obsolescence functions will be tested
against expert judgments, and the data
collected at the University of Chicago
Library will be compared with check
samples taken at other research li-
braries.

The question of measurement of the
value of recorded scientific information
is to be explored in a new study just
getting under way at the Case Institute
of Technology. It will encompass a
survey of the various measures of the
value of information and of scientific
productivity that have been used, a
controlled evaluation to determine their
usefulness and limitations, and an ex-
ploration of the feasibility of develop-
ing more reliable measures of value.
The value or significance, and also the
rate of obsolescence, of scientific papers
and of the information contained in
them are factors which must be taken
into account, if possible, in designing
improved means of scientific communi-
cation and mechanized searching sys-
tems.

It will be apparent from this brief
summary that the current studies of
communication practices and informa-
tion needs of scientists are concerned
with pieces of the problem. Plans have
been discussed for a thorough “systems
analysis” of communication within cer-
tain scientific disciplines, but no such
study has yet materialized. Perhaps the
next step in this area of research will

be one or more broad studies covering
all aspects of communication within a
discipline with the goal of working to-
ward the design of an improved total
communication system for that disci-
pline.

Partially Mechanized
Information Retrieval Systems

Some of the current research proj-
ects on information retrieval systems
are concerned with the development of
improved procedures for the analysis,
indexing, or classification of the subject
content of documents for use by human
analysts and with the development of
mechanized procedures for the subse-
quent, more routine, steps, such as cod-
ing the index entries for machine stor-
age, matching search prescriptions
against the stored data, and printing the
results of a search.

The Chemical Abstracts Service has
a broad research program directed to-
ward the mechanization of information
services in chemistry (77). Using exist-
ing equipment and techniques, they are
experimenting with ways of coding data
on the structure and properties of chem-
ical compounds for mechanized storage
and retrieval and for automatic prep-
aration of data compilations. An im-
portant part of the broad program con-
sists of research on the semantic content

~of chemical literature in order to dis-

cover whether basic patterns of the
terms and phrases used can be identified
and to determine how best to handle,
in a mechanized system, the concepts
expressed in language. The research
tasks include the preparation of concept
dictionaries and their experimental use
in the processing of abstracts and mech-
anized searches.

The Cambridge Language Research
Unit, Cambridge, England, is attempting
to devise a mechanizable information
retrieval system based on a thesaurus-
like lattice structure of terms taken
from the documents indexed. The sys-
tem is being applied experimentally to
the Unit’s collection of reprints. Since
the number of terms tends to increase
rapidly as documents are added to the
collection, attention now is being de-
voted to research on methods of com-
bining terms on the basis of their tend-
ency to occur together in documents.
The present work is largely theoretical,
being concerned with the development
of a general method of grouping, the
careful caoice of defining criteria for
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groups, and the formulation of mecha-
nizable procedures for finding the
groups in a given set of terms.

The Ramo-Wooldridge Division of
Thompson Ramo Wooldridge Inc. is
investigating the utility of assigning
weighting factors to index tags, indi-
cating in an intuitive way the degree
of relevance of a tag to the document
being indexed (72). Through the use of
such “probabilistic indexing,” it may be
possible to improve retrieval efficiency
and effectiveness by listing documents
identified in a search in order of degree
of relevance to the question. The de-
gree of relevance is determined by a
computational procedure in which the
weighting factors assigned both to index
tags and to components of a search
question are used.

Soviet efforts in this area appear to
be concentrated primarily in the field
of chemistry (/3). The goal is to devel-
op, for use with machines, a “machine
language” for the fundamental forms
of chemical information. The Electro-
Modeling Laboratory in Moscow has
developed a system of unambiguous
linear notations for structural formulas
and their components suitable for
mechanized handling, and has also de-
veloped symbols for chemical reactions
which can be combined with the linear
notations. This special chemical infor-
mation language is being extended so
that it can be used to express informa-
tion on the mechanism of chemical re-
actions, the technical conditions of their
realization, and the properties and be-
havior of physicochemical systems so
that eventually the language can handle
all knowledge in the fields of chemical
science and engineering. It is hoped that
in time chemists will be used only to
select information from the literature
for incorporation in the mechanized
information system. Means are being
devised for automatically converting
structural formulas, various types of
names of compounds, and other infor-
mation into the notations and codes of
the machine language. Eventually, with
automatic reading devices, it is ex-
pected that the coding of structural
formulas can be done entirely without
human intervention.

The two remaining programs de-
scribed in this section are placed last
because, although their more immediate
results will be applicable to partially
mechanized systems in which the an-
alysis is performed by human beings,
some aspects of the work are relevant
to mechanization of analysis and thus
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relate to the following section as well.

The United States Patent Office has
a broad program of research directed
toward the design, construction, and
experimental use of mechanized search
systems. Techniques are already in use
for mechanized searching of the steroid
patents, and similar work is well under
way in the additional fields of the poly-
mer art, chemical processes, organic
phosphates, and electrical arts. The sev-
eral concurrent projects include studies
of ways of characterizing and coding
the essential elements and relationships
that make up the patents in the fields
mentioned; studies of various search
techniques, with experimentation pri-
marily in the field of chemistry; and
studies of techniques for file prepara-
tion and organization. The specific proj-
ects within the Patent Office program
that are directed toward the ultimate
goal of automatic analysis of complete
texts for mechanized searching are con-
cerned with the linguistic interrelation-
ships that occur in patents and related
technical literature; the creation of a
regularized unambiguous language,
termed “ruly English”; and methods
for converting natural language to a
standardized form.

A research group at the Itek Corpo-
ration is endeavoring to systematize the
operations of information searching
systems (/4). The ultimate goal is the
mechanization of such operations wher-
ever feasible, but some of the systema-
tized procedures being deveolped may
first be applied by human analysts. The
operations under study include the se-
lection of significant information items
in a scientific text as index data, their
conversion from natural language into
a normalized language, the interpreta-
tion of search questions and their
conversion into the same normalized
language, and the planning and pro-
gramming of searches. A method of rep-
resenting natural-language expressions
in normalized form is being developed.
The “normal” grammar, which is based
on concepts derived from logic, is used
as a schema in the semantic organiza-
tion of linguistic data, in the normal-
ized representation of complex topics,
and in the selection of index data. The
project also includes the development
and testing of tools, such as a dictionary
of terms and operational rules govern-
ing the conversion of natural-language
expressions into their normalized equiv-
alents, and a thesaurus-type device that
records and displays the semantic rela-
tionships among words and expressions.

Automatic Analysis of Texts

Current reseach on the automatic
analysis of complete texts of scientific
documents includes experimentation
with indexing and abstracting techniques
based on word-frequency statistics and
tests of procedures for direct searching
of entire documents for specified words
and phrases (/5). It also includes ex-
ploration of the feasibility of more
elaborate techniques, beginning with
automatic syntactic analysis of the sen-
tences of the text. ‘

A research group at the International
Business Machines Corporation is ex-
perimenting with the use of statistical
techniques to prepare abstracts and in-
dexes automatically (/6). A machine
program is used to scan the entire text
of a document and to identify signifi-
cant words and their positional relation-
ship to each other within sentences.
From these data, a significance value is
assigned to each sentence, and those
sentences with the highest values are
printed out as an “auto-abstract.” For
automatic indexing and encoding pur-
poses, similar statistical procedures are
used to establish lists and patterns of
high-frequency words, and of pairs of
words occurring together within sen-
tences. The words may then be looked
up in a special “thesaurus” that is
stored in the machine and assigned
code numbers designating the appro-
priate notional families. Variations on
these techniques are being tried experi-
mentally; these include an automatic
system for the selective dissemination
of information (/7), based on compari-
son of the patterns of key words result-
ing from analysis of documents with
the words characterizing the interests
of scientists participating in the experi-
mental program.

The Ramo-Wooldridge Division of
Thompson Ramo Wooldridge Inc. is ex-
perimenting with automatic text search-
ing with the ultimate goal of fully auto-
matic indexing and word correlation.
A recent set of experiments measured
the effectiveness with which information
responsive to specific questions can be
recognized through machine search of
the full text of documents. The experi-
ments have been carried out within the
framework of a “model” information
system, consisting of a small collection
of physics articles, a list of ad hoc ques-
tions, and a matrix of numbers repre-
senting the estimated degree of rele-
vance of each article to each question,
based on careful application of expert
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human judgment. The questions were
transformed into instructions to search
for specified words and phrases within
the texts. The texts of the model li-
brary, recorded digitally on magnetic
tape, were then searched by a general-
purpose computer. The responding doc-
uments were compared with those de-
termined to be responsive through ex-
amination by subject specialists of the
entire collection of articles. They were
compared also with those identified by
searching a conventional subject-head-
ing index of the model library. The in-
vestigator has reported that, on the
whole, retrieval effectiveness was rather
poor, yet machine search of the texts
produced significantly better results
than human searching of the subject-
heading index. Such exploration of the
effectiveness of text-searching tech-
niques is considered to be a prerequi-
site to the design of effective automatic
indexing procedures, in which abbrevi-
ated representations of documents must
be prepared by machine. The work is
being extended to include a study of
the feasibility of preparing abstracts
automatically.

The Institute for Cooperative Re-
search at the University of Pennsylvania
is studying possibilities for mechanizing
indexing and is attempting to devise
sampling techniques to investigate the
effectiveness of machine instructions for
assigning indexing terms to documents.

A group of linguists, logicians,
mathematicians, philosophers, and elec-
tronic engineers, working within the
Department of Linguistics of the Uni-
versity of Pennsylvania, has for several
years been engaged in an intensive pro-
gram of research on the mechanization
of syntactic analysis of English sen-
tences (Z8). In their view, the automatic
processing of the texts of documents for
abstracting, indexing, and retrieval
should begin with automatic phrase-
structure analysis, or parsing, of the
sentences of the text. A computer pro-
gram for this type of analysis is being
prepared. The second major step in the
processing of documents, on which this
group is working, will be a computer
program for “transformational analy-
sis”—converting sentences into simpler,
more uniform “kernel” constructions
(for example, passive constructions will
be converted into simple, declarative
statements). The planned third step will
consist of procedures for the identifica-
tion of significant words or “kernels”
for storage in a retrieval system or for
use in abstracts and indexes.
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An investigator at Massachusetts In-
stitute of Technology is studying the
possibilities of using natural language
for storage and retrieval in a mechan-
ized literature-searching system. The
work is based on the belief that it
should be possible, by an appropriate
research effort, to deduce the rules of
natural language in explicit form so
that machines can be explicitly in-
structed on the use of the languages.
A step-by-step approach is used, each
step bringing the artificial language, or
“dialect,” closer to English and incor-
porating within the language as many
features of English as are thoroughly
understood at the time.

The work on automatic syntactic an-
alysis, or parsing of English sentences,
that is being done in connection with
information retrieval systems is closely
related to much of the current research
in the field of mechanical translation.
Eleven research groups are active in this
field in the United States, three in Great
Britain, and at least six or seven in the
Soviet Union; work is also under way,
or is at least beginning, in Italy, France,
Sweden, East Germany, Czechoslova-
kia, Yugoslavia, Japan, and Commu-
nist China. As one would expect, the
groups in the United States and Britain
are developing syntactic analysis tech-
niques for foreign languages—primari-
ly Russian, German, and French, with
work just beginning on Chinese. The
results of some of this work are begin-
ning to be applied experimentally to
English as well; for example, the “pre-
dictive analysis” technique, developed
at the National Bureau of Standards
and adopted also by the group at Har-
vard, is being tried on English at Har-
vard. Research in mechanical transla-
tion also includes studies of the seman-
tic organization of languages. This
work also, although oriented primarily
toward translation procedures, may
prove to be relevant to other informa-
tion-handling procedures as well. In
fact, some of the research groups and
supporting agencies are interested in
mechanical translation primarily as one
aspect of the larger field of automatic
processing of natural language for a
variety of purposes. It is interesting to
note that this view has also been ex-
pressed by a Soviet researcher (19).

“Today machine translation is regard-
ed only as the first stage toward solving
a more general and more important
problem: by most fully using electronic
machines as auxiliary tools of human
thinking, to make the machine capable

of performing the widest possible oper-
ations with texts written in different
languages, to enable it not only to trans-
late but also to edit, make abstracts,
furnish bibliographical and other refer-
ences, etc. All these operations boil
down to extracting from the text re-
quired information and to recording
that information in some other form.”

Evaluation and Comparison of

Informdtion-Handling Systems

We are just at the beginning of serious
efforts to evaluate and compare under
controlled conditions the effectiveness
and efficiency of information-handling
systems and procedures. The Ramo-
Wooldridge experiments with automat-
ic text-searching procedures, described
in the preceding section, included a
carefully controlled comparison of their
results with results obtained by human
searching of a conventional subject-
heading index. Several other current
projects are concerned with evaluation
and comparison of procedures and sys-
tems.

A project at the Cranfield Aeronau-
tical College of England, administered
by the Association of Special Libraries
and Information Bureaux, involves tests
of the comparative efficiency of four in-
dexing and classification systems, which
have all been applied under controlled
conditions to a sample of 18,000 docu-
ments in the field of aeronautics (20).
The systems are the Universal Decimal
Classification, widely used in European
libraries and publications; a “faceted”
classification (27) devised for this proj-
ect by members of the Classification
Research Group of England; a conven-
tional subject-heading system; and a
system of coordinate indexing. The test
searches are now in progress, and some
preliminary results may be available by
the end of 1960, and final results by the
end of 1961. It is hoped that the results
of this project will provide convincing
evidence of the relative efficiencies of
the systems for various purposes and
will add to our knowledge of techniques
for evaluating systems. It may also pro-
vide information that will be useful in
the design of indexing and classification
systems.

Herner and Company has developed
an experimental classification and cod-
ing system for the field of atomic ener-
gy, suitable for use in either manual or
mechanized information retrieval sys-
tems. The next phase of this project is
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a comparison of the system’s retrieval
effectiveness with that of a subject-head-
ing system and a coordinate indexing
system now in use in the libraries of
the Atomic Energy Commission.

At Western Reserve University, the
procedures developed by the Center for
Documentation and Communication
Research for abstracting, encoding and
searching technical information (22) are
to be evaluated in a large-scale test pro-
gram that got under way at the begin-
ning of 1960. The procedures include the
preparation by trained human beings of
“telegraphic style” abstracts, consisting
of terms and symbols for relationships
and functions; the encoding of the re-
sulting abstracts; and searching of the
coded information by machine. The
encoding procedure and a machine dic-
tionary provide for control of synonyms
and certain hierarchical relationships.
These procedures are being applied to
about 30,000 scientific and technical
papers and reports per year in an ex-
perimental mechanized searching serv-
ice for metallurgists. An ad hoc com-
mittee of metallurgists and information
specialists has been named by the Na-

tional Academy of Sciences—National .

Research Council to advise on means
of evaluating these procedures, either
in absolute terms or in comparison with
other procedures. Its members can tes-
tify to the fact that such evaluation is a
very complex undertaking for which
there are as yet no tried and true tech-
niques.

Studies in Other Areas

A number of other studies currently
in progress do not fall within the re-
search . areas discussed thus far. The
Electrada Corporation, for example,
has undertaken a mathematical analysis
of the structure of systems for informa-
tion storage and retrieval with a view
to developing methods for an economic
analysis of system design. The corpora-
tion has also recently begun a program
of exploratory research into file organi-
zations, suitable for extremely large
files, with a self-organizing capability
and with a number of levels of increas-
ing size and decreasing accessibility.

The University of Pennsylvania In-
stitute for Cooperative Research is also
studying file organization and the use
of computers to organize files.

The National Bureau of Standards is
engaged in mathematical research re-
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lated to the efficient formulation of
search questions for retrieval systems
and to means of enabling a- mechanized
retrieval system to revise its own cate-
gory structure. The bureau is also ex-
perimenting with a machine model of
certain verbal selection and recall oper-
ations. The model consists of a small
vocabulary of terms, stored records of
interrelationships between the terms,
and routines for various operations,
such as “define” and “extend.” The aim
of the experiments is to determine ways
in which machines may be used to speed
the selection of stored knowledge and
to reformulate search questions in ac-
cordance with results obtained.

With respect to the classification of
knowledge, the Library Research Circle
at Delhi University (23) and the Classi-
fication Research Group (24) which has
been meeting in London since 1952 are
continuing to study and develop tech-
niques of facet analysis and faceted
classification (21). In addition to this
work, specifically on classification tech-
niques, the various groups working on
ways of handling relationships and
grouping terms in retrieval systems are
also clearly concerned with principles
and techniques of classification.

In addition to the work related di-
rectly to the improved handling of scien-~
tific information, a great deal of re-
search in other fields may produce re-
sults relevant to the design of informa-
tion-handling procedures and -systems—
fields such as linguistics, logic, mathe-
matics, psychology, neurophysiology,
artificial intelligence, communications
engineering, and computer programming
techniques. It is relevant to note that
some universities have established
centers or programs in which the knowl-
edge and talents of many disciplines
and special fields are enlisted in research
on communication problems of all
kinds, including those touched on in
this article. In discussing (25) the
establishment of one such center, the
Communication Sciences Center of the
Massachusetts Institute of Technology,
J. B. Wiesner has pointed out that “the
fundamental difference between the
communication sciences and many other
sciences is that, though people in this
field may be forced to study physical
properties of systems, it is the organi-
zational or structural properties which
are of primary concern. Here there
are new concepts to understand, and
new mathematical tools are required
and being created.”

Conclusion

By describing current work in the
relatively new field of research on the
handling of scientific information, I
have tried to indicate the present scope
and objectives of that work. I hope that
this descriptive account also conveys
the impression that a great deal more
research must be done before we shall
know how best to use machines to aid
in the handling of information. The
possible consequences of such research
are of the greatest importance for
science. At the very least the research
should result in increased understand-
ing of the complex processes of com-
munication among scientists and in im-
provements in the means for accom-
plishing such communication and for
consulting the record of accumulated
scientific knowledge. It may also, how-
ever, lead to completely new ways, only
dimly foreseen at this time, of using
machines to supplement human intelli-
gence in information and communica-
tion processes (26).
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is; in other words, it is not the case
that 4 is compelled to increase his
spending as long as B spends anything,
and vice versa. Rather, the function
determining a power’s spending differ-
entials contains parameters that can
bring the latter down to zero, even
when the potential enemy is arming.
For example, spending becomes oner-
ous when it rises above a certain level.
Having reached that stage, 4 will tend
to slow down its armament efforts, and
this will have a dampening effect upon
B’s arming. Richardson postulates,
moreover, that the relationship between
potential enemies need not be one of
pure hostility. While arming against
each other, two powers or coalitions
can also engage in cooperative activi-
ties, such as trade. This will counteract
the hostile impulses (“grievances”)
that induce the powers to arm against
each other in the first place. The ques-
tion in each situation is whether the
stimulus for increased spending, that
is, spending by the other side, will be
sufficiently counterbalanced, by the on-
erousness of spending and by the pre-
vailing degree of cooperativeness, to
result in the stabilization of military ex-
penditures. The volume of trade, serv-
ing as a measure of cooperativeness, is
crucial in this respect. If it is too
small in relation to military spending,
the latter will grow to infinity. Such
an irreversible trend means war; sta-
bilized military spending means peace.

Richardson’s model is deterministic.
When the crucial quantities, military
spending and trade in particular, show
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