



























































































































































































































































































































































116

8. Can the document store be organized in some
way to supplement, rather than duplicate, the
access points provided by the index?

F. How do you delete from the system?

1. On what basis will you delete from the system?
How often and how much? Will this vary be-
tween segments of the collection and between
company units?

2. Will weeding necessitate renumbering of items,
reorganization of files?

3. Should any data or information be retired into
special lists, compilations, tables, handbooks,
ete.?

G. What equipment should you choose to perform
local and corporate requirements?

1. Can any of the activities be handled more
quickly, easily, or at less cost if machines are
used locally or at a central corporate center?

These questions are not presented as a com-
plete checklist for the study of compatible
company systems. They are intended only to
illustrate the types of questions that might be
asked.

DIFFICULTIES — SOME
GENERALIZATIONS

Innumerable factors would have to be con-
sidered before compatible, corporate systems
could be put into operation. It is difficult
enough to produce answers for a single user
group. By the time a large corporate study
could be completed, some of the early conclu-
sions would already have been invalidated by
changing circumstances. The increased study
time required would invite criticisms from
those anxious to get started. No information
center ever seems to have enough staff to meet
even the daily demands placed upon it. All
those spending time on a grandiose, corporate
scheme, uncertain of accomplishment and
claiming benefits not yet quantifiable, might
be considered impractical dreamers, ignor-
ing the more immediate problems of their
customers.

The intricacies of the approach are appar-
ent. We are normally inclined to start with the
simple and progress to the more complex only
as necessity demands; but in the development
of systems of maximum compatibility to meet
maximum needs, we might have to do the
opposite.

Variations in available funds, staff, and
equipment would also create problems. For
example, if local capabilities were too limited
for participation in the corporate project,
should a central center step in? Or, if corpo-

If so, what types of machines are required? Are
all types selected compatible as to input/output
media, speed of operation, principle of opera-
tion, function, ete.?

2. Are any locations committed to existing equip-
ment“.; What are the limitations of this equip-
ment?

3. What can you do to provide the capability of
conversion to newer and better equipment?

H. What the the interactions within the overall
system?
1. Does any new decision invalidate past decisions?

2. Can work accomplished in one part of the sys-
tem be reused in another part?

3. How can you integrate all the informiation and
data systems finally set up anywhere in the
company so that in searching none that are
pertinent will be overlooked?

rate requirements were greater and more
costly than the local requirements, who should
pay the extra costs?

Inconsistency of input to the system by
widely separated people having different
viewpoints would certainly be a danger.
What controls could be established to main-
tain equivalence in document analysis and
interpretation?

Those fearing leakage of proprietary infor-
mation might have just cause for their fears.
Careful procedures would have to be worked
out to guard proprietary secrets.

Documentation is a young art. For the past
ten or so years, we have been preoccupied
with the development of new techniques, few,
if any, of which have yet proven themselves
to the exclusion of others. Now, with small
chance of consensus as to the best approach
for a single situation, talk of compatibility
emerges with standardization looming as its
ultimate manifestation. Premature standard-
ization on a large scale to systems which are
not the best is entirely possible.

As clearly indicated by the earlier papers
of this Institute, criteria for the selection of
techniques have been the needs of isolated
user groups. If we are now to combine the
needs of many groups and service them from
merged systems, new criteria for development
of systems will have to be found.

The challenge is there. Some say it is in-
sanity to think that each unit can continue
alone; others, that compatibility can be
achieved. So choose your form of insanity.
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15. Economic Justification —

Factors Establishing System Costs

THE ECONOMIC JUSTIFICATION for a proposed
or existing mechanized information system, or
even a partially mechanized one, is not simple,
nor is it easy. Figures from normal cost ac-
counting procedures are inadequate, not
because the costs of any system cannot be
computed, but because, without the knowledge
of the contents of the output of the system,
such cost figures will not provide the proper
information for a valid justification. Why are
such cost figures not helpful? There are sev-
eral intangible and ephemeral factors, other
than mere cost, which are more important in
any evaluation of a system.

The search to find a figure of merit on which
to base a decision to select a particular infor-
mation retrieval system is of the same order
of complexity as trying to select the best new
model car for one’s personal use. If one wishes
to purchase the best car, does he make his
standard of comparison, color, original cost,
operating cost, or some such other factor?
Concomitantly, how does he evaluate such
factors as easy riding, easy turning or park-
ing, bucket seats, protection against crash
injuries, ete.? In the end, a rational selection
of a car or a retrieval system depends on
choosing a combination of cost and perform-
ance to meet existing requirements.

There appear to be four factors which
affect the rational choice of a system. I
have termed them: efficiency, utilization,
availability, and operating speed. The most
important and complex of these is efficiency.

EFFICIENCY

Efficiency is the ratio of the amount of per-
tinent information delivered by a system to
the total amount of pertinent information in

the original documents from which the system
files were made, provided that proper correc-
tion for any false delivery of information is
made. A system which is 100 percent efficient
will deliver all, and only all, the information
in the original documents in response to a
query requiring that information. Any system,
if economics are disregarded, can of course,
reach 100 percent-efficiency; one can search
every document for every question.

But how can one measure efficiency. The
yardstick has yet to be developed. Bourne,’
of Stanford Research, has recently completed
a six month preliminary study for the
National Science Foundation of how such
measurements might be made. Another study
by Arthur Andersen and Company,? on the
same subject, is about to be published.

Measuring efficiency includes, at least, a
separate and detailed evaluation of how much
information in the document file is found in
the systems file, i.e., how much of the infor-
mation in each document appears in the sur-
rogates in the file which is searched. Of
course, there is no loss where the entire docu-
ment is placed in the file, e.g., as one at the
University of Pittsburgh by Kehl,® as used
in one of the programs for the General
Electric Search Comparator,® and as propesed
by Newman® for research on U. S. patents.
But any system which uses surrogates has
some loss, and such a loss should not be
overlooked.

If surrogates are used, efficiency can be
shown to vary directly with the depth of
indexing, and with the sophistication of the
indexing system. Such sophistication can
provide, for example, the ability to search at
different levels of generality and specificity, or
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from different aspects or viewpoints, or from
both. One major hidden cost in the use of
surrogates is the continuing expense of up-
dating the search files, or the increasing loss
in efficiency from failure to update. The con-
stant growth of our knowledge causes the
immediate deterioration of the retrieval value
of any surrogate. A document may convey
more information five years after publication
because of new knowledge developed during
the interim. Such additional information can
be harvested only by re-indexing, if surrogates
are used.

Efficiency is also lowered by noise, i.e., the
so-called “false drops” or system output that
is neither pertinent nor relevant to the ques-
tion. This statement is made with the full
realization that both pertinence and relevance
are highly subjective terms, and that neither
of them has been quantitatively measured.

A theoretical study testing efficiencies of
retrieval systems has been done by Mooers.®
Cleverdon,” in England, has released a pre-
liminary report on his research in measure-
ments of the relative efficiencies of different
types of indexing.

Not every situation requires a high effi-
ciency system. It is not necessary to use a
forging press to swat a fly. Small or inactive
files can often be serviced with modest means.
Simple edge notched card systems will often
perform satisfactorily for limited information
requirements.

UTILIZATION, AVAILABILITY AND
OPERATING SPEED

Utilization is the ratio of the actual use of a
system to it potential use. A perfect system
is not economic if it is not used. Mooers’ Law?®
is not a facetious formulation; some people do
not desire information. There are also people
who do not use the system because they do not
trust it, or because they do not know how to
use it. Utilization can be increased and costs
lowered by an educational campaign aimed
at the potential users of the system.

Availability is a measure of the ease of
accessibility to potential users. Physical ar-
rangements for the system should be both
simple and attractive. If the location of the
user contact point is not close to his work,
speedy and detailed communication between
the user and the system must be provided.

The operating speed, i.e., the elapsed in-
terval between the time a question is presented
to the system and the time it responds with
the requested information, should be minimal.
A system will not be consulted if a user feels
that he can get the information faster by
doing the research himself. Mueller® found
that typically there is a 25 percent loss of
productivity by a worker awaiting a response
to a query.

GENERAL OBSERVATIONS

Mueller has published the only cost study
of an information retrieval system which I
have been able to find. However, he includes
in the input costs of his company’s system,
the costs of internally generated reports.
Thus, these input costs include the cost of the
original research as well as the expenses of
editing and printing. Since these expenditures
would have been made even if a report were
not entered into the retrieval system, I ques-
tion the value of this particular cost analysis.

Several theoretical studies' of cost analysis
exist, in which a mathematical model of the
retrieval system is created. This is done by
formulating one or more equations which
attempt to represent the operation of the
system. Should the model parallel closely the
operation of the system, the figure of merit
yielded by the model will approximate the
costs of the system operation. These models,
although purporting to be of general applica-
tion, seem to resemble the bookkeeping
inventory type of information systems. The
operation of such systems is so far removed
from the information retrieval systems which
we are discussing here, that the figures of
merit which are developed in these studies are
not helpful.

In order to justify a particular cost, one
must have some measure of the value of the
information which the system delivers. Quite
obviously, such value varies from search to
search, from question to question, and from
user to user. The value of information devel-
oped for retrospective searching, which is
often exhaustive, may be very different from
that developed for a current awareness search.
Engineers involved in technical development
may require different types of information
from scientists engaged in basic research, and
from administrators of research, development



and manufacturing departments. But even the
same information developed for different uses
may have different values for each of these
uses.

Some researchers have approached the
creation of systems, and of cost and efficiency
studies by studying the users of information.
Users’ responses will often reflect the type or
kind of service and system with which they
are familiar. After some 33 years of experi-
ence, I am convinced that no user, no matter
how sophisticated he may be, asks the ques-
tion to which he wants an answer ; instead, he
asks the question he thinks the system can
answer. It may be misleading to depend upon
user reaction. Studying users and their habits
requires a high degree of understanding of
their problems.

Some help in pre-estimating operating costs
can be derived from time measurements which
most manufacturers list for operating se-
quences of their machines. We must first
collect data on actual costs of operation of
existing systems, such as that of Dennis,"
before figures of merit for evaluation of
information retrieval system costs can be
developed. It is from a correlation of such
sets of data from many sources, that systems
for devising figures of merit can be designed.
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By Karl F. Heumann
National Research Council

16. International Activities in Documentation

IN TREATING THIS TOPIC, I don’t like to look
back in history, because in a sense we are sur-
rounded by history. In science information as
in other areas we can observe the role and
effects of nationalism and internationalism.
When we see groups of people fighting and
going through all the familiar steps to found
independent countries in Africa we’re seeing
nationalism. When the United Nations, how-
ever, uses a variety of means to soften the
forces of nationalism, then we are seeing
internationalism.

Nationalism is extending the sites of inter-
national meetings into the far reaches of the
world. An example is the 1960 conference of
the International Federation of Documenta-
tion (FID) at Rio de Janeiro — it was the
first regular conference to be held outside
western Europe. According to a recent esti-
mate, about 714 international scientific meet-
ings are started every day and we can expect
further enlargement of the scientific world
and its conferences.

One of the ways internationalism affects us
is the need to gather documents from around
the world for such meetings. In 1956 the num-
ber of abstracts and chemical abstracts from
the USSR was nearly half the number from
our own country.

As a consequence of this geographic scat-
ter, language problems are sure to arise. In
1957 Peter Bernais and I made a count of the
languages of the original articles abstracted
in chemical abstracts. Russian language origi-
nals occurred about one-third as frequently as
English originals. A more recent study of
1960 material shows that in some sections of
chemical abstracts there were more Russian
language originals than English originals.

It is estimated that two new scientific pe-
riodicals are founded each day. The fact that
these journals start without regard for a total

plan is obviously making our international
information problems more severe. Founding
a journal in one country can sometimes be
defined as a nationalistic act.

It would be interesting to have statistics on
the countries of origin of articles in profes-
sional journals. Some years ago the editor of
a chemical journal made a study of this for
one year. After the United States, the country
from which the second largest number of
articles came was Canada; but the third one
may surprise you, it was Egypt. Since then an
Egyptian chemical journal has been founded.
This example rather suits both sides of my
case because it shows the international sources
of some of our leading U. S. journals. It shows
also that nationalism can act to alter the
pattern of these sources.

A trend that seems destined to continue is
the increase of scientists traveling to inter-
national meetings both in and out of the
United States. The 10th Pacific Science Con-
gress held in Hawaii in the summer of 1961
had over one thousand scientists attending,
about half of them from the United States.
And there is the International Congress, to
be held in Moscow this year, where there will
be 125 Americans participating by giving
papers. :

We can look forward to increasingly com-
plex international relationships with other
countries having their effect on U. S. docu-
mentation, particularly having an effect on the
raw materials for science information.

INTERNATIONAL ORGANIZATIONS

There are several international organiza-
tions concerned with documentation. Although
most are professional associations, UNESCO
is an intergovernmental organization which is
giving limited but increasing attention to
documentation through both its library and



science offices. In my opinion the role of
UNESCO should be studied further. It has
the opportunity to draw attention to problem
areas which may then be attacked by other
organizations at the UNESCO level. For
a variety of reasons, including political,
UNESCO has not seen fit to operate vigor-
ously in problems of documentation, with the
exception of one good bibliography.

Among other intergovernmental organiza-
tions with active interests in documentation
are EURATOM and the International Organi-
zation of Patent Offices. The latter is devel-
oping an intensive program of information
exchange in Latin America.

Nongovernmental international organiza-
tions are often weak and have very little
support. They also have the problem of infre-
quency of meetings as intergovernmental
organizations do. The most important infor-
mation activity internationally is the program
of the International Federation of Documen-
tation which is frequently referred to by its
French initials, FID. The FID now has 43
national members, and has a secretariat in
The Hague.

Until a few years ago FID was primarily
concerned with the Universal Decimal Classi-
fication. Specialists in the United States have
not been greatly interested in problems of
classification, but in almost all other parts of
the world classification is the normal way of
dealing with scientific information. FID has
had some 50 years of experience in promoting
and refining a world-wide classification sys-
tem. Recently the FID has broadened the
scope of its staff and conference attention to
the full scope of documentation problems.

The International Council of Scientific
Unions is another important nongovernmental
international organization. The primary acti-
vity of ICSU is abstracting. Its function is
often misunderstood; it is not to provide the
individual with abstracts, it is to help the
editors of abstract periodicals in their ocwn
work. The abstracting program was started
with physics only. An attempt was made to
get the editors to contribute to abstracting
periodicals regularly, to exchange pages by
airmail, and to settle some standards in ter-
minology and dialectics. Progress might seem
slow, but I think it has been quite effective
in the given field. In addition ICSU has now

expanded into chemistry, and is on the verge
of including the biological sciences.

The International Federation of Library
Associations has an interest in international
documentation. Another new organization
with a related interest is the International
Federation of Information Processing So-
cieties (IFIPS) which holds its triennial
Congress in Munich in 1962. IFIPS is espe-
cially concerned with electronic computers
and associated equipment and the theory and
technique for their effective use in processing
data and information in other forms.

There are several United States organiza-
tions which have some relation to international
documentation. A recent article in the FID
Journal by Burton Adkinson is a comprehen-
sive and well balanced statement: ‘“Science
Information in the Federal Government”.

The Office of Science Information Service
in the National Science Foundation is well
known for the publication of a directory of
nonconventional systems for dealing with
scientific information. Within the Office of
Science Information Service there is a foreign
science information program concerned with
the development and support of more effec-
tive international science communication. Dr.
Adkinson, Head of the OSIS, has become the
president-elect of FID. I think this is a reflec-
tion of the fact that the United States is be-
coming much more involved in the interna-
tional exchange of information.

There is also in the National Science Foun-
dation an Office of International Programs.
It has been established recently, and its rela-
tionship to international programs is not yet
crystallized. The National Science Foundation
maintains an office in Tokyo, which is a very
interesting experiment in attempting to get
scientific information across international
boundaries. It is probable that this program
will be expanded.

The Department of State has a science
advisor and several science attaches, who
also deal with scientific information. The Na-
tional Institutes of Health has recently estab-
lished an Office of International Research, and
intends to put a number of staff officers in
various countries, the first of which is now
in Paris, primarily to make sure that infor-
mation about research supported by NIH in
other countries comes back to the United
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States. It is important to assure that the
results of research support funds which we
provide to other countries are reported back.

Other agencies of the Federal government
which have foreign science information pro-
grams are Atomic Energy Commission, the
Department of Agriculture,- the Library of
Congress and the Department of Defense. It
is important to call attention to the dangers
of a great many uncoordinated agencies deal-
ing independently in information. A real
problem is that scientists in other countries
find themselves being talked to over and over
and over again by a variety of people from
the United States. It is possible that the science
attaches of the Department of State can play
a constructive central information and infor-
mal coordinative role for representatives of
various agencies active in a foreign country
or area.

I am associated with the National Research
Council of the National Academy of Sciences.
The Academy and Council are nongovern-
mental although they perform many services
to government. There is in the Academy an
Office of International Relations which is con-
cerned with documentation as well as other
topics. The Academy has a committee inter-
ested in the work of ICSU, which provides a
channel from the United States into the Inter-
national Council of Scientific Unions, largely
through the Academy staff. The Office of
International Relations also has a Committee
on UNESCO and it is through this committee
that many of the recommendations about
scientific affairs, and in fact international
affairs, are made to our U. S. National Com-
mission for UNESCO. The Academy also in
its Office of International Relations has an
active Latin American program which includes
some aspects of information work.

The United States recently has changed its
adherence to FID, so that the Academy could
become a U. S. national member for the
Federation. In common with other adherences
of the Academy to the international organiza-
tions, we have formed the United States
National Committee for FID. This committee
has as its purpose broad representation inside
the United States, so that there is a better
channel between the people in the United
States interested in this topic and the Inter-
national Federation of Documentation. The
committee is made up of thirteen representa-
tives of professional societies, eight govern-
mental organizations, several members at
large, the Secretary of the Academy, and all
the people in the United States who are
elected officers of FID.

I would like to close by citing four topics
which should be the subject of some concern.
First, there is not enough continuing study of
international trends in scientific information.
There are individual studies, but they tend to
be fully individual and not to have long term
substantive value. Second, we have informa-
tion about information centers in the United
States, but we do not have adequate informa-
tion about centers in other countries that
might well provide service to us.

Third, I think there is a lack in the use of
international patent information and that the
International Organization of Patent Offices
could well be prevailed upon to make this kind
of information more readily available. And,
finally, as a personal matter, I am interested
in some day having an International Union of
Documentation rather than the tremendous
scattering of activities found in our present
situation.



By Saul Gorn
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17. Computers, Communications,

and Science — Extending Man’s Intellect

IT 1S AMAZING TO ME how the subject of this
paper crops up again and again and how
relevant the material is to different types of
audiences. I have used this material in addres-
sing management people on the impending
shift in manpower, and in addressing high
school teachers on the impending changes in
educational ideals. It is material which ap-
pears in sections of introductory courses that
might be called “computer appreciation”. It is
concerned with specialization in science and
how it is related to the development of more
and more interdisciplinary areas. In the way
that is most relevant to the area of computers
we have introduced it into the introductory
course in the curriculum toward Master
and Ph.D. degrees in the Computer and
Information Sciences at the University of
Pennsylvania’s Moore School of Electrical
Engineering. I call it “a philosophy of
communication”.

THE DEVELOPMENT OF MACHINES
AND THEIR CHARACTERISTICS

The general attitude in this philosophy of
communication comes up very naturally in an
introductory course. Visualize it as given to
a group of students who are going to be pro-
fessionals in the field of computer and infor-
mation sciences. I first go through a rapid
review of the history of computation. This
field appears to have developed at a pretty
slow pace over the ages until the 20th century.
At the point of the middle of the 20th century
I talk about the influence of the war in ac-
celerating the need for computations. I
indicate that production itself was outstrip-
ping information about what was Dbeing
produced at that time. A specific instance is

the case during the war where guns and am-
munition were being produced at a faster rate
than the tables needed to fire them accurately.
This prompted the Defense Department to
ask Moore School of Electrical Engineering
to give a general training program on compu-
tation, so that more people could help out in
this situation. Right next door to this training
group was a group of people working on
pulsed digital techniques for radar. Some-
body, probably Eckert and Mauchly, got the
idea that since radar involved very rapid
counting of pulses, perhaps these techniques
could help the people with the bothersome
computation problem.

The turning point of putting electronics
into computers was conceived in that way,
resulting in ENIAC, and then a long series
of other computers whose names ended in
AC. After the AC’s came all the numerical
series — the 700s, the 1100s, the 1400s, etc.
By the end of the first hour the blackboard in
the classroom shows an enormous growing
tree of different types of computers, all digi-
tal. Then I say: “Now wait a minute! How
many firing and bombing tables do we have
to compute? How can we explain this sort
of an explosion?”’

The explanation has two sides. Somehow
these machines had certain properties which
were just what was needed at the moment.
This would explain the development from
nothing to more than a billion dollar industry
in only fifteen years. Conversely, what was
there about society and its structure that made
this happen and that made this just the thing
that was needed at the moment?

In talking about the machines, we point out
that it was unfortunate that they were called
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computers. The French simply invented a new
word “ordinateur” for the purpose. We point
out that these machines are really general
purpose symbol manipulators or information
transformers. They allow one to do incredibly
complicated syntactic processing of groups of
symbols, where these symbols may be inter-
preted in any way one pleases. We rapidly get
into the idea of loop control, which makes the
machines general purpose. A key feature of
this loop control is the common storage of
instructions and data, which makes it possible
for the machine to shift the interpretations of
what is in the storage so that at one instant
a word might be an instruction where, at an-
other, it will be data. The machine is capable
of changing its own instructions as it pro-
ceeds. The result of this is the ability to
simulate the self-referencing subtleties of
speech and thought.

SOCIETY AND THE
INFORMATION PROBLEM

Now what about the picture of society?
Why did it need just that kind of instrument
at that time?

Let us consider a cybernetic picture of
society. The definition of cybernetics as Nor-
bert Weiner gave it (just about fifteen years
ago) is the “theory of communication and
control in animals and machines”. That title
itself was considered very dramatic at the
time. Actually it was rather conservative,
because one can look upon any growing
organism in a cybernetic fashion: human
society, a culture, a company, a language, a
technology, language systems, domains of
knowledge, etec.

In a famous essay by J. B. S. Haldane,
called On Being the Right Size, the author
begins by remarking that it is fortunate for
humans that insects do not grow to the size
of elephants. He then remarks that, consider-
ing the almost mechanical breathing system
an insect possesses, the internal communica-
tion system for its oxygen, if you will, it is
physically impossible for such a system to
develop enough pumping energy to control a
musculature (the control system) beyond a
certain size.

COMMUNICATION AND CONTROL
An important feature of organisms that

can be studied in this cybernetic fashion is

then the relationships between their internal
communications and their internal controls;
every growing system maintains willy-nilly
a balance between communications and con-
trol, even if that balance means the death of
the system. Those cultures, those civilizations,
that became unbalanced on the control side
developed a kind of stupidity, in which infor-
mation necessary to intelligent behavior
arrived too late. Like the dinosaurs, they died.
Those civilizations that were overbalanced on
the communications side could understand
everything perfectly but could never do any-
thing in a suitably coordinated way, like the
Greek civilization or some of the past French
Republics. They also died. If we look at the
development of human cultures as far back
as we can, we find that there are certain
critical times when there were vital changes
in the structure, in the whole organization of
society. These vital changes or revolutions
seemed to come in pairs. I submit that the first
of each pair was a control revolution, and
that rapidly following after it, within a
few hundred years, there was a resulting
communications revolution.

Far back in history there was the agricul-
tural revolution which was a control revo-
lution. Mankind became able to control his
physical environment considerably more than
he had previously. This was followed by an
urban revolution within less than a thousand
years. This was a communications revolution.
The same thing has happened more recently.
About 150 years ago there was a control revo-
lution called the industrial revolution, when
men became capable of a much greater control
of the physical and social environment be-
cause the machines took over large scale
routine labor. The rapid expansion of the
population which could now be supported
created an imbalance on the control side. A
crisis has developed which has created a need
for a reorganization of the communications
system. People concerned with scientific
information are generally acutely aware of
this problem. They refer to it as the informa-
tion crisis. Others in our society express it by
saying: there is too much red tape, too much
paper work, there is too much traffic, there is
too much specialization.

The effect of the first industrial revolution
was that the machines took over large scale

routine labor. In the second revolution the




machines are now taking over large scale
routine thinking. These symbol manipulators,
these information transformers, have made it
surprisingly, sometimes painfully, evident
that the biggest part of what we have con-
sidered to be thinking was in fact routine and
therefore mechanizable.

MANPOWER AND EDUCATION

The result of each of these violent changes
in social structure was a change in manpower
distribution and types of manpower needed.
There was a corresponding change in educa-
tional ideals because a different distribution
of manpower needed a different kind of educa-
tional system. Thus in the first industrial
revolution the large mass of unskilled labor
that the large societies had come to depend
upon seemingly became at the time unneces-
sary. Actually this mass was freed for even
more work that did result later. The time lag
was painful, but it was only a time lag. While
the unskilled laboring classes became by and
large unnecessary, there was an enormous
class of white collar workers (that had not
been needed before) which were now needed.
The corresponding shift in educational ideals
was from an emphasis on teaching techniques
in some kind of guild system to teaching
everybody reading, writing, and arithmetic.
Just at that time it became economically im-
portant and economically feasible to provide
universal education. This also accelerated the
communications crisis that resulted.

Since the machine is taking over large scale
routine thinking, there is now another corre-
sponding shift in educational ideals. Teaching
reading, writing, and arithmetic universally
isn’t enough. Machines can do such things. In
many cases they can do them better. We now
need a different kind of personality, a person
who is going to decide what a machine ought
to do, or to ask a machine to do tremendous
jobs for him. When programming a machine
for a problem, a person must consider all the
ramifications of what, say, 15,000 clerks may
have handled separately, for the machine is
the equivalent of a staff of 15,000 clerks.
Therefore, his type of thinking must be not
the mechanical clerical type any more, he must
use executive ability and creative thinking.
Suddenly we are faced with the fact that we
must educate most of our population to be
executives and creative thinkers.

Further, the trend toward specialization
must erase itself too. The reason for special-
ization in the first place was that there was
too much detailed information about the
world to be crammed into any one head.
Therefore, this knowledge had to be split into
domains, with different people cramming in
different kinds of information. However, the
storage and retrieval of that information and
most of the work involved in it was a me-
chanical job. If the machines can take over
that mechanical portion then the reason for
the specialization disappears. But then you
have to teach everybody the broad principles
of every domain of knowledge, and the
arrangement of the domains of knowledge in
a taxonomic tree. They would have to go on
from there to retrieve any details they needed ;
but they would program a machine to handle
that retrieval for them. In other words, we
must now learn how to educate a whole gen-
eration of Leonardo da Vinci’s. Do we know
how to produce even one?

Even proving theorems in geometry is by
and large a mechanical job. When I talk to
mathematics teachers I point out that the way
geometry is being taught presents a worm’s
eye view of the subject. They have been mak-
ing the students act like machines in step by
step proofs without ever understanding how
that which they proved was conceived of in
the first place. One has to balance off this
worm’s eye view of mechanical proof with
almost instinctive flashes of insight obtained
by a bird’s eye point of view of what a subject
is like and what is likely to be true in the
field.

STRUCTURAL CHANGES IN
DOMAINS OF KNOWLEDGE

Let us now consider the particular causes
of these periodic violent changes in the struc-
ture of a growing organism. The simplest
example is the development of the sciences;
how they grew, why they grew, the order in
which they developed and the way that each
one individually developed. The Dbiological
principle “ontogeny recapitulates phylogeny”
seems to be applicable here. We remember
that this principle points out that the develop-
ment of an individual animal from conception
on takes it roughly through the same stages
that evolution took among the species until
that of the animal was reached. Similarly,
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the history of the development of each indi-
vidual science seems to have followed the
same pattern as the history of the develop-
ment of the sciences as species. The phases
and changes in each science, to my mind, are
due to an information retrieval problem. In
talking to management people, I would char-
acterize the problem as the growth of a file
and what has to happen to it.

What happens is that there must be a bal-
ance, as the file grows, between the retrieva-
bility of the information and the needed com-
munication flow of the information; the con-
trol of the information due to the structure
of its arrangement must balance the method
by which it is communicated. What has hap-
pened, then, is that the continuum of a do-
main of knowledge when a revolution is due,
either splits into distinct fields or changes
phase radically by a change in the structure
of its arrangement. That is, once the mass of
information got beyond the critical mass,
usually either fission or fusion occurred.
Fusion is the change in the structure of the
individual science itself to make it a much
more compact carrier of information; for
example,  general laws are highly compact
bouillon cubes of information. Fission is the
breaking up into various areas of specializa-
tion, which we have already mentioned. The
fission or fusion occurred in each case because
the information got beyond our capacity, and
its former control began to require too much
time to retrieve. In order to be able to retrieve
the information, you either have to have sepa-
rate specialized lumps or have a violent
change in structure.

A CLASSIFICATION OF SCIENCES

Let us, then, look at the ontogeny and phy-
logeny of the development of the sciences.
This particular point of view was that of the
positivistic school of philosophers and scien-
tists led by Auguste Comte over a hundred
years ago. Since they were developing a new
field called sociology and they considered theri-
selves philosophers, they put the different
sciences in a scale with philosophy and social
science at the top. Mundane sciences like
physics and mathematics were at the bottom
of the scale. However, they did agree that
mathematics had a more crucial value than
that indicated by being at the bottom of the
scale. In my scaling of the sciences I consider

that philosophy has a special role (as you
might guess from the tone of this talk), and,
further, that mathematics has a special role
also (as you might have guessed if you know
my background).

Originally the wise men of the tribe in a
small cultural unit had to carry all the basic
information, the natural philosophy that the
tribe needed at critical moments. This was all
one domain. Knowledge was considered, as it
should again be considered, as one continuous
domain. However, because of the ever re-
peating information retrieval problem, this
knowledge was fragmented into different
domains. History indicates a natural
chronological sequence.

Mathematics seems to have been the first
field to have split off and to have developed a
life of its own; then physics developed. The
more powerful the mathematics available, the
faster the physics developed. Then there was
chemistry, and the more powerful the under-
standing of physics, the faster chemistry
developed. Next in order follow the biological
sciences, the psychological sciences, and the
sociological sciences. It seems reasonable that
these sciences should have developed in this
order when we examine the unit of discourse
in each of these sciences. The unit of discourse
in physics at one time was the atom, a rather
small unit. However, that has been fragmented
recently, fission and fusion again. The unit of
discourse in chemistry is a molecule composed
of atoms. You have to have sophisticated
knowledge from physics in order to begin to
get certain very basic knowledge in chemistry.
The unit of discourse in biology is the living
cell, an incredibly complicated group of mole-
cules. Consequently you have to have very
sophisticated information in chemistry before
you can begin to get the really basic informa-
tion in biology. The unit in psychology is the
individual, and a human being is an incred-
ibly complicated concatenation of biological
cells. The unit in sociology is a structured
group of individuals with some kind of com-
munication and control structure among them.
Again we have to have rather sophisticated
information in biology before you can get
very basic information in psychology. In fact,
the pressure of the needs of information in
psychology are such that it had to develop in
two directions at once. The psychologist
looking from the point of view of a sociologist



developed into one kind of school. The psycho-
analysts are an example of this. The
psychologists’ thinking of the individual as a
biological system developed the other point
of view; deterministic psychologists, for
example, developed here. They both have to
work at the same time because of the pressure
on both sides.

MATHEMATICS AS AN EXAMPLE
OF ADVANCED DEVELOPMENT

Mathematics happens to be the oldest of
the sciences, and since I believe that the
ontogeny-phylogeny principle in biology is
really a principle of the development of grow-
ing organisms of any kinds, we should see
that principle at work in mathematics. If we
look at the phases in the development of
mathematics, we can see what is happeming
and can begin to predict the sort of thing that
will be happening among the other sciences.

Originally, even within the memory of man,
mathematics was talking about the real world.
Originally, of course, there was the question
of control of communication about the envir-
onment. Since one type of new society was
then agricultural, there had to be information
about continuous quantities. That is, they were
concerned more about measurements than
about counting. When the Nile overflowed
and the boundary lines were wiped out, they
had to be able to get the boundary lines back
again after the flood subsided. Or they had
to construct a pyramid with an exact right
angle, with one side pointing due east and
west and another due north and south, etc.
If the society happened to be not primarily
sitting in one place to control the environment
but moving around and communicating, then
the emphasis was on counting discrete items.
For instance, nomadic groups had to be able
to keep control of numbers of goats or the
number of members of a tribe. Thus they
stressed counting; the other society stressed
measuring. In the urban revolution both had
to develop together for the purposes of
commerce.

COLLECTION OF DIRECT FACTS PHASE

Thus the rules that were used in both
counting and measuring were directly con-
nected with physical entities. They had to file
away the facts that two sheep plus two sheep
was four sheep, even this is already an

abstraction, and two dogs plus two dogs was
four dogs, and two beans plus two beans was
four beans in the information system. This
filing system soon became unwieldy. They
must therefore contract the structure by
creating the abstract concept, 2, and in the
filing system they have just the one statement
2 plus 2 equals 4, and then also they have a
large list of digitalized phenomena to which
counting applies: dogs, sheep, cattle, people,
and so on. Now they have in a very com-
pact space, many sentences replaced by one
sentence, and a list of appropriate replace-
ments in such sentences. That long list
together with the one sentence took up much
less information space or retrieval time than
the original did. This achievement of com-
pactness indicates the general pattern.

At this first level of abstraction, these con-
cepts, numerical concepts for example, were
still considered rather concrete. As mathe-
matics goes these days they are close to a
concrete level, mathematics being only rarely
fascinated by particular numbers. In those
days there were different schools of thought
for the rules to be used with these first level
abstractions. For example, in constructing a
right angle, there was a school of thought that
claimed that if you take a rope and tie two
knots in it and form a triangle with the three
portions three units long, four units long, and
five units long, respectively, then the angle at
the knot that is opposite the side that is five
units in length will be a right angle. Further,
any one in his right mind would know that
that is the way to arrange things if he wants
to get his pyramid squared away. There might
esaily have been another school of thought
which went in for sides which were five,
twelve and thirteen units in length. This
school might have believed that with these
bigger lengths they were bound to get a more
refined right angle than with the 3, 4, and 5
system. It is conceivable that they got into
arguments and occasionally killed each other
in the course of these arguments; they took
these things seriously in those days. It is a
recorded fact that the Pythagoreans killed
a member who revealed to the outside world
that, contrary to their doctrine that all nature
harmonized by having all quantities ratios of
natural numbers, the square root of two was
irrational.

Thus this fact was added in the mathe-
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matical filing system and the amount of
information about right triangles began to
pile up: 3, 4, 5; 5, 12, 13, and so on. The filing
system began to get to the point where it
developed a critical mass and either fission
or fusion had to occur. In this case it was
fusion, the Pythagorean theorem. The result
was not a list of what can be substituted for
the lengths of the three sides of the triangle
but rather a statement about the relationship
the numbers in such a triple must have. Thus
we have an infinite number of potential facts
in that one sentence — a terrific condensation
of information. Now when this one sentence,
the Pythagorean theorem, was put into the file,
the structure of that filing system condensed
remarkably. The average retrieval time was
extremely fast, although in any particular
case in addition to the looking up of the theo-
rem you would have to pay the price of
computation time to verify the numbers
considered.

Recall that the first phase was just the col-
lection of facts from experience. This was a
file with the limited structure of a single
sequence, wherein you are lucky to find some-
thing. You had to hunt through this linear
file from beginning to end, the way a person
of the Ancient Mariner type gives you. advice.
You ask him for advice, and he’ll give you an
autobiography; and when the relevant infor-
mation that you really want passes by, you
stop him.

After this (linear file) collection of facts
phase, we evolved to the selection of the
appropriate abstract concepts, in other words,
the selection of the right grouping of things
to be observed. We had to learn what it was
that we ought to be perceiving. At this stage
of the game it was decided that numbers were
important, that measurements were import-
ant and that the concept “animal” was
important, whether talking about sheep, dogs
and so on. Just as a child has to learn that
the concept dog is important when he sees
Towser in one place and Fido in another place,
etc. In the classification phase one is inventing,
not discovering, the combinations and group-
ings that will permit a tighter and more
compact arrangement of information. In
botany it happened about 200 years ago with
Linnaeus. A new language, a new jargon, was
developed for that information. This language
permits classification of millions of things in

an appropriate fashion for an appropriate
purpose; we call this the taxonomic phase.

GENERAL LAWS

This same thing was happening in mathe-
matics when it was decided that the concept
of an angle or a triangle was important. Thus
there was developed a filing system in which
a portion was concerned with right angles,
with triangles, circles, etc. For example, a
right triangle would be obtained if the three
sides of the triangle had lengths of 3 units,
4 units, 5 units; 5 units, 12 units, and 13 units,
and so on. Again the file began to get too big,
fission or fusion had to occur. In this case it
was fusion again so that we derived general
laws which like the Pythagorean theorem
cover a fantastic number of facts, actual or
potential, in one statement.

The more pragmatic mistakes one makes in
selecting the collections to be given abstract
names in the classification phase, the more
complicated the general laws become. The bet-
ter your choice of taxonomic groups, the
neater the general laws become. Very often
after a certain amount of generalization has
been done, it would be decided that certain
previous concepts in the classification system
should not have been considered to be the
important ones at all. That is why I stressed
the fact that classifications were invented
rather than discovered. A grouping would be
rejected if by using it the description of a
situation or how to extend beyond it becomes
much more complicated than when compared
to what would happen if another grouping
were used. Thus facts themselves change
pragmatically, since the things that are to be
perceived have to change; consequently there
is a feedback between descriptions of experi-
ence about things perceived and the decisions
on what should be perceived. Neither ideas
in Plato’s sense, nor objects in the sense of
materialism, are merely out there waiting to
be passively perceived. Perception and knowl-
edge are together a dynamic interlocking
process; asking which is prior, mind or mat-
ter, is as absurd as asking which came first,
the chicken or the egg.

As classifications change properly, the
general laws become neater. This is important,
because it indicates why neatness and esthetics
are the criteria used in the development of
the world of communications, whose key
creators are our artists and scientists. The



function of the arts and sciences is to sharpen
the tools and substance of communication.
These creative communicators with their
esthetic criteria are considerably closer to-
gether in aims than the world or they them-
selves realize. They are almost diametric
extremes to the control type represented by
executives, army generals, etc., whose working
value system must be almost exclusively
ethical rather than esthetic. It is the profes-
sionals such as doctors, lawyers, teachers,
engineers, etc., who have the difficult task of
transforming information into action.

DEDUCTIVE SYSTEMS

Now these general laws begin to pile up.
We have the Pythagorean theorem, we have a
theorem about base angles of isosceles tri-
angles, and a host of other theorems. An
enormous file beings to develop. Again it gets
out of hand, and either fission or fusion must
occur. In this case again fusion occurred.
Euclid discovered that if one began with a
few general laws and certain logical rules
abgut how to derive new ones from the old,
one could derive all the general laws. This was
the development of deductive systems.

Portions of physics have gone through the
deductive phase since Newton’s time, the area
called rational mechanics is an example. Most
of physics has gone into just that stage now.
Chemistry is only beginning to enter this
phase. So is biology if one looks at the work of
Rachevsky.

The deductive systems began to pile up
during the 19th century. The big stimulus was
the attempt to prove Euclid’s parallel postu-
late; the best minds in the world were not
able to do it. Then it was discovered there was
a good reason why it couldn’t be proved. This
axiom was independent of the others. To
show that it was independent, perfectly self-
consistent geometries were discovered that
were not Euclidean. Thus there were devel-
oped many different deductive systems in
geometry alone. The latter half of the 19th
century and the beginning of the 20th century
resulted in a tremendous proliferation of
deductive systems. Again we faced the infor-
mation retrieval problem which is always
with us.

FORMAL SYSTEMS

It became apparent that either fission or
fusion had to occur. For a while it was fission

‘into various geometries, types of algebra, and
types of analysis; but then it was discovered
that many of these deductive systems could be
made to fit into exactly the same forms. A
divorce of some of the key mathematical con-
cepts from the real world came in when one
deliberately made some of the world used
meaningless in order to obtain such formal
identifications. Thus by putting different
meanings into those words, one got different
deductive systems from one system. This
introduced formal systems, complete formal-
ization. Pure science was completely for-
malized; applied science put some of the
semantic content and meaning back into such
syntactic formalized systems by assigning
them to these undefined terms and checking
whether the axioms became true. This was
the new meaning of the word application.

For example, let us look at developments in
projective geometry in which points and lines
are considered meaningless (deliberately).
The only permissible interpretations are those
which can be obtained from the axioms alone.
Proofs are derived from logical rules applied
to these few sentences (the axioms). You are
supposed to think of nothing else at the risk
of bringing in an irrelevancy and not having
a good proof. Yet one application to the real
world of this formal system would be to have
“point” meaning a position in space, and
“line” meaning the path of a light ray. An-
other application would have “point” meaning
a member of the board of directors of a com-
pany, and ‘“line” meaning a subcommittee of
the board of directors. If you take some of
the first axioms of projective geometry with
such an interpretation, lo and behold, you are
reading the charter for the board of directors;
for example, “Any two people of the board of
directors must be on one and only one com-
mittee together”. This is the same as saying
“two points determine a line”. And if you
take the word “point” to mean a certain field
in the country and “line” to be a group of
fields to be dusted in one day, the axioms of
the geometry now read like a crop dusting
contract. There are many other applications
of the same formal system.

Similarly, in algebra there are highly
abstract systems for groups, fields, rings, and
algebras. And for such systems there are
theories on the structure of the set of subfields
of fields, subgroups of groups, and how to
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- extend them. It is this type of theory which

can be important in solving the problem of
how to make a taxonomic language grow
under control in an information retrieval
system. If you cannot expand such a system,
it will rapidly lose its value.

Such then are the trends that we see in the
development of mathematics; but we can also
expect to see them appearing in all the
sciences. Each will have to go through those
various phases, if the principle of ontogeny
recapitulating phylogeny applies to the vari-
ous sciences. My claim is that over and over
again it was the information retrieval prob-
lem in a given domain of knowledge which
brought about these changes in phase. When
the domain of knowledge got too big to be
controlled by the old system, the whole com-
munication system had to change, whether by
fission or by fusion.

The picture of the sciences which I have
just given, you can recognize, is a naive one
because it seems to imply a linear arrange-
ment. Further, you now see why I considered
mathematics separately. As any science gets
to a completely formalized state the com-
pletely formalized part is mathematics and is
considered as such. And what is philosophy
doing outside of this arrangement of the
sciences? It is examining the basic concepts
and axioms in all of the sciences, comparing
themn for consistency, sitting on the sideline
being critical and sneering; a very important
function. For gitting off at the sidelines as it
does it can see if the basic concepts are not
jibing properly, look clumsy, ete. It has had
a tremendous effect, but nothing is harder to
read than last year’s philosophy. For if phi-
losophy has done its job properly, we can no
longer see the problems that it is discussing,
having already changed our methods of per-
ception in accordance with its criticisms.
Philosophy has still a controlling influence on
the structure of the domains of knowledge
and how they fit together.

INTERDISCIPLINARY SCIENCES

But in this day and age we see the develop-
ment of many interdisciplinary sciences. Thus
there isn’t a linear alignment of science as
described above. We should actually be think-
ing of the domains of knowledge as originally
thought of; a unified and continuous host of

information. This information we quantize
according to our needs, marking out those
domains that seem to be relevant at any given
time. Those domains also change with the
times. Moreover, as scientific information be-
comes much denser, the lines of demarcation
separating erstwhile domains are no longer
as clear as, say, the separation of galaxies
in a thinly populated universe.

Possibly more important now than the tra-
ditional separation of scientific knowledge
into the classic sciences is the distinction be-
tween the pure formalized science (mathe-
matics), the applied science, and pragmatics.
The formalized is concerned with pure syntax,
the relationships among symbols independent
of their meaning. The applied is concerned
with the semantics of the words used, that is,
the relationship between the symbols and their
meanings. We are also concerned, however,
with the relations between the symbols and
their users or interpreters. This is pragmatics.
Computer and information sciences can be
distinguished from the mathematical portions
of science precisely in its concern with prag-
matics. The emphasis is on how interpretation
is controlled, and how interpretations shift.

The fact that I couched this general picture
in information retrieval terms is due to the
fact that I have been considering scientific
information pragmatically. I believe you have,
too. In this new domain of computer and
information sciences we are studying a grow-
ing mechanical language. However, in order
for us to know that we are studying prag-
matically important concepts we need infor-
mation from you. It is possible to carve out a
concept which would not be pragmatically
important and spend our days doing research
on it. Yet, practitioners of information re-
trieval systems are the ones that have to meet
pragmatic problems day to day. There are
various studies of mechanical languages which
are interesting and some which are useful.
However, as matters stand, in studying pure
theory, we are in the position of a man who
was stuck with an elliptical billiard table two
feet high, with a leopard skin top. He made
one because someone had ordered it, but that
person didn’t want it any more and cancelled
the order. The pure scientist is in the position
of having a load of these tables. If anyone
happens to want one, we have them.
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18. The Management Process
and Science Information Systems

THE USUAL MANAGEMENT CONTROL CYCLE is
familiar to scientists since it is essentially the
scientific method itself. The first part is the
determination of goals and objectives for the
system being considered. The second part of
the cycle is concerned with evaluation. Here
the existing system is compared with the goals
and objectives of the system and a decision is
made on action to be taken. This results in
implementation of the revised system. As
operation of this system continues, it is im-
portant to collect and organize informatior
which can then be used for further evaluation
by comparison with the goals and objectives
to determine the value of the system. This
may result in different goals, decisions, imple-
mentations, operations, etc., which cause the
cycle to be repeated as often as required to
set up the desired management situation and
to maintain it under dynamic conditions.

The management control cycle can be con-
sidered in two ways with regard to science
information centers. The first is as a part of
the overall process involved in scientific re-
search and development activities. Thus, the
science information center is used for col-
lecting and organizing the information for
management decision. Further, the manage-
ment situation must be one in which scientific
and technical information are significant parts
of the management process. As such, it repre-
sents the viewpoint of the boss or the manager
of the science information center.

The second way of considering the manage-
ment control cycle is in terms of the science
information center itself. Thus, the goals and
ojbectives are those of the center, not those of
the overall activity. The operations are those
of the center itself, etc. This is primarily the

viewpoint of the manager of the science in-
formation center who is concerned with
developing an optimum system to provide
service to the overall organization.

As has been indicated, these viewpoints
have much in common. Thus, much of the
material presented here applies to both. How-
ever, it is helpful sometimes to consider
whether any specific management situation
pertains to the overall system or to the science
information center itself.

Before the principal phases of the manage-
ment control cycle are considered individually,
it is necessary to review certain aspects of
the management situation in which science
information centers exist.

THE MANAGEMENT ENVIRONMENT

Just what is the situation which makes the
management of science information centers of
importance to management? Traditionally,
the technical information function is handled
by providing library services to the staff. In
general, this is a relatively small part of
management responsibilities. However, in
many cases the handling of scientific informa-
tion has become a much more significant
problem in recent years. The reasons for this
are discussed in some of the papers in this
book. Briefly, business, government and in-
dustry have found that their products and
services depend more on the information
produced and used by scientists and engineers.
Management itself finds that more of its
decisions are based on technical decisions.
Further, the cost of this information is in-
creasing and its management becoming more
difficult.
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In these papers the emphasis is on the
management problems which differ from the
general management problems of scientific
research and development activities. Thus,
much of the material must be considered in
terms of the existing management environ-
ment of scientific research and development
activities. Further, the point of departure or
reference standard in considering technical
information centers is the conventional li-
brary. Most of the papers are concerned with
how these centers differ from or compare to
these libraries.

SCIENCE INFORMATION CENTER
DEFINITION

The essential elements of a science infor-
mation center are identified by several of the
authors. The common factor in these defini-
tions is the aggressive attitude toward
information collection and distribution. This
is contrasted with the comparatively passive
operations of the usual library. The technical
information center volunteers its expertise
to the scientist. It offers a wide variety of
services to its customers and is generally
aggressively striving to render more and bet-
ter service. In many ways, of course, it is a
special library in that its collection is narrow
in breadth, comprehensive in depth, and
directed to sophisticated clientele. However,
the technical information center is more likely
to use nonconventional methods of handling
information. This is probably due to the fact
that the items in the collection and the de-
mands made on the system are not always
amenable to conventional techniques. In addi-
tion, these technical information activities
frequently are originated to meet technical
needs by technical people who are familiar
with newer techniques for data processing
and information handling.

GOALS AND OBJECTIVES

It is apparent that one needs first to
determine the reasons for having a science
information center. What is its purpose? How
will its function contribute to the overall
objectives and goals of the organization?
Then: what must be the goals and objectives
of the science information center itself ?

Although obviously important, it is gen-
erally difficult to set meaningful goals and
objectives for science information centers.

Many just grew from library operations. Yet
the reasons for this growth need to be investi-
gated to determine what it means in terms of
the goals and objectives of the company. Per-
haps they have also changed. This is illustrated
by situations in which management has
changed the fields of interests of a company
without informing the library or science
information center so that it would be
prepared to serve these new needs.

INFORMATION NEEDS AND USES

The first requirement in setting up a system
is to determine the need for the service. Yet
this is quite difficult to do, and many systems
are in operation with certain assumed needs
for the service but where there is no good
measure of the need. Some user studies have
been made but these are not conclusive with
regard to the need for information. It is
pointed out that the way scientists use an
existing system is not necessarily the way
they would use a better system. Scientists are
conditioned to respond to a system in antici-
pation of the system response. This results in
their not asking the question they need an
answer to but rather asking another question
which they feel can be answered and from
which the desired answer can be derived. This
results in some doubt that the actual informa-
tion needs of a system can be determined by
the scientist himself. It would appear that
market survey techniques could be useful in
this situation.

In considering this aspect of objectives and
goals it will be noted that three papers refer-
red to Mooer’s Law. This states that, “An
information retrieval system will tend not to
be used whenever it is more painful and
troublesome for a customer to have informa-
tion than for him not to have it”. It is
suggested that this law is not entirely face-
tious and merits consideration when planning
the services a science information center is to
provide.

EVALUATION AND DECISION

The next steps in the management process
are concerned with evaluation of the system
and the decision on a better system. Evalua-
tion of an information system is fraught with
difficulties. Yet these difficulties are not so
different from those with which management
is already familiar. Although objective evalua-



tions are only rarely possible, subjective
evaluations are frequently made for manage-
ment purposes.

Evaluations are made in terms of goals
and objectives. Thus, since science information
centers are established to directly benefit the
scientist in his work, evaluation is also con-
cerned with the user. All systems provide for
feedback from the user; quite often this feed-
back is informal. However, more sophisticated
techniques are now being applied to this prob-
lem. Many system studies go beyond the “how
did you like it?”’ type of survey. There must be
dependence on opinion, but management has
generally recognized the importance of intui-
tion over logic in many complicated situations.

Management’s interests are served some-
what indirectly, i.e., through the scientist.
Thus, management must not only consider the
user’s evaluation but also whether the as-
sumed user need is valid. Again it is quite
likely that the informal information system
may be much more significant in comparison
with the formal than is sometimes presumed.

ECONOMIC JUSTIFICATION

The economic justification for information
activities, especially in an industrial environ-
ment, is considered by several of the authors.
In addition to the general factors which must
be considered, the specific problem of justi-
fying a mechanized information system is
presented in some detail.

A part of this economic justification in-
volved determination of what can and should
be done within the company and what should
be done outside. Many of the existing infor-
mation systems are primarily concerned with
internal information where general disclosure
would be prejudicial to the company. Yet an
increasing number of commercial activities
are being established to handle nonproprietary
information where there is an economic
advantage in handling this common infor-
mation. Since these endeavors are competitive
and must be self-sustaining, their pricing
of various information functions is helpful
in management evaluation of the cost of
information systems.

MECHANIZATION

Many of the problems in evaluating an
existing information system and in making a

decision on a new system are encountered

when mechanization is considered. There is
much management interest in the question.
To what extent is mechanization the answer
to many of the problems in processing techni-
cal information? This topic is considered
thoroughly in one of the papers and referred
to in others. The approach is the same as for
automatic data processing systems for com-
mercial applications. Of course, there are
technical differences between these two fields,
but primary management considerations are
similar. The experience in data processing
should be helpful for information handling.
The successful application of mechanization
in information must first meet the require-
ments for data processing. Beyond this there
are additional requirements for information
handling. The emphasis in most of the papers
is on these special requirements. Again the
presentations are in terms of the usual
management situation in science and tech-
nology which presumes some knowledge and
experience in automatic data processing.

IMPLEMENTATION AND OPERATION

After the existing system has been evalu-
ated and a decision made on a new and
presumably better system, there are many
considerations involved in implementing this
decision and in operating the system.

Organizational location

The position of the technical information
system in the management hierarchy is con-
sidered in some of the papers. The importance
of having it as far up in the organization as
possible is stressed. The factors which result
in the responsibility for this service being
pushed upwards in the organization are also
considered.

It is suggested that technical information
centers do not automatically get the support
of top management but rather earn it by
demonstrating their value to the organization.
On the other hand, these centers are more
likely to be recognized and use made of them
when it is known that top management solidly
supports them.

Of course, there are situations where the
center has developed to meet a special need
comparatively low in the formal organization
chart and have stayed at this level. However,
there are also examples where the need has
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been recognized first by management and the
resulting center was established to meet these
needs.

In addition to position in the formal or-
ganization, the position in the informal
organization is also important. This is one
reason for having technical peers in the infor-
mation center — it permits better access to
the important informal organization thus
getting around organizational lines which
sometimes hinder the communication process.

Personnel administration

Personnel problems were considered by
several of the authors. It was felt that there
were special requirements in the technical
information situation which merit special
consideration.

There was general agreement that there is
a need for technical personnel in the technical
information center. These individuals should
first have competence in the fields of science
and technology represented in the center, and
second should have skill in using the tools of
the center. The principle need for this compe-
tence seems to be in handling the contacts
between the center and its customers. It is
deemed necessary for the customer to be able
to deal with someone in the center who can
talk his language and understand his problem.
It appears that much of the benefit of this
situation is not necessarily the actual technical
competence of the representative of the infor-
mation center, but that he is or represents a
group that the technical customer would
accept as a peer. This peer concept seems to
be quite important in handling the basic com-
munication problem between the center and
the customer. Again the contrast to the usual
library environment can be noted.

The peer concept indicates that the center
representative is interested in the user’s prob-
lem as such rather than in the integrity of the
sources of information. The trend here is
analogous to that in ADP — one obtains per-
sonnel who are primarily skilled in the techni-
calities of the business itself and then one
trains them to use the tools of the service
activity (ADP systems or technical informa-
tion systems) which are of use to the business.
This has obvious advantages in the integration
of the service activity with the other activities
of the organization.

There is a question, however, as to whether
this technically competent individual should
be identified as a subject matter specialist or
as some form of information specialist. Some
consider that there is or should be a profession
of information specialists. Although they may
have technical backgrounds, their main occu-
pation is handling information competently.
Thus, in a sense they would most resemble
librarians although possibly trained in more
of the new technology of information process-
ing. It is also proposed that the technical
information field needs personnel whose basic
skill is in researching, analyzing, and docu-
menting the significant aspects of various
fields of science and technology. These writers
would produce state of the art reports which
would serve many of the basic information
needs of scientists, especially with regard to
sifting out the important from unimportant
material.

The other end of the gamut is the situation
where the information function is handled by
a researcher who does not lose his Dbasic
identity as a researcher. Perhaps one member
of a team would spend more time than the
others in the information gathering and dis-
seminating capacity. However, he would do
this as a secondary activity and would prob-
ably not have any special training in informa-
tion processes. Although this may be ineffi-
cient as compared to a technical information
center, it is defended (at least in part) by
the fact that the scientist retains his first class
status by continuing to be identified as a
scientist. Otherwise, as an information spe-
cialist, as such, he would become a second-
class citizen. Obviously, the situation is
different in various types of scientific and
technical enterprises.

This peer concept, in its various forms,
emphasizes the need for prestige and status
for personnel in- the technical information
center. Of course, management recognizing
this need can meet it by these as well as
various other techniques.

Financial support

The relatively high cost of some information
centers as compared to library services aggra-
vates the problem of financial support. Most
centers are supported as a part of the over-
head account as service activities. However, in
one of the papers there is a report on the prob-



lem of support of an information center and
of obtaining some measure of the value of its
services by making charges for these services.
Only partial support of the center is at-
tempted ; the rest is a direct subsidy as is the
usual practice in the operation of information
centers and libraries. This technique has dis-
advantages as well as advantages; it will be
of interest to see how well it works out
over a period of time and whether other
information centers adopt the idea.

Public relations

Libraries have a traditional image of service
but do not normally engage in an aggressive
campaign to sell their services. Yet science
information centers seem to be characterized
by an aggressive attitude toward the collec-
tion of information and toward the dissemi-
nation of information to the users. This results
in selling, promotion and marketing activities
which are not those usually associated with
a library.

COLLECTION AND ORGANIZATION
OF INFORMATION

In order to close the management control
loop, it is necessary to collect and organize
information about the operating system that
will permit further evaluation, modification
of goals, and revision of the system if neces-
sary. Again the problem is familiar to
management. Further, the need for obtaining
valid cost information is obvious.

Cost information

The precedent for technical information
service is the traditional library function.
This was considered to be a necessary part of
the overhead operation. As such its support
was a relatively small percent of the overall
cost. Yet as the technical information function
has grown, the cost of the service has in some
cases increased to several percent of the
operating budget. Yet, there are no good
measures of the value of the information
which could be compared to the cost of infor-
mation. Actually, in the cost accounting sense
there is very little information on detailed
costs of library operations. For that reason

one of the papers gives information on costs
in a successful mechanized and integrated
technical information center. The presentation
here is costing in the sense that an operating
profit-making activity must be conscious of
cost. Conventional information activities nor-
mally do not sell their product, hence, are not
in a position to be as cost conscious as they
might otherwise be.

In addition, often many of the costs of
technical information are hidden. When there
is a well-defined information activity, it is
possible to determine costs with reasonable
accuracy. However, in many situations the
information function and the research and
development function are combined making it
difficult to separate these costs. The policy of
considering information to be an essential
part of the research process tends towards
this. However, efforts are being made to
identify the costs of science information
activities. At the national level some govern-
ment agencies are identifying them as line
items in their budgets and efforts are being
made to have other agencies also do this.

Information consolidation

In collecting and organizing information
about systems, it is suggested that the prece-
dents from data processing experience may
be misleading in science information activi-
ties. Data processing is generally successful
in meeting the needs of management because
it is possible to consolidate data in the system
to correspond to the various levels of manage-
ment. This enables management to judge data
about the system used for data processing.

However, in science information centers
the basic commodity is information which, in
general, is not capable of being consolidated
as in a profit and loss statement. It is generally
only available to and useful to the scientists
and engineers themselves, not to the higher
levels of management. Thus, their information
about an information center is not as certain
as with data processing. This presents spe-
cial challenges in gathering the information
needed for the evaluation of information
systems.
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techniques in use for machine translation and
information retrieval. Particular attention is given
to systems which involve photostorage and the
“Selecto” system.

Costello, J. C., SOME SOLUTIONS TO OPERA-
TIONAL PROBLEMS IN CONCEPT COORDINATION.
Amer. Doc. 12(3):191-197. July 1961.

Discusses the operational problems attendant to
the functioning of coordinate indexes with em-
phasis on the intellectual and human considera-
tions, those which determine system efficiency and
output quality.

Coughlin, R. E., DOCUMENTATION FOR SCIENCE
AND ENGINEERING. Burlington, Conn., Burlington
Pub. Co., 1960. 177 p.

A review prompted by what the author regards as
a major shortcoming of many of today’s technical
communications programs, namely the seemingly
unchecked trend toward specialization at the ex-
pense of integration. It is contended that imple-
mentation of documentation programs for science
and technology as a whole will offset the detri-
mental effect of over-diversification of personnel
and facilities. Toward this end, details are given
on practical matters of establishing a documenta-
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tion program, including organization, administra-
tion, standardization, and education. ©ADI

DATA PROCESSING ANNUAL. 3. PUNCHED CARD
AND COMPUTER APPLICATIONS AND REFERENCE
GUIDE, 1961. Detroit, Mich., American Data Proc-
essing, Inc., 1961. 320 p.

Reviews of books in the data processing field, p.
210-220; Books in the data processing field, p.

221-226; Bibliographical index to articles in
periodicals, p. 227-274.

DATA PROCESSING EQUIPMENT ENCYCLOPEDIA.
Detroit, American Data Processing, Inc., 1961. 2 v.
Vol. 1, Electromechanical devices: punched card,

punched tape, related systems. Vol. 2, Electronic
devices.

DATA PROCESSING LIBRARY SERIES. Detroit, Mich.,
American Data Processing, Inc., 1962. 5 v.

DATA PROCESSING YEARBOOK. Detroit, Mich.,
American Data Processing, Inc., 1962.

Dennis, B. K., HIGH SPEED LITERATURE SEARCH-
ING ON AN IBM 704. 25 p. In Information Re-
trieval Systems Conference, Poughkeepsie, 1959.
General information manual [papers]. New York,
Internatl. Business Mach. Corp., 1959.

A detailed description of General Electric’s Flight
Propulsion Division’s Technical Information Cen-
ter’s high speed literature searching system which
uses the IBM 704 computer. Also describes the
Uniterm coordinate indexing system which was
previously used and explains why the Technical
Center decided to mechanize its searching system
and why the 704 was selected for use in the new
system.

Dubester, H. J., THE LIBRARY OF CONGRESS
LOOKS AT MECHANIZATION OF INFORMATION
RETRIEVAL. In Clarification, Unification & Integra-
tion of Information Storage & Retrieval; proceed-
ings, Feb. 23rd, 1961 symposium, p. 37-45. New
York, 1961.

Mechanization is used in several operations at the
Library of Congress, such as those of the Order
Division and the Loan Division. However, the
management of the Library of Congress has many
questions which they feel must be answered before
all or parts of their information system are
automated. The first of these questions is: “Is
automation needed ?”

Duyvis, F. D., DOCUMENT REPRODUCTION SERV-
ICES; THEIR EFFICIENT ORGANIZATION AND
MANAGEMENT. Unesco Bul. Libr. 14 (6): 241-259.
Nov. 1960.

Twenty-five principles are enunciated and ex-

plained. They cover such matters as scheduling of
work, laboratory maintenance, transport of docu-

ments to the camera, communication and control
of orders, pricing, accounting, and standardization.
The author recommends a series of case reports
to provide comparative financial data, and the
establishment of an international organization
for reproduction services possibly under the aus-
pices of IFLA and FID. A bibliography of more
than 30 references is appended. ©ADI

Dyson, G. M., and Farradane, J., THE AIMS OF THE
INSTITUTE OF INFORMATION SCIENTISTS, LTD.
n. p., 1961. 6 p. Prepared for the General Papers
Session of the Division of Chemical Literature,
American Chemical Society, Sept. 5, 1961.

The authors recite the background which leads up
to the formation of the Institute and then explain
its purposes and plans for the future.

Edmundson, H. P, and Wyllys, R. E., AUTOMATIC
ABSTRACTING AND INDEXING — SURVEY AND
RECOMMENDATIONS. Commun. ACM 4(5):226-
234. May 1961.

This report presents a new concept in the auto-
matic analysis of documents: the relative-
frequency approach to measuring the significance
of words, word groups, and sentences, which em-
ploys as the primary criterion of a word’s signifi-
cance the contrast between the word’s relative
frequency of use with the document and its rela-
tive frequency in general use. This approach is
discussed in detail, as are its applications to prob-
lems of automatic abstracting, indexing, and
translation. The report includes a summary and
comparison of the pioneering automatic analysis
studies of P. B. Baxendale, H. P. Luhn, and V. A.
Oswald, Jr. ©ADI

Engelbart, D. C., SPECIAL CONSIDERATIONS OF
THE INDIVIDUAL AS A USER, GENERATOR, AND
RETRIEVER OF INFORMATION. Amer. Doc. 12 (2):
121-125. Apr. 1961.

Urges the development of automatic systems for
individuals which would be a way to store, re-
trieve, and manipulate the information within
each individual’s private domain, with information-
packet sizes that match his actual needs ( i.e,
separate concepts, facts, considerations, etc.). This
private automatic system could go far toward
increasing the effectiveness of the individual’s
capabilities to the level needed for the extended
and complex problems that are the pressing ones
of our day. The author also describes such a
system which he developed and named “micro-
documentation”.

European Productivity Agency, TECHNICAL IN-
FORMATION AND THE SMALLER FIRM; FACTS AND
FIGURES ON PRACTICES IN EUROPEAN AND
AMERICAN INDUSTRY. Paris, 1958. 69 p. (Project
296/2).

This is the final report of the survey of the



methods used by small and medium sized manu-
facturing firms to obtain technical information.

European Productivity Agency, Division for Tech-
nical Action and Productivity in Agriculture and
Food, AGRICULTURAL DOCUMENTATION: THE
RESPONSIBILITIES OF LIBRARIES AND INFORMA-
TION SERVICES. Paris, 1961. 77 p.

Report of a seminar, Apr. 20-23, 1960, arranged
by the European Productivity Agency, and orga-
nized by the Ministry of Food, Agriculture and
Forestry and the Research Council of Food, Agri-
culture and Forestry of Germany and the Inter-
national Association of Agricultural Librarians
and Documentalists.

Fairbairn, R. E., INFORMATION METHODS:
ADAPTATION TO GROWTH. Aslib Proc. 9 (10):
301-314. Oct. 1957.

On the premise that information services cannot
be planned ahead, but must be developed in close
connection with the experience of services re-
quested and rendered, the writer discusses the
stages of development in information and related
services; the differences between commercial and
economic, and technical information and intelli-
gence work; the management of an information
service, and future expectations and realities. In
the last, he cautions against the enthusiasm gen-
erated by the advent of microcopying techniques
and computer systems as cure-alls for information
problems. Also outlined is a suggested role for
ASLIB in furthering information services. ©ADI

Farradane, J.,, THE FUTURE OF INFORMATION
WORK. Aslib Proc. 12(5):191-199. May 1960.

The information officer, who is deputizing for the
researcher in his reading, must necessarily be an
information scientist. Few of his essential tasks
have affinities with librarianship and newer devel-
opments in information work are still less related.
Although the work may include in addition to the
more usual activities of abstracting, indexing,
keeping research workers informed on literature
. and research in documentation, the author
believes that the general standards are deplorably
low, and that this is largely because managements
and governments fail to appreciate their import-
ance . . . Many problems can be solved only
through collaboration and international coopera-
tion. The hope for the future lies in raising stand-
ards, improving techniques, and thus attracting
higher grade personnel, and in stimulating gov-
ernment and industry to greater awareness of the
potentialities of information services. ©ADI

Foskett, D. J., INFORMATION SERVICE IN LI-
BRARIES. London, C. Lockwood, 1958. 142 p. Ref.
(Crosby Lockwood’s new librarianship series, 4).

Contains chapters treating origins of information
service in libraries, role of the information officer,
selection and acquisition of stock, arrangement
and indexing, dissemination of information, refer-

ence service, educational role of an information
service, reports and correspondence registries,
training and qualification for information work,
and further developments in information service
including translation, documentary reproduction
and microfilm. ©ADI

Francillon, M., INFORMATION RETRIEVAL: A VIEW
FROM THE REFERENCE DESK. J. Doc. 15(4):187-
198. Ref. Dec. 1959.

A view of the problems in information retrieval
from the standpoint of the librarian as liaison
between the researcher and information. The
author believes that attempts to improve informa-
tion retrieval must take into account this relation-
ship. He emphasizes the idea by describing and
presenting results of a study conducted from
records of reference service in the IBM Research
Library at San Jose, California.

Frank, O., CO-OPERATION BETWEEN FIRMS IN
THE FIELD OF INFORMATION. Rev. Doc. 28 (3):
89-92. Aug. 1961.

Report on cooperation between firms in the field
of information based on the author’s practical
experiences in the coordination of documentation
and information work. The following points are
discussed: Ways of disseminating information;
necessity of good planning; inquiry into the
amount, availability and presentation of informa-
tion in a particular field; organization questions;
compilation of the information; distribution of
the information; cooperation with other informa-
tion centers; savings through cooperation; and
experience with cooperation in information.

Funk, C. E., THE INFORMATION CENTER OF
AMERICAN CYANAMID’S STAMFORD LABORA-
TORIES. J. Chem. Educ. 34 (10):507-509. Oct. 1957.

Describes the organization and operations of the
Technical Information Section at Cyanamid’s re-
search laboratories, including the molecular for-
mula index for company technical reports and
screening programs. ©ADI

Garrett, P., A CLASSIFICATION SYSTEM FOR ANY
DATA BANKING (INFORMATION STORAGE AND
RETRIEVAL) PROCESS. Santa Monica, Calif., Ben-

son-Lehner Corp., 1959, 11 p. Research report
59-6 on Contract Nonr-266600 with the Office of
Naval Research.

Study was started to discover and state explicitly
the fundamentals of data banking (more com-
monly called information storage and retrieval).
A clear exposition of these fundamentals will be
useful in directing the development of equipment
to meet particular application requirements. A
logical framework or hierarchical tree is displayed
that includes all possible data banking processes
and shows their similarities and differences. The
basis of this framework is the organization of the
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store and the method of search, not the physical
form of either the items of information or the
search equipment. Author.

Glass, H. B.,and Norwood, S. H., HOW SCIENTISTS
ACTUALLY LEARN OF WORK IMPORTANT TO
THEM. Internatl. Conf. Sci. Inform. Proc. 1958(1):
195-197. 1959.

Report of a survey in which 50 biological scientists
were interviewed to determine how and where
they had learned of sources of information perti-
nent to their fields of interest.

Glimn, A. F.,and Greenway, R. D., INFORMATION
STORAGE AND RETRIEVAL. Part I, Equipment
applications. Bethesda, Md., Defense Systems
Dept., Gen. Elect. Co., 1960. 10 p. Ref.

Machines alone can never solve the fundamental
problems of information storage and retrieval.
They can only provide the means for implementing
solutions which would not have been practical
using manually operated systems. Thus, the solu-
tion to the problem of evaluating and specifying
equipment for information storage and retrieval
systems must be evolved by conducting a complete
and exacting operations analysis study to deter-
mine the system parameters. This paper discusses
the factors involved in evaluating the specifying
equipment and equipment configurations for
information storage and retrieval systems.

Goldman, A. J., and others, MATHEMATICAL
RESEARCH RELATED TO INFORMATION SELECTION
SYSTEMS. Washington, U. S. Natl. Bur. Standards,
1961. 58 p. (NBS Report No. 6883).

Mathematical research relevant to information
selection systems is described. Three areas of
mathematical problems related to mechanization
of the information retrieval process are consid-
ered: (1) efficient formulation of search ques-
tions; (2) rapid classification of incoming docu-
ments on a given one-dimensional scale, and (3)
categorizing and manipulating documents and
their relationships.

Greenway, R. D.,and Russell, M. V., LET'S DESIGN
AN INFORMATION SYSTEM. Washington, D.C.
Gen. Elect. Co., Defense Systems Dept., Inform.
Systems Sect., 1960. 11 p. Ref. Presented as a
contributed paper to the 18th National meeting of
the Operations Research Society of America,
Detroit, Mich., Oct. 10-12, 1960.

Discusses the complex inter-relationships which
exist between techniques for indexing and devices
for machine search and retrieval of indexed infor-
mation. A generalized approach to indexing is used
to show the equipment requirements as a function
of system requirements. The future of mechanized
information systems is discussed. It is impera-
tive that every information system provide for
collection, reduction, storage and retrieval,
manipulation and presentation of information.

Griffin, M., THE LIBRARY OF TOMORROW. Soc.
Tech. Writers & Pub. Proc. Annu. Conv. 8:66-71.
Ref. 1961.

A projection of what the library of the future will
be. To meet the increasing volume of scientific and
technical information, the libraries will use ma-
chines for cataloging, indexing, abstracting, cross-
referencing, and retrieving of information. The
library will be part of -a global network of com-
munication centers. The technical writer will have
the added task of adopting input material for
machine scanning. Concludes with a plea that
librarians must not be unprepared to load the
machines or to retrieve from them when they are
available for the efficient operation of the libraries
of the future.

Hanson, C. W., ORGANIZATION OF MATERIAL
AND SERVICES IN A SMALL INFORMATION DE-
PARTMENT. Rev. Doc. 28(3):105-109. Aug. 1961.

A discussion, from actual practice, of precisely
what can be done by a small industrial firm to
provide itself with an effective information serv-
ice; how it can be done; and how much it will cost.
The basic aims of this information service are:
(1) to keep the staff informed of scientific and
technical developments relevant to their work, and
(2) to help them find solutions to specific problems
as they arise.

Hattery, L. H., INFORMATION AND COMMUNI-
CATION IN BIOLOGICAL SCIENCE. Washington,
D.C., The Amer. Univ., School of Govt. & Pub.
Admin., Cent. Technol. & Admin., 1961. 99 p.

Report of the Biological Sciences Communication
Seminar, sponsored by the Biological Sciences
Communication Project, AIBS, and held at The
American University, June 19 to July 1, 1961. The
purpose was to identify and review problems asso-
ciated with the flow of biological science informa-
tion from scientist producer to scientist consumer.
Developments in the various areas of study are
given in this report, along with the seminar pro-
gram and procedure, a roster of participants, and
a list of committees with their purposes and
reports.

Heald, J. H., TRANSITION FROM A MANUAL TO
A MACHINE INDEXING SYSTEM. Inst. Inform.
Storage & Retrieval, 3rd, 1961. Papers presented,
p. 170-190. 1962.

An account of the problems and requirements in-
volved in the conversion of ASTIA’s major infor-
mation system from one of manual operation to
one of automation. Included is a detailed descrip-
tion of the Thesaurus arrangement developed
especially for this transition.

Herner, S., THE RELATIONSHIP OF INFORMATION
— USE STUDIES AND THE DESIGN OF INFORMA-
TION STORAGE AND RETRIEVAL SYSTEMS. Wash-
ington, D.C., Herner & Co., 1958. 30 p. Technical



Note No. 1 on Contract AF 30(602)1857.

A review is presented of the results of past studies
of the information-gathering methods of workers
in various fields, and the general applicability of
these results to the design and improvement of
information programs and systems is shown. Two
cases from the literature are used to illustrate
storage and retrieval systems that do and do not
meet the requirements of their users, and to show
the contrasting need of the pure scientist for mere
references to information and of the applied
scientist for direct access to actual information.
Author.

Heumann, K. F., THE BIG BLACK BOX AT YOUR
BECK AND CALL. Spec. Libr. 51(9):483-484. Nov.
1960.

Suggestions are given as to how a librarian should
approach and utilize the capabilities of data proc-
essing systems. Manufacturers’ representatives
and programmers for the systems are recom-
mended as people who can be of much assistance.
The experience of a reference librarian, or of one
gkilled in indexing, classification, or subject
headings, is said to be of much value in utiliz-
ing machine techniques for searching technical
literature. ©ADI

Hillier, J., MEASURING THE VALUE OF INFORMA-
TION SERVICES. J. Chem. Doc. 2(1):31-34. Jan.
1962.

A discussion of the value of an information service
from the point of view of management. The author
contends that: (1) Management’s considerations
must go beyond the provision of extra brains to
perform functions which have grown beyond the
capability of the individual, (2) the additional
brain-power which is serving the creative indi-
vidual must, in some way, operate in conjunction
with the individual’s experience-based optimiza-
tion of his information input, (3) there must be
a balance between a centralized information serv-
ice and a dispersed system, where the service is
performed by individuals who are an integral part
of the research teams, and (4) we must undertake
further studies to develop a more complete under-
standing of the relationship between information
flow and creativity.

Howerton, P. W., DOCUMENT SYSTEMS: TO AUTO-
MATE OR NOT TO AUTOMATE. Washington, D.C.,
1961. 12 p. Paper presented before the Inter-
agency Records Administration Conference, Na-

tional Archives and Records Service, Mar. 17,
1961.

Documentation problems started with the first
recording of knowledge. Some of the solutions to
these problems have been less than satisfactory.
A satisfactory documentation system need not
depend on complex devices to be useful, but it must
satisfy the need of the customers who will use its
services. In such a system, machines are powerful

tools which, under the guidance of human judg-
ment, can do routine operations that free the
creative talents of man.

International Business Machines Corporation,
REFERENCE MANUAL: INDEX ORGANIZATION
FOR INFORMATION RETRIEVAL. White Plains,
N.Y., 1961. 63 p.

A simplified presentation of the methods and pat-
terns of organizing indexes. It is geared mainly to
systems personnel in an effort to help them under-
stand the problems to be encountered in organiz-
ing information for retrieval. A glossary of terms
and a bibliography on information indexing are
included.

INTERNATIONAL CONFERENCE ON SCIENTIFIC
INFORMATION. Washington, D. C., Nov. 16-21,
1958. Proceedings. Washington, D.C., Natl. Acad.
Sci. - Natl. Res. Counc., 1959. 2 v.

This conference was sponsored by the National
Science Foundation, the National Academy of
Sciences — National Research Council, and the
American Documentation Institute. The discus-
sions covered seven different areas: 1. Literature
and reference needs of scientists: knowledge now
available and methods of ascertaining require-
ments; 2. The functicn and effectiveness of
abstracting and indexing services; 3. Effective-
ness of monographs, compendia, and specialized
centers: present trends and new and proposed
techniques and types of services; 4. Organization
of information for storage and search: compara-
tive characteristics of existing systems; 5. Or-
ganization of information for storage and ret-
rospective search: intellectual problems and
equipment considerations in the design of new
systems; 6..0Organization of information for stor-
age and retrospective search: possibility for a
general theory; 7. Responsibilities of a govern-
ment, professional societies, universities, and in-
dustry for improved information services and
research.

International Federation for Documentation,
MODERN DOCUMENTATION AND INFORMATION
PRACTICES; A BASIC MANUAL edited by Dr. O.
Frank. The Hague, 1961. 225 p. Ref. (FID Publi-
cation 334).

This manual, published with the assistance of
Unesco, ‘“deals with the fundamentals of docu-
mentation and information work, and especially
with the organization of documentation and infor-
mation centres”. Contents: Chapter I. Introduc-
tion, by O. Frank; 2. Organizational forms and
purposes, by O. Frank; 3. The need to organize,
by J. W. Holmstrom; 4. Intake and outflow, by
G. S. Stekhoven; 5. References and storage of
documents, by H. Elsner; 6. Ready made refer-
ences, by J. E. Holmstrom; 7. Information retrie-
val, by J. E. Holmstrom; 8 Mechanization using
manual apparatus, by H. A. Elsner; 9. Mechaniza-
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tion using electrical apparatus; by J. E. Holm-
strom; 10. Reproduction, by O. Frank; 11. Internal
organization, by J. E. Holmstrom; 12. Overcoming
language barriers, by J. E. Holmstrom; 13. Human
factors, by J. Koblitz; 14. Co-operation and co-
ordination, by J. Koblitz; Appendix 1. Recom-
mended books and articles; Appendix 2. Organiza-
tions concerned in the promotion and improvement
of documentation and related practices.

Jeanmaire, R., ROLE D‘UN SERVICE DE DOCUMEN-
TATION DANS UNE GRANDE ENTREPRISE INTER-
NATIONALE [Role of a documentation service in
a large organization]. Nachr. Nouvelles 35(5):
153-158. Sept./Oct. 1959.

A documentation department can make an import-
ant contribution to the creative, and advisory
activities of an organization: the documentalist
can make of his department a laboratory of ideas,
suggest methods of analysis or reveal descriptions
of processes in furthering experimental work,
assist commercial development by surveys of pos-
sible markets, the setting of high standards in
publication, contribute to good public relations,
etc. ©ADI

Kent, A., EXPLOITATION OF RECORDED INFOR-
MATION. |. DEVELOPMENT OF AN OPERATIONAL
MACHINE SEARCHING SERVICE FOR THE LITERA-
TURE OF METALLURGY AND ALLIED SUBJECTS.
Amer. Doc. 11(2):173-188. Apr. 1960.

Describes the background, plans, initial stages,
and problems of the operational mechanized
searching service in metallurgy and allied subject
fields. The article is based on the experiences of
the Center for Documentation and Communica-
tions Research at Western Reserve University
which is supported by the American Society for
Metals and the National Science Foundation.

Kessler, M. M., AN EXPERIMENTAL COMMUNICA-
TION CENTER FOR SCIENTIFIC AND TECHNICAL
INFORMATION. Lexington, Mass., Mass. Inst.
Tech., Lincoln Lab., 1960. 19 p. (Report No. 4G-
0002). Contract AF 19(604)5200.

A discussion of the problems of scientific com-
munication and some of the thinking and research
recently performed on this subject at Lincoln
Laboratory. The report stresses that the evaluation
of new ideas and components must be made in a
system environment and not in terms of para-
meters unique to each component. A distinction is
made between scientific message units and their
mode of propagation. The message units (scientific
talks and papers) are considered adequate for their
functions, but they are encountering increasing
losses and delays in propagation. The analysis
indicates that the most critical item in need of
research and invention is an indexing or address-
ing scheme that will direct papers to readers.
Valid directional indexing should be sought in the
operational history of the author and the intended

reader. A communication system for experimental
purposes is briefly outlined. The three principal
channels of the systems are (1) Non-interrogated
broadcasting, (2) Interrogated point to point
transmissions, and (8) Non-interrogated point to
point transmission. It is stressed that the critical
need at this point is for a deeper understanding
of the logic of scientific information and its flow
habits. It is recommended that a pilot system of
scientific communication be established to serve
as a test bed for components development and
systems research. Author.

Loosjes, T. P., ORGANISATION UND DIENSTE DER
H'OI.I.KNDDISCHEN DOKUMENTATIONSZENTRALE
FUR DIE LANDWIRTSCHAFT [Organization and
services of the Netherlands Documentation Centre
for Agriculture]. Nachr. Dok. 10(2):59-65. July
1959.

A description of the Netherlands Documentation
Centre for Agriculture, as an example of central-
ization of documentation effort in a subject field.
Activities and services of the Centre, and some
details of operational costs are included in the
article.

Lowry, W. K., AUTOMATIC EQUIPMENT FOR IN-
FORMATION HANDLING. Automatic Documenta-
tion in Action. Proc. 1959:51-57. 1961.

A description of the application of 9 pieces of
electronic equipment to information handling
functions at the Bell Telephone Laboratories. The
philosophy behind these applications is that the
greatest advantages will be realized from using
machines for clerical operations in the informa-
tion service. The author concludes that although
they have barely scratched the service in applying
machine techniques, they have already realized a
great reduction in space requirements and are able
to offer much better service on engineering
drawings.

Lowry, W. K., and Albrecht, J. C., A PROPOSED
INFORMATION HANDLING SYSTEM FOR A LARGE
RESEARCH ORGANIZATION. Internatl. Conf. Sci.
Inform. Proc. 1958(2):1181-1202. 1959.

The authors have designed this information center
with a large research organization in mind, but
most of the approaches and procedures may also
be applied to smaller groups. It is advocated that
this (or any other) system be centered around the
information requirements of the group involved,
in order that collection and maintenance of super-
fluous materials be avoided.

Luhn, H. P., SELECTIVE DISSEMINATION OF NEW
SCIENTIFIC INFORMATION WITH THE AID OF
ELECTRONIC PROCESSING EQUIPMENT. Amer.
Doc. 12(2):131-138. Ref. Apr. 1961.

Describes a service system of dissemination of

new scientific information in which machines are
used.



MACHINE INDEXING: PROGRESS AND PROBLEMS.
Papers presented at the Third Institute on Infor-
mation Storage and Retrieval, February 13-17,
1961. Washington, D.C., The Amer. Univ., School
of Govt. & Pub. Admin., Center Technol. & Admin.,
1962. 354 p.

The purpose of the Institute was to explore one
attack on the problem of communication of scien-
tific and technical information — that of machine
indexing. The twenty-one papers presented are
intended to provide a composite report of the
state of the art in 1961.

McCormick, E. M., DIGITAL COMPUTER PRIMER.
New York, McGraw-Hill, 1959.

McCormick, E. M., THE RESEARCHER AND INFOR-
MATION STORAGE AND RETRIEVAL. In Clarifica-
tion, Unification & Integration of Information
Storage and Retrieval; proceedings Feb. 23rd,
1961 symposium, p. 79-83. New York, 1961.

Discusses three general points pertaining to the
subject which “ can be summarized as a considera-
tion for more systems analysis in information
storage and retrieval”. Points are: (1) existing
studies for systems evaluation, (2) association of
ideas, and (3) ‘“the amount and type of informa-
tion interchange there is or will be between
information storage and retrieval systems”.

McCormick, E. M., WHY COMPUTERS? Inst. Inform.
Storage & Retrieval, 3rd, 1961. Papers presented,
p. 220-232. 1962.

A discussion of computers based on the assump-
tion that they are, could, or should be considered
the ultimate in information processing devices.
The author cites reasons for their use, and
discusses their advantages, limitations, and
application.

McGuire, H. G., and Stoddard, T. L., INFORMA-
TION PRESENTATION SYSTEM. Bethesda, Md.,
Gen. Elect. Co., Defense Systems Dept., 1960. 14 p.

Machine-controlled information presentation sub-
systems used for displaying information at elec-
tronic speeds are the subject of this paper. The
over-all effectiveness of the display subsystem
depends on the net effectiveness of its three com-
plimentary elements: Men, Machines, and Methods.
These elements are interdependent, and their
arrangement in a proper relationship involves
balancing the capabilities and limitations of each
element in order to achieve the objectives of the
system.

Maizell, R. E., INFORMATION GATHERING PAT-
TERNS AND CREATIVITY; A STUDY OF RESEARCH
CHEMISTS IN AN INDUSTRIAL RESEARCH LABO-
RATORY. Amer. Doc. 11 (1):9-17. Ref. Jan. 1960.

A comparison of creative and “noncreative” re-
search chemists with respect to the ways in which

they use their professional and technical literature.
The creative chemists differ from the ‘“noncrea-
tive” in that the former read more technical
literature on the job, are less reluctant to use
literature of greater reading difficulty, are less
influenced in their independence of thought, read
more extensively and consult more frequently the
older material, are more inquisitive and have
broader cultural interests. The findings of the
study are believed to be helpful in planning library
and information services, in refining future in-
quiries into the ways in which scientists use
recorded information, and in improving tests
for the identification of creative ability among
chemists. Author.

Melik-Shakhnazarov, A. S., TECHNICAL INFOR-
MATION IN THE U.S.S.R. Translated from the
Russian by B. I. Gorokhoff. Mass. Inst. Tech. Libr.
Libr. Monog. 3, 122 p. Ref. 1961.

Under a grant from the National Science Founda-
tion, the Libraries of the Massachusetts Institute
of Technology are sponsoring a series of studies
by Boris I. Gorokhoff of the dissemination of
scientific and technical information in the Soviet
Union. This project is part of a foreign science
information program of the Foundation’s Office
of Science Information Services, which include
critical and descriptive studies of the organiza-
tions and activities of information services
abroad . . . It has therefore been decided to in-
corporate in the Library Monograph Series of
M.I.T. this translation of A. S. Melik-Shakhnaza-
rov’s Nauchnotekhnicheskaia informatsiia i pro-
paganda v mashinostroenii (Technological infor-
mation in machine building), published in Moscow
in June, 1960. Notwithstanding its title, the book
is actually the most comprehensive review of the
Soviet technical information system to appear in
the U.S.S.R. in recent years. Foreword, page v.

Mooers, C. N., THE “TAPE TYPEWRITER PLAN", A
METHOD FOR COOPERATION IN DOCUMENTA-
TION. Cambridge, Mass., Zator Co., 1960. 22 p.
(AFOSR-TN-60-532). Contract AF 49(638)-376. Also
in Aslib Proc. 12(8):277-291. Aug. 1960.

The “Tape Typewriter Plan” makes possible wide-
spread cooperation in documentation between
libraries, while at the same time facilitating the

internal clerical and cataloging operations at
individual libraries.

Mueller, M. W., TIME, COST AND VALUE FAC-
TORS IN INFORMATION RETRIEVAL. 12 p. In In-
formation Retrieval Systems Conference, Pough-
keepsie, 1959. General information manual
[papers]. New York, Internatl. Business Mach.
Corp., 1959.

This paper deals with a study conducted by the
Operations Research Division of the Lockheed

Aircraft Corporation (California Division) with
the specific intent of unearthing some of the eco-
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nomic factors behind the library information
handling system in a typical engineering organi-
zation. While many of the findings are still of a
preliminary nature, they show the need for fur-
ther development of the commodity concept and
provide some interesting design criteria for im-
proved information systems. Introduction.

Murdoch, J. W., and Simpson, G. B., PRACTICAL
INFORMATION HANDLING. Indus. Res., Apr./May
1961: 41-43.

An optimum information system must provide for
the following: the user must guide the selection
of inputs; information processing time must be
held to a minimum; information, and not refer-
ences to information, must be immediately avail-
able; the user will not be able to state his
information requirements exactly; and the user
must be able to proceed easily from one segment
of the system to another.

Myatt, DeW., and Upham, T. E., A QUANTITATIVE
TECHNIQUE FOR DESIGNING THE TECHNICAL
INFORMATION CENTER. J. Chem. Doc. 1(3):18-24.
Nov. 1961.

Based on their definition of a technical informa-
tion center, and their assertions as to what the
mission of an information center should be and
the relation between the resources which the cen-
ter must collect and the people served by the
center, the authors present 4 guide-lines for de-
signing and operating an information center. In
conclusion, they urge that anyone designing an
information center begin by looking at the
situation with the greatest perceptivity.

Opler, A., and Baird, N., EXPERIENCE IN DEVEL-
OPING INFORMATION RETRIEVAL SYSTEMS ON
LARGE ELECTRONIC COMPUTERS. Internatl. Conf.
Sci. Inform. Proc. 1958(1):699-710. 1959.

Report of research into the use of large electronic
computers for information retrieval systems. The
research was conducted by programming an IBM
702 Electronic Data Processing Machine for the
search of two chemical files. Results are reported
from the viewpoint of all those concerned with
retrieval systems — the user, the documentalist,
and the administrator.

Samain, J., CLASSIFICATION AND INFORMATION
RETRIEVAL. Automatic Documentation in Action.
Proc. 1959:273-282. 1961.

First, this is a discussion of the problem that the
information stored in the system is very often
expressed in very different terms from those used
in the question asked of the system. Second, the
consequences of this problem which confronts
every documentation system are drawn. Third,
this describes the organizational scheme based on
this problem and which has been applied in the
National Center of Scientific Research (C.N.R.S.)
of Paris.

Schultz, C. K., RESEARCH IN INFORMATION RE-
TRIEVAL — SOME RECENT CONTRIBUTIONS. In
Clarification, Unification & Integration of Infor-
mation Storage and Retrieval; proceedings, Feb.
23rd, 1961 symposium, p. 47-55. Ref. New York,
1961.

An informal survey of research in information
retrieval as found mainly in published reports.

Sewell, R., TECHNICAL INFORMATION SERVICES
IN GERMANY, LUXEMBOURG, BELGIUM, AND
HOLLAND. Aslib Proc. 11(10):240-265. Oct. 1959.

A report of a three weeks’ trip to 22 technical in-
formation centers on the continent of Europe. The
three aims of the trip were: 1) to examine methods
of operating information services, 2) to study the
attitude of industrial management and research
toward technical information, and 3) to contact
some of the leading people in the technical infor-
mation field in Western Europe. Each center
visited is fully described, and its available
information and library services are given.

Shaw, R. R., A MEDICAL INTELLIGENCE PROGRAM
FOR THE NATIONAL INSTITUTES OF HEALTH. n.p.,
1961. 117 p.

Report of a survey of library and bibliographic
services at the National Institutes of Health with
recommendations for optimum services . . . Chap-
ter X, Bibliographic Intelligence Services, is of
particular interest. In it is outlined a section
offering services tailored to the needs of particular
research projects together with a screening service
and special indexes for techniques, instrumenta-
tion, and news of medical research. ©ADI

Singer, T. E. R., ed., INFORMATION AND COM-
MUNICATION PRACTICE IN INDUSTRY. New York,
Reinhold, 1958. 304 p. Ref.

A compilation of chapters presented as guides to
subject fields such as operations research and the
technical information program, chemical research
file departments as information services, patent
searching, abstracting, indexing, training the
literature scientist, ete.

Spitzer, E. F.,,and McKenna, F. E., THE INDUSTRIAL
INFORMATION DEPARTMENT. In Singer, T.E.R,,
ed., Information and communication practice in
industry. p. 1-53. Ref. New York, Reinhold, 1958.
A general description of the organization and
operation of industrial information departments.
The description is rather short, but the reader is
guided to more detailed information on the subject

through the Dbibliography provided with the
article.

U. S. Armed Services Technical Information
Agency, CONTROLLING LITERATURE BY AUTO-
MATION. Presented at the IV, Annual Military
Librarian’s Workshop sponsored by Armed Serv-



ices Technical Information Agency . . . 5-7 Octo-
ber 1960. Washington, 1960. 130 p.

Contents: Preparing for automation, by Lt. Col.
W. Hammond; Selection, training and relocation
of personnel, by L. R. Barnes; File conversion,
data cleanup and inventory control, by F. A. Kel-
ler; Human aspects of ADPS, by E. S. Pope;
Building an information retrieval system, by H.
Rehbock; Impact of automation on the organiza-
tional structure of ASTIA, by H. Miles; The road
ahead — integrated data processing, by W. A.
Barden; The tape typewriter plan, by C. Mooers;
and, A generalized computer method for informa-
tion retrieval, by C. Schulz.

U. S. Congress, Senate, Committee on Govern-
ment Operations, CO-ORDINATION OF INFOR-
MATION ON CURRENT FEDERAL RESEARCH AND
DEVELOPMENT PROJECTS IN THE FIELD OF ELEC-
TRONICS. An analysis of agency systems for
storage and retrieval of data on ongoing work
and of views of private companies on indexing
and communication problems. Washington, Govt.
Print. Off., 1961. 292 p. Ref. (87th Congress. 1st
Session. Committee Print).

This publication is a companion print to Senate
Report No. 263, 87th Congress, 1st Session, issued
May 18, 1961. The present print narrows the focus
of the preceding publication. It explores in the one
field of electronics the type of problem which the
earlier print surveyed for all scientific fields —
namely, how to manage information on research
and development work in its prepublication stage.
— from Senator Humphrey’s Letter of Trans-
mittal. In addition to the main body of the report
this publication contains the statement and find-
ings of Senator Humphrey, chairman of the Sub-

committee on Reorganization and International
Organizations, and the Summary and Recommen-
dations of the Consultant, J. Stern.

U. S. National Science Foundation, Office of
Science Information Service, CURRENT RESEARCH
AND DEVELOPMENT IN SCIENTIFIC DOCUMEN-
TATION, No. 9. Washington, Govt. Print. Off.,
1961. 270 p. Ref. (NSF-61-76).

This is the 9th in a series of semi-annual descrip-

tive reports on current research and development
in scientific documentation.

U. S. National Science Foundation, Office of
Science Information Service, NONCONVEN-
TIONAL TECHNICAL INFORMATION SYSTEMS IN
CURRENT USE, No. 2. Washington, Govt. Print.
Off., 1959. 66 p. (NSF-59-49). The information in
this report supersedes, for the most part, the in-
formation given in publication No. 1 of the same
title. Supplement to No. 2 (NSF-60-14) issued in
1960, brings the information up to date.

Describes technical information systems currently
in operation which embody new principles for the

organization of subject matter or employ auto-
matic equipment for storage and search.

U. S. National Science Foundation, Office of
Science Information Service, SPECIALIZED
SCIENCE INFORMATION SERVICES IN THE UNITED
STATES; A DIRECTORY. Washington, 1961. 528 p.
(NSF-61-68).

A directory to 427 physical and biological sciences
information services in the United States as com-
piled from information collected by questionnaires.

Designed as a reference aid for working scientists,
engineers, librarians, and document lists.
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