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1. Introduction

Specialized indexes to technical literature are an established means for
directing engineers and scientists to sources of information pertinent to
their current interest. Whatever the specific purpose of an index may be, a
substantial amount of intellectual effort is required to compile it. In many
cases, the time presently required for compiling and updating an index
interferes seriously with its usefulness at the instant of publication. This is
particularly true of bibliographical indexes to material currently being pub-
lished in such media as technical journals, magazines or technical govern-
mental, institutional and private industry reports.

The accelerated pace of scientific developments in recent years has
accentuated the perishable nature of new information. As a result there is a
pressing demand for speedier communication in this area. It appears doubt-
ful that this demand can be satisfied without breaking with some of the
standards conventionally applied to the compilation of literature indexes.

In what follows the relationship between user and index is examined, and
it is shown that for new information, which as it appears is only a fraction
of the total information accumulated in an area, relatively rough clues can
answer the user’s needs. It is then argued that such clues can be generated
entirely by machine in the form of a series of extractions each containing a
significant, or key, word as its nucleus. Samples of indexes compiled entirely
by machine methods are presented in support of this argument.

Note: This work was performed in the Advanced Systems Development Division,
International Business Machines Corporation, Yorktown Heights, New York. Origin-
ally released as ASDD Report RC-127, August 31, 1959, and delivered before the
Division of Chemical Literature at the 136th Meeting of the American Chemical
Society, this paper is reprinted with the permission of IBM: a section on “A Derived
Code for the Identification of Bibliographical Items” is omitted here.
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2. Dissemination v. Retrieval

In the area of communication served by technical literature, the two
main functions being performed are the dissemination of information on the
one side and the retrieval of information on the other. A publication, when
issued, serves to broadcast new information. After the publication has ful-
filled this purpose and has been retired to the Library and properly stored,
it serves as a potential reference in the process of information retrieval. In
the first case its news aspect is predominant, while in the second its histori-
cal aspect is predominant.

It is here argued that by means of a rather few clues an expert can judge
whether an article touches upon his field of interest and adjust himself
momentarily to whatever new information may be furnished. In the case of
information retrieval the same expert expects that the information furnished
be adjusted to him, that is, to his rather specific interest at the moment.

Because of the difference in attitude in these two cases it is here pro-
posed to consider two types of indexes, namely a dissemination index and a
retrieval index, each serving its respective functions and being different as
to scope and form. In accordance with this concept a dissemination index
would be an instrument prepared with minimum effort and disseminated
in the shortest possible time. As such it would fulfill the important task of
prompt notification, and its usefulness would be substantially of temporary
character. For this reason its publication by inexpensive printing methods
would appear justifiable and adequate. A retrieval index, on the other
hand, would be an instrument prepared with care in due course, incorpo-
rating all those features which will enhance its usefulness as a permanent
tool of reference. Most likely it would take the form of a cumulative index
and would obsolete dissemination indexes previously issued for material
covered by it.

3. Indexing by Means of Keywords in Context

The usefulness of an index depends on the manner in which index
entries have been organized. The establishment of categories by subject or
other appropriate characteristics is the conventional means by which such
organization is accomplished. The establishment of categories and the
assignment to such categories of index entries is a matter of judgment and
experience and constitutes a considerable part of the intellectual effort in-
volved in the manual compilation of indexes. Various indexers will usually
differ in their approaches to this task and will also differ in their interpre-
tation of the material to be indexed. While there may be differences of
opinion as to the effectiveness of this or that scheme, the important fact
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seems to be that any reasonable scheme of ordering, if understood, will save
time in locating desired information.

In striving for a speedy method of organizing an index, the question
arises as to which of various possible schemes is adaptable to fully auto-
matic processing. Clearly, some means of ordering is required that is based
on criteria extracted from the text itself rather than assigned in accordance
with human judgment. :

The simplest format of a quickly assembled index might be an alphabetic
listing of keywords, very much as in the index to a book. The simplicity of
such an index is, however, predicated on the fact that the reader has been
introduced to the subject matter treated by the book. In dealing with a
variety of subjects, as would be the case in the problem under discussion,
the significance of such single keywords could, in most instances, be
determined only by referring to the statement from which the keyword had
been chosen. This somewhat tedious procedure may be alleviated to a
significant degree by listing selected keywords together with surrounding
words that act as modifiers pointing up the more specific sense in which a
keyword has been applied. This method of indexing words is well estab-
lished in the process of compiling concordances of important works of
literature of the past. The added degree of information conveyed by such
keyword-in-context indexes, or “KWIC Indexes” for short, can readily be
provided by automatic processing.

Keyword-in-context indexing may be carried out on various levels,
depending on the purpose an index is to serve. The process may be applied
to the title of an article, its abstract or its entire text. Keywords need only
be defined as those which characterize a subject more than others. To
derive them, rules have to be established for differentiating between what
is significant and nonsignificant. Since significance is difficult to predict, it
is more practical to isolate it by rejecting all obviously non-significant or
“common” words, with the risk of admitting certain words of questionable
status. Such words may subsequently be eliminated or tolerated as so
much “noise.” A list of nonsignificant words would include articles, con-
junctions, prepositions, auxiliary verbs, certain adjectives and words such
as “report,” “analysis,” “theory,” and the like. It would become the task
of an editor to extend this list as required. The remaining significant or
“key” words would be extracted from the text together with a certain
number of words that precede and follow them. By making the keywords
assume a fixed position within the extracted portions and by arranging
these portions in alphabetic order of the keywords, the KWIC Index is
generated.

The format of a KWIC Index is illustrated in Fig. 1. The initial letters
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of the alphabetized keywords form a column which guides the eye when
scanning for desired words. The number to the right of each line identifies
the corresponding document. The sample shown in Fig. 1 was derived from

Keyword-in-Context Bibliographical Index
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A GENERALLY CONVARIANT FIELD THEORY. . 1826
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ONSTANT OF YTTRIUM IRON GARNET AT O DFG K. 0395
LORENTZIAN GAS AND HOT ELECTRONS. 1567

TIBILITY OF AN ELECTRON GAS AT HIGH DENSITY. 0328
UCTIVITY OF AN ELECTRON GAS IN A GASEOUS PLASMA. 0001
OF AN ELECTRON GAS IN A GASEOUS PLASMA, 0001
DUCED BY VARIOUS BUFFER GASES. 0449
BUFFER GASESs 0450

IONIZED GAS. 1441

EZORESISTANCE IN N-TYPE GAsAS. 1533
IN ELECTRON-IRRADIATED GE AT 80 DEG X. 0362
LATION OF GAMMA RAYS IN GE72. ’ 0229
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IATIVE RECOMBINATION IN GERMANIUM. 0330.
PARTICLES IN LINEARIZED GRAVITATIONAL THEORY. 0674
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Fig. 1
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titles of technical papers. Since a title may contain several keywords there
would be index entries in as many places as there are keywords. For in-
stance, on the sample page the concept “Gamma Rays in Ge 72,” will be
found under “Gamma” and under “Ge.”

A maximum of sixty characters of a title are printed to serve as the index
entry. This provides for an adequate number of letters on either side of
the centrally located keyword for including immediately associated signifi-
cant words. The process of slicing a fixed number of letters out of a title
necessitates mutilations of some words on either end of the resulting frag-
ment.

4. Organization of a Bibliographical KWIC Index

As is evident from the preceding explanation, the grouping of a given
set of bibliographical items into subject categories is eliminated and is
replaced by a grouping according to keywords. This arrangement over-
comes all arguments as to the appropriateness of assignment of certain
items to pre-established subject headings and abolishes the nondescript
category of “Miscellaneous.” If the index is based on titles of documents,
its quality depends on how well the authors have composed the titles of
their papers. It will be a matter of experience as to whether KWIC index-
ing needs to be extended to include abstracts or even portions of the text
in order to provide the degree of resolution required under given circum-
stances.

One of the problems a user of a KWIC Index faces is that of synonyms
and variations in word usage and spelling. It must however be assumed
that the expert in his field is sufficiently familiar with such variations and
is resourceful enough to overcome this problem, as he had to in the past.
It is of course quite simple to insert at appropriate places of the index a
“see also” cross reference to take care of the less obvious instances. This
convenience does not call for additional intellectual effort on the part of
the editors once the need for such a reference has been established. There-
after the insertion of such references will be provided automatically by the
machine.

The type of bibliography here proposed would necessarily consist of two
parts: a listing of the bibliographical items and the KWIC Index. The
items would be listed in alphabetical order of the authors’ names and com-
prise author, title and source data. This list would thus serve as an author
index.

Since each KWIC Index entry must be related to the bibliographical
items it stands for, there arises a problem of identification. A simple means
of identification would be the use of consecutive reference numbers assigned
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to the bibliographical items in sequence as listed alphabetically by author.
These numbers would be given after each index entry (see Fig. 1) and
would refer the user to the corresponding item in the bibliography. Such
reference numbers are limited to the function just mentioned and would
serve no useful purpose outside of the individual bibliography to which
they have been applied.

One of the principal advantages resulting from the type indexes here
proposed is the promptness, owing to their machine origin, with which they
can be disseminated. It would therefore become feasible to issue KWIC
Indexes at frequent intervals, perhaps monthly. While this would fulfill
the demand for currency, the subscriber of such a service would, however,
soon be inconvenienced by having to handle a multiplicity of individual
issues. To facilitate bibliographical search of material from the time it is
published until it is noted in some more refined reference manual, it would
be most useful if the KWIC Indexes were furnished in cumulative form
over certain periods. Since they are to be produced automatically, the effort
and cost for providing this extra convenience is quite moderate.

5. Automatic Preparation of KWIC Indexes

The various steps involved in the automatic preparation of KWIC In-
dexes for technical literature will be described briefly and without tying
them to any particular type of information processing equipment, except
by way of example.

5.1. Creation of Machine-Readable Record

Automatic processing requires that information be available in machine-
readable form. Although print-reading devices might eventually translate
printed characters into machinable codes, there are today many instances
of machine-readable records being produced as a by-product of typing
and typesetting operations. These are available in the form of punched
tapes or cards and can readily serve as input to present information pro-
cessing equipment.

In the case of technical literature, the typesetting of many professional
journals and of technical magazines is done on punched-tape controlled
Monotype or Teletypesetter equipment. Flexowriters are often used for
preparing technical reports in order to produce a punched tape for various
subsequent retyping operations, In these instances no further manual oper-
ations are required to obtain the input for automatic processing.

Where no such records are available, they must be prepared by hand.
A most convenient method entails the preparation of punched cards by
manual key-punching from the printed text of the portions needed for the
process. These portions are the author, title and source of a document if
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the KWIC Index is to be derived from titles only. Otherwise the abstract
or even the text would have to be hand-punched.

Limiting the description to the use of titles only, the punching of cards
would best be performed in accordance with certain rules which will facili-
tate machine processing not only for the creation of the KWIC Index but
the creation of many other useful records for facilitating various tasks of
publishers, information centers, documentalists, and librarians.

These rules would standardize the format of cards and the manner in
which information is to be recorded. For instance, it might be advantageous
to prepare a separate card for each author and one or several cards each
for the title and the source. The arrangement would be such that a listing
of these cards by automatic printing devices would produce a bibliography
of good appearance. Furthermore the standardization of these card records
will simplify the programming of information processing equipment for
performing the routines necessary for deriving identification codes and for
extracting the index entries. As was mentioned before, the selection of
keywords might best be carried out by rejecting insignificant words of
the kind previously described. A dictionary of such words must therefore
be compiled and revised in machine-readable form so that it may be trans-
ferred to the memory of the machine for reference during processing.

5.2. Machine Processing

There is no intention here to go into the details of programming informa-
tion-processing equipment, particularly since many different types of ma-
chines may be used to obtain similar effects. Basically, the following major
functions need to be performed on each record fed into the machine.

First an identification code is derived. Each word of the title is then
looked up in the dictionary of insignificant words stored in the machine.
For each word not contained in the dictionary an index entry is generated
by shifting the text of the title so that the word in question will start at
position twenty-five of a sixty-position field. The contents of this field is
then stored together with the identifying code.

After this process has been repeated for each of the documents which
are to constitute the bibliography, the records are sorted in the alphabetic
order of their identification code and are printed out in the form shown in
Fig. 2. The index entries are then sorted in the alphabetic order of the key-
words and are printed out in a form similar to that shown in Fig. 3 with

their identification codes at the right. Figs. 2 and 3* are typical pages of
an index.

* From Bibliography and Auto-Index, Literature on Information Retrieval and
Machine Translation, Service Bureau Corporation, New York. (Second Edition, June
1959; First Edition, September 1958).
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The finished prints of the bibliography and the index are mounted in two
columns of 125 lines each for photographic reduction to fit 82 X 11
size pages. The whole material is then printed and bound, and the KWIC
Index is ready for mailing.

6. Conclusion

So far only a few KWIC Index services have been installed on an experi-
mental basis. While user-acceptance has been very favorable, only experi-
ence will tell to what extent the objectives of this new device can be realized.

The following advantages are apparent at this time:
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1. Because of the mechanical method of preparation, more information may
be displayed than would have been practical by conventional means.

2. Keywords-in-context permit the cross correlation of subjects to an extent
not realizable by conventional procedures.

3. KWIC indexes provide an invaluable basis for the compilation of

reference material by professional catalogers and indexers.

It has to be kept in mind that machine products of the kind discussed
here can never reach the level of perfection that humans are capable of and
that there will always be residual effort left for humans. It is hoped that in
the case of the KWIC Index this effort is acceptable to the user.
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