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TO many students in the behav-

ioral sciences, information re-
trieval schemes involving the use of
computers probably appear interesting
and ambitious but still of dubious util-
ity. for present-day research problems.
While it is true that much of the really
exciting work being done by informa-
tion retrieval specialists is still experi-
mental, some of their techniques have
long been operational and have al-
ready been applied to practical prob-
lems of scientific research. Computer-
generated keyword indexes to current
research literature, for example, have
found standard usage within the phys-
ical sciences, at least as a partial solu-
tion to the problem of keeping abreast
of publications in one’s field. The suc-
cess of this general method of using
computers to prepare keyword indexes
to bibliographical material within the
physical sciences has been amply
proven; the practical applications of
keyword indexing within the behav-
ioral sciences are no less promising.

Keyword indexing in any discipline
operates on the assumptfon that cer-
tain terms or “keywords” constitute
useful handles for pulling out or re-
trieving information of interest to the
researcher. An ordinary book index
serves as a good example of this as-
sumption.

The preparation of any index in-
volves many mechanical tasks: scan-
ning pages for important terms, re-
cording page numbers, cross-listing,
and alphabetizing. Familiarity with
the subject is undoubtedly an asset in
preparing an index, but a good job can
ordinarily be expected from any thor-
ough, accurate, and efficient research
assistant who is instructed in advance
about the terms to be included in the
index. Computers, which are notori-
ously thorough, accurate, and efficient,
possess the requisite virtues for rou-
tinized keywortl indexing, and need
only be instructed how to do the job.

Computer programs providing these
instructions have been available now
for some time.! By means of the proper
program, a computer can be instructed
to read natural language material,
search the material for the appearance
of pre-defined keywords, alphabetize
the keywords found, and print out the
alphabetized keywords along with
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some of the “context” in which they
occur. Two basic versions of these key-
word indexing computer programs
have become standard in the field of
information retrieval. One version
prints the keywords embedded in the
original context; this method is com-
monly called “KWIC” indexing, for
“Key-Word - In-Context.” The other
prints the keywords alongside the orig-
inal context and has become known as
“KWOC” indexing, for “Key-Word-
Out-of -Context.” Both KWIC and
KWOC indexing can now he regarded
as operational information retrieval
techniques within both the physical
and behavioral sciences.

T'he Nature of a KWIC Index

The current capabilities of KWIC
indexing can be illustrated by refer-
ence to a computer-generated cumu-
lative index to the American Political
Science Review, which will be pub-
lished in the fall of 1964 by North-
western University Press on behalf of
the American Political Science Asso-
ciation.* A total of 2,614 articles had
appeared in the Review from its first
issue in 1906 through its 57th volume
in 1963. These articles were punched
on cards as in Figure 1, with different
“classes” of cards reserved for different
types of information: author, title, and
facts of publication.® Thousands of

Figure 1: IBM cards for the preparation of a KWIC index. At the Dbottom is the author card,
second and third are title cards, the top is the source card.
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these cards were fed into an IBM 709
computer, and the machine produced
three types of output: an alphabetical
listing of all keywords found in the
titles of the articles along with part or
all of the titles in which the keyword
occurred (Figure 2), an alphabetical
listing of complete citations by first-
named author (Figure 3), and an al-
phabetical cross-listing of all authors,
senior and junior.

In Figure 2, the keywords are ar-
ranged in alphabetical order to the
immediate right of the blank column.
The computer decides what consti-
tutes a keyword in one of two ways.
It can be instructed to refer to a list
of keywords prepared in advance by
the researcher, or a list of words that
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are not to be considered keywords. In
the first case, the computer looks at
every word contained in the title of
the publication and compares it with
its own stored list of keywords. The
words in the titles found on the list are
then selected for indexing. The process
operates in a comparable way when a
list of non-keywords is used: the com-
puter includes the word in the index
only when the word does not appear
in the list. The latter procedure was
used in the preparation of the cumula-
tive index of the Review. Sample non-
keywords (words not indexed) are
“an,” “of,” “the,” and “other.”

To use the index in Figure 2, scan
the vertical column of keywords for
one that is of interest to you. Then
read the context of the title printed on
the same line as the keyword. There is

room provided on the line for only 78
character-spaces, though this proved
adequate for printing in full 86% of the
9,614 titles from the Review. A title
with no more than 78 characters and
spaces prints out in full, although a
portion of the title may be “wrapped
around” and printed before or atter
the keyword, depending on where the
keyword appears in the title. Some of
the words in longer titles do not print
out, again depending on the position
of the keyword in the title.

Once an interesting title has been
located in the keyword listing, the user
of the index looks at the reference
code given on the same line in the
right-hand column. This code gives
the first six letters of the senior au-
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A portion of a KWIC index of The American Political Science Review.

thor’s last name, his initials, the year
of publication of the article, and the
identification number of the article.
The code enables the user to locate
the complete citation in the author-
alphabetized bibliography shown in
Figure 3. '

This type of index is also known as
a “permuted” keyword index, for an
article will appear as many times as
the number of keywords it contains.
The first title listed in Figure 2, for
example, will be found in five other
plices in the index: under “REPUBLI-
CAN,” “DEMOCRATIC,” “NATION-
AL” “PARTIES,” and “PERSON-
NEL.” A total of 10,089 keyword lines
were produced for the 2,614 articles
from the Review. Therefore each title
appears in the index on an average of
3.9 times.

The Nature of a KWOC Index

Conventional KWIC indexes are
“double-entry” indexes; after the user
has found a title of interest, he must
check the reference code and then
enter the author-alphabetized bibliog-
raphy to get complete information
on journal, volume, month, year, and
pages. Although it would be possible
to develop a KWIC index which
would give this information in ab-
breviated form in the reference code,
the purpose of a “single-entry” index
is perhaps better served by the
KWOC version or keyword indexing,
which prints out the complete cita-
tion for each appearance of a key-
word in the title.

A reproduction of a page of KWOC
computer output is given in Figure 5.
The punchcard format for the input to
the KWOC program is identical to the
KWIC format (Figure 1). The input
to the KWOC example in Figure 4,
however, consisted of 928 titles on
“Africa” and “The Middle East” which
were reported in the “Foreign and
Comparative Government” bibliog-
raphy published in the back pages of
the American Political Science Review
during the last four years.

Both the KWIC and XWOC pro-
grams identify the keywords by search-
ing the title cards for the existence of
previously defined keywords or non-
keywords. But when the KWOC pro-
gram finds a keyword, it is reprinted
out of context to the left of the com-
plete citation. KWIC, by printing only
one line per index entry, is definitely
more economical in its use of space
and is possibly easier to use in retriev-
ing titles of interest. KWOQOC, on the
other hand, does provide a single-
entry look-up and does allow for
printing the complete title regardless
of length.

Advantages of KWIC Indexing

The advantages of automatic index-
ing of bibliographical material by the
keywords contained in their titles are
those generally associated with the use
of computers in most data processing
operations. First of all, the indexes are
easily and inexpensively prepared.
The input to the KWIC index of the
Review was prepared by a girl key-
punching directly from the title pages
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of the bound library volumes. It took
less than 200 hours for her to punch
and correct all the titles in 57 volumes
of the Review. It took the 709 com-
puter less than 12 minutes to process
the 2,614 titles—searching a 418 non-
keyword list for each word in every
title, preparing 10,089 KXWIC index
lines, and producing a cross-reference
listing for 2,801 senior and junior au-
thors. Another 29 minutes were re-
quired to sort the output into alpha-
betical order, and about 30 minutes
were needed to print the output on the
IBM 1401.

In addition to the advantages of
speed and economy, computer-gen-
erated keyword indexes are easily up-
dated with new material and readily
reproduced. Once a comprehensive
bibliography is punched on cards, it
becomes a simple matter to prepare
specialized bibliographies by instruct-
ing the computer to index the litera-
ture only on a smaller number of
previously identified keywords, such
as “legislator,” “legislature,” “parlia-
ments,” “representation,” etc.

For some people, a keyword index
also has the advantage of corivenience
in use, Some users report that an al-
phabetized list of keywords provides
a more efficient means of locating ar-
ticles of interest than the conventional
subject-heading index, where articles
are alphabetized by authors within
subjects. It must be noted, however,
that others have found keyword in-
dexes less convenient than conven-
tional subject-heading indexes.* Per-
haps it takes time to adjust to using
the computer output.

The Descriptiveness of Titles

Obviously the major disadvantage in
computer methods of keyword index-
ing lies in the “descriptiveness” of the
titles fed into the computer. Keyword
indexing was originally developed for
application to “technical” literature,
and indeed the longer and more de-
scriptive titles of journal publications
in the physical and biological sciences
seem better suited to this technique
than titles in the behavioral sciences.
Lane has investigated the variation
within different fields concerning the
suitability of indexing titles solely by
their keywords.® He pointed out that
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Figure 3: A KWIC index of complete citations by first-named auitior.

the reader interested in “duck shoot-
ing” probably would have missed an
article entitled “Good Day in Bad
Marsh” if he had consulted a keyword
index but he would have found the
article under the above subject-head-
ing in the Readers’ Guide to Periodical
Literature.

The evidence indicates, however,
that the professional journals in the
hehavioral sciences have a higher pro-
portion of “descriptive” titles than
periodicals reported in the Readers’
Guide.® Furthermore, the problem of
inadequate titles can be largely solved
through editorial supervision during
the preparation of the computer input.
Scanning the texts of articles whose
titles seem unclear or literary in na-
ture will usually disclose some terms
or phrases which might be enclosed in
parentheses and added to the titles.
Keywords added in this manner will
be indexed as if they had been in the
title. This procedure was followed in
preparing the index to the Review,
and the first line in Figure 2 shows
how the word “PARTIES” was entered
as a keyword addition. Keywords were
added to 604 of the 2,614 Review
titles, indicating that original titles

were considered suitably “indexable”
in about 77% of the cases.

Thus considerable improvement can
be made in the quality of an index if
some editorial supervision can be ex-
ercised in recording titles before proc-
essing them on the computer. This is
relatively easy to do when the input
is punched directly from journals as in
the preparation of a cumulative index,
but it is impossible to do when the
input is punched from a bibliography.
Although it is faster and usually more
convenient to punch from bibliog-
raphies, the cumulative index ap-
proach will undoubtedly provide a
greater pay-off in the long run in terms
of more exhaustive coverage, more
accurate reporting, more detailed pub-
lication information, and improved de-
scriptiveness of titles. The cumulative
indexes prepared for individual jour-
nals within a given discipline could
then be merged to form a comprehen-
sive master cumulative index,’

Future Applications of
Keyword Indexing

As originally developed and applied
within the physical sciences, keyword
indexing has been limited to the re-
trieval of bibliographic items, but the

Figure 4: A sample of KWOC computer output.
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-method has also shown definite, albeit
limited, uses in genuine problems of
information retrieval. The American
Bar Foundation, for example, has ap-
plied KWIC indexing techniques to
legislation recently cnacted in the 50
states.® This index makes it possible
for lawyers, legislators, and other in-
tercsted persons to keep abreast of the
enactment of state legislation by
scarching keyword listings obtained
from brief descriptions of the statutes.

Another application of keyword in-
dexing to information retrieval prob-
lems in political science is under way
at NorthwesteFit University. Systematic
collections of roll call votes assembled
for state legislatures, Congress, or the
United Nations often grow so extensive
that it becomes a task simply to find
all votes recorded that deal with the
substantive issues being researched,
such as “labor,” “foreign policy,” and
so forth. Xeyword indexing provides a
means for locating relevant votes out
of hundreds of issues for which roll

call votes were recorded. KWOC in-
dexing of vote descriptions has been
applied at Northwestern to 259 roll
call votes taken in the plenary sessions
and committee meetings of the 15th
U.N. General Assembly. This tech-
nique is now being extended to proc-
essing the roll call vote descriptions
reported in Congressional Quarterly
and descriptions of votes taken in the
Ilinois state legislature.

These additional applications of
keyword indexing are mentioned to
illustrate the flexibility of the method;
undoubtedly there are other possible
applications to behavioral science re-
search. Although keyword indexing is
certainly not the ultimate technique in
literature or information retrieval, it is
useful, practical, flexible, and—per-
haps most significantly—operational.
The technique deserves to be investi-
gated by those who sense a close fit
between its capabilities and their
needs.
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