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ABSTRACT: This article deals with the meaningful processing of information in relation to two sys-
tems of information processing: pre-coordination and post-coordination. The different approaches are
discussed, with emphasis on the need for a controlled vocabulary in information retrieval. Assigned in-
dexing, which employs a controlled vocabulary, is described in detail. Types of indexing language can
be divided into two broad groups - those using pre-coordinated terms and those depending on post-
coordination. They represent two different basic approaches in processing and information retrieval.
The historical development of these two approaches is described, as well as the two tools that apply to
these approaches: thesauri and subject headings.

Introduction

It is only natural that librarianship and information
science, similar to any other theoretical foundation of
a widespread and important sphere of practical activi-
ties, are highly sensitive to the kind of sharp, rapid hi-
tech progress and ‘technological revolution’ that con-
tinues to transform our professional environment.
Computers and the Internet continue to cause theo-
retical and practical turmoil even in experts’ minds.
We professionals find ourselves caught up in a race of
sorts, ever hurrying and driven on by the technologi-
cal onslaught (Miller, 2001).

While these conditions are capable of generating
many new decisions and practical ‘breaks’, they leave
too little time to comprehend the theoretical founda-
tions of continuing changes, or, to use military par-
lance, of “fortifying the rear’. In addition, there are a
number of theoretical principles that, from the outset,
appear to be clear and unshakable, that is, axiomatic.
The concepts of ‘pre-coordination’ and ‘post-coordi-
nation’, and their interconnections are among these.
A striking demonstration of the slump of interest in
this problem is evident from a search of these terms in
the Library and Information Science Abstracts database.
Undoubtedly, the high level of their elaboration in
the already classical works of Dagobert Soergel (1974),
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Antony Charles Foskett (1996), Frederick Wilfrid
Lancaster (1986) and others is a very important reason
for this established situation. (For interesting histori-
cal reviews see: Cleveland & Cleveland, 1990, pp. 60-
62; Kilgour, 1997, pp. 340-348).

But nevertheless, now and again, the return to re-
analysis of some axiomatic propositions can be very
relevant. The need to revisit our foundations is evi-
dent from publications that have distorted the real
meaning of these concepts. These distortions are rep-
resented by two examples written over a decade apart:
articles by Ann Schabas (1982) and David Bodoff and
Ajit Kambil (1998). Schabas, without ceremony or
explanation, tested the Library of Congress Subject
Headings (a pre-coordinated structure) using post-
coordinated searching.

Although the recently published investigation by
Bodoff and Kambil proposes several new search
methods suited to the modern information environ-
ment, it nevertheless reveals a certain vagueness of in-
terpretation of some of the basic conceptions underly-
ing subject indexing and searching (both pre- and
post-coordinated). First, their definition of “subject
queries which return zero hits” as “subject search fail-
ures” (Bodoff & Kambil, 1998a p.1254) is only admis-
sible in the case of the fixed presence of relevant
documents in the information massive, otherwise,
“the lack of information is also information”. Second,
the authors compare pre-coordinated indexing and
searching on the ground of subject headings (specifi-
cally, Library of Congress Subject Headings) to post-
coordinated indexing and searching using full-text free
indexing and searching, where every meaningful word
is counted as a keyword. Such contraposition cannot
be considered appropriate in the comparison of pre-
coordination and post-coordination. Rather, Bodoff
and Kambil are comparing the presence or absence of
vocabulary control. Such comparison can be relevant
only to vocabulary-controlled pre-coordinated index-
ing and searching (based on subject headings) as op-
posed to vocabulary-controlled post-coordinated in-
dexing, and thesaurus-based searching. Ignorance of
thesauri as the basic tool of vocabulary-controlled
post-coordinated indexing and searching is not only
very strange, it also weakens efforts at comparison,
due to the inherent impossibility of a different basis
for comparison. This methodological confusion al-
lows the authors to reach such questionable and un-
proven conclusions as the “lower precision” of post-
coordination versus pre-coordination and “lack of a
theory for selecting post-coordinated keywords” (Bo-
doff & Kambil, 1998a, p. 1257), the unfounded attack

on “narrow keyword terms” (Bodoff & Kambil,
1998a, p. 1257-1258), and so forth.

The widespread evidence of such misapprehensions
was vividly illustrated by Catherine Robinson and
Janet Knight (1997) in the work especially produced
for the elimination of all misunderstandings - the in-
ternational standard for thesaurus construction (“In-
ternational Standard ISO-2788. Documentation--
Guidelines for the Establishment and Development of
Monolingual Thesauri, second edition -- 1986-11-15”)
and the related discussions.

But perhaps this is useful in prompting us to re-
examine our theoretical ‘cornerstones’. Without going
into details regarding the modern theoretical and
methodological principles of thesaurus construction
where we can find clear answers to the questions
raised (see Miller 1997), we can establish the urgent
need for ‘stock-taking’ of some basic theoretical prin-
ciples of indexing. In the following discussion, we will
review lexical control in the form of pre-coordinate
(subject headings) and post-coordinate (thesauri) vo-
cabularies, their application and their philosophical
and historical foundations, revealing certain conclu-
sions about contemporary indexing and searching.

The Need for Lexical Control

Once more, the key role played by the retrieval process
brings the discussion of the role of lexical control in in-
formation processing back on the agenda. Again this
raises the ‘old’ question of the use of free text versus
controlled language (lexical control) in information re-
trieval. While there are many advantages to searching
using free text, mostly in terms of availability and rapid
information retrieval, the main disadvantages lie in the
amount of ‘noise’ (irrelevant information) accompany-
ing information searching, low precision in search out-
comes and a high degree of information loss (low re-
call). This is the consequence of the lack of control and
lack of uniformity inherent in natural language. A free
text search means having to cope with a flood of not
always relevant information (for a detailed analysis of
the central problems of information retrieval, see for
instance Blair, 1990, chapter 4). It is perfectly reason-
able to search using free text when searching for new
terms or concepts which have not yet been expressed in
controlled language. A free text search provides a very
helpful complement in information extraction, but
cannot be the sole search tool (Peters & Kurth, 1991).
In some instances, the combined use of a free and a con-
trolled search will produce the best results (Dubois,
1987; Fidel, 1987, 1991, 1992; Rowley, 1990).
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The use of free text when searching the Internet is
subject to the same constraints. In this case, technol-
ogy does not entirely solve the ‘problem’ for us.
When searching the Internet we confront a vast array
of often irrelevant information because Internet
“keywords” are the same elements of free text search-
ing arranged according to the frequency of their oc-
currence, but not according to all the classical key-
words of lexically controlled databases. Neither com-
puters nor the Internet can replace the human mind
in processing information meaningfully. Quality data
retrieval is impossible without purposeful data proc-
essing, particularly since the range of data increases
with geometric progression (Weinberg 1995).

Subject Indexing

One form of meaningful data processing is subject in-
dexing. Subject indexing is part of the system known
as ‘assigned indexing’. Here, a computer program as-
sists the information scientist in processing the data.
The program supports the routine work of the in-
dexer with a thesaurus facility, online indexing and
indexing quality control. It can look up terms in the
thesaurus, proof read and compile indexes.

On the whole, subject indexing uses a controlled
indexing language. Indexing languages have two ele-
ments: a vocabulary and a syntactical structure. Index-
ing language, in contrast to natural language, is artifi-
cial and is constructed with information processing in
mind. The terms used in an artificial language relate to
concepts as opposed to words. Lexical control provides
control of synonyms, homographs, alternative spell-
ings and obsolete terminology. Lexical control means
that all material related to a concept will be listed for
that concept, along with pertinent references to other
terms.

The syntactical structure consists of rules for ter-
minology construction and for determining the con-
nection between terms. Indexing languages differ in
their syntactical structures which become the basis of
their designation as either pre-coordination or post-
coordination. With pre-coordination, the connection
(or coordination) between index terms occurs as the
indexer processes the data. With post-coordination,
the connection between the index terms occurs during
data retrieval. Both approaches employ coordination
between the terms, but they differ in timing.

Pre-coordination and post-coordination are two
fundamentally different data processing and retrieval
philosophies. When pre-coordination is used for in-
dexing, the indexer determines the connection be-

tween the index terms in advance. These connections
are fixed and rigid. The best examples of this method
are subject headings and book subject indexes, which
have their own reasons for such methodical ap-
proaches (but this is a subject for a separate analysis).
With post-coordination, connections between index
terms are not decided in advance. The connections are
only constructed during the data retrieval process.
The thesaurus works on this principle.

The pre-coordination approach used by the indexer
during the indexing process only partially resembles
the post-coordination indexing process. The stages
common to both methods are the essential item
analysis and subject selection stages that occur during
indexing. An indexer using the pre-coordination
method will use a syntactical structure that requires
the connection between terms to be decided in ad-
vance. The combination order of facets to be prede-
termined constructs a subject heading that is analo-
gous to a multi-link chain. When using post-
coordination, the indexer identifies the appropriate
facets, but does not decide on the connection between
the index terms. An item will be assigned index terms,
while each term retains its independence. Thus, the
terms assigned to a particular document are uncon-
nected.

With pre-coordination, there is no clear separation
between data processing and its retrieval - they are
two stages within a single process. The indexer decides
the connections between terms while indexing and
creates the subject heading strings. The subject head-
ing string represents the outcome of the search. In
other words, the indexer knows the outcome of the
search since the outcome is predetermined. When in-
formation is extracted using this method, a group of
‘ready’ subject heading strings is obtained, after which
the most appropriate one is selected. This is carried
out by browsing through the subject headings which,
as we have already noted, are prepared in advance. But
such an approach holds the danger of a vocabulary
explosion because of the enormous number of subject
heading strings required.

With post-coordination, indexing and retrieval are
two separate processes, although there is a close rela-
tionship between them. In post-coordinate indexing,
the indexer tries to express all of the relevant subjects
contained in the indexed item according to the facets
determined by the indexing policy. The indexer can-
not ‘predict’ the search results since he or she does not
make the connection between the terms. Each term
stands alone. Each user will construct his or her own
search strategy via which the terms are linked, based
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on the user’s requirements. The indexer using the
post-coordination method is required only to carry
out the objective indexing. During indexing, the in-
dexer must focus on the indexing process that will in-
fluence the retrieval results.

Following this distinction, we can divide databases
into the ‘traditional’, based on the pre-coordinated in-
dexing and retrieval principle (subject headings), and
‘non-traditional’ databases based on the post-coordi-
nated indexing and retrieval principle (thesauri).

Pre-coordinate terms or complex terms?

Subject headings resemble a chain with multiple links.
During pre-coordinate indexing, the indexer connects
the various links, that is, he or she expresses pre-
coordination via the syntactic structure. Each link in
the chain represents a ‘subject’, for example: “Chil-
dren and Television”. This subject heading has two
elements: “Children” and “Television”, but is defined
as a single ‘subject’, with two separate distinguishable
concepts. The subject heading can have pre-coordi-
nation in its lexicon as well; for example: “Physical
education for children - Curricula - France”. In this
heading, we find three different ‘subjects’ (links in the
chain), and four different ‘concepts’. The four con-
cepts are: physical education, children, France, curric-
ula.

In contrast, the thesaurus contains descriptors as
opposed to subject headings. Descriptors refer to con-
cepts. They may be comprised of one or several
words, but will always relate to a single concept. An
index term comprising more than one word and
which denotes a concept, or ‘compound term’ (Miller,
1996, 1997; Teitelbaum, 1994), may not be broken
down into individual words without there being an
essential change of its meanings. Such a break can
produce a vast amount of irrelevant information in
the process of retrieval, for example: ‘high schools’,
‘latch-key children’, ‘short working week’, ‘soap op-
era’ and ‘venetian blinds’.

The term ‘agricultural schools’ is not the equiva-
lent of the sum of ‘schools’ and ‘agriculture’. Simi-
larly, the combination of the terms ‘group’ and ‘dis-
cussion’ gives us two different terms ‘group discus-
sion’ and ‘discussion group’ (Batty, 1989; Milstead,
1984). ‘Children and Television’ is not a compound
term. It is a pre-coordinated term made up of two
separable elements. The thesaurus has no place for en-
tries of this kind. The descriptors appear individually,
‘children” will be found on its own, as will ‘televi-
sion’, and each entry will be accompanied by its own

set of references to concepts. The searcher connects
them during data retrieval.

It is important to bear the following in mind: a
given composite of words may be considered a com-
pound term according to the scope of one thesaurus
and a pre-coordinated term according to another. For
example, ‘sports psychology’ is a compound term in
sport or psychological thesauri, but it is also a pre-
coordinated term in thesauri on more general or dif-
ferent spheres. The conceptual framework in which
the term appears is sometimes the decisive factor and
the type of interpretation system (pre-coordinated or
post-coordinated) in which such a term functions is
not important. Information retrieval requirements,
which among other things include a high level of pre-
cision and which prevent search noise, will determine
the use of compound terms in all information re-
trieval systems (Batty, 1989; Milstead, 1984, Soergel,
1974).

The Development of Pre-coordination and Post-
coordination

Pre-coordination and post-coordination are two fun-
damentally different data processing and retrieval phi-
losophies which were influenced by different general
philosophical doctrines. Pre-coordination and post-
coordination emerged at different times and represent
the moods and fashions then influencing society.
When indexing employing subject headings appeared
on the American library scene, pragmatism was the
prevailing philosophical doctrine in American society
(Miller, 1980). The subject heading doctrine posits
that the information consumer must trust the in-
dexer, because it is the indexer who determines the
connections in advance, and thereby determines the
way that information retrieval occurs.

In contrast, post-coordination emerged during the
rise of the ‘free information” movement. This point of
view allowed the consumer a free hand in choosing the
information in which he or she was interested and in
carrying out combinations of subjects not linked in ad-
vance. Here, the indexer’s role is to facilitate rapid ac-
cess to information and ensure its availability to the
consumer. The indexer has no control over data re-
trieval, and all is open before the user. The history of
these information processing and retrieval approaches is
linked to the different tools employed by each method.

Examples of the tools used for pre-coordination are
dictionary catalogues and subject catalogues. The best
example of a pre-coordination indexing language is
the Library of Congress Subject Headings (LCSH).
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Subject headings applied the principles developed by
Charles Ammi Cutter who, at the end of the 19 cen-
tury, laid down the rules for constructing dictionary
catalogs, and began to address subject analysis. It is in-
teresting that pre-coordination as a method has a
complex character because it was used not only in
subject approach, but also in its antipode, a classifica-
tion approach (as in Cutter’s and Dewey’s classifica-
tion systems). LCSH was distributed to and adopted
by a large number of libraries throughout the world
(see, for instance: Heiner-Freiling, 2000). Its impact
has been reinforced by two projects: MARC and the
Library of Congress cataloging-in-publication data.
These projects used subject headings since they were
crucial to the data processing conducted.

With the advent of technological advances, which
presented an opportunity for change, subject analysis
was transformed into a control-based doctrine. At this
point, the crisis worsened since the Library of Con-
gress management was not prepared for a ‘technologi-
cal revolution’ and had difficulty in adapting subject
headings to the new developments. The well-known
researcher Hans Wellisch compared computerized da-
tabases that use subject headings to a jet plane rigged
with a nineteenth century steam engine. The plane
will indeed move, and might even fly, but it will be
accident prone, unreliable and its body design will be
wasted due to the low speed it moves at (Wellisch,
1972). The Library of Congress Subject Headings
have been met with widespread criticism, as have the
latest attempts to change the subject headings and
make their structure a quasi-thesaurus (Conway, 1993,
Dykstra, 1988; Gerhan, 1989; Nuckolls, 1994).

Currently, post-coordination is in the librarianship
and information science spotlight. Post-coordination
is the outcome of a dialectic process. Although post-
coordination was an outgrowth of pre-coordination,
it conflicts with its principles and represents an an-
tagonistic approach. Post-coordination emerged with
the advent of library computerization and uses com-
puters for information processing and retrieval. Now
we see that even the natural adherents of pre-
coordination recognize new realities. Thomas Mann
emphasized at the “Bicentennial Conference on Bib-
liographic Control for the New Millennium: Con-
fronting the Challenges of Networked Resources and
the Web” held at the Library of Congress on Novem-
ber 15-17, 2000: “Neither I nor anyone else is arguing
for precoordination rather than postcoordination. We
need both browse displays of precoordinated strings
and the possibility of postcoordinate combinations of
individual elements” (Mann, 2000).

Pre-coordinate information processing and re-
trieval may be compared to a ‘craft’, post-coordinate
processing to a ‘science’ and retrieval using this ap-
proach to ‘an art’. This analogy should not be under-
stood as an attempt to detract from the importance
and prestige of pre-coordination; each activity needs
to be considered in light of its compatibility with li-
brary needs or with the indexed collection. Pre-
coordination can be used to provide a high quality,
professional standard of indexing. The above analogy
relates to the fact that post-coordination information
processing activities require associative thinking on
the indexer’s part, allowing not always visible connec-
tions between terms to be exposed. The data retriever
using this approach also requires the necessary skills
for performing the ‘art’ of information retrieval.

Subject headings are constructed pragmatically be-
cause the subjects are connected to the material con-
tained in a particular library: new subject headings are
incorporated only after material relating to a specific
concept appears in the library. The thesaurus has no
such close link with any concrete database. The pres-
ence of real concepts is the main reason for building a
thesaurus. The existence of real material is a secon-
dary issue. Building a thesaurus is like building a
model, which is not closely connected with the exis-
tence of real material in the database. The thesaurus is
a lexical-semantic model of a conceptual reality.

Conclusions

Several conclusions emerge from the discussion on
lexical control and developments in the area of subject
indexing:

a. Post-coordination is the most sophisticated method
of processing data by subject, since it does not im-
pose decisions made by the indexer on the user,
and allows {lexible data retrieval consistent with
diverse and changing data requirements. Post-
coordination works efficiently with the employ-
ment of syntactical devices that help to increase
precision. The quality of the thesaurus as a lexical
control tool is affected by numerous factors,
among these being: correct choice of terms, build-
ing terms according to accepted rules and a consis-
tent, precise method of working. These rules need
thesauri with a high degree of order and structure,
so that indexers can search for appropriate terms
without much effort.

b. At this stage, there is no substitute for lexical con-
trol, which offers the most accurate means of data
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processing and retrieval. It is worthwhile investing
in developing lexical control mechanisms. Obtain-
ing a reasonable amount of highly accurate infor-
mation justifies the expenditure.
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