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Information retrieval operates on the assumption that con-
cepts can be recognized. This is only poorly supported by
traditional document processing because documents are trea-
ted as separate units. Sophisticated retrieval techniques, such
as bibliographic coupling or probabilisticretrieval, use statisti-
cal analyses of the context to improve retrieval results. Howe-
ver, extensive meta-analysis or control of the retrieval process
requires knowledge-based programming techniques. The project
AKCESS, which is discussed, aims to determine informants on
social science topics, examining the relationships between
documents, authors, institutions, and concepts, i.e. characteri-
stics of a scientific community. (Author)

1. Information Retrieval as Conéept Analysis

Like content analysis information retrieval is based
on the manifest meaning of textual corpora. The unit of
retrieval (i.e. analysis) is a description of a bibliographi-
cal unit: a book, a project and so on. The text units consist
usually of different kinds of textual material: a title, an
abstract, indexing terms, and bibliographical informa-
tion (author,journal title, year of publication, and so on).
Theycan be regarded as differentsections, categories or
fields. '

The recording units in the analysis are terms. It is
common to reduce to stems to broaden the meaning of
the search term.

By combining terms by description section, by sentence,
or by adjacent order a more precise meaning can be
retrieved. Apart from the AND- and OR-connection of
terms there is the negation NOT, the absense of a term,

A significant aspect of retrieval is the fact that the
computerized analysis is not a final step but an interme-
diary means of finding the most appropriate documents
that conform to a search formulation. This search state-
ment can be considered as a hypothesis (or more preci-
sely as two hypotheses):

Concept x (as expressed in a term combination) can be

found (or found to a certain quantity) in the data base

Theformulation of conceptx in the search is identical to

(or closeto) representations of concept x in the retrieved

documents
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Only if these hypotheses are valid, canrelevantliterature
be retrieved and utilized by the user.

As bibliographical text is stored for the purpose of
universal usage by potential user groups, document
processingmust occur. The original information is trans-
formed into a documental form: the information is
attached in a condensed or standardized form to con-
tent-bound categories. To support concept searches,
subject terms (descriptors) are used to express the
contentin a controlled vocabulary with syntactical links.
This coding process can be fairly precise (e.g. by pre-
combination of subjects) or more general (through faci-
lities for post-combination). The latter is performed
with uni-terms which enable more flexibility in the
search - which means more recall but less precision.

To sum up, documentation and retrieval reaches a
conceptual level (where conceptual means more or less
generalized information to a user relevant topic) by:

Retrieval technology (e.g. truncation)

Informative abstracts

Meaningful text-categories

Controlled vocabulary with grammar

Often the controlled vocabulary has a built-in semantic
structure, a so-called thesaurus, which determines fixed
relationships like NARROWER, BROADER etc. This
is not only a guide for the indexers but also for the
searchers and provides by this a similar conceptual
comprehension of the single descriptor terms themsel-
ves.

On the other hand, restrictions on the retrieval
process are as follows:

1. Manual indexing can never be fully standardized (or

if automatic: can never be complex)

2.Newthemes of documents and questions are increasin-
glyoutside the scope of the documentation philosophy of
the design period

3. The satisfaction of the user is determined by the
usability of the information and not the preciseness of the
retrieved documents

The third point is the most peculiar to information
retrieval and dissemination in comparison to scientific
content analysis. Of ultimate interest is not an exact
match, a testing of a hypothesis or a descriptive analysis,
but the usefulness (or pertinence) of the results of the
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analysis to a user-determined goal. That s, the retrieval
might be perfect (relevant) but the information content
unsuitable for a given problem. If one is trying to find a
lecturer who can talk about “Social Inequality” it is
useless to find hundreds of bibliographic records wi-
thout a proper address. Similarly auser who s interested
in “Social Security in Eastern Germany” for economic
reasons is not interested in outdated Marxist statements
on this topic.

More attention must therefore be givento a flexible
and background-oriented search procedure, which en-
hances the information flow in a user oriented way.
Structures that lie beyond the manifest content of single
documentation units and determine successive retrieval
sessions must be found and integrated into the search
process. Until now only a few techniques have been
available for a context-oriented match between users
and documents within retrieval procedures.

2. Sophisticated Retrieval Techniques

Some retrieval languages like MESSENGER (used
in the Scientific Technical Network) offer a procedure
which computes on a given retrieval outcome afrequen-
cydistribution of the hits (usually of the subject descrip-
tors). This procedure, called EXTRACT or SELECT
sometimes calculates also the percentage and the rele-
vance factor for these co-terms. Including these terms in
successive search steps can be helpful in broadening or
narrowing the original search concept (28).

Independent of on-line retrieval, INIST (Institut de
I'Information Scientifique et Technique, Nancy) produ-
ces upon request a co-occurrence analysis for a given
search output (MAPINDEXES). The result is presen-
ted in a multidimensional mapping of the term relations
and gives an idea of the overall content structure of the
retrieved documents (1).

Direct usage of document and/or term links for the
retrieval process is recommended in “cluster-retrieval”.
Documents resp. terms are clustered by similarity in the
term-space resp. in the document-space. The retrieval is
thus separated into a two step procedure. First, the
search must fit into a document or term cluster, and
secondly, the fimal documents must match the query. In
this way a more homogeneous but also more general
output is provided (21).

Another quality of tracing conceptual kinship is
reached by bibliographic coupling. The Institute for Scien-
tific Information, Philadelphia, offers for the SCIENCE
CITATION INDEX a method of finding similar docu-
ments by using similar citation lists. Starting with one hit,
the user approaches all literature which has citations in
common with the first one in a succeeding step (5).

“Probabilistic retrieval” algorithms were tested in
SMART and other experimental systems which classify
the retrieved documents according to term distributions
per document set and depth of indexing per document
(20). In this way we get a weighted output, which means
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a rank ordering of the documents. Apother approach,
“relevance-feedback”, incorporates user-ratings of the
relevance factor to weight the terms (e.g. FAKYR (4)).

These techniques have been discussed here as
sophisticated retrieval insomuch as they take into consi-
deration the conceptual context with the aim of refining
or expanding the set of retrieved documents. However,
these methods are user dependent, that is, the researcher
has to determine the next step, and they are document
oriented, asthey do not combine information which is in
the data base but scattered over different documents -
with the exception of statistical information.

3. Knowledge-Based Retrieval

New perspectives on retrieval and goal oriented
contentanalysis have been opened by the introduction of
expert systems (9). Documented information is not only
found by a straightforward, precise algorithm but also by
logicalinference over the retrieval steps and over the sum
of all relevant information provided in different docu-
ments. Therefore, this knowledge no longer has the
quality of stable information content which can be hit or
missed. Instead, the best combination of information
details which solves a given information problem is
obtained by use of a knowledge base. The query itself
and the quality of the existing data sources direct the
solving propositions by inferential means. A further
important software tool is the object-oriented approach,
whichmodels relations between problem types. Specific
processing algorithms belong to each object. They can
be activated, inherited or transformed according to the
structure between these objects. In this way, a prototype
version can be easily developed and further expanded in
a consistent and clear way (15, 17).

The linkage of knowledge processing with data
banksis acquired bytwo approaches. Onetriesto handle
growing knowledge bases by support of data bank retrie-
val and updating features. The other attempts to make
more use of existing data banks for problem solving, e.g.
in office information (KOFIS (2)), (29).

Yetanother approach isthe use of expert systems to
support the special tasks of documentation intermedia-
ries. In this case the knowledge base is independent of
the data bank and assists indexing or retrieval processes.

Examples of expertsystems in indexing are AUTO-
CAT (7), which automatizes the bibliographic categori-
zation of articles, and TOPIC (11), which summarizes
text material in different ways (text, graphics, tables).An
extension of the latter is WIT, the condensation of
different documents into one state-of-the-art report
(16).

Retrieval access to data banks is supported by sy-
stems that guide selection and retrieval in different data
banks (EASYNET (25), CASS (27), (14)). A transfor-
mation of user requests into adequate search formula-
tions is usually provided for specialized subject fields
(CANSEARCH (22), MOSS (18), TOME SEARCHER
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(26), SAFIR (23), KONDOR (19)). Automatic analysis
of retrieval sessions and incorporation in a dynamic
semantic space enables user dependent optimization of
thesaurus structures (e.g. TEGEN (10)). Recent deve-
lopments aim at integration of and communication bet-
ween different (or distributed) expert knowledge bases
for different types of problems, users, and documents
(INSTRAT (3), I3R (6), CODER (8)), (13).

4. AKCESS: Assistauce by Knowledge-based Context
Evalnation in Social Science information retrieval

The Social Science Information Centre (Informa-
tionszentrum Sozialwissenschaften) is developing a
knowledge-based system to enable a more flexible search
than by conventional means (12). The existing system
consists of two data bases containing bibliographicinfor-
mation on literature (SOLIS) and information on re-
search projects (FORIS) both concerning the social
sciences. These data bases canbe accessed by conventio-
nal information retrieval tools, that is Boolean searches.
Transformation of the retrieval output onto a meta-level
will be performed by the analysis of network information
which is of different types and degrees of completness
manifested by the documents of the data bases. Conven-
tional retrieval is thus only used to refine the section of
the world that is analysed.

The aim is to process searches which take into
account contexts going far beyond the frame which is
given by the individual documentation units themselves.
Instead of considering only the information within the
given limits of bibliographic records, a flexible knowled-
ge base system must be introduced which allows an
information link between different sources of informa-
tion, namely between different documentation units. .

As is shown in Figure 1 a chosen content (approa-
ched in the retrieval process by subject descriptors) is
embedded in many relations with other knowledge ob-
jects. This contextual information can be used to evalua-
te the original information material or even improve or
alter parts of it.

The focused content is part of a document repre-
senting a project or anitem of literature. A bibliographi-
cal description of literature can itself be related to a
project description specifyingthis research project. Lite-
rature or projects (that is, documents referring to them)
are mostly authorized by persons who for their parts are
often members of institutions. In other cases institutions
are declared as authors. Both persons and corporations
point to other documents (in our case bibliographic
descriptions of projects or literature) of these authors,
which are (via these links) connected to the starting set
of documents and can be used to enrich it.

Furthermore, within the level of contents, docu-
ments, persons and institutions, links can be found which
arise from co-occurrences. In a given document a des-
criptor term is combined with another descriptor term;
a content is discussed in relation to another thesis, a
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Fig.1: Network of Information Objects

document is itself located in a certain neighborhood
(conglomerations of projects, preceding or following
articles), persons have collaborators and institutions are
in cooperation with other institutions. These linkslead in
each case to formations, or clusters (in a non-statistical
sense), which constitute a context that can be used for
further information.

These contexts of clusters lead to a super-context
which approximates the concept of ascientific communi-
ty. This community is formed by the set of all different
context relationships. A community context is strong if
all links that can be traced remain in the-same set of
contents, documents, persons or institutions, that is, it is
reflexive or homogenous over a finite number of nodes.

This conceptual scheme of content-links over bi-
bliographic documents is not only multidimensional in
the sense that it is connected with other documents via
persons, institutions or themes in multiple ways, but also
because of dynamic differentiation. Research projects
and literature are time bound which leads to successive
instances of documents and gives a time dependent
quality to edges. In this way the existence or non-
existence of linked nodes (or objects) for a given period
is determined. In the same way, location dimensions
could be stated but will be omitted here neglected as the
existence of relations itself reflects the importance of
regional boundaries, which become more and more
relative with respect to physical space.

Initially, this conceptual schemg will be elaborated
only for the task of evaluating persons as informants on
a given subject, e.g. to find an author for a paper on
“Mathematical Sociology” or to bring together a discus-
sion group on “New Perspectives of a United German
Sociology™. It is evident that by restrictions on limited
problem fields the world with rules which establish links
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Fig.2: Model of Knowledge Processing on Retrieval Output

betweeninformation atoms becomes smaller and easier
to handle. On the other hand, it must be said that
additional information other than that available in the
bibliographic data bank is needed to draw a practical
conclusions. A human expert would easily take into
account information on reputation, availability, cost
factors and so on to reinforce or to suppress the findings
of the information system. This leads to occasional
context knowledge which is external to the data banks
and will be ignored for the moment since no indicators
for these evaluations can be found in the given or
additional information sources.

As the underlying data base is designed as a relatio-
nal data system using ADABAS and available expert
shells are self-contained systems using PROLOG or
other logic or object-oriented languages, the AKCESS-
system will be developed in a prototype version as a
stand-alone system which uses the preprocessed output
of a retrieval search on a given topic of interest as a
factual component for a knowledge base (see Figure 2).
This procedure guarantees that only those knowledge
facts which are in the context of the actual topic of
interest are held in the memory and that the most recent
version of the information retrieval data bank is used.
This substitute for retrieval output will be stored toge-
ther with 7ules which direct the information flow over the
different contextsonto a starting term (or logical expres-
sion on terms) (see Figure 3).

person and co-person are part of a person cluster
if person and co-person are in the same institute

or

the total relation batween person and content is high
if the number of individual relations is greater than 3

or

person and co-person are part of a scientific community
if the numher of clusters between them is greater than 2

Fig.3: Example of Rules (Conclusion with premise)
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Furthermore meta-rules are to be stored in the
knowledge base dependent onfeedback from the results
of the inference procedure and from empirical probabi-
lities which are derived from external scientometric ana-
lysis on comparable data (see Figure 4).

if inconsistencies are found
then elect the shortest connections

or

if the number of documents per person is lower than average
then ignore all relationships of this person

or

if ties leave the diagnosted scientific community
then uge these ties only for the evaluation of members

Fig.4: Example of Meta-Rules

This knowledge base consisting of the basic facts,
the rules to connect them and the rules to supervise the
rules is used to give suggestions for selecting the most
suitable informants (lecturers, authors and so on). The
decision will be accompanied by a structure of the
decision path, the provisional results of the inference
process and the final expertise in the form of a check list.
Lacking but necessary information for the inference
process and user parameters (mostly on meta-rules)
give the user the opportunity to interfere during a
consultation session by adding new knowledge or by
restarting the evaluation procedure with alterated deci-
sion weights. If desired the evaluation process can be
used to retrieve .all documentation units which can be
found in connection with the final proposed persons or
which have been referred to in the knowledge inference
procedure. This provides some kind of visible material
as proof and gives possibilities of external testing at the
development stage.

If an acceptable outcome is found, some results of

the knowledge processing will be stored as time-depen-
dent perrnanent facts that might be referred to in later
evaluations for new topics. Information on clusters are
an example of facts of this kind. All other initial or
derived facts should be erased as they are only of
temporary interest for the specified search content. A
new topic requires a new search in the retrieval base and
the extraction of new knowledge facts.

Dependent on the future availability of standard-
ized toolsfor knowledge retrieval in external data banks,
an interactive solution which retrieves successively only
those parts ofthe database which are actuallyused inthe
knowledge inference procedure will be chosen. For
instance. if required, all documentational information
on one subject or one author under current examination
is loaded and analysed only. When implemented, this
design is more powerful than the stand-alone version. In
this way it is possible to handle a much larger knowledge
store and a variation on the one-world section in one
session is allowed. What should not be forgotten is that
if we once leave the small domain, additional efforts
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must beundertakento allow different views, enlarge the
meta-rule system, and avoid infinite conclusion proces-
ses.
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Note: This is a revised version of the paper “Information
retrieval and knowledge”, presented at the ISKO pre-confe-
rence of the Society for Conceptual and Content Analysis by
Computer, SCCAC, Darmstadt, Germany, 14 August 1990.
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