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4 Information Retrieval techniques for retrieving
Business Information from the WWW

Within the literature numerous aspects of users interacting with IR systems for the
WWW are discussed. Authors point out that users have problems formulating their
information need [Pollock, Hockley 1997], [Nielsen 1997]. The presentation of
information is often described as poor, e.g. just presenting a long list of search results
[Zamir, Etzioni 1998], [Gudivada, Raghavan, Grosky et al. 1997], [Attardi, Marco,
Salvi 1997]. According to a study by [Jansen, Spink, Saracevic 2000] of the user queries
sent to the Excite106 search-engine, the average query length is 2.21 terms, the user of
query modification is not typical, 43% of the queries are identical, the number of pages
viewed per user is 2.35 and 58% only access the first page of the result list. [Wang,
Hawk, Tenopir 2000] identify in their study that the URL is the most used metadata
element. [Choo, Detlor, Turnbull 1999] point out that users rarely make use of help
pages. [Sutcliffe, Ennis, Watkinson 2000] investigated the behaviour of users searching
the MEDLINE database. Among others they found out that expert users generally used
more query terms than novice users, though both having the same domain knowledge.
Within the current work, some of these aspects are addressed trying to find a solution
for the problems shown. Therefore methods of the research field Information Retrieval
are considered and used. To have the basis the solutions proposed are embedded in the
appropriate theoretical framework.
To summarise, it can be said that users need support when expressing their information
need and reviewing and refining their search results. For this a dynamic search system
with an on-the-fly ranking (see section 4.5), a visualisation of the query (section 4.5.3),
and a relevance feedback option (section 4.8) are proposed. Aspects concerning the
visualisation of search results using the classification proposed here (see section 4.7.1.3)
are covered by [Mann 2002].

4.1 Overview of Information Retrieval and Systems

"An information retrieval system does not inform (i.e. change the
knowledge of) the user on the subject of his inquiry. It merely informs
on the existence (or non-existence) and whereabouts of documents
relating to his request." [Lancaster 1968, p.1]

Van Rijsbergen discusses Information Retrieval (IR) issues in contrast to Data
Retrieval. Table 4-1 shows Rijsbergen's taxonomy of the both.

Data Retrieval Information Retrieval
Matching Exact match Partial match, best match
Inference Deduction Induction
Model Deterministic Probabilistic
Classification Monothetic Polythetic
Query language Artificial Natural
Query specification Complete Incomplete
Items wanted Matching Relevant
Error response Sensitive Insensitive

Table 4-1: Comparison of Information Retrieval and Data Retrieval [Rijsbergen 1979]

Within this thesis the aspect of IR is focused upon. The explanation for this is that the
information seeking process relies heavily on the methods of Information Retrieval. The

106 http://www.excite.com [2001-09-03]

http://www.excite.com
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matching paradigm of query and result set is a best match, returning relevant documents
or links to the user.107 In IR systems the focus is on the satisfaction of the information
needs of a user. As the information need can often not be precisely articulated it is most
of the time impossible to construct a query which defines exactly the information need
of a user. [Belkin, Oddy, Brooks 1982, p. 62] explain this as the anomalous state of
knowledge (ASK): "The ASK hypothesis is that an information need arises from a
recognized anomaly in the user's state of knowledge concerning some topic or situation
and that, in general, the user is unable to specify precisely what is needed to resolve
that anomaly". Especially in times of many people trying to find information on the
WWW, this seems to be of actual concern. People know that they need some
information, but often they do not have any insight how they can express that
information need. This could be for the reasons of lacking knowledge of the domain and
the vocabulary used or knowing the domain, the person can not just express the problem
itself. Actual developments in IR which could help here besides the ones presented in
this work, are the use of clustering methods to allow the user a browsing type of search,
topics dealing with question answering, where the focus is to get a small, but highly
relevant result set, containing the answer seeked, which is then presented, see e.g.
[SIGIR 2000].
As can be seen in Table 4-1 IR deals with result sets (items wanted) determined by their
relevance. Relevance is a key notion in information science and has many notions (see
[Saracevic 1997] for a thorough discussion). For the present discussion (see section 4.3
for a further discussion) the two basic approaches to define relevance are in focus:

1. Objective: where a query and a document are given and the contextual
concordance of the query and the document are the different levels of relevance
[Salton, McGill 1987, p.173]. Here relevance is independent of the knowledge
of the information seeker, documents he has seen before are also relevant.108

2. Subjective: here a document is then relevant if its content is new to the
information seeker [Salton, McGill 1987, p.174]. This means that the
information seeker as an individual and his knowledge about an information
need is looked at.

Having these two definitions in mind, it is clear that from the point of view of a user, the
subjective relevancy is needed. The additional objective relevant information may soon
lead to an information overflow, as the new information can not be processed anymore.
Objective information may be useless to a user. This leads to the demand for user
adapted systems, where the system has a model of what information its user might
know. Such models can be derived from user observation while the user works with a
system, by inquiries of the user or a mix of both (e.g. the system starts with a little
knowledge about its user and widens this by observing the user). A simplistic approach
is to let the user define keywords for this interest, while more elaborated approaches
collect information about the user dynamically. A problem with adaptive systems is on
the one hand that the user might be concerned about his private-sphere, on the other
hand it is difficult to describe appropriately the user's preferences in a user profile
[Baeza-Yates, Ribeiro-Neto 1999].

107 Within IR the term information is often used for documents and vice versa. See e.g.
http://www.dcs.gla.ac.uk/~iain/keith/data/pages/2.htm [2000-06-04]

108 [Rijsbergen 1979, p.114] names this logical relevance.

http://www.dcs.gla.ac.uk/~iain/keith/data/pages/2.htm
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4.2 Models of Information Retrieval
With the ever increasing importance and use of the WWW more and more people are
into direct contact with IR systems. It becomes clear that a major problem regarding IR
systems is the separation of relevant and non-relevant documents for a user. One tries to
solve this problem by proposing ranking algorithms, sorting the result set by their
relevance for the query. With respect to this [Baeza-Yates, Ribeiro-Neto 1999] see
ranking algorithms at the core of IR systems.
When thinking of IR models different points-of-view can be taken, they have in
common that the objective is to have a function leading the user to documents,
satisfying his information need. [Rijsbergen 1979] illustrates a typical IR by using a
black-box (see Figure 4-1).
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Figure 4-1: Typical model of an information retrieval system following [Rijsbergen 1979]
(modified)

[Belkin, Croft 1992] present a more sophisticated model than the black-box by
describing the basic entities and processes of IR situations (see Figure 4-2).
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Figure 4-2: General model of IR according to [Belkin, Croft 1992]

[Kuhlen 1995] also discusses a common IR model with a focus on IR from a theoretical
position. His IR model is divided into process and knowledge representation and
processing components. "Online retrieval is a unit of content exploitation and retrieval,
not only limited to the retrieval."109 [Kuhlen 1995, p. 276]. On the basis of the general
IR model [Kuhlen 1995] distinguishes between document retrieval, fact-based retrieval,
hypertext retrieval and knowledge-based retrieval.

109 "Das Online Retrieval ist also eine Einheit aus Inhaltserschließung und Retrieval, d.h. keineswegs
auf das Retrieval beschränkt." (translation by authoress)
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[Baeza-Yates, Ribeiro-Neto 1999] discuss IR models from a computer-science
viewpoint, emphasising on mathematical and technical models. Their discussion
comprises the most important IR models known from literature. Their taxonomy builds
upon their two identified user tasks (retrieval and browsing) and lists the classic
Boolean, Vector and Probabilistic models with their more sophisticated extensions and
enhancements Fuzzy Set Model, Extended Boolean, Latent Semantic Indexing Model,
Neural Networks Model as well as Inference Network Models and Belief Network
Models for IR (see Figure 4-3). It becomes clear that [Baeza-Yates, Ribeiro-Neto 1999]
focus on the ranking110 function R (qi, dj) with qi ∈ Q and dj ∈ D, where Q represents
the information need and D the documents in the collection.
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Figure 4-3: Taxonomy of IR models by [Baeza-Yates, Ribeiro-Neto 1999, p.21]

In the following section the three classical models for the retrieval function are briefly
presented, for a deeper discussion and for the more sophisticated models the reader is
referred to the literature.111 IR work mainly inspired by Gerard Salton, Karen Sparck-
Jones and Steven Robertson laid the foundations for the further research in this field.

4.2.1 Boolean Model
The Boolean model is a simple retrieval model founded on set theory, based on an
"exact-match" principle [Belkin, Croft 1987]. A drawback with the model is its
discreteness, without any notion of a grading scale the Boolean Retrieval is more data
than an information retrieval, not allowing any relevance ranking. Moreover users find
it difficult to express their query in terms of Boolean expressions (see e.g. [Sutcliffe,
Ennis, Watkinson 2000]).

4.2.2 Vector Space Model
The vector model has been invented by Salton and his working group.112 Like the
probabilistic model, it is an example for a "best-match" model [Belkin, Croft 1987],
giving a relevance ranking of the documents found. The idea behind this is to represent
text and query by weighted term vectors D = (d1, d2, …dn) resp. Q. These two
representations are then used to measure a degree of similarity between the query (or a
sample document) and a document sim (D, Q) = Σ diqi resulting in a ranked list. For the

110 In the Rijsbergen Model this is the match, in the Belkin, Croft the Comparison of Interaction and
in the Kuhlen model the retrieval function.

111 [Rijsbergen 1979], [Salton, McGill 1987], [Salton, Allan, Buckley et al. 1994], [Sparck-Jones,
Willett 1997], [Baeza-Yates, Ribeiro-Neto 1999]
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similarity measurement different methods have been proposed (e.g. cosine measure,
overlap measurement, jaccard coefficient, dice coefficient).

4.2.3 Probabilistic Model
The probabilistic model is based on the possibility to estimate PQ(relevance/document),
which is the probability that a document is relevant for a query Q. For these conditional
probabilities that a document d is relevant P(R|(q,d) or irrelevant P(I|(q,d) to the query q
is calculated. The documents with probabilities of relevance, at least that of irrelevance,
are ranked in decreasing order of their relevance. Documents exceeding a cut-off
threshold c are the retrieved document set, defined as R(q) ={d|P(R(q,d)) ≥ (d|P(I (q,d)),
P(R|(q,d) > c) }, with P(R|(d,d))=1 and P(I|(d,d))=0 [Dominich 2000, p.11]. Hence the
ranking of the probabilities provides an effective way to obtain information.113

Examples are Muscat and INQUERY: "Muscat is firmly placed as a system that
implements, or tries to implement, the probabilistic IR model."114

4.3 Document analysis

4.3.1 Representation of documents by indexing
Indexing is used to describe the aboutness115 of documents, text and media.116 Index
terms may be derived from the document itself or from a document-independent source
(e.g. a thesaurus). Extracting the terms from the document itself (author aboutness)
keeps the author's original intention and expresses his knowledge state [Ingwersen
1992].
The index may use controlled or uncontrolled vocabulary and may be built up manually
or automatically. Controlled vocabulary is derived from an approved term list, a
thesaurus (see section 4.4), to overcome problems like homonyms and a lack of
knowledge of the specific terms. Using the thesaurus himself a user can find the
appropriate indexed documents more easily. The controlled terms are especially used in
online databases, e.g. provided by hosts like STN, Dialog etc. Many of these systems
allow the user to list the controlled terms. However a disadvantage is the fact that the
controlled terms are often behind new developments.
The manual relation of index terms lacks the consistency of indexing, it is a subjective
indexing. Having a number of humans to index the same document leads usually to the
use of many different index terms, depending on the background of these persons. Still
in a professional environment one tries to reduce the problem of indexer inconsistency
and inter-indexer consistency by finding persons with domain knowledge, the use of
controlled vocabulary in addition to uncontrolled and other indexing rules [Chen,
Danowitz, Lynch et al. 1994].
Automatic indexing guarantees the consistency of index terms, as the algorithms behind
are always the same, producing the same results. The idea behind automatic indexing is
to find feature terms representing a document best. Therefore at least two requirements
for the representation exist: identification of appropriate content units (recall) and
determination of term weights to distinguish important terms from less important ones

112 An implementation of this concept is e.g. the SMART system [Salton, McGill 1997].
113 For the probability ranking principle, see [Rijsbergen 1979, chapter 6]
114 http://www.library.uu.nl/medew/it/eric/intro_ir.html [2001-06-06]
115 Aboutness refers to the question: What is this document, text or image about? [Ingwersen 1992,

p.50]
116 In the following referred to as documents generally.

http://www.library.uu.nl/medew/it/eric/intro_ir.html
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(precision) for the content representation [Salton, Buckley 1988]. An outline of an
automatic indexing is presented by the following (e.g. [Salton, McGill 1987]):

1. Calculate the frequency of each term k within each document i (FREQik).
2. Sum-up the frequency of each term k in the whole collection Σ (FREQik).
3. Sort the terms according to their decreasing frequency.
4. Define an upper and lower threshold for the frequency.
5. Eliminate all terms above or under that threshold.
6. The remaining terms are then indexing terms of the document.

Still with this approach no term weighting has been made to assign weights for the
distinguishing of important and less important terms. A reasonable measure of
importance is obtained by the tf x idf equation, favouring terms with a high frequency in
particular documents (tf) but with a low frequency overall in the collection (idf) [Salton,
Buckley 1988] (see also section 5.2.2). As a result from a comparison of automatic
indexing procedures and manual keyword indexing using the abstracts of the Cranfield
collection, (see section 5.1) [Salton, Lesk 1968] argue that automatic indexing is not
necessarily inferior to manual-indexing methods. In their conclusion of the evaluation
they suggest that "weighted terms should be used, derived from document excerpts
whose length is at least equivalent to that of an abstract" [Salton, Lesk 1968, p.81].

4.3.2 Methods supporting document analysis
For the improvement of document analysis a variety of complementary methods have
been proposed. The use of stopword lists is a rather simple method. The idea is, to have
a list with common words, which are not included in the search process. Stopwords are
for example 'and', 'or', 'to', 'the' etc. The use of such lists decreases the size of the
indexing terms considerably, still their elimination might lead to a lower recall [Baeza-
Yates, Ribeiro-Neto 1999]. Thinking of WWW search-engines it is noticeable that some
seem to use a full text index (e.g. Yahoo!), while others eliminate the stopword (e.g.
Google117).118

Stemming119 algorithms have been introduced to replace index terms with their root
forms. [Kuhlen 1974] has introduced a rule-based automatic algorithm for the stemming
of English text, reducing the vocabulary by 27,3% at a high qualitative level. [Porter
1997] proposes an automatic suffix algorithm. This algorithm has also been developed
for the English language. It comprises five steps of various removal operations,
depending on the type of ending. While step one deals with past participles and plurals
(e.g. transform 'SSES' to 'SS') the following steps are straightforward, determined
directly by the suffix itself using a suffix list (e.g. transform TIONAL to TION). This
way a vocabulary of initially 10.000 words was reduced to two thirds [Porter 1997].
The three standard algorithms, an 'S' stemming algorithm, the Lovins algorithm, and the
Porter algorithm, are most often used [Harman 1992b].120 "The "S stemming algorithm,
a basic algorithm conflating singular and plural word forms, is commonly used for
minimal stemming. […] The Lovins stemmer works similarly, but on a much larger
scale. It contains a list of over 260 possible suffixes, a large exception list, and many
cleanup rules" [Harman 1992b, p.6]. Beside the automatic approaches, dictionary based

117 http://www.google.com [2001-06-11]
118 An easy way to investigate this is to use common stopwords as the query and see if results are

returned.
119 "A stem is the portion of a word which is left after the removal of its affixes." [Baeza-Yated,

Ribeiro-Neto 1999, p. 168]
120 For an implementation of these algorithms in 'C', see e.g.

http://www.cs.jmu.edu/common/projects/Stemming/ [2001-06-11]

http://www.google.com
http://www.cs.jmu.edu/common/projects/Stemming/
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stemming or a hybrid form of the two has also been common and evaluated, e.g.
[Salton, Lesk 1968] using the SMART retrieval system.
Different researchers have been investigating the use of stemming and its impact on
performance.121 E.g. Harman's result is that none of the compared stemming algorithms
('S', Lovin, Porter using no stemming as a baseline) lead to a reliable performance
improvement [Harman 1991]. [Krovetz 1993] shows that the Porter stemming can help
to improve the performance of IR systems (significantly for short documents).122 [Hull
1996] has conducted a more complex evaluation, comparing the 'S', Lovin, Porter and
an algorithm developed by Xerox with different collection and multiple queries at
different recall levels using statistical analysis. His result is that "some form of stemming
is always benefical" [Hull 1996, p.80]. Simple 'S' stemming performs less well than the
other stemmers,123 while there is no difference on the average performance between the
other stemmers. [Fuller, Zobel 1998] have another approach for evaluating the
stemming algorithms (S, Lovin, Porter). They measure the accuracy of the conflation.
As a consequence of their results (S: 22%, Lovin: 53%, Porter: 83%)124, they suggest to
use the Porter algorithm "it is reliable and finds most of the conflations".[Fuller, Zobel
1998, Chapter 6, p.5]

4.4 Information Modelling
For the representation and modelling of information a number of techniques are known.
Within the current work the Knowledge Base by [ARI] is used. Depending on the view
of this Knowledge Base it can be compared to a thesaurus, a semantic network or even a
weak ontology. Thus these related techniques are first presented before introducing the
Knowledge Base used in this work. Markup Languages play an important role for
exchanging information. Within the INSYDER system XML is used to define the
sources for the searches. Therefor this section will also present XML, before finishing
with an outlook on RDF.

4.4.1 Thesaurus
The term thesaurus comes from the Greek word thesauros, referring to a collection
('treasury') of words. A comprehensive historical summary of the development of the
term thesaurus within the literature of information science is given by [Foskett 1997].
The purposes of a thesaurus are according to [Foskett 1997, p.112]:

1. "To provide a map of a given field of knowledge, indicating how concepts or
ideas about concepts are related to one another, which helps an indexer or
searcher to understand the structure of the field.

2. To provide a standard vocabulary for a given subject field which will ensure
that indexers are consistent when they are making index entries to an
information storage and retrieval system.

121 All the cited authors base their research on English texts. For other language stemming
evaluations, see e.g. [Kraaij, Pohlman 1996] (Dutch), [Ekmekçioglu, Lynch, Willett 1996]
(Turkish)

122 Also showing that his own developed stemming algorithms KSTEM one based on inflectional and
one on derivational morphology provide improvements as good as the Porter stemmer.

123 Unless a small number of documents are examined. In this case, the 'S' stemming is competitive
with the others. Still the improvements he figures out are much less than the improvements
Krovetz gets.

124 Weighting the terms by their frequency in the collection, increases the accuracy of conflation to
90% (Lovin, Porter).
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3. To provide a system of references between terms which will ensure that only
one term from a set of synonyms is used for indexing one concept, and that
indexers and searchers are told which of the set is the one chosen; and to
provide guides to terms which are related to any index term in other ways,
either by classification structure or otherwise in the literature.

4. To provide a guide for users of the system so that they choose the correct term
for a subject search; this stresses the importance of cross-references. If an
indexer uses more than one synonym in the same index - for example,
"abroad," "foreign," and "overseas" - then documents are liable to be indexed
haphazardly under all of these; a searcher who chooses one and finds
documents indexed there will assume that he has found the correct term and
will stop his search without knowing that there are other useful documents
indexed under the other synonyms.

5. To locate new concepts in a scheme of relationships with existing concepts in a 
way which makes sense to users of the system.

6. To provide classified hierarchies so that a search can be broadened or
narrowed systematically, if the first choice of search terms produces either too
few or too many references […].

7. A desirable purpose, but one which it would be premature to say is being
achieved, is to provide a means by which the use of terms in a given subject
field may be standardized."

Depending on the thesaurus structure, the basic relations hierarchical, part-whole,
similar and associative relations can be identified. Within the associative possible
relationships are: antonym (hard/soft), generic (father/son), concurrent
(education/training), cause and effect (heat/fire), instrumental (writing/pencil), material
(paper/book), similarity (teaching/training) [Foskett 1997].
Typical notions to express relationships in thesauri are shown in Table 4-2. For the
development of thesauri two ISO norms, e.g. providing rules for compounding words
and terms, defining equivalence, hierarchical and associative relationships, are
important: ISO 2788:1986 (guidelines for the establishment and development of
monolingual thesauri) and ISO 5964:1985 (guidelines for the establishment and
development of multilingual thesauri).125

125 The corresponding German DIN norms are DIN 1463 part I and II.
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Not. Explanation Example
SN Scope Note (Explanation how to use the term to

insure consistency, e.g. for homonyms. The
objective is to obtain a correct understanding and 
use of the term and its field of knowledge)

Public School
SN In the UK, an independent foundation,

which does not receive any funds […] In
the US, a school established and 
supported by the state system of
education.126

USE Term not used in the system, pointing to the terms
used instead (equivalent to 'see' reference)

SCHOOL TEACHER
USE TEACHER

UF Use For (reciprocal of USE), term following UF is
the preferred term

GENERATORS
UF ALTERNATORS

TT Top Term; term is the name of the broadest class
to which the specific concept belongs

GRAPHS
TT SCIENCE

BT Broader Term CAR
BTVEHICLE

NT Narrower Term CAR
NT CONVERTIBLE

CROSS-COUNTRY CAR
ESTATE CAR

RT Related Term BUSINESS DECISION MAKER
RT KNOWLEDGE WORKER

Table 4-2: Typical relations in thesauri127

Within IR the use of thesauri has been around for a long time. Despite their use to
increase consistency in indexing and searching, they have been successfully used for
query expansion. As can be seen, a thesaurus uses word meanings rather than word
forms, which is a clear distinction to dictionaries. For a comprehensive overview on and
listing of thesauri available on the WWW, see the Web Thesaurus Compendium128 and
the student project of the Fachhochschule in Cologne129.

4.4.2 Semantic Network
A semantic network consists of nodes representing physical or conceptual objects and
links (arcs or arrows) to describe relationships between the nodes. A semantic network
is a graph structure, as the links are directional or bi-directional and labelled. Nodes are
usually represented by circles or boxes and the links are drawn as arrows between the
circles. The purpose of a semantic network is to create a logically, orderly, and
aesthetically consistent relationship of objects. The focus hereby is on the
representation of knowledge in a structured form.
Figure 4-4 shows an example of a semantic network for the description of a bicycle. The
(pre-)identified objects are Handlebars, Frame, Saddle, Rear Wheel, Front Wheel,
Chain and Chain Wheel. For themselves these objects are not very meaningful for the
description of a bicycle, using links between them, adds the necessary semantic context
to understand the basic construction of a bicycle.

126 Example from [Foskett 1997, p.116]
127 These relations follow the ISO norm, still alternations depending on the producer of the thesaurus

are common.
128 http://www-cui.darmstadt.gmd.de/%7Elutes/thesauri.html
129 http://www.fbi.fh-koeln.de/labor/bir/thesauri_new/indexen.htm

http://www-cui.darmstadt.gmd.de/%7Elutes/thesauri.html
http://www.fbi.fh-koeln.de/labor/bir/thesauri_new/indexen.htm
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Figure 4-4: Semantic network for a bicycle130

A commonly known example of a semantic network is WordNet [Miller, Beckwith,
Fellbaum et al. 1990]. Basically it has the functions of a thesaurus, but goes beyond as:
"In an attempt to model the lexical knowledge of a native speaker of English, WordNet
has been given detailed information about relations between word forms and synonym
sets" [Beckwith, Miller, Tengi o.J., p.1].

Figure 4-5: Example of the nouns in WordNet as a semantic network [Miller 1993]

4.4.3 Ontology
"An ontology is an explicit specification of a conceptualization. The
term is borrowed from philosophy, where an Ontology is a systematic
account of Existence. For AI systems, what 'exists' is that which can be
represented." [Gruber 1993]

Research on Ontology is becoming increasingly widespread, involving diverse research
fields such as knowledge engineering, knowledge representation, qualitative modelling,
language engineering, database design, information modelling, information integration,
object-oriented analysis, information retrieval and extraction, knowledge management
and organisation and agent-based systems design [Guarino 1998]. [McGuinness 2001]
completes this listing by adding library sciences (Dublin Core) and an emphasis on web
issues, e.g. e-commerce and ontology-enhanced search. By giving a spectrum of
ontologies she clarifies potential interpretations (see Figure 4-6). The hierarchical
relationships in a thesaurus (broader term, narrower term) are seen to be a simple

130 http://www.doc.ic.ac.uk/~dfg/vision/v17d05.gif [2001-10-26]

http://www.doc.ic.ac.uk/~dfg/vision/v17d05.gif
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hierarchy, also as many web categories (e.g. Yahoo!131) provide somewhat a hierarchy
(informal 'is-a'), which is however not a true subclass ('is-a' relation).132
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Figure 4-6: Spectrum of ontologies [McGuinness 2001]133

As a conclusion of the spectrum discussion, [McGuinness 2001] provides a demand
catalogue which has to be met so that something may be called a (simple) ontology.

Mandatory Typical, not mandatory Desirable, not mandatory,
not typical

Finite controlled (extensible)
vocabulary:] Unambiguous interpretation of

classes and term relationships^ Strict hierarchical subclass
relationships between classes

Property specification on a per-
class basis
Individual inclusion in the ontology
Value restriction specification on a
per-class basis

Specification of disjoint classes:^ Specification of arbitrary logical
relationships between terms^ Distinguished relationships
such as inverse and part-whole

Table 4-3: Properties defining an ontology following [McGuinness 2001]

Hence the right side of the line in Figure 4-6 can be called an ontology, meeting at least
the three mandatory stages from Table 4-3. [McGuinness 2001] identifies a diversity of
ontology uses, distinguishing between simple and structured ontologies. For the simple
ontologies she considers the use as a controlled vocabulary, support of expectation
settings for user interfaces, 'umbrella' structure from which to extend content, browsing
support, search support and sense disambiguation support. One can claim that some of
these issues can also be fulfilled using an online thesaurus, using its semantic
information. Still when it comes to more sophisticated uses (consistency checking,
completion, interoperability support, validation and verification testing, configuration
support, exploitation of generalisation and specialisation) [McGuinness 2001] the
formal information of an ontology is needed, e.g. that the system knows that an object
(vehicle) has the property X (velocity) and consequently all inherited objects (car, bike)
have this property, too. [Amann, Fundulaki 1999] see from their work the ontology in
two roles, to provide a generic view of information and to build a structural interface
over thesauri. Taking this point of view it becomes clear that thesauri can provide an
extensive input for ontologies and act as a starting point for the acquisition of an
ontology. E.g. the medical subject headings (MeSH) are well known, building the
controlled vocabulary for indexing and searching documents for medical topics (e.g.
MEDLINE), consisting of more than 300.000 terms. MeSH is a principal component of
the Unified Medical Language System (UMLS), a large ontology about medical
terminology.134 [McGuinness 2001] gives requirements an encoding of an ontology

131 http://www.yahoo.com [2001-06-14]
132 "Is-a"-relations can be used for inheritance, while the weaker informal 'is-a' can not.
133 This spectrum arose out of a conversation in preparation for an ontology panel at AAAI ’99

[McGuinness 2001]
134 http://www.nlm.nih.gov/research/umls/umlsmain.html [2001-06-16]

http://www.yahoo.com
http://www.nlm.nih.gov/research/umls/umlsmain.html
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should meet, both thinking of the language to express the concepts but also the
environment for the analysis and maintenance. Various applications exist for the
creation and maintenance of ontologies,135 e.g. Ontolingua,136 Chimaera,137

OntoEdit,138, JOE139 (Java Ontology Editor), OILEd,140 or VerticalNet's Ontology
Management Infrastructure141. [Uschold, Jasper 1999] discuss a taxonomy of ontology
applications, classifying them into neutral authoring, ontology as specification, common
access to information and ontology-based search.

4.4.4 INSYDERs Knowledge Base
The Knowledge Base (KB) has been developed by [ARI]. From its characteristics it is
best compared to an extensive thesaurus, modelled as a semantic net. In this state one
can not speak of an ontology as the mandatory properties are not met (see Table 4-3),
however the KB could possibly act as a valuable base for such.
The KB is multi-lingual (English, French, Spanish, German) and is created on a manual
base, though a number of interfaces to common electronically available thesauri (e.g.
MEDLINE) exist.
The KB models the real world by a controlled vocabulary, which can be individually
adapted to various application domains (e.g. CAD, building and construction or
computer industry) to meet business demands. The KB consists of concepts (nodes)
describing the semantics of the system by using typical relationships (typed links):
_ Hyperonyme (Is-a)
_ Associated idea
_ Instance of
_ Defined by
_ Contains implicitly
_ Feature of
_ Consists of
_ Belongs to
_ Translation
Figure 4-7 shows an example of the relationships of the concepts of the KB, using
MoreSense4U [ARI] to visualise them in a semantic net alike design. The entry concept
is RapidPrototyping, the surrounding connected concepts are all in some way related to
it. Whereby the type of relationship is characterised by the colour of the connecting line.
In the example it can be seen that RapidPrototyping is a hyperonyme to
Stereolithographie (red colour). Polymer is an associated idea of Stereolithographie
(green colour) and SLA-250 is an instance of Stereolithographie (blue colour).

135 Most of them being a result from research efforts.
136 http://www.ksl.stanford.edu/software/ontolingua/ [2001-06-16]
137 http://www.ksl.stanford.edu/software/chimaera/ [2001-06-16]
138 http://ontoserver.aifb.uni-karlsruhe.de/ontoedit/ [2001-06-16]
139 http://www.engr.sc.edu/research/CIT/demos/java/joe/, see also [Mahalingam, Huhns 1997]
140 http://img.cs.man.ac.uk/oil/ [2001-06-16]
141 http://www.verticalnetsolutions.com/products/AdvTech/OntologyMgmt.asp [2001-06-16]

http://www.ksl.stanford.edu/software/ontolingua/
http://www.ksl.stanford.edu/software/chimaera/
http://ontoserver.aifb.uni-karlsruhe.de/ontoedit/
http://www.engr.sc.edu/research/CIT/demos/java/joe/
http://img.cs.man.ac.uk/oil/
http://www.verticalnetsolutions.com/products/AdvTech/OntologyMgmt.asp
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Figure 4-7: Example of the visualisation of the relationships of the KB using MoreSense4U

Each concept is in a primary hierarchy relation, defined by in and out and the type of
relationship, which can be rooted to a Thing. As well as the primary hierarchy a
secondary exists, which describes the wider context of a term (e.g. Internet is also
associated with Yahoo!, Hyperspace, HTTP and so forth).
Besides these concepts the KB contains also grammatical forms like nouns, verbs,
adjectives or adverbs and the corresponding lemma form. For example, the WWW is
defined as a concept, Web is handled as a synonym and terms like Internet, Online, Site
etc. are modelled as having a strong relationship to the term WWW. Like a thesaurus
the KB can be seen as a controlled vocabulary for the documents and the query. It offers
important advantages such as identification of search terms with a clear semantic
meaning, or retrieval based on concepts rather than on words. ARISEM's semantic
analysis of documents uses the KB to describe documents (and queries) in a meta-
language. E.g. searching the WWW is transformed to #to_search $Web. The # marks the
canonical form, the $ the concept. Apart from this low-level transformation, the
documents are also described in terms of their internal structure (see also section 4.4).
This meta-language distinguishes between different grammatical relationships a term
can be part of. The hierarchy here is built as segments, cells, molecules and atoms. A
segment is more or less equal to a sentence, marked by a full-stop. Figure 4-8 shows the
meta-language for an example sentence (the farmer works), both in English and French
(the meta-language is language independent). The different colours mark the structure.
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Figure 4-8: Visualisation of the meta text transformation of an example sentence.142

There is still an open debate about how useful a knowledge-based retrieval might be in
the context of the Web, because a well known body of knowledge which can be
associated with the documents in the Web does not exist. However findings from query
expansion showing that a domain specific knowledge base is beneficial (see section
4.5.3) encourage such a use. E.g. [Beaulieu 1997, p.18] concludes from experiments
with the XOkapi interface "that both explicit and implicit use of thesaurus can be
beneficial for query reformulation. […] terms explicitly selected by users are valuable."

4.4.5 Markup Languages

4.4.5.1 Extensible Markup Language (XML)
The objective of XML (Extensible Markup Language) is to provide a flexible and
adaptable way to identify information. Unlike HTML (Hypertext Markup Language)
XML is not a fixed format, but a meta-language with which it is possible to describe
other languages.143 The design goals for XML according to its specification are:

1. "XML shall be straightforwardly usable over the Internet.
2. XML shall support a wide variety of applications.
3. XML shall be compatible with SGML.
4. It shall be easy to write programs which process XML documents.
5. The number of optional features in XML is to be kept to the absolute

minimum, ideally zero.
6. XML documents should be human-legible and reasonably clear.
7. The XML design should be prepared quickly.
8. The design of XML shall be formal and concise.
9. XML documents shall be easy to create.
10.Terseness in XML markup is of minimal importance"144

It becomes clear that the intention was to define a standard, which would provide the
extensive functionality of SGML (Standard Generalised Markup Language) in a simple
way.

142 Visualisation with KB4U V.1.1. by [ARI]
143 While HTML is an instance of SGML, XML is a subset.
144 XML specification 1.0 (Second Edition) http://www.w3.org/TR/2000/REC-xml-20001006 [2001-

06-18]

http://www.w3.org/TR/2000/REC-xml-20001006
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Markup languages use 'tags' to describe the structure of documents. For HTML a
number of tags are defined by the W3 consortium,145 to represent the document structure
(e.g. <H1> header of the text, <img src=" …"> images, <p> paragraph etc.),
depending on the type of tag it has only a begin-tag (<br>) or a begin- (<H1>) and
end-tag (</H1>). A minimal HTML document has the following structure:

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2 Final//EN">

<HTML>
<HEAD>

<TITLE>HTML Example</TITLE>
<META name="keywords" content="HTML, example">

</HEAD>
<BODY>

Document text.
</BODY>

</HTML>

The document text goes between the body tags, the header section contains additional
meta-information, e.g. document title etc. WWW Browsers interpretate the tags and
respectively present the document.146 Depending on the browser mistakes in the HTML
code are ignored or represented differently.147 The W3 consortium has developed
several specifications for HTML, the latest version (August 2001) is the HTML 4.01
specification, which builds the bases for the current version of HTML, XHTML 1.0
(Extensible Hypertext Markup Language). The following is a minimal XHTML
example, using the XML structure for the encoding:

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE html 

PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN" 
"DTD/xhtml1-strict.dtd">

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" 
lang="en">

<head>

<title>XTML Example </title>
</head>

<body>

<p>New Text. </p>
</body>

</html>

Respectively XML documents are composed by markups and content. Six kinds of
markup can occur in an XML document: elements, entity references, comments,
processing instructions, marked sections and document type declarations [Walsh 1998].
An example for XML document is the following:

145 See http://www.w3.org/MarkUp/ also for further information on HTML. [2001-06-18]
146 HTML is not designed to control the document layout like fonts, colours etc. Still this is possible,

but it is recommended to add style sheets to keep the document structure and layout separate.
147 For this purpose W3 offers several tools to help detecting mistakes and doing a 'pretty print' of the

code (http://www.w3.org/People/Raggett/tidy/ [2001-06-18]) and for the validation of the code
taking different specification versions into account (http://validator.w3.org/ [2001-06-18]).

http://www.w3.org/1999/xhtml
http://www.w3.org/MarkUp/
http://www.w3.org/People/Raggett/tidy/
http://validator.w3.org/
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<person>

<gender>female
</gender>

<name>
<surname>Jones</surname>

<firstName>Caroline</firstName>
</name>

<address>

<street>River Avenue</street>
<post code>SG 36 LS</post code>

<town>Stevenage</town>
<county>Hertfordshire</county>

<country>United Kingdom </country>
</address>

</person>

Each element has a start-tag <abc> and a corresponding end-tag </abc> (apart from an
empty element which has a special notion <pause/>). The elements build a tree-like
hierarchy.
Using document type definitions (DTDs) as known from SGML, declarations can be
made, for example sequencing and nesting of tags or attribute values and their defaults.
The following is an example for a part of a DTD declaration:

<!ELEMENT SearchResult (Query,Title?,(SearchRec+ | FailReason))>
<!ATTLIST SearchResult

status (succeded|failed) #REQUIRED

matchCount #IMPLIED
>

The bold entries in the first line express the content model, defining what an element
may contain. The interpretation of the declaration is that the first entry of the document
SearchResult is the Query, optionally (?) followed by the Title, this is then followed by
one or more SearchRec (+), representing the search results. Alternatively (|)the reason
for a failure is given. SearchResult has also an attribute allowing to query the status
(success or fail). This status is required (#REQUIRED), while the number of hits
(matchCount #IMPLIED) is not required. Documents meeting the XML standards are
said to be well-formed, all sequences of markups can be parsed without an error. Valid
documents have to contain a proper document type declaration and the document must
obey the constraints of that declaration.148

Many other standards and definitions are related to XML. XSL (Extensible Style
Language) is a language for the definition of the layout of XML data. It consists of two
parts: a language for transforming XML documents, and an XML vocabulary for
specifying formatting semantics.149 XSL is based on the Document Style Semantics and
Specification Language (DSSSL). As XML is layout independent, the use of style
sheets enables the transformation of one XML document to other documents.
XPath (XML Path Language) is a string syntax for building addresses from the
information found in an XML document. This language is used to specify the locations
of document structures or data found in an XML document when processing that

148 For a detailed discussion of all criteria, see the XML specification http://www.w3.org/TR/REC-
xml [2001-06-18]

149 http://www.w3.org/TR/xsl/ [2001-06-19]

http://www.w3.org/TR/RECxml
http://www.w3.org/TR/xsl/
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information using XSLT. XPath allows to address from any location, any other location
or content [Holman 2000], e.g. select all headers called introduction.
Various projects exist for the application of the XML technology, e.g. parsers for
validating XML data.150. Tamino151 is an example for a database, capable of storing
XML documents without further transformation.
DTDs have been defined for different branch-types (Finance, Mathematics, Chemistry,
Biology etc.), often related to ECommerce. IRML152 (Investment Research Markup
Language) is a standard for the exchange of financial investment research content,
XBRL153 (Extensible Business Reporting Language) is an open specification to describe
financial statements for both public and private companies, providing an XML-based
framework. Figure 4-9 shows an example of the use of XBRL, where the financial
information of two companies are compared.

Figure 4-9: Example demo for the use of XBRL154

With XML a solution has been found to keep the semantics of the data. Defining a
document in HTML this information is lost, a number in a document could mean
anything, the interpretation has to be done by a person, being capable of understanding
the context of the number, e.g. length in meters, turnover of a year, number of times an
event occurred, age of a person etc. In XML the context information can be kept by
using or defining appropriate tags describing the semantics (as show in the example
above). This 'boon' of XML is in contrast to its 'threat' [Berners-Lee, Fischetti 2000], the
creation of own tags, creating new document types nobody will understand. A way to
overcome this has been introduced by the use of namespaces. Each namespace is
identified by its own URI (Uniform Resource Identifier)155 [RFC2396], this way it
becomes possible to re-use already defined markup vocabulary, avoiding collisions
when processed by some software module as the identification of the vocabulary is
definite.156

150 E.g. by SUN http://java.sun.com/xml/xml_jaxp.html [2001-06-19],
IBM http://www.alphaworks.ibm.com/tech/xml4j [2001-06-19]
Oracle http://technet.oracle.com/tech/xml/ [2001-06-19]
Microsoft http://msdn.microsoft.com/xml/default.asp [2001-06-19]
Lark a non-validating XML processor and Larval, a validating processor
http://www.textuality.com/Lark/ [2001-07-05]

151 http://www.softwareag.com/tamino/ [2001-06-19]
152 http://www.irml.org [2001-06-19]
153 http://www.xbrl.org/ [2001-06-19], formerly known as XFRML
154 http://www.xbrlsolutions.com/Public/Demos/Comparison/CompareCompanies.asp [2001-06-19]
155 E.g. URLs, are the most common type of URI.
156 See http://www.w3.org/TR/REC-xml-names/ for the W3C Recommendation [2001-06-19]

http://java.sun.com/xml/xml_jaxp.html
http://www.alphaworks.ibm.com/tech/xml4j
http://technet.oracle.com/tech/xml/
http://msdn.microsoft.com/xml/default.asp
http://www.textuality.com/Lark/
http://www.softwareag.com/tamino/
http://www.irml.org
http://www.xbrl.org/
http://www.xbrlsolutions.com/Public/Demos/Comparison/CompareCompanies.asp
http://www.w3.org/TR/REC-xml-names/
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Within the INSYDER system XML also plays a vital role for the definition of the
sources. Figure 4-10 shows how the sources are described for the INSYDER system
using XML. The format has been chosen to be as simple as possible so that it is easily
maintainable. As can be seen the file also has the XML typical hierarchical structure.
For a better overview only the Cad-Cam Portals node is expanded. As can be seen
under Cad-Cam Portals several entry points are listed with their name and URL (e.g.
CAD on the Web with the URL http://www.cadontheweb.com).

Figure 4-10: Example of an INSYDER sources definition with XML

In Figure 4-11 the appropriate dialogue is shown, where the sources can be selected,
listing the entries of the XML file. In the example the Cad-Cam Portals have been
chosen. These sources are then used for the search.

http://www.cadontheweb.com
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Figure 4-11: Sources selection dialogue in INSYDER

4.4.5.2 Resource Description Framework (RDF)
The objective of RDF is to support the interoperability of metadata [Iannella 1999].
Metadata, data about data, helps to discover and extract information from various
distributed information sources, such as the WWW. In fact, metadata was the first form
of semantic data on the WWW [Berners-Lee, Fischetti 2000]. PICS (Platform for
Internet Content Selection) is an early specification of using metadata (here called
labels) in WWW documents. Originally it was designed to help parents and teachers
control what children access on the Internet, however it also facilitates other uses for
labels.157 An example for a widely known and used metadata standard is Dublin Core158.
It was invented for the format and content based proecessing of network resources,
mainly the WWW. Its roots are in the online library community, its first workshop was
held in 1995 by the OCLC (Online Computer Library Center) and the NCSA (National
Center for Supercomputing Applications) in Dublin, Ohio, giving the initiative its name.
Dublin Core comprises fifteen core elements, which can be used for the metatags in a
HTML document, see e.g. [Kunze 1999] for a description of the use of HTML with
Dublin Core. Using Dublin Core it is possible to do a formal and content based
document classification, as for instance known in the classical library process (e.g.
identification of author, title, subject, language, source etc.). The Dublin Core elements
can be grouped in three element classes, describing content, intellectual property and
instantiation [Hillmann 2001] (see Table 4-4).

157 http://www.w3.org/PICS
158 http://dublincore.org/

http://www.w3.org/PICS
http://dublincore.org/
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Coverage Content Scope of the content of the resource, e.g. location, time period or
jurisdiction

Description Content Content of the resource
Relation Content Reference to a related resource
Source Content Reference to a resource from which the present resource is

derived from
Subject Content Topic of the resource
Title Content Name given to resource
Type Content Nature of the content of the resouce
Contributor Intellectual Property Name of institutions and persons contributing to resource
Creator Intellectual Property Name of creator of resource
Publisher Intellectual Property Name of entity responsible for making the resource available
Rights Intellectual Property Information about rights held in and over the resource
Date Instantiation Date associated with an event in the life cycle of the resource,

recommended for the encoding is ISO 8601
Format Instantiation Physical or digital manifestation of the resource, recommended is

to follow http://www.isi.edu/in-notes/iana/assignments/media-
types/media-types

Identifier Instantiation unambiguous reference to the resource within a given context, e.g.
URI

Language Instantiation Language the resource is in, according to RFC1766159 (obsuleted
by RFC3066

Table 4-4: Dublin Core elements

Using RDF Dublin Core vocabulary can now be mixed with other metadata standards.
See [Milstead, Feldman 1999] for an overview on metadata and [Milstead, Feldman
1999a] for an overview on related projects.160

RDF uses XML to express structures thereby allowing metadata communities to define
the actual semantics [Hillmann 2001]. RDF distinguishes between RDF description and
RDF schemas. RDF descriptions are instances of the schema. RDF can be used to
describe any kind of resource that is identified by a URI [Amann, Fundulaki 1999]. An
RDF description is a collection of pairs of property and values. RDF schemas declare
vocabularies and sets of semantic property-types defined by a particular community,
defining valid properties in a given RDF description, as well as any characteristics or
restrictions of the property-type values themselves [Miller 1998]. An example of an
RDF description is that of an audio recording of guidelines on  how to grow rose bushes
using Dublin Core [Hillmann 2001]:

159 ftp://ftp.rfc-editor.org/in-notes/rfc1766.txt
160 One initiative using Dublin Core is the Open Archives Initiative (OAI)

http://www.openarchives.org. The objective of this group is to have a universal standard for
identifying archived scientific and scholarly research literature in widely distributed databases.
First outcomes are a technical framework, defining records (a XML-encoded byte stream,
including the metadata in Dublin Core format) and the Open Archives Metadata Harvesting
Protocol [Lagoze, de Sompel 2001].

http://www.isi.edu/in-notes/iana/assignments/mediatypes/media-types
ftp://ftp.rfc-editor.org/in-notes/rfc1766.txt
http://www.openarchives.org
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<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlns:dc="http://purl.org/dc/elements/1.1/">

<rdf:Description
rdf:about="http://media.example.com/audio/guide.ra">

<dc:creator>Rose Bush</dc:creator>
<dc:title>A Guide to Growing Roses</dc:title>

<dc:description>Describes process for planting and 
nurturing different kinds of rose bushes.</dc:description>

<dc:date>2001-01-20</dc:date>

</rdf:Description>
</rdf:RDF>

The impact of RDF for future issues is shown by Ora Lassila with the statement:
"Once the web has been sufficiently 'populated' with rich metadata,
what can we expect? First, searching on the web will become easier
as search engines have more information available, and thus
searching can be more focused. Doors will also be opened for
automated software agents to roam the web, looking for information
for us or transacting business on our behalf. The web of today, the
vast unstructured mass of information, may in the future be
transformed into something more manageable - and thus something
far more useful."161

Recently ontologies and markup languages have risen increased interest with the
introduction of the 'Semantic Web' idea by Tim Berners-Lee (see Figure 4-12). "The
Semantic Web is not a separate Web but an extension of the current one, in which
information is given well-defined meaning, better enabling computers and people to
work in cooperation." [Berners-Lee, Hendler, Lassila 2001, p.34]

Figure 4-12: Tim Berners-Lee architecture of the semantic web [Berners-Lee 2000, slide 10]

4.5 Human Computer Interaction and IR
Human computer interaction (HCI) plays an important role in system design. Within IR
research the focus has been more on the algorithms behind than the presentation to the

161 http://www.w3.org/TR/NOTE-rdf-simple-intro [2001-06-19]

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://purl.org/dc/elements/1.1/
http://media.example.com/audio/guide.ra
http://www.w3.org/TR/NOTE-rdf-simple-intro
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user.162 However not only with the upcoming of the WWW, but also with new
perspectives in research since the 1970s163, HCI has influenced the design of IR systems
and gone in the focus of research.
The "paradox of the active user" meaning that users would rather start using a software
directly than learning to use it [Carroll, Rosson 1987], is a key to the understanding of
building systems as intuitive as possible, "we must design for the way users actually
behave".164 [Kalbach 2000, p.1] identifies the poor interface design users have learnt to
accept as the chief of a number of "severe bottlenecks in the flow of information".
Within this section an overview on HCI and related topics in IR will be given. For this
the information seeking process will be described first, followed by an outline of the
discipline Information Visualization165, where potential uses of Information
Visualization outcomes for business information system are shown. A focus in this
section is laid on the discussion of metaphors for the user-interface, supporting the
integration of external and internal information. As one focal point the conception and
the implementation of the Visual Query will be described in the consecutive section. As
the name says the Visual Query deals also with Information Visualization, but the
intention has been to provide the user with a way to interactively expand his search.
This is the reason that the section about the Visual Query is not a sub-section of the
Information Visualization section.

4.5.1 Information Seeking Process
While in section 4.2 the information seeking process was looked at under the aspect of
underlying models and algorithms, within this section the user interaction, behaviour
and task are in the scope. First an overview on common search strategies evolved from
library science is presented. This is followed by a description and discussion of various
models for information seeking.

4.5.1.1 Search strategies
"Good search strategy development involves the use of one's
knowledge about online searching systems, indexing vocabularies and
conventions practiced in text database construction. […] a good
understanding of the mechanics of the matching paradigm of
information retrieval and how this is implemented in the system
searched, a full understanding of the information need(s) and
ascertaining of the search objectives, e.g. high recall or high
precision." [Efthimiadis 1996, p.5]

Within the field of online information seeking a number of search strategies are known,
mostly evolving from library science concepts (e.g. search in bibliographic databases)
[Harter 1986], [Hawkins, Wager 1982]:

162 This can e.g. also be seen from the fact that the TREC experiments dealing with HCI came only
recently; see section 5.1.2 for a discussion of TREC.

163 [Kalbach 2000] identifies Brenda Darvin's work the sense-making model, Belkin's work about
ASK (anomalous state of knowledge) and Robert Taylor's development of a value-added approach
for information seeking as markers for the shifting of putting the user in the centre of attention and
not the system behind.

164 Jakob Nielsen's Alertbox, October 1998 http://www.useit.com/alertbox/activeuserparadox.html
[2001-07-05]

165 Note: for the research discipline the American English notion is used.

http://www.useit.com/alertbox/activeuserparadox.html
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` Brief search
` Block building approach
` Citation pearl growing
` Successive Fractions approach
` Facets strategies
These search strategies all base on the presence of the possibility to use Boolean set
operations166, proximity operators167, phrase search168 or using a thesaurus, and not to
necessarily have a ranked result list. Also these methods can be viewed as manual query
expansion techniques [Efthimiadis 1996].

44..55..11..11..11 BBrriieeff sseeaarrcchh
The brief search consists of a single query statement (e.g. Information Retrieval and
Business Intelligence) and might be a good starting point for further in depth querying,
e.g. using the other search strategies. The brief search is the one most used within
WWW retrieval.

44..55..11..11..22 BBlloocckk bbuuiillddiinngg aapppprrooaacchh
The idea behind the block building approach (see Figure 4-13a) is to divide the
information need in several entities (concepts), to search for these entities separately
and to combine the results in the end (bottom-up). E.g. an information need could be
expressed by "Research in the European Union in the field of information
management", with the entities research, European Union, information management.
Each of the entities gives a result within a database, combining these three results using
the set operation AND retrieves the wanted documents. It is clear that expanding the
several entities (e.g. by using related words, acronyms etc. with the set operation OR)
might lead to an expansion of the final result set. The advantage of this approach is that
especially with complex information needs (e.g. consisting of more than three entities),
the user can keep track how well each entity is represented in the database. The
disadvantage is that the user has to be aware of the Boolean set operations, which has
been proven to be difficult for them (see section 4.2.1). Within the WWW this approach
is from the system side not practical as most of the search-engines do not offer the
possibility to combine the search results of several queries. However some search-
engines provide the number how many times a keyword in the query has been found.

44..55..11..11..33 CCiittaattiioonn ppeeaarrll ggrroowwiinngg
Citation pearl growing [Hawkins, Wagers 1982] (see Figure 4-13b) is based on the idea
to have a relevant document and to find similar ones by using vocabulary from this
document, the same descriptors or classification codes etc. The user stops the search
when he has enough documents to satisy his information need. This strategy is related to
the relevance feedback option some retrieval systems offer and is also useful for
searching the WWW, as the user can select appropriate keywords from relevant

166 AND, OR, NOT: A search is narrowed with AND and NOT and broadened with OR. E.g.
(information AND visualization) OR (information AND retrieval) expresses a query for
documents containing information about information visualisation or documents containing
information retrieval aspects, but will also find documents containing both.

167 Proximity operators are used to determine the distance of search terms within the search records,
e.g. that they have to appear successive or that 5 terms can be in-between (e.g. visualization (5w)
retrieval).

168 Giving a phrase the system is determined to look exactly for this phrase, e.g. "Information
Retrieval in Business Intelligence Systems". Some IR system eliminating stopwords, also
eliminate them from the phrases (e.g. Google).
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documents. However the system support from the search-engines for this search strategy
is mostly not given.

44..55..11..11..44 SSuucccceessssiivvee FFrraaccttiioonnss AApppprrooaacchh
As can be seen in Figure 4-13c the successive fractions approach starts with a broad set
of documents, successively splitting it by using the set operation AND to narrow the
result set, until a feasible size is reached. As with the block building approach this
search strategy is not practical for searching the WWW as mostly no status information
about the search is given (e.g. in an online database search system one keep track of the
different search sets and combine these).

44..55..11..11..55 FFaacceettss ssttrraatteeggiieess
Facet strategies (see Figure 4-13d) can be described as variations of the block building
approach. Two types of strategies can be distinguished: The most specific concept first
strategy dictates that the user chooses as the first facet what he believes to be the most
specific concept in his information need. The lowest postings first strategy dictates he
chooses the concept he believes to be the rarest in the database as the first concept. As a
variation of the block building approach this approach is also limited in its use for a
WWW search.

ABCDEFGHI

ABC DEF GHI

A B C G H ID E F

Result Set

ABCDEFGHI

ABC DEF GHI

A B C G H ID E F

Result Set

(a) (b)

Most specific
concept

Next specific
concept

Result Set

optional

(c) (d)

Figure 4-13: Search strategies (a) block building (b) citation pearl growth (c) successive
fractions approach (d) most specific facet strategy

Apart from the search strategies searching the WWW is per se different than searching
online databases.169 An online database provides a structure, e.g. describing the
documents contained using a formal and content based approach. Other than WWW
search engines, the user of an online database gains an overview of all his search sets
and can combine these easily. As the HTTP protocol is stateless this is difficult to
achieve for search-engines. A workaround is done by some systems having much more
than administrative costs (e.g. by using cookies etc.).

169 See e.g. [Kuhlen 1995] for a comprehensive discussion of the online market and information
brokering with a focus on online retrieval in chapter 6 and 7.
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Formal descriptions of documents for example comprise of the publishing date,
language, size of documents etc. Content based descriptions are for example an abstract,
classification codes describing the content (e.g. of particular importantance for online
patent databases as the classification code is very narrow) and so on. Using this
structure it enables the information seeker to narrow or broaden his search easily.170

The objective of the Elvira II project has been to design an integrated user-interface for
the text retrieval [Krause, Schaefer 1998]. For this the system offers various entry
points, presented on different tabs. The prototype is shown in Figure 4-14. Using the
formula based entry fields (Figure 4-14 left), the user can search the documents using
the pre-defined description fields (e.g. title, publishing date). For the support of Boolean
searches the search term tab (Figure 4-14 right) has been designed, where the user can
put in AND/OR combinations.

Figure 4-14: User Interface for the Elvira II project [Krause, Schaefer 1998]

Traditional searches in online database require that the information seeker learns a
special (command line oriented) query language, depending on the host where the
database171 is offered (e.g. Messenger172), see Figure 4-15. However most the providers
of the database have meanwhile WWW gateways offering a GUI based interface to the
databases, which is often formula based as for example in the Elvira project.

170 With the Dublin Core initiative it was first intended to also obtain this structure for WWW
documents.

171 A list of online available database is provided by the Gale Directory of Databases
http://www.galegroup.com/, http://galenet.gale.com (identification and password are required).
(all [2001-07-13])

172 http://www.fiz-karlsruhe.de/stn/messenger/mc-toc.html [2001-07-13]

http://www.galegroup.com/
http://galenet.gale.com
http://www.fiz-karlsruhe.de/stn/messenger/mc-toc.html
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[…]

FILE COMPUSCIENCE enter the Compuscience database

SEARCH executive/TI search the term executive in the title
DISPLAY show the results
[…]

AN    97(10):CS42154  COMPUSCIENCE

TI    An examination of executive information system (EIS) users.

AU    Walstrom, K. A.; Wilson, R. L.

SO    Information and management. (1997) vol. 32(2) p. 75-83.

Amsterdam, NL: North Holland. 1997.

The international journal of information systems applications.

ISSN: 0378 7206

DT    Journal; Short Communication

TC    Theoretical

CY    Germany, Federal Republic of

LA    English

IP    FH Potsdam

AB    Previous literature in the executive information systems (EIS) area

has proposed the existence of four functional types of EIS.

Starting with these, the purpose of this study was to modify or

develop an EIS user taxonomy by querying 98 of the Corporate 1000

CEO's on the ways in which they used their EIS. These were then

grouped and compared with the proposed EIS functions. The findings

indicated three types whom we have termed: (1) 'converts', (2)

'pacesetters', and (3) 'analyzers'. Further investigation revealed

three dimensions underlying these types: (1) organizational

monitoring; (2) information access; and (3) organizational

understanding. (Autorreferat)

CC    *H.4 Information systems applications

ST    Software; Statistical and comparative methods and studies;

Information system; Control (Check); Comparison; Statistical survey•

Figure 4-15: Example of a sample document in COMPUSCIENCE, searching with Messenger173

4.5.1.2 Models describing information seeking
Various descriptions and studies of the information seeking process from a users
perspective, behavioural models of information seeking or task models are to be found
in the literature. These focus mostly on the general IR user, however some deal
explicitly with special user groups, e.g. business decision makers. As the retrieval of
information is a key point for business decision makers or their assistants dealing with
external information both (general and specific) facets will be discussed here,
considering business decision makers as a sub group of IR users.174 [Wilson, Ellis, Ford
et al. 1999] present a nested model, distinguishing between information behaviour,175

information seeking176 and information searching177 as the most inner shell.178

[Bates 1979] gives a classification of search strategy models. She presents four types:
models for idealising searching, representing searching, teaching searching and
facilitating searching. Within her work she also discusses search tactics in detail

173 Comments in italic by authoress.
174 For a description of EIS users see also section 3.2.5
175 "behaviour engaged in by persons in relation to information sources and channels"
176 Information seeking is an information behaviour "and implies an active search for information and

other information behaviours include, for example, the passive reception of information as when a
person watches television advertisements "

177 "Is defined as that mode of information seeking that involves interaction with computer-based
information retrieval systems."

178 See also [Wilson 2000] for a discussion.



Page 85
Information Retrieval techniques for retrieving Business Information from the WWW

identifying 29 different types, classifying them as monitoring tactics, file structure
tactic, search formulation tasks and term tactics.
Among others [Hearst 1999] presents the simple model of information access (see
Figure 4-16), still criticising that it resembles static searches and is not appropriate for
the description of WWW information seeking.

Information Need

Query

Send to System

Receive Results

Done?

Stop

Reformulate

No

Yes

Figure 4-16: Diagram of the standard model of the information access process [Hearst 1999,
p.263]

[Bates 1989] introduces the idea to compare online seeking to berry picking.
Information seekers do not follow a straight line for their search strategy, but vary it
rapidly. The seekers follow a zigzag through the information space, moving from
resource to resource altering the search strategy. The conclusion drawn from this is the
concept of evolving search. While searching the information need may change based on
what is learned during the seeking process. Information seeking is therefore a highly
interactive process, basing on negotiations between the information seeker and the
system. A conclusion is that information retrieval systems have to be highly flexible and
intuitively in use. With information foraging [Pirolli, Card 1995] propose a similar
model to the berry picking, also having in mind a flexible environment due to different
tasks. The relevance of specific sources can differ and can according to the authors only
be considered in relation to the embedding task environment.179 Information foraging is
an approach basing on foraging theories in biology and anthropology, expressing that
humans adopt different information seeking strategies. The idea behind this is to analyse
the value of information gained against the costs of obtaining it. Related to the foraging
theory is Jared Spools metaphor to express the behaviour of information seekers:
According to him users tend to follow "a scent" of information [Koman 1998], [Rhodes
1999]. In experiments his group found out, that sites with a strong scent of the target
information perform best, helping users to find the information they need.
[Catledge, Pitkow 1995] found in their study, analysing the logfiles of the Georgia
Institute of Technology’s College of computing staff, faculty and student populations,
that users tend to navigate in spoke and hub patterns, obviously helping against the "lost
in hypertext" syndrome, making heavy use of the "Back" button of the browser or using
links like "return to home/entry page" to get back to familiar entry points.
[Vandenbosch, Huff 1997] examine in their study scanning and focused search using
EIS (see section 3.2.5), finding that 75% of the executives (the total number of subjects

179 Referring back to the attributes of information another expression for the circumstance that
information is context sensitive and that a way to overcome information overload is to provide
information that are subjective relevant to a user (see section 2.1).
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were 36 executives from Canadian companies) in the sample used the EIS for a focus
search, not for scanning information.180

[Borgmann 1998] analyses the information search strategy of business decision makers
and suggests as a result "that successful information search behavior is characterized by
the combination of a focused and breadth first approach." [Borgman 1998, p.532].
Hereby focusing means that the users know what to look for and where to find it.
Breadth is first characterised by systematic browsing and building an overall picture,
before investigating areas that seem to be important. According to Borgmann an
unsuccessful information search is "charaterized by plunging in the decision process
employing a quantity strategy possibly worsened […] by poor time management."
[Borgman 1998, p.533]. However Borgmann points out that other authors found in a
study that additionally retrieved information (quantity aspect) has only for perceived
information a negative aspect and that performance could increase with the availability
of additional information. As a problem the author identifies that people employing the
quantity strategy tend to focus on the retrieval of information rather than on its
processing.
[Yamaguchi, Hosomi, Miyashita 1997] categorise three kinds of WWW users, hard
searchers, fun strollers and passive recipients, identifying hard searchers as the users
having explicit goals, needing methods to satisfy their information need at minimal cost.
[Saito, Ohmura 1998] identify two problems in the information seeking process: an
unknown location with a defined target and ill-defined target. The latter refers to
Belkins work on the ASK. The authors see a WWW search as a typical example for an
ill-defined target, as they have only a partial set of conditions (e.g. when to stop the
search) and no idea of many of the attributes. As a result of their experiments the
authors state that target conditions (e.g. attributes wanted of the target object, e.g. date
published) should be set to some extent before performing the search so that the user
gets a satisfactory search result. Also their results suggest that specifying conditions and
target is related to users' satisfaction.
[Huberman, Pirolli, Pitkow et al. 1998] analyse regularities in web surfing. Their
conclusion is that surfing patterns on the WWW show statistical regularities, they
describe as the law of surfing, which can be used "to simulate the surfing patterns of
users on a given Web topology" [Huberman, Pirolli, Pitkow 1998, p. 95].
So far search behaviour has been described as not giving explicit models of information
seeking behaviour or processes. This is for example done by the framework of [Ellis
1989], where he defines six primer behaviours:

1. Starting
2. Chaining
3. Browsing
4. Differentiating
5. Monitoring
6. Extracting

180 -While many authors focus on the environmental scanning activities, executives should perform,
[Vandenbusch, Huff 1997, p.84] strengthen the inner sources, "[…] scanning can and should also
involve searching within the organization to identify activities and situations that might influence
future performance."
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Eisenberg and Berkowitz present the big six skills as an information problem solving
approach.181 Hereby these skills are

1. Task Definition
2. Information Seeking Strategies
3. Location and Access
4. Use of Information
5. Synthesis
6. Evaluation

[Kuhltau 1991] develops the Information Search Process (ISP) model. It incorporates a
view of the search process, consisting of six evolving stages: Initiation, Selection,
Exploration, Formulation, Collection, and Presentation. [Ingwersen 1992] presents
microsystems (see also [Belkin, Vickery 1985], [Saracevic, Kantor, Chamis et al. 1997]
for similar models) in information search behaviour divided in three major categories:
pre-information searching behaviour, information searching behaviour and post-
information searching behaviour (see Figure 4-17). His conclusion is that IR systems
should be designed to adapt to the user's cognitive activities.

Figure 4-17: Microsystems in IR Behaviour [Ingwersen 1992, p.86]

[Marchionini 1997] develops his model of the information seeking task [Marchionini
1992] further to the information seeking process model consisting of: recognise and
accept an information problem, define and understand the problem, choose a query
system, formulate a query, execute search, examine results, extract information and
reflect/iterate/stop.

181 http://www.big6.com [2001-07-13]

http://www.big6.com
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[Byrne, John, Wehrle et al. 1999] present a taxonomy of tasks they call taskonomy for
Web tasks. From a user study with eight experienced users, observing their daily
browsing behaviour the authors derive six WWW tasks (all at the same hierarchy level):
a Use information (read, view, listen; download; display for others; duplicate; print)
a Locate on page (something 'interesting'; related concepts; tagged information;

specific string; image)
a Go to page (hyperlink; back, forward; bookmark; history list; provide URL)
a Provide information (search string; shipping address; survey response)
a Configure browser (add bookmark; set helpers; change cache size; window

management, e.g. scrolling, resize)
a React to environment (respond to dialogue; respond to display change; reload).
The most common event in the user behaviour was the configure task as a subtask of the
locate task when the users scrolled to a special line. However it is to be discussed
whether the scrolling activity should not be classified as a location task, as configuration
is a process changing permanently the representation of a system (e.g. by adding a
bookmark, changing cache size), whereas the scrolling activity is dynamic. [Nielsen
1996] reports that only 10% of the users make use of scrolling and that it should be
avoided, yet he also states that this is not true for users having special interests in pages
on a deeper level in the hierarchy. Considering the time spent for the tasks the authors
report that the use information dominated.
Saracevic presents a stratified model or IR interaction where interaction is seen as a
discourse between a user and a computer through an interface. Within this notion the
computer is not just the hardware but represents also information resources (content) or
processing and so forth. Interactions between the actors (user, computer) are believed to
be sequences of processes advancing at different interconnected levels (strata). As the
interaction progresses this may change, as changes on one level might have an effect on
others [Saracevic, Spink, Wu 1997], [Jansen, Spink, Saracevic 1998].
[Shneiderman, Byrd, Croft 1997] propose a four-phase framework for information
seeking. It comprises the phases

1. Formulation (expressing the search, decision about what to search for in which
sources, acceptable text variants, e.g. stemmed versions, synonyms etc.)

2. Initiation of action (launching the search, explicitly or implicitly, providing
possibilities to stop the search etc.)

3. Review of results (reading messages and outcomes, let user specify result set
size and which fields are to be displayed)

4. Refinement (formulation of the next step, providing e.g. relevance feedback)
[Choo, Detlor, Turnbull 1999] combine Aguilar's [Aguilar 1967] model of scanning
with Ellis's model of seeking behaviours and extend it to become a new model of
information seeking behaviour on the WWW (see Table 4-5).
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Starting Chaining Browsing Differen-
tiating

Monitoring Extracting

Undirected
Viewing

Identifying,
selecting,
starting,
pages, sites

Following
links on initial
pages

Conditioned
Viewing

Browsing
entry pages,
headings, site
maps

Bookmarking,
printing,
copying
Going directly
to known site

Revisiting
‘favourite’ or
bookmarked
sites for new
information

Informal
Search

Bookmarking,
printing,
copying
Going directly
to known site

Revisiting
‘favourite’ or
bookmarked
sites for new
information

Using (local)
search-
engines to
extract
information

Formal
Search

Revisiting
‘favourite’ or
bookmarked
sites for new
information

Using search-
engines to
extract
information

Table 4-5: Behavioural information seeking model of the WWW according to [Choo, Detlor,
Turnbull 1999]182

[Wilson 2000] outlines a model of information-seeking behaviour as goal-determined
problem solving, naming four stages:

1. Problem recognition
2. Problem definition
3. Problem resolution
4. Solution statement (if needed)

This model is a general model for problem solving or decision making,183 which always
implies some form of retrieval for subjective relevant information and seems therefore
inappropriate for describing information seeking behaviour. In an earlier paper [Wilson
1997] presents a comprehensive model of information behaviour, compromising
information seeking behaviour, which he classifies as passive attention, passive search,
active search and ongoing search.
[Wang, Hawk, Tenopir 2000] present within a study the objective of observing how
users search for factual information on the Web, a three dimensional conceptual
framework of User-Web interaction, with the dimensions user, interface and Web space.
The user is influenced by a highly dynamic environment, like situational factors, tasks,
his information need and so forth. This dimension includes all domains of human
behaviour (cognitive, e.g. user's thoughts, search strategy etc. and physical factors, e.g.
sensomotoric skills). The interface acts as a mediator and consists of five categories:
access methods, navigation tools, access results/objects, messages/clues and
input/output devices. Of these the users need an understanding, e.g. when and how to
use navigational tools etc. The authors assume that the concept of the Web space is not
obvious to most of the users, but its understanding is critical to the success of searches.
However from their study one result is that the users understand to some extent the
concept of the WWW and its underlying concepts, like Metadata, hyperlinks etc. The
observation of the cognitive, affective and physical behaviours of users dealing with

182 The contents of the table provide short examples of the single behaviours.
183 Compare for example Paterson Decision Process: (1) problem identification, (2) generation of

alternatives, (3) choice, (4) authorisation, (5) implementation [Hoven van den 1996]
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interfaces and the WWW leads the authors to the conclusion that the WWW is a
difficult environment for developing correct user mental models.
Summarising the previous discussed research it is clear that information seeking is a
highly dynamical process influenced not only by the environment (e.g. available
resources) but also by itself (e.g. change of search strategy as a reaction). Information
seeking behaviour on the WWW can be compared to traditional information seeking,
though having some unique attributes (e.g. its inherent hyperlink structure). Especially
user modelling seems to be a difficult task for the heterogeneous WWW.

4.5.1.3 Summary
For the project INSYDER (see section 3.3.2) the four-phase framework of
[Shneiderman, Byrd, Croft 1997], which is strongly related to the model by
[Marchionini 1997] has been chosen, as it provides a practical however sophisticated
enough task model for the different phases in information seeking, which can be very
well applied to a search for business information in the WWW (e.g. in comparison to
the rather abstract models proposed by Saracevic, Ingerwersen, Byrne, John, Wehrle or
Wilson, which are unquestionably useful for explaining general information seeking
behaviour). In their paper [Shneiderman, Byrd, Croft 1997] also present useful
guidelines for the design of an information seeking system, which have also have been
taken into account. Figure 4-18 shows how the INSYDERs components fit into the four-
phase framework. The formulation phase is supported by using the Visual Query to
express the information need and a wizard-like dialogue for the selection of the sources.
The initiation of the action itself is triggered when the user has finally selected the
sources, the action itself is however supported by an active crawling of further WWW
sites and a ranking of these to determine, which of the analysed pages are worth
additional crawling. For the review of results meta-information is generated, e.g. by the
classification. The visualisation of this meta-information about the documents and the
documents themselves is the focus of this third phase in the framework. Also in this
phase the user can apply filters to get results which only match certain attributes (e.g.
ranking value must be at fifty or filter documents from commercial sites etc.). For the
formulation of the next step in the refinement phase, a relevance feedback option has
been implemented in INSYDER, which links the last to the first (formulation) phase, as
for the proposition of search terms the Visual Query is also used.
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Figure 4-18: INSYDER's components in the framework by [Shneiderman, Byrd, Croft 1997]
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4.5.2 Information Visualization
Of ever increasing importance within the Human Computer Interaction discipline is the
research field of Information Visualization (IV). With respect to the present work a
general introduction into this subject is followed by selected examples showing where
IV can bring an added-value to BIS. Focusing on a key aspect of this work, the retrieval
of external information from the WWW and the demand (see section 2.2.2.11) to
integrate external and internal information in one system, the last section within this IV
topic describes and discusses metaphors for the user-interface.

4.5.2.1 Introduction
The objective of Information Visualization is to support the user dealing with large
amounts of data, finding structures within and reducing the cost of accessing it, helping
him to transfer the data in value-added information. IV combines aspects of scientific
visualisation, HCI, data mining, imaging and graphics [Gershon, Eick, Card 1998]. In
IV the data is often abstract in nature, in contrast to scientific visualisation, where data
like the measurements of wind currents or temperature distribution on special materials
is visualised. [Shneiderman 1999] defines IV as follows:

"Compact graphical presentation and user interface for manipulating
large numbers of items (102 - 106), possibly extracted from far larger
datasets. Enables users to make discoveries, decisions, or
explanations about patterns (trend, cluster, gap, outlier...), groups of
items, or individual items." [Shneiderman 1999, slide 11]

The key research problem of IV is identified by [Gershon, Eick, Card 1998, p.10] as the
discovery of "new visual metaphors for representing information and to understand
what analytical tasks they support." During the last years the research in the field of IV
has invented a number of visualisations and interaction techniques for the graphical
display and its manipulation. [Shneiderman 1996] proposes a type by task taxonomy
(TTT) for the classification of the different proposed visualisations. Hereby he identifies
seven data types (one-, two-, three-dimensional, temporal, multi-dimensional, tree and
network data) and basing on the Visual Information Seeking Mantra (overview first,
zoom and filter, then details-on-demand) seven tasks (overview, zoom, filter, details-on-
demand, relate, history, extract).
Within this thesis only a small overview on existing prototypes and ongoing research in
this field can be given. The examples given have been selected for their potential to be
integrateable into BIS to support business decision makers. For a comprehensive
overview on IV, refer to [Card, McKinlay, Shneiderman 1999], the Olive184 project lead
by Ben Shneiderman using his proposed taxonomy for the presentation of ongoing
research, the repository of the InfoViz185 research group or Keith Andrews'186 pages on
IV. PNNL187 (Pacific Northwest National Laboratory) offers with SPIRE (Spatial
Paradigm for Information Retrieval and Exploration) a suite of different visualisation
metaphors, for various applications. [Mann 2002], [Hearst 1999], [Stenmark 1997], the
IR Group at the University of Pittsburgh188 and publications by Korfhage focus on IV
topics in the context of IR.

184 On-line Library of Information Visualization Environments, http://www.otal.umd.edu/Olive/
[2001-07-15]

185 http://fabdp.fh-potsdam.de/infoviz/repository.html [2001-07-15] (mostly in German)
186 http://www2.iicm.edu/ivis [2001-07-28]
187 http://www.pnl.gov/infoviz/technologies.html [2001-10-26]
188 http://www.sis.pitt.edu/~viri/thePage/viri.html [2001-07-28]

http://www.otal.umd.edu/Olive/
http://fabdp.fh-potsdam.de/infoviz/repository.html
http://www2.iicm.edu/ivis
http://www.pnl.gov/infoviz/technologies.html
http://www.sis.pitt.edu/~viri/thePage/viri.html
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4.5.2.2 Selected examples for the potential use of IV in a business context

Figure 4-19: Marketmap of Smartmoney189

Smartmoney's Marketmap is an example for the use of Tree Maps metaphor
[Shneiderman 1991]. The map represents the stock information for more than 500
companies, classified in various branch-types (health care, financial, technology, energy
etc.). Each rectangle represents one company, whereby the size of the rectangle reflects
the company's market share. The colour shows the stock price performance of the
companies, red for a negative and green for a positive performance (see map control
panel on the right in the figure). The map offers rich interaction also known from BIS,
like drill-down, to obtain more information about a branch-type or a specific company.
Moving the mouse over the rectangles brings up a little pop-up window, showing the
performance of the specific company (in the figure it is for example the performance of
the Vodafone Group). The little 'N's in the map indicate that recent news for these
companies is available.
The Hyperbolic tree browser190 [Lamping, Rao, Pirolli 1995] uses hyperbolic geometry
to map hierarchies onto a plane. Hereby the root is initially centred in the middle (in the
example in Figure 4-20 left Porsche is the root node). Other nodes can be brought into
focus by interacting with the hyperbolic tree, clicking on the node. This brings this node
to the centre and shows more adjacent nodes, which in the initial view lay outside the
viewable area (see Figure 4-20 right, History is now the focus). Thinking of its business
use this visualisation provides the user with an approach to navigate in pre-structured
document collections, like for instance a company's Intranet.

189 http://www.smartmoney.com/marketmap/ [2001-07-15]
190 The idea has been commercialised by Inxight with the Star Tree Viewer

http://www.inxight.com/products_eu/st_viewer/index.html [2001-11-26]

http://www.smartmoney.com/marketmap/
http://www.inxight.com/products_eu/st_viewer/index.html
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Figure 4-20: Hyperbolic Tree View Browser showing the Porsche WWW site191

The TableLens [Rao, Card 1994] is a visualisation to have an overview of a large
volume of quantitative and nominal data.192 The metaphor behind is a spreadsheet with
sortable and moveable columns. Moving with the mouse over the entries pops-up a tool-
tip window, showing its value (see Figure 4-21 top). Clicking on an entry line, shows all
the values of this line (see Figure 4-21 bottom, the details for the brand name
"Whirlpool" are shown). The example shown relates to the California energy crisis.193

The columns describe several refrigerator models and their expected energy use, as well
as some details, e.g. door types. Sorting the columns the user might detect patterns of
correlation between the attributes (depending on the source).

191 http://startree.inxight.com/gallery/demos/home_porsche/Porsche_applet.html [2001-07-16]
192 Meanwhile the idea has been commercialised by Inxight with the Eureka product.

http://www.inxight.com/products_eu/eureka/index.html [2001-11-26]
193 According to the California Energy Commission, the refrigerator uses about 1/6 of the electricity

in a typical household. http://www.tablelens.com/ [2001-07-16]

http://startree.inxight.com/gallery/demos/home_porsche/Porsche_applet.html
http://www.inxight.com/products_eu/eureka/index.html
http://www.tablelens.com/
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Figure 4-21: Example for a TableLens Visualisation194

Research on dynamic queries and starfield displays [Ahlberg, Shneiderman 1994], lead
to the commercialised version of the starfield display called Spotfire195. The original
idea of using dynamic queries for the exploration of an information space has now been
enhanced to the Spotfire DecisionSite, where various visualisations (depending on the
user and task) are combined (see Figure 4-22).

194 http://www.tablelens.com/ [2001-07-16]
195 http://www.spotfire.com

http://www.tablelens.com/
http://www.spotfire.com
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Figure 4-22: Spotfire DecisionSite196

These examples show that IV seems to be an adequate possibility to present both
qualitative and quantitative business information. The assumption for all examples is
that the user gets an easier insight and a better analysis possibility in the information
compared to pure textual representations.

4.5.2.3 Metaphors for the User-Interface of BIS
As it has been said earlier a key problem of IV is to find new metaphors for representing
information. New metaphors or the understanding how to adapt known ones are also in
the focus when dealing with the user interface of BIS. In section 3.1 the integrative
functionality of BIS has been pointed out, this has also to be reflected on the user
interface side by choosing a metaphor that represents the integration of external and
internal information very well. For this, five metaphors will be presented and discussed
upon their feasibility to be used in BIS. This will not include the discussion of business
graphics, like charts and diagrams. A comprehensive description of these and
suggestions for their use are presented by [Meyer 1999].197

"Metaphors serve as natural models; they allow us to take our
knowledge of familiar objects and events and use it to give structure to
abstract, less well understood concepts." [Erickson 1990, p.73]

The objective of visualisation is the presentation of complex relations in an easy
understandable manner. For this, metaphors are used to put the user by known
environment and processes to new situations [Marshall, Nelson, Gardiner 1989]. For
example thinking of the GUI of PC systems the desktop metaphor is most often used.198

The user knows from the real system that objects can be thrown in the trash, that folders

196 http://www.spotfire.com/solutions/lifesciences/pharma.asp [2001-11-26]
197 [Back-Hock 1993] also presents an (however shorter) overview, focusing on controlling

applications. See also [Tufte 1982] for a discussion.
198 Other metaphors have been proposed, e.g. Lifestreams [Fertig, Freeman, Gelernter 1996], see also

http://www.cs.yale.edu/Linda/lifehype/life.html [2001-07-26]. Unfortunately the Lifestream
homepage is no longer available.

http://www.spotfire.com/solutions/lifesciences/pharma.asp
http://www.cs.yale.edu/Linda/lifehype/life.html
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are a way of organising objects and so on. Most of the times pictograms are used to
symbolise the real world. [Kay 1990, p.199f] argues against the use of the term
metaphor for GUIs "[…] metaphor is a poor metaphor for what needs to be done. At
PARC we coined the phrase user illusion to describe what we were about when
designing user interfaces. […] Let me attack a few more sacred cows. For example, the
desktop 'metaphor'. I don't want a screen that is much like my physical desk. It suggests
messy - yet I hate to clean up while in the middle of a project. And I'm usually working
on lots of different projects at the same time." However it very much depends on the
degree of realisation of the metaphor, e.g. if it is used in the sense of [Nelson 1990,
p.236] as "a free-floating idea with a handle (such as a picture or a catchword)" giving
guidance to the user.199

[Erickson 1990] presents criteria for the evaluation of interface metaphors. These
comprise the structure, applicability of the structure, representability, suitability for the
audience and extensibility. As a result of her study [Smilowitz o.J.] recommends the use
of integral metaphors (rather than composite).200 According to her findings good
metaphors facilitate performance, while poor metaphors are no more effective than non-
metaphoric metaphors.201

Thinking of external information, an essential demand is to present the external
information in the same context as the corresponding internal information. In the
following metaphors are discussed under this demand.
b Spreadsheets
b Book metaphor
b Newspaper metaphor
b Information space metaphor
b Enterprise control post

44..55..22..33..11 SSpprreeaaddsshheeeettss
Spreadsheets have been known in accountancy positions for many years. A spreadsheet
is a large piece of paper with columns and rows that lays out everything about
transactions for business decision makers [Power o.J.]. In the literature there are
different statements about who was introducing the electronic spreadsheet. Most of the
authors agree that it was Dan Bricklin in 1978 with VisiCalc [Power o.J.], though other
sources can be found stating that Omnitab II (a mainframe application developed by
NIST202) was the first with spreadsheet attributes, e.g. having a worksheet concept and
using simple algorithmically functions to calculate data [Croarkin 2001].203 Still the
authors agree that VisiCalc was the first commercially successful one. Spreadsheets
have proven to be very successful tools for interacting with numerical data with
numerous advantages. It is easy for users to organise groups of numbers in rows and
columns and manipulating, e.g. by applying algebraic operations to them. Spreadsheets
are useful as an end-user programming tool, especially in enabling the user to define

199 Still [Erickson 1990] argues for the use of metaphors to their full extent. The problem with the
inappropriate use of metaphors is pointed out by [Carroll, Rosson 1987] by the assimilation
paradox, meaning that users try to use prior knowledge in situations where it does not apply.

200 Composite metaphors are combinations of metaphors that are not necessarily related to each other.
201 See e.g. http://www.iarchitect.com/mfame.htm [2001-07-30] for a presentation of badly used

metaphors in GUI design.
202 Nation Institute of Standards and Technology, see http://www.nist.gov
203 See also http://linux.tomsk.ru/docs/programming/DrDobbs/articles/1997/9709/9709r/9709r.htm

[2001-05-24], http://www.byte.com/art/9512/sec2/art7.htm [2001-05-24]

http://www.iarchitect.com/mfame.htm
http://www.nist.gov
http://linux.tomsk.ru/docs/programming/DrDobbs/articles/1997/9709/9709r/9709r.htm
http://www.byte.com/art/9512/sec2/art7.htm
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data dependencies and keeping the cells automatically up-to-date. This enables the users
to perform 'what-if' analyses relatively easily. The spreadsheet metaphor has been
adapted by many information systems, especially in the realm of the "classical" users,
financial controllers it is widely accepted. Many business applications have a
spreadsheet alike user interface (e.g. SAPs Business Information Warehouse) or use
Microsoft's Excel as a de-facto standard as their front-end.
To use a spreadsheet for a BIS seems to work well. Spreadsheets handle per se
quantitative data for algebraic calculations, [Chi 1999] shows the successful extension
of the metaphor to other media types.
As the typical business decision maker is well acquainted with spreadsheets, the
combination of the spreadsheet with other metaphors seems to be a very good point.

44..55..22..33..22 BBooookk mmeettaapphhoorr
Books are characterised by their structures. Traditionally books contain the following
structural features: title, author, publication date, copyright, content, sections, pages,
index and maybe a glossary. With the printmedia providing a good navigational support
and content, it seemed to be the ideal interface metaphor for hypertext applications.
Examples are the SuperBook [Egan, Remde, Gomez et al. 1989], the OpenBook
[Ichimura, Matsushita 1993] or the hypertext authoring tool ToolBook204. Novells
WWW presentation had formerly been an example of a WWW page, using the book
metaphor. "[…] the page demonstrates how navigation of Internet hypertext files can be
facilitated when familiar metaphors and motifs are used."205 [Card, Robertson, York
1996] present the WebBook metaphor. The WebBook is a 3D interactive book of
HTML pages (see Figure 4-23), allowing a rapid interaction with objects on a high
aggregation level. Its concept is integrated in their information workspace metaphor, the
Web Forager (see section 4.5.2.3.4).

Figure 4-23: Example of a WebBook (left) with ruffling pages (right)206

Briefing books are a kind of management report that have been constant in form for a
long period. By design, briefing books present information in an intuitive styled GUI
(easy navigation through a huge amount of information). Also they provide a very good
method for the integration of qualitative and quantitative information [Rechkemmer
1998].
The estimation of using a Book metaphor for the integration of external and internal
information in one user-interface is twofold. If the application sticks to the original
printmedia the integrative support is very poor, as books somehow always deal with a

204 http://www.asymetrix.com/products/toolbook.html [2001-06-04]
205 http://www.lightbits.com/web/infoweb/sec02_01.htm [2001-05-31]
206 http://siglink.acm.org/sigchi/chi96/proceedings/papers/Card/skc1txt.html [2001-05-28]

http://www.asymetrix.com/products/toolbook.html
http://www.lightbits.com/web/infoweb/sec02_01.htm
http://siglink.acm.org/sigchi/chi96/proceedings/papers/Card/skc1txt.html
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limited information space. However the use of the book metaphor in combination with
hypertext applications as described before, focusing on the navigational aspects of the
book metaphor lead to a new metaphor, an E-Book. This E-Book is very well suited for
the integration of internal and external information as by design its content is not pre-
defined or limited as with the traditional book.

44..55..22..33..33 NNeewwssppaappeerr mmeettaapphhoorr
The user interface of newspapers has been developed and standardised throughout
centuries. The metaphor is twofold. On the one hand the newspapers' content can act as
a metaphor and on the other hand its structure as an interface. The attitude towards a
classical newspaper is to present external information (news from the world). This news
is organised in different categories for different subjects, depending on the style of
newspaper: a daily newspaper includes mostly sections on local information,
economics, politics, sport, weather, culture, entertainment etc. The structure of the news
is column and row oriented. The front page of a newspaper provides the entry-points to
it by listing the whole or short introductions to major and important news and presenting
a kind of table of contents. Looking at the front page the reader already gains a very
good insight to the news. The newspapers' front page fulfils two tasks: providing a first
insight to the most important news and acting as a navigational entry-point by
introduction to stories or pointers from the table of contents207. The newspapers'
structure of being organised in different topics is the second navigational help. Articles
belonging to the same context can usually be found within the range of pages for the
topic. A user interested in politics will head for the politics section right away (which is
usually at the same place within the newspaper), knowing he will find all the
information concerning his interest there. The focus of the newspaper is the presentation
of information. Information of newspapers change frequently (with each new issue) and
is multi-narrative. Meanwhile most of the traditionally available newspapers are also
available on the WWW, presenting the newspaper's content. But using the metaphor it is
not the content that is the focal point, but the user interface. Still approaches of the
transformation of the print medium to the digital medium, using the advantages of it,
like providing personalised electronic newspapers [Ackerman 1992] have an influence
on the general use of the metaphor.
Besides the use for BIS, many examples for the use of this metaphor in the context of
the WWW can be found, e.g. [Kamba, Bharat, Albers 1995], [Golovchinsky, Chignell
1997], Fishwrap208 is an example of a personalised newspaper [Chesnais, Mucklo,
Sheena 1997]. Also many examples for personalised business news209 exists.210

207 Which is not a complete table of contents like in a book, but more an entry-list to the selection of
articles.

208 http://fishwrap.mit.edu/ The Fishwrap project was finished in May 2000. [Chesnais 1997]
summarises the reactions of the students using this tool.

209 Still using the content part of the metaphor not the interface
210 Examples are the classical providers of news, like newspapers, magazines, TV senders: The Wall

Street Journal http://public.wsj.com/home.html, Individual News (formerly known as First!)
http://www.individual.com/, Newshound (personalised news by KnightRider)
http://www.newshound.com, Electronic News Online http://www.e-insite.net/electronicnews/
index.asp?layout=webzine or the FazNet (provided by the daily newspaper Frankfurter Allgemeine
Zeitung) offering numerous added-values compared to the print version http://www.faz.net But
also new providers coming out of the WWW environment (browser vendors, search-engine
producers), like Netscape with MyNetscape http://my.netscape.com/, or Yahoo!
http://dailynews.yahoo.com/ provide their news using the newspaper interface metaphor to some
extend. (all [2001-05-24])

http://fishwrap.mit.edu/
http://public.wsj.com/home.html
http://www.individual.com/
http://www.newshound.com
http://www.e-insite.net/electronicnews/
http://www.faz.net
http://my.netscape.com/
http://dailynews.yahoo.com/
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This metaphor gives the impression to resemble very well the demand to integrate
external and internal information. Thinking of the user group the presentation style also
seems to fit well, as newspapers embody a presentation strategy for busy readers with
short attention spans [Berleant 2000]. External information from the WWW is under a
constant change and the information are also provided by many authors. Most daily
newspapers have for example a local section, which could be compared to inner
information in an electronic version, resembling the integration of external and internal
information. Newspapers present all kinds of information using text and graphics
common to print versions. An adaptation to the electronic version is to expand the
media types of the newspapers to electronic devices, like audio and video. Apart from
newspapers in printed form a familiar presentation of news is a news-ticker as often
seen on TV or other electronic media, presenting the latest news. Therefore a BIS could
be made up as a combination of the newspaper (presenting all business information) and
the news-ticker (latest news on the front page) metaphor. As a classical newspaper is
undergoing a peer-reviewing process (by the journalist), also the information provided
within a BIS newspaper should be reviewed,211 to ensure the quality of the BIS
newspaper.
An example for the newspaper metaphor in the field of BIS integrating external
information has been the decision support system 'Detect and Alert' by Comshare.212

MINT [Meier, Fülleborn 1999], [Meier 2000] is also a system integrating information
from the WWW with business information by using an enhanced newspaper metaphor.
They call their approach editorial workbench, presenting the information in an
electronic newspaper. The system is used within SAP's Business Information Collection
(SEM-BIC) [Meier 2000].

44..55..22..33..44 IInnffoorrmmaattiioonn ssppaaccee mmeettaapphhoorr
An information space metaphor resembles an information space. It is for itself an
abstract metaphor, as an information space is an abstract building of thoughts
associating concepts. Hence for the representation of the (abstract) information space
various (real) metaphors are used.
At the Xerox Palo Alto Research Center a research project had the objective of
developing a user-interface for electronic knowledge sources, like typically found on the
WWW [Card, Robertson, York 1996]. Two related designs are presented: the WebBook
(see section 4.5.2.3.2) and the Web Forager.
The Web Forager symbolises an information workspace as a 3D model (see Figure
4-24). It is designed to allow a rapid interaction with high aggregated entities (e.g. by
downloading WWW pages at the first access to provide a faster access for future
retrieving). The workspace is built up in three main levels [Card, Robertson, York
1996]:

1. A Focus Place like a desktop (the large book or page) showing a page, a book
or an open book at full size for direct interaction between user and content,
functioning as a Web browser (see section 4.5.2.3.2).

2. An Immediate Memory space (the air and the desk), where pages or books can
be placed when they are in use, but are not in the immediate focus (like pages
on a desk).

3. A bookcase where many pages and books can be stored.

211 E.g. by the controllers in the enterprise in their information function.
212 http://www.comshare.com [2001-06-04]. Detect and Alert is now integrated into Comshare's

Decision and Management Reporting and Analysis applications. It is now referred to as
"Advanced exception reporting and alerting" capabilities. [Email from Comshare 2001-06-04]

http://www.comshare.com
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The user can organise documents as he likes, e.g. putting more important one’s to the
front, while less important documents (e.g. for a different topic) can be put to the rear.
The information workspace metaphor used here is an extension of the real world
metaphor office by using the possibilities of a virtual room, e.g. to position documents
without taking into account gravity laws. The front view is rather realistic, becoming
more virtual to the rear. As the rear entities are out of the main focus, this way of doing
it strengthens the effect of the design intention, having the most important documents on
the desktop or in the bookshelf.

Figure 4-24: Web Foraging as an example for an information space metaphor

The next example uses also a spatial metaphor for the organisation. UBUBU213 is a
visual organisation tool using the spatial metaphor of icons on a three-dimensional
planet (see Figure 4-25).214 The idea is that single users or user groups build up their
information spheres for their actual information need. The system integrates the PC
desktop as well as a WWW browser and Email. Objects of any kind can be put on the
planet at any place associating them with different (pre-defined) pictograms. This way
numerous planets can be created, all belonging to the same universe. Thus the user gets
a different kind of organisation: different topics belonging closely to each other can be
placed on the same planet, while unrelated topics (and their relations) can be put on
another planet in the same universe. For example a user' s universe can resemble the
enterprise objectives, having different planets for topics like customer care, human
resources, sales, competitor watch etc. The system offers full 3D functionality, like
rotation, panning, zoom in and out. A problem with this tool is that it might become too
complex when too many objects are added.

213 http://www.ububu.com [2001-05-25]
214 http://www.cybergeography.org/atlas/info_spaces.html

http://www.ububu.com
http://www.cybergeography.org/atlas/info_spaces.html
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Figure 4-25: Example of the UBUBU system. Showing on the left the universe with three
planets, on the right a planet in detail.

Another example for the use of an information space metaphor is the visualisation of the
Journal of Artificial Intelligence Research (JAIR) information space (see Figure 4-26),
using a spatial layout for the different categories of the journal [Foltz 1997]. The
categorisation is done manually using the ACM classification. Selecting one of the
yellow points of the different categories, will show its bibliographic details in the
window area on the left (see Figure 4-26). JAIR uses also spatial information, the
further apart the categories the less they are related.

Figure 4-26: The JAIR information space215

Both information and workspace metaphors provide a great potential to act as user
interfaces for BIS. Many other metaphorical presentations of business information could
be integrated, e.g. like the WebBook into the Web Forager which has already been
done. Newspapers and spreadsheets could also be included as well as a TV showing a
news-ticker. Still the basic concept to organise the information will be the same. From

215 http://www.infoarch.ai.mit.edu/jair/jair-space.html [2001-07-16]

http://www.infoarch.ai.mit.edu/jair/jair-space.html
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an integrating point of view these metaphors also seem to fit very well. Offices of
business decision makers are also mostly packed with (printed) external and internal
information (e.g. reports, magazines) so that there seems to be a good recognition
factor. The underlying universe metaphor of the UBUBU system has a high
integrational expression, too, as anything is integrated in the universe. Still the question
is, if the last point comes intuitively to the user group and whether the universe is not
overloaded too fast.

44..55..22..33..55 EEnntteerrpprriissee ccoonnttrrooll ppoosstt
The idea of an enterprise control post is to give an overview of all important key figures
in various visualisations, like for instance a control post for a process engineering
system. These posts have high integral manner of external and internal information. As
with the information space metaphor the control post can also function as an integral
platform for diverse other entities.
[Kurz o.J] presents the idea of an enterprise control post as a metaphor for a user
interface off an Intranet based EIS.216 The display is divided into several areas for
display217, control218, messages219 and interaction (toolbar)220 (see Figure 4-27).
[Schwartz 1999] believes that executives in a manufacturing environment need a data
dashboard "designed to take the pulse of the business in any way an executive needs" as
a GUI that connects the company's various databases, using OLAP, data mining221 and
data warehouse technologies. [Hoven van den 1996, p.2] sees a "modern airplane
cockpit is an effective model for an EIS". Key indicators are monitored constantly and
only when a problem becomes apparent are they made visible to the pilot (hence the
business decision maker). A smaller number of indicators controlling the overall flight
(speed, altitude, elevation) are constantly visible and show how well the flight is
going.222

216 http://www.ifs.tuwien.ac.at/wwweisdwh
217 Anzeigebereich
218 Steuerpult, dynamic query Bereich
219 Expertisebereich
220 Werkzeugleiste
221 See e.g. [Gilmozzi 1996], [Hagedorn, Bissantz, Mertens 1997] for a discussion of data mining.

Web Mining and Knowledge Discovery are related terms.
222 See [Colgan, Spence, Rankin 1995] for a discussion and evaluation of the cockpit metaphor in the

context of engineering design tools.

http://www.ifs.tuwien.ac.at/wwweisdwh
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Figure 4-27: Concept of an enterprise control post [Kurz o.J.]

An approach to use a control post metaphor not only for a single user-interface on a
computer is presented by N.E.T Research:223 The Management Cockpit is designed as
an ergonomic concept for visualising performance indicators in a board room with easy-
to-read displays on the walls (see Figure 4-28, left).

Figure 4-28: The management cockpit224

The idea is that all key figures can be presented to a team of business decision makers,
all being involved in the real-time development of strategies and having the possibility
of interacting and participating the modelling sessions [SAP 1998]. Hereby the position
on the wall and the colour are additional information for the users:
c the black wall shows the main success factors and financial indicators,
c the red wall shows the market performance,
c the blue wall shows the performance of internal processes and employees and
c the white wall shows the state of strategically important projects.
The management cockpit is a part of the SAP-BPS225 within the SAP SEM226 suite.

223 http://www.management-cockpit.com [2001-05-30]
224 http://www.management-cockpit.com/BodyImageBank.htm [2001-05-28]
225 Business Planning and Simulation
226 Strategic Enterprise Management

http://www.management-cockpit.com
http://www.management-cockpit.com/BodyImageBank.htm
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44..55..22..33..66 SSuummmmaarryy
In the last sections an overview of potential metaphors for designing BIS have been
discussed on the basis of existing applications. Table 4-6 summarises this discussion by
presenting an overview of the metaphors presented under various aspects. A "-" marks
that the metaphor seems to be inappropriate for criteria listed, a "O" marks that it is
somehow possible to support the criteria, but not inherent, the "+" shows that the criteria
is supported to the full extent.
From the discussion the combined approaches like information space and enterprise
control post seem to be the ones with the highest added-value. However the newspaper
metaphor looks like a good way of presenting business information. In comparison with
the more complex information space and enterprise control post, the newspaper
metaphor has the advantage of being easier to implement.
Besides the use for BIS, metaphors have been used widely in the hypertext literature,
having also a great impact on newer research fields, especially in the field of
navigational aids, like WWW design (e.g. Engineering Village,227 Mutual Fund
Café228), WWW browser design (e.g. WebStage [Yamaguchi, Hosomi, Miyashita
1997]) or VRML (e.g. a VRML world for an electronic marketplace [Bekavac 1999])
and a key role in the research discipline Information Visualization (see section 4.5.2).

GUI
Integration
support of
external
and
internal
information

Text Images Video Audio

Navigation
Known
to user
group

Spreadsheets + + + O O + +
Book / E-
Book

- / + +/ + + / + O / + O / + O / + + / O

Newspaper + + + O O + +
Information
space

+ + + + + + O229

Enterprise
control post

+ + + + + + O

Table 4-6: Taxonomy of metaphors under various demands

4.5.3 Visual Query
From the literature it is well known that users have problems formulating their
information need [Pollock, Hockley 1997], [Belkin, Oddy, Brooks 1982], [Nielsen
1997], [Jansen, Spink, Saracevic 2000] (see section 4.3). Query expansion in particular
seems to be a problem for novice users [Sutcliffe, Ennis, Watkinson 2000]. This led to
the demand of methods to overcome the problem of lacking knowledge to formulate
queries. The idea of the Visual Query formulation is to help users to specify their
information need more precisely using interactive query expansion techniques based
upon visualisation. For the visualisation in the current work a rather simple approach
with respect to the hardware resources has been chosen. Companies still have limited IT
resources so that implementations like virtual reality for its use in management are
limited and its office use is still not feasible [Meyer 1997].

227 http://www.ei.org/engineeringvillage2 [2001-06-27]
228 http://www.mfcafe.com/ [2001-05-29]
229 As it is per se a rather abstract metaphor

http://www.ei.org/engineeringvillage2
http://www.mfcafe.com/
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Relevance feedback can be seen as a special instance of query expansion (query
expansion based on search results). Therefore its broader aspects are also described
within this section, whereas distinct topics, as the algorithm and the embedding of the
Relevance Feedback into the overall system, will be discussed in section 4.8.

4.5.3.1 Methods of query expansion
Basically three forms of query expansion techniques can be distinguished: manual, auto-
matic and interactive. Manual query expansion has been explained in section 4.5.1.1 in
the course of the discussion of search strategies. Various methods for the automatic
query expansion (AQE) and interactive query expansion (IQE) have been proposed. A
comprehensive classification of these has not yet been given in the literature.
Table 4-7 lists the variety of the different classifications found in literature. The method
named is in the very left column, if the authors, who listed these methods, divide the
methods in subclasses they are listed hierarchically in the columns method detail (1) and
(2). The authors named next to a method are examples.
Apart from the term selection mechanism, IQE methods are similar to methods used for
query expansion. The difference is that IQE methods involve the user in selecting terms
proposed by the system for the expansion. For this IQE is also referred to as semi-
automatic or user-aided query expansion [Beaulieu, Walker 1992].
Several studies of automatic and interactive query expansion have been undertaken.
[Beaulieu, Walker 1992] show that AQE can be effective to find additional relevant
records in a library catalogue. However they point out the question whether AQE gives
enough control over the search. Still in a later paper [Beaulieu, Fieldhouse, Do 1995]
describe the findings of a study using a GUI for the IQE (Xokapi). Within this study
their result is that the AQE (in the Okapi system) has been more successful.
[Voorhees 1994] examines the use of the relations encoded in WordNet (see section
4.4.2) for the AQE. Her findings show that query expansion has little positive effect
when the user specifies his query very well. Voorhees proposes to give added terms less
weight. [Kekäläinen, Järvelin 1998] evaluate the structure of queries and their
conclusion is that semantic division of relationships is not very useful for query
expansion and that most of the times best performance has been reached when all
semantic relationships were included unweighted. A recent project proposal is
CIQUEST230 dealing with IQE, however outcomes have not yet become available.
Overall results show that query expansion can be beneficial retrieving more items
similar to the original query terms231 and can be more effective [Efthimiadis 2000].
Especially when thinking of unprofessional information seekers in the WWW (as most
of the business decision makers are), one can not assume to have a well formulated
query. Therefore the idea is to support the user with an interactive query expansion tool
using Information Visualization.

230 Concept-based Interactive Query Expansion Support Tool by the University of Sheffield, United
Kingdom [Beaulieu, Sanderson o.J.]

231 Most recent studies are in contrast to the study of a number of methods for query expansion by
Smeaton and Rijsbergen in 1983, which found no benefits of query expansion. Authors like
[Beaulieu, Walker 1992] surmise that the experimental design is the reason for this.
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Name of Method Method detail (1) Method detail (2) Listed by author(s)
AQE local context
analysis232 [Xu, Croft
1996]

Based on similarity
thesaurus [Qiu, Frei 1993]

AQE using automatic
global analysis [Xu, Croft
1996]233

Statistical thesaurus

[Baeza-Yates, Ribeiro-
Nero 1999]

AQE based on search
results [Beaulieu, Walker
1992]
AQE using collection
dependent structures
[Mitra, Singhal, Buckley
1998]
AQE using collection
independent structures

[Efthimiadis 1996 ]

Nearest neighbour
expansion

AQE using terms from the
corpus

Maximum spanning tree
AQE using a thesaurus

[Sta 1998]

AQE based on search
results

Intellectual constructed
[Voorhees 1994]

Automatic constructed

AQE based on knowledge
structures (e.g. thesauri)

Domain specific
Statistical Collection
Methods

[Kekäläinen, Järvelin
1998]234

Using strong
relationships
[Voorhees 1994]

Manual

Using indirectly linked
terms
Global

AQE based on thesauri

Automatically established
Pseudo-thesauri

Local context
AQE based on CLIR235

[Nie 2000]

AQE based on Word
Contribution236

[Hoashi, Matsumoto et al.
1998]

Table 4-7: Overview of classifications for query expansion methods237

232 Local context analysis uses the first top ranked documents to derive new concepts for the search.
233 Global analysis examines word occurrence and relationships in the corpus as a whole.
234 For the method distinction [Kekäläinen, Järvelin 1998] in the first level refer to [Efthimiadis 1996]
235 Cross-language IR
236 The word contribution is measured as the influence of a term to the similarity between a document

and a query. Positive and negative contribution are defined with positive contribution increasing
the similarity, while negative decrease it. [Hoashi, Matsumoto et al. 1998]

237 The method named is in the very left column, if the authors listing the methods named divide them
in subclasses these are listed hierarchically in the columns method detail (1) and (2). Authors
named next to a method are examples.
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4.5.3.2 Query formulation and visualisations
Within the literature little attention has been paid to the visualisation of the interactive
query expansion, though the user interface is crucial for motivating users to select
appropriate expansion terms and therefore very important for the retrieval effectiveness
[Beaulieu 1997]. Mostly the expansion terms are presented in a list like user interface,
as for example in the Okapi system, shown in Figure 4-29 (the expansion terms are
listed in the top left window).

Figure 4-29: Okapi user interface

From the field of Information Visualization (e.g. see [Hearst 1999, p.278-288] for an
overview) a number of visualisations for the query formulation are known. Strongly
related to the query formulation are research topics dealing with the browsing of large
collections,238 i.e. clustering them, navigating within and retrieving information.
According to [Bieber 1995, p. 253] queries within a hypertext environment can also be
seen as a means of navigation, returning "a relevant subset of an application's
components, which is mapped to a hypermedia representation. Users can than navigate
within this tailored environment." A common interaction model to browse large
collections is that the user gives some terms as starting points, the collection is then
displayed under this point-of-view.239 With GUIDO and VIBE such systems have been
presented. The user defines a point-of-interest and the system positions then icons (as a
representation for the documents) depending on their relationship to the point-of-interest
[Olsen, Korfhage et al. 1993], [Korfhage 1991].
The InfoCrystal uses the idea of Venn diagrams (see Figure 4-30) to support the query
formulation [Spoerri 1995]. Each edge of the crystal represents a query term, the
intersections represent the joint of the different criteria. Hence the icon is a
representation of the document set retrieved with the criteria looked at. For example in
Figure 4-30 in the triangle on the right, the circles represent the document set when

238 Also the WWW can be seen as such a large collection. Much research (mostly basing on hypertext
research) has been undertaken to give the user guidance, to overcome the 'lost in hypertext'
syndrome, e.g. [Bekavac 1999].

239 This is known from hypertext literature as output-is-input, see e.g. [Aahlberg, Shneiderman 1994].
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criteria A, B or C is chosen, the rectangle between criteria A and C represents the
document set retrieved, if A and C were the search terms and the little triangle in the
middle presents the document set if A,B and C were the criteria. The shape of the
InfoCrystal depends on the number of search criteria, e.g. six criteria lead to a hexagon.

Figure 4-30: Transfer of a Venn diagram to the iconic display of the InfoCrystal [Spoerri 1995]

Vquery [Jones 1999] is also based on Venn diagrams. In contrast to the InfoCrystal, the
idea of the Venn diagrams is used for the formulation of the query (Figure 4-31). The
user can decide per drag and drop which terms to include or exclude from his query, by
defining an active query space. Each term marked with a dot is combined with a
Boolean OR, if only the intersection is marked this is a Boolean AND, while any term
within the active query space that is selected for the query is combined with a Boolean
NOT (in the example this is Tarzan). In the example shown the resulting query is: lion
or tiger or jungle not Tarzan. The numbers in the circles represent the size of the
resulting document set.

Figure 4-31: Vquery interface [Jones 1999, Figure 3]

[Eibl 2000] presents with DEViD a query visualisation system, combining IV and
graphic design aspects (see Figure 4-32), enhancing the idea of the InfoCrystal. The
visualisation is formal, not using any metaphors [Eibl 1999]. The system uses a colour
and column coding technique for the representation of the search. Colour coding is used
for the terms, column coding for the different steps of joining the terms with a Boolean
AND. A combination with the Boolean OR is achieved by assigning more than one term
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to an angle (e.g. in the figure below Kind; Familie). The first column shows the initial
terms (Mann, Frau etc.) as a right angle in different colours, the number within the
angle representing the number of documents the term occurs in. The second column
shows the number of resulting documents, when combining two of the initial terms with
AND. The combination of three terms is then displayed in the third column and so on.
The numbers next to the iconic displays of the combined search terms, stand for the
number of documents containing the combined search terms. Combinations of terms
resulting in an empty result set are for overview reasons not shown. The system also
supports probabilistic retrieval, hereby the colour coding scheme is used as before,
however the column coding is partly given up as the search criteria (and their
combinations) are now placed according to their relevance (the more right the more
relevant).

Figure 4-32: Example visualisation with DEVid [Eibl 2000, p.140]

[Zizi, Beaudouin-Lafon 1994] and [Zizi, Beaudouin-Lafon 1995] present the idea of
interactive dynamic maps (IDM) for the exploration of WWW documents and their
semantic content. Hereby the semantic content presents the topics contained within the
set of documents and how they are related to each other. Zizi and Beadouin-Lafon
define two types of IDMs: Topic Maps and Document Maps. Document Maps represent
a collection of documents and are therefore, within this discussion, out of focus. The
Topic Maps provide an overview on all topics represented in a collection, their
importance and similarities resp. correlations among them. The authors use the terms
cities and roads to express the location of a topic within a topic class, derived from a
thesaurus, and the relationship between them (see Figure 4-33), the rectangles
symbolising the regions with the cities within, roads are crossing the regions). The
purpose of the Topic Map is to give the user the opportunity to issue a query graphically
and to use the embodied thesaurus for a query expansion. The authors state that from
their experiments the idea of the spatial metaphor has been very well adapted.
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Figure 4-33: Topic Map as an IDM [Zizi, Beaudouin-Lafon 1995, Figure 10]

Other examples are the use of a 3D visualisation (e.g. ConeTrees [Robertson,
Mackinlay, Card 1991] e.g. used by Cat-a-Cone [Hearst, Karadi 1997], LyberWorld240

with the LyberTree and LyberSphere), or generally the visualisation of networks using
various metaphors in 2D and 3D (e.g. SemNet [Fairchild, Poltrock, Furnas 1988],
Narcissus [Hendley, Drew, Wood et al. 1995] and its further development HyperSpace
[Wood, Drew, Beale et al. 1995], GeoSpace [Lokuge, Ishizaki 1995], SearchVis [Mayr
1997]) or the combination of starfield displays [Ahlberg, Shneiderman 1994] and
moveable filters [Fishkin, Stone 1995].
The discussed systems all have in common that the collection is known and that
therefore the outcome of the query is also known. The focus of their intention is not the
expansion of the query, but the formulation, mostly by showing the influences of
selected terms on the result set. On the contrary the intention of the Visual Query is to
support the user interactively expanding the initial query. As the collection size is not
known (the collection is the WWW), an influence of the terms on the final result set is
not obtainable. This is strongly related to the (pure) visualisation of thesauri.
Traditionally thesauri are presented listing term entries and if connected to a database
the number of times the descriptor occurs in the distinct database. The HiBrowser user
interface shown in Figure 4-34 is such an example.

240 http://www.darmstadt.gmd.de/~hemmje/Activities/Lyberworld/ [2001-07-28]

http://www.darmstadt.gmd.de/~hemmje/Activities/Lyberworld/
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Figure 4-34: HiBrowser user interface241

The plumb design visual thesaurus242 is a visual thesaurus browser, showing relations in
the English language using WordNet (see Figure 4-35). New terms can be explored
using the text entry field in the lower part of the screen. Depending on the settings, the
system shows different grammatical associations (verbs, nouns, adverbs, adjectives) in a
2D or 3D display. A history of explored terms is kept, which is shown left to the entry
field. The left side of Figure 4-35 shows the exploration of the term information in a 3D
setting, the right side of the Figure the same in a 2D setting. In both cases clicking on a
word in the graph display area, the user follows the thread of its meaning, creating a
new spatial map of linguistic associations. However the 3D visualisation seems not to
add any added-value to the system, the same information is presented in 2D. The
system's objective is the exploration of terms and relationships, any further processing
(e.g. including the explored terms in a query) is not provided.

Figure 4-35: The Plumb visual thesaurus in 3D (left) and 2D (right) mode 243

[Fowler, Wilson, Fowler 1992] present the Information Navigator, a visual information
retrieval system (see Figure 4-36). The user interface of the Information Navigator is
divided into six windows. The upper left displays an overview of the associative term

241 http://www.hud.ac.uk/schools/cedar/dorking.htm [2001-10-25]
242 http://www.visualthesaurus.com [2001-07-27]
243 http://www.visualthesaurus.com [2001-07-27]

http://www.hud.ac.uk/schools/cedar/dorking.htm
http://www.visualthesaurus.com
http://www.visualthesaurus.com
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thesaurus, the upper middle window shows the visualisation and text of the natural
language query, the upper right window displays an ordered list of documents retrieved
in the actual search in an iconic view. The middle window on the right contains
document icons the users selected for saving. In the lower window on the right the user
can see a document abstract. The large window in the middle is for the display of that
abstract's term network (see Figure 4-36). Terms occurring in both the query and
abstract networks are shaded. A similar application for extracting and visualising
semantic content from the WWW is presented with the Document Explorer [Fowler,
Fowler, Williams 1996].

Figure 4-36: Information Navigator [Fowler, Wilson, Fowler 1992, Figure 3]

Within WWW search-engine visualisations as presented before have not yet gained
popularity. The simple WWW search interface consists of an entry-field dialogue
without many choices. Yet most search-engines support an advanced search dialogue,
where details like inclusion or exclusion of terms, size of output and so forth can be set
(see Figure 4-37).
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Figure 4-37: Search interface of Google simple244 (top) and advanced245 (bottom)

The approach suggested in the present work is presented in the next sections. It is
characterised by a graph layout and its objective to support the user interactively with
the query expansion using a knowledge base. First the architecture of the knowledge
base is explained, followed by the design ration of the Visual Query and implementation
issues.

4.5.3.3 Design of the Visual Query
The objective of the Visual Query is to provide the user with an interactive query
expansion (IQE). The work has been inspired by previous works of [ARI] (see Figure
4-7), [Fowler,Wilson, Fowler 1992] (see Figure 4-36), [Hasan, Golovchinsky, Noik et
al. 1995] and Refine used by AltaVista (see Figure 4-60). Requirements formulated by
[Nikolai, Kramer, Steinhaus et al. 1999] for the design of a thesaurus browser have also
been taken into consideration. As a comprehensive KB has been given, the design
concentrated on the visualisation rather than on the maintenance of the KB or other
automatic techniques for the query expansion (see section 4.5.3). It is assumed that the
business decision maker or his/her assistant using the system is provided with a general
but also domain specific KB. The users can then benefit from using the Visual Query in
two ways: first by browsing the KB to find more accurate query terms leading to a more
precise result set and secondly in the sense of an IQE by expanding their original query
with additional terms from the KB, which will result in a broadened result set, which

244 http://www.google.com [2001-07-30]
245 http://www.google.com/advanced_search [2001-07-30]

http://www.google.com
http://www.google.com/advanced_search
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could be much more satisfying, too, as a higher recall can be expected.246 As a side
effect using terms from the KB, spelling mistakes can be minimised, too.
The visualisation of the query has been designed taking into account several aspects:
d The Visual Query will as far as possible also follow the Visual Information Seeking

Mantra: Overview first, zoom and filter, then details-on-demand (see section 4.5.2)
d The entry point for the visualisation is (are) the query term(s) entered by the user:

As a result from a small study247 [Karlgren, Franzén 1997] propose to use long entry
fields if longer queries are desired (see also [Shneiderman, Byrd, Croft 1997]).

d The user may have many input terms at first sight: To keep the overview the system
was designed having a detailed and a full view. This is simply done by taking the
information from the tree view. E.g. if the user clicks on a branch of the tree view,
only this branch is visualised in the graph, while clicking on the root of the tree
(search terms) will result in a graphical presentation of the whole tree in the graph,
which may be not easy to overview.

d As the KB is built using nodes and links an intuitive visualisation seems to be a
graph network: Using the graph metaphor a basic requirement is the minimisation of
crossings to avoid ambiguity and artificial salience.

d Interaction with the graph representation: All terms represented in the graph re-
presentation can be moved keeping the relation to their base node. The elements are
ordered automatically using an algorithm to make sure that when having many
elements connected to a node most of them are viewable.

d The KB includes various relationships (e.g. is-a, part-of, broader term, narrower
term): These are not represented in the graph visualisation, just the fact that there is
a relationship.

d As within a hypertext system a history shall be kept: The user shall have the
possibility to move within the various graph he has looked at before (e.g. at different
detail levels).

d INSYDER provides two ranking algorithms, the Visual Query has to support both:
The ranking type is determined at query formulation time (see section 4.4), therefore
the Visual Query has to support both.

Summarising the thoughts above finally leads to the basic layout of the Visual Query
Screen (see Figure 4-38). A pre-designed stadium is presented in [Reiterer, Mußler,
Mann 2000] and [Mußler, Reiterer, Mann 2000].
The entry point for the visualisations is the query entered by the user in the text entry
field (e.g. WWW visualisation). The original and the resulting related terms from the KB
are presented in the graph and tree windows. The graph view represents the terms with
their "near" related terms. E.g. WWW is expanded to Web, Internet, Media etc. The tree
view resembles the overall term space and therefore contains all terms related to a
distinct term. This distinction is made to keep the graph view as easy as possible to
survey. The broader related terms are displayed in the graph view (see Figure 4-39)
using a hypertext metaphor for navigation. Selecting a term by clicking on it (e.g.
Internet) will show all other related terms for this distinctive term, depending on the
number of all the related terms (e.g. Hypertext, Usenet etc.), it comes up as a circle with
the expanded term as a centre (Figure 4-40). The two views are synchronised, which

246 Query expansion techniques in general can be seen as a recall improvement technique.
247 With 19 subjects
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means that a term selection in the graph view will select the equivalent in the tree view
and vice versa. If the graph view does not contain the selected term from the tree view,
a new graph is created. As it has been said the graph view follows the hypertext
metaphor, therefore a history function is provided, so that the user can keep a track of
different graphs he has been looking at.

Graph windowTree window

Text entry field

Query terms field

Back and forward controlRanking controls

Tree view controls

Graph windowTree window

Text entry field

Query terms field

Back and forward controlRanking controls

Tree view controls

Figure 4-38: Principle layout of the Visual Query Screen

The INSYDER retrieval system uses two approaches to rank documents (see section
4.4). The standard ranking takes into account all terms for its ranking, while the concept
ranking takes the concepts from the KB. These concepts can be weighted by the user to
express his information need more precisely. In the Visual Query two ways have also
been foreseen. The standard follows the description above. The concept ranking (by
selecting the appropriate radio button), will expand the graph view in two ways. Using
the context menu the user can select the weight of each concept. A '+' sign is used as a
marker for the importance, which will be shown above that term. According to the type
of ranking, terms are added to the search terms by using the appropriate button. The
search terms are displayed in their own highlighted text entry field next to the button.
Deleting the original search terms there (e.g. to take more precise terms), the user can
still see them in the upper entry field.
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Figure 4-39: Straight visualisation of concepts

Figure 4-40: Circle visualisation of a concept
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4.5.3.4 Background and Implementation issues
The Visual Query has been implemented as an own package in Java, using the JDK248.
The graph window uses algorithms from the visualisation of graphs to represent the KB
as such. Within this work graph theory research is not in the focus, but the application
of its outcomes, i.e. algorithms. For a brief introduction in graph theory see e.g. [Müller
2000, p.4-6]. [Cruz, Tamassia 1994] give an introduction to visualisation issues of
graphs. Graphs are defined by a number of edges and nodes, connecting the nodes (see
Figure 4-41 top). Various classes of graph visualisations exist: tree, planar (no crossing
between edges), general directed, general undirected (see Figure 4-41 bottom). For the
implementation of graph layout algorithms a great number of libraries and framework
exist.249 Well known (for most people having dealt with the graphical part of Java) are
the graph drawing demos250 for JDK 1.1 by SUN Microsystems.

Figure 4-41: Definition and classification of graphs251

A tree graph is also planar without looping edges, resembling a hierarchical layer
model. As the KB already implicitly includes a hierarchical model (by defining the ins
and outs of the concepts), a hierarchical layer model seemed to suit very well the design
task of the visualisation of the IQE. The algorithm by Sugiyama describes such an
approach for the layout of general directed graphs. The approach comprises three phases
[Herman, Melancon, Marshall 2000]:

1. Decide on layering of nodes (assign layer number to each node).
2. Position the nodes of the same layer with respect to edge-crossing

minimisation.
3. Assign X- and Y-Coordinates for the final layout.

For the Visual Query the first step has been done implicitly by the design of the KB and
will be used. For the edge-crossing minimisation a number of algorithms have been
described. To minimise edge crossings is a major obstacle for the readability of graphs.
In the case of the Visual Query it has been decided to use the Barycenter heuristic to

248 Also known as Swing.
249 As an entry point, see e.g. the Graph Drawing Server Pages of the Brown University, Providence,

Rhode Island, USA: http://loki.cs.brown.edu:8081/graphserver/gds/gds-access.shtml or the Royere
Framework for Graph Visualisation of the CWI (National Research Institute for Mathematics and
Computer Science in the Netherlands) http://www.cwi.nl/InfoVisu/; for a general resource
overview on the topic, see e.g. http://www.inf.uni-konstanz.de/algo/resources/ [all 2001-08-02]

250 http://java.sun.com/applets/jdk/1.1/demo/GraphLayout/index.html [2001-08-02]
251 http://rocana.aist-nara.ac.jp/~hayashi/E/graph-draw.html [2001-08-02]

http://loki.cs.brown.edu:8081/graphserver/gds/gds-access.shtml
http://www.cwi.nl/InfoVisu/
http://www.inf.uni-konstanz.de/algo/resources/
http://java.sun.com/applets/jdk/1.1/demo/GraphLayout/index.html
http://rocana.aist-nara.ac.jp/~hayashi/E/graph-draw.html
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minimise edge crossing. The decision to use Barycenter was derived from an overview
and discussion of edge-crossing minimisation algorithms in [Müller 2000]. The
Barycenter heuristic determines the X-Coordinate (b(v)) by calculating the average
position of the neighbours (posn) of a node (v) (see Formula 4-1). The nodes are then
ordered according to b(v).

)deg(
)(

v

pos
vb n∑=

deg(v) is the degree of node v (number of neighbours)

Formula 4-1: Barycenter

For the final layout (step three) the Y-Coordinate assignment is fixed, depending on the
layer the actual node is in. The first layer (on the top of the graph window) is made up
by the entry point nodes which are the terms the user types in as an initial query
formulation. If such a term is a concept the second layer is left blank, otherwise the
appropriate concept is shown in the second layer. From there on the related concepts are
shown in a decreasing order, meaning that the further away in the KB, the deeper the
concept node is placed. The X-Coordinate depends on the number of nodes in a layer
and the length of the labels, naming the nodes. If there is only one node per layer then
the X Position is unaltered as given by the Barycenter algorithm.252 In any other case the
X Position is changed when two nodes overlap, because their label width is too big. In
this case the distance of the two X-Coordinates is made bigger by subtracting resp.
adding half the width of the particular node.
In the current work the implementation comprises the Barycenter heuristic and the final
layout (see Figure 4-42 for the dependencies). It has been tried to build the Visual
Query modular, to be able to also use other knowledge bases as the current KB (e.g.
WordNet). VisualQueryDLG is the GUI component of the Visual Query. A graph
(Graph) is defined by its edges (Edge) and nodes (Node). Before drawing a graph a
minimisation of edge-crossing is performed using the Barycenter class. The final layout
is done by the GraphPanel, being responsible for drawing the graphs in the Graph
window. The processing of the KB is done by the two classes kbProcess and kbEntries.
Within the present work the specifics of the underlying KB are handled in kbProcess
and kbEntries. In a case of changing the underlying KB (e.g. using WordNet), these two
classes have to be adapted.
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Figure 4-42: UML diagram of the Visual Query to show relationships

252 However in the Barycenter class an alteration is made, if e.g. the X-Coordinate would be out of the
drawable area.
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As it has been explained in section 4.4.4 the KB contains a comprehensive and detailed
model, which is in parts for its use in the Visual Query an overkill (e.g. transformation
notations of the lexical form *information to the canonical form #information).
Therefore before visualising potential query expansion terms, the KB is pre-processed,
also using its internal hierarchical structure. This processing is mainly characterised by
the extraction of the concepts and relationship rules from it. As it has been explained in
section 4.4.4 the KB includes not only concepts but also grammatical forms and
relationships. For the Visual Query it has been decided to show only relationships of the
type CanonToIdea, IdeeAssociee and HyponymeHyperonyme. The reason for this was
that the other relationships do not have a higher information resp. have (in this case) an
unusable value (e.g. the LexiqueToCanon relation expresses: *example or *examples =>
#example; LexiqueToMeta expresses: *your => µAdjectifPossessif) compared to the
named one, but would lead to difficulties in overviewing the terms for the IQE
presented. Also it has been said that the KB models primary and secondary rules. For
the Visual Query only the incoming secondary rules are used as the others do not
provide any more information about further relations. On the contrary only taking the
other rules would lead to less information than from the incoming secondary rules,
which has to do with the design of the KB. The next section will describe the process of
using the Visual Query.

4.5.3.5 Use of the Visual Query
When the user has given the entry terms (his initial query), the system first filters
common words (stopwords, see section 4.3). The next step is a look-up of the entry
terms in the KB. If an entry term is not found a warning dialogue is shown, asking the
user if he is sure about the spelling or whether the potential false term is to be deleted. It
would be desirable at this stage to suggest some similar (phonetic or spelled) terms to
the user so that he can correct the misspelling easily, but this is not possible with the
current system.
The next step is to determine the associated terms and to display them. As a term might
have very many associated concepts (e.g. professional), only the directly related
concepts are shown as an entry point overview presentation in the graph window. All
related concepts are shown in the tree view. Each entry of the tree view contains all its
related concepts in a first and second instance. E.g. given the search term cat, the graph
window shows the directly related concepts (Cat, Mammal, Pet, Animal, LivingBeing,
Being).253 By design the tree view's root node is called Term-Space, the first entry
would then be cat and as a sub-tree of cat, the related concepts with their primarily
related concepts (see Figure 4-43). By design the tree view is expanded showing the
same concepts as the graph view.254 The original entry terms are also put in the final
query text field. The reason to have both text fields is to have the first as a reminder for
the user of his initial query, also further entries made there will also expand the term-
space.

253 Thing is omitted, as every concept can be related to this.
254 However a problem is still that the treeview implementation refuses to expand the folders

immediately as would be desirable. Therefore another interaction step is necessary.
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Figure 4-43: Visual Query with the search term cat

The user has now a presentation to start from, browsing the KB and looking for
concepts to expand his initial query. The tree view is a navigational assistant, the graph
view the interaction area. If the user clicks on an entry in the tree view, the
corresponding concept will be highlighted in the graph window, showing all related
concepts. This has been implemented having in mind a graph view with many concepts
presented. Here the highlighted form promises an easier overview. The interaction with
the graph view can also lead to an expansion of the initial term space. If the user clicks
in the first overview graph presented on a concept on a lower level, its related concepts
are presented. This detailed view is either presented as a straight line or if there are too
many concepts related as a circle around the chosen concept. Again from here the user
can select a related concept, which will be displayed in the same manner as before. The
difference is however that the last selected concept is not yet in the tree view with all its
related concepts and will therefore be added to it as a new entry. The user can decide
from here to either view all the concepts of the term space again (as in the beginning) or
to view the concepts each on their own. Selecting the term space from the tree view will
always show the user all the concepts from the first level of the term space in the graph
window. Using the history functions forward and backward the user can change to
graphs he has already seen. Selecting a concept in the graph or tree view the user can
add this to the final query, using the appropriate button. The interaction elements below
the tree have been placed there to give the user the possibility to control his term space,
which could otherwise become too complex.
The radio button group Standard and Concept Ranking considers the two possible
ranking algorithms within the INSYDER system, which are determined at query
formulation level. The default is the Standard Ranking (see section 4.6.1), the procedure
with the Visual Query is as described. The difference of the Concept Ranking (see
section 4.6.2) is that the user has the possibility to weight the query terms. This is
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realised by a context menu within the graph view, where the user can select the
importance of a specific term. A '+' marks its importance, with '+++' being very
important and just one plus being the least important. By design terms that the user
wants to include in the query, which have not been given a weight, gain a full weight as
it is assumed that these are very important. The user will also notice the difference in
the final query formulation field as there the weights are represented in square brackets
as numbers. In Figure 4-44 both initial query concepts (Estonia Economy) have a weight
of 100%, marked in the graph view with '+++' and in the final query text field with the
100 in square brackets.

Figure 4-44: Query formulation for a Concept Query

4.5.3.6 Summary
The Visual Query has been implemented as a design as one type of an interactive query
expansion. It is assumed that the primary goal to motivate the user including more terms
in the query can be achieved by using such a tool. The design has been kept simple by
purpose to allow the user to concentrate on his primary task of defining the information
need using the concepts shown. Further work from here should investigate the
usefulness for the user group of business decision makers and the use of other than
graph metaphors for the visualisation of the concepts, e.g. as presented by [Zizi,
Beaudouin-Lafon 1994], [Czerwinski, Dumais, Robertson et al. 1999].

4.6 Ranking
For the INSYDER system two ranking algorithms have been proposed and
implemented. The standard ranking is called Natural Language, the second one Concept
Query.
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4.6.1 Natural Language
The Natural Language255 algorithm is the default ranking algorithm of the system. Here,
the user types in a query in a similar way he would express his information need. E.g.
'How many inhabitants has London?' This natural language query is then translated into
a query for the crawler agents. Whereby translation means the elimination of stopwords
(common words in the different languages, e.g. 'and', 'or', 'many' etc., see section 4.3)
and the elimination of punctuation. Doing this the given query would lead to a final
query consisting of the following terms: 'inhabitants London'. In this step it is believed
to have a great added value from the Visual Query, because the user can see which
terms are finally used for searching, as beside the search terms the directly related terms
are also taken into account, when calculating the ranking. This way it should be much
clearer for the user to derive why some documents were found. The two meaningful
terms extracted from the original query are used for crawling the WWW (see e.g.
[Turau 1998] for an overview on crawling agents) and sent to the different sources, e.g.
search-engines, chosen by the user, to retrieve a first result. From these results the
crawling agents excerpt the links, which are then the basis for further crawling. The
results coming from the crawling agents are given to the ranking assistant, which
calculates a number, describing how well a document found by the crawling agent
matches the query. Numbers range from 0 to 100, whereby 0 means no match at all and
100 means best match possible. Documents above a ranking value of 75 are very good
documents thinking in terms of satisfaction from the user's point of view. 75 means that
at least in one part of the document all query terms occur.
These ranking values are calculated using a semantic analysis algorithm in the
background. Documents found are represented in a meta description, consisting of
information about segments (which are usually similar to the sentences) and their
description in the knowledge base (see section 4.4.4). The query itself is also put in such
a meta description. This way, the system has a basis for the comparison of the query and
the document. The matching itself is done segment by segment. That is to say that a
value for each segment is achieved hereby. This set of values is called the detailed rank
(dR). The values of this detailed rank are used for the visualisations, e.g. the relevance
curve in the result table or the various representations in the segment view. The final
ranking value (see Formula 4-2) is then calculated, taking into account the mean value
of all segments and the maximum value reached in one or more segments. The
maximum value gets a higher weight in the final calculation than the mean, to make
sure that documents containing all query terms (from the system generated query) in the
same segment are ranked higher than documents containing the query terms in a loose
order and spread all over the document.

])[max(*)100(
][*

segmentdRn
gmentnumberOfSe

segmentdRn
globalRank −+= ∑

Formula 4-2: Natural Language Ranking (here n=25)

This way, to calculate the overall relevance of a document can be compared to a
Boolean 'AND' with a 'NEAR' proximity operator. The crawling agents will also find
documents containing only some terms of the original query, having a much smaller
value for the overall ranking value. This means an 'OR' compared to systems using
Boolean logic (see Figure 4-45).

255 In contrast to artificial query languages like SQL where a query looks similar to "select from X
where Y", the natural language query formulation is expressed in the "user's language".
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MaxVal-n

MaxVal

OR

AND

Figure 4-45: AND, OR with Natural Language (here n=25)

At the moment, there is no indication of this for the user, but this could be done in a
future version of the system, e.g. as a representation in a scale. Hereby studies saying
that the Boolean logic is too complex to most users shall be taken into account when
designing this scale. [Shneiderman, Byrd, Croft 1997] for instance, propose to use a
verbal description, e.g. 'contain all words', 'contain one or more words', and so forth.
This approach is different from the approaches described in section 4.2, the similarity is
measured by comparing the different levels of the meta description. E.g. a high value
for a detail rank is reached if the segments are identical, but if for example just one atom
of the query segment matches a segment in the document, the detail rank gets a lower
value. Also the system takes advantage of the KB by using the relationships. A term that
is very much related to another term, but not itself present in the target segment, will
also get a percentage of the maximum rank value, depending on how many nodes of
relations lay between the original and the related term.

4.6.2 Concept Query
The Concept Query has been designed with the aim to give the user a higher level of
influence and interaction, defining his information need. The Concept Query is not seen
as a possibility for beginners in searching, but for advanced users. The idea behind this
is that the user himself defines how important the different query terms are for the
satisfaction of his information need. Therefore the user weights the different concepts of
his query. Speaking of query it is meant that the terms used are concepts defined in the
KB. The user can select such a concept from the KB by using the Visual Query (see
section 4.5.3), not in the sense of an interactive query expansion (not at first sight) but
to gain access to the concepts stored in the KB.
The principle design of the Concept Query is the same as the Natural Language. The
difference is the weighting and the use of the concepts. The Concept Query algorithm
comprises four steps:
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1. Calculation of the detailed rank (dR) for each segment: this includes a normalisation of
the concepts found (numberObj).

∑=
numberObj

yTermweightQuer
segmentdR ][

2. Adaption of the detailed rank as by design neighbour segments could also be relevant.
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3. Including a proximity factor (nearValue). MAX_VAL is the maximum ranking Value
(here 100).
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4. Calculation of the final rank. n is the factor how much influence the best ranked
segment has on the overall result (here 25).

])[max(*)100(
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segmentdRn
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segmentdRn
globalRank −+= ∑

Formula 4-3: Ranking for the Concept Query

Depending on the weight selection the final ranking value for the documents differ. As
in the Natural Language algorithm, the overall ranking value is derived from the
detailed rank value, calculated for each segment (step 4).
Figure 4-46 shows a comparison of the two Concept Queries ranking using the
visualisation of the relevance curve. The relevance curve is a visualisation of the
detailed rank. The visualisation shows the whole document length normalised, each
vertical line (bar) symbolises the relevancy in that document section. Hence a sequence
of high bars shows that this document section is highly relevant. The query terms were
"University Project". In the first case a weighting of 100% for University and 50% for
Project was defined, in the second case all weighings were set to 100%. The document
that was matched was a page presenting the INSYDER project from the University of
Konstanz point of view. As can be seen, the segments are differently ranked depending
on the weighting. In the first case, those segments are in the focus where the segment
deals with University, while in the second case, such an distinction can not be made.

Concept University 100, Project 50

Concept University 100, Project 100

Figure 4-46: Comparison of the relevance curves of the different ranking types

It has been said that the Visual Query (see section 4.5.3) is the GUI for the Concept
Query. From the Visual Query the concepts included in the KB can be easily obtained.
A concept always starts with a capital letter and in the graph view, the concepts are
shown on hierarchies beneath the second level (see Figure 4-47). Without such a tool as
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the Visual Query the Concept Query would not be useful at all, as the user had to guess
what concepts could exist in the database. In Figure 4-47 it can easily be seen that
CommitSuicide is the concept for the term suicides and using the context menu to define
the weight of this term it has been chosen to give it a full weight (marked by the three
plus signs).

Figure 4-47: Visual Query showing a part of the graph window for the term suicides256

Figure 4-44 shows the Visual Query dialogue for the Concept Query formulation for
TREC topic 434 Estonia economy. As Economy has been selected last this concept
appears in red in the graph window, its related concepts are shown in the tree view.
A small study with four257 selected TREC topics (see section 5.2.5) leads to the
conclusion that the Concept Query Ranking does not perform better than the Natural
Language algorithm, when not taking advantage of the weighting possibility (that is to
say the weighting is 100% for each concept). This is contrary to earlier assumptions that
the precision could be increased by the Concept Query [Reiterer, Mußler, Mann 2000].
Details of this study are explained in section 5.1. As an example (Visual Query as GUI)
to Figure 4-51 show a comparison of the Natural Language ranking algorithm and the
Concept Query. In Figure 4-49 and Figure 4-50 the relevance curve of the two ranking
algorithms are shown, the most relevant segment is marked with the circle. As can be
seen the Natural Language weights the end of the document less than the Concept
Query. Also the Concept Query gives a clearer representation of the distribution of
relevant segments, e.g. it can be seen that the Natural Language tends to give many
segments over the whole document a little weight, whereas the Concept Query is more
precise. Figure 4-51 shows the original TREC document of Figure 4-49 and Figure
4-50. This document has been rated as relevant by the TREC referees for the query
about airport security. The key sentence why this document is relevant has been marked
in grey. Related concepts for this query are shown in Figure 4-48.

256 This term was chosen as it is a TREC topic (#424)
257 It was only four TREC topics chosen as the appropriate query terms can be presented as concept

query terms.
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Figure 4-48: Visual Query for TREC topic 412

Figure 4-49: Relevance Curve for the Natural Language Ranking of TREC topic 412

Figure 4-50: Relevance Curve for the Concept Query Ranking of TREC topic 412
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FBIS-LAT-94-054 Document Type:Daily Report 18 Mar 1994 Bolivia 

COB, Indian Group Criticize Gore's Visit 

PY1803203494 Madrid EFE in Spanish 1834 GMT 18 Mar 94 
PY1803203494 Madrid EFE Language: Spanish Article Type:BFN 
[Text] La Paz, 18 Mar (EFE) -- Expressing their position in 
defense of coca, the Bolivian Labor Federation (COB) and the 
Tahuantinsuyo Authentic Indian Front (FIAT) today labeled the 
stopovers U.S. Vice President Al Gore will make in the La Paz 
and Santa Cruz airports as "non grata." Gore, his wife, and 
official delegation are making their first trip to several South 
American countries. They will make a five-hour stopover in 
Bolivia on 20 March en route to Buenos Aires, Argentina. Union 
leader Toribio Hinojosa said: "Mr. Gore's visit would be fine if 
he came to make a commitment to stop the forced coca 
eradication, but we know he comes to increase pressure for the 
continuation of coca destruction." The FIAT issued a communique 
in which they say the U.S. Government and vice president are 
"enemies of the sacred coca, and he is coming to eradicate it." 
The greatest advantage will be taken from Gore's five-hour stay 
in Bolivia on his way to Argentina. Official reports state that 
he will be declared guest of honor in La Paz and Santa Cruz, 
even though he will not visit those cities. Local officials are 
preparing a folk music show of the Altiplano and the tropical 
regions, and will give him presents. During the 45-minute flight 
from La Paz to Santa Cruz, Gore will meet with Bolivian
President Gonzalo Sanchez de Lozada and his Bolivian counterpart 
Victor Hugo Cardenas. Vice President Gore will also meet the 
Bolivian Government economic team in the Santa Cruz Viru-Viru
Airport. The Bolivian Government and the U.S. Embassy are 
working on the final details of Gore's arrival in the midst of 
strict security measures at the airports of the two cities. The
highway from La Paz to Lake Titicaca will be closed for about 
three hours and security will be strengthened at the two 
airports to guarantee Gore's security. Gore will leave the La 
Paz El Alto international airport, located about 15 km from 
downtown La Paz, for Achica Abajo -- by Lake Titicaca -- which
is the town where Bolivian Vice President Cardenas was born. He 
will return to the airport and leave for Santa Cruz. The signing 
of several agreements between the two governments was also 
announced and, if time allows, a brief meeting with the media at 
the Santa Cruz airport will be held.

Figure 4-51: Original document (TREC document number FBIS3-11290, relevant for TREC
topic 412)

4.7 Classification and Clustering
Classification and clustering are both methods to structure the information space and
shall therefore be discussed together in this section. "All classifications, even the most
general are carried out for some more or less explicit 'special purpose' or set of
purposes which should influence the choice of [classification] method and the results
obtained."258 [Rijsbergen 1979] identifies for example as potential purposes faster
retrieval or the automatic construction of a thesaurus. However Rijsbergen sees
clustering as a classification method in IR, thinking of classification as the process by
which classificatory systems are constructed, focusing on automatic classification.

258 Macnaughton-Smith, cited after [Rijsbergen chapter 3]
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Within this work classification and clustering are defined as two different methods.
While the clustering describes the structuring by features which are derived from
analysing a set of documents (e.g. belonging to the same topic), the classification of
documents is the organisation by given internal or external features (e.g. size of
documents, language etc.).

4.7.1.1 Classification
As classification is the grouping using pre-defined classes, it becomes clear that this is
an inherited method from library management and research. In this sector classification
has been used for longer to hasten the retrieval process. An example is "The Dewey
Decimal Classification", by Melvil Dewey (published 1876), a library classification
system used in more than 135 countries, translated into 35 languages.259 Library
material is classified and catalogued by subject. It is divided into ten major divisions,
which break down into one thousand subdivisions. The classification is hierarchy based,
an example is the following:260

600 Technology (Applied sciences)
630 Agriculture and related technologies

636 Animal husbandry
636.7 Dogs
636.8 Cats

Another well known example for a widely used classification is the International Patent
Classification (IPC). The IPC is divided into six sections, marked with a letter (e.g. A is
HUMAN NECESSITIES, B is PERFORMING OPERATIONS, TRANSPORTING),
each section is divided hierarchically into further subsections. As these subsections are
very specific (see Figure 4-52) and international, retrieval is very well supported.

Figure 4-52: Example of the IPC

WebClassifier is an example for a classification technique by content. Determining from
the words appearing on the WWW page and on the basis of judgement rules the page is

259 http://www.oclc.org/dewey/about/index.htm [2001-06-25]
260 OCLC provides a comprehensive overview on the classification, see http://www.oclc.org/dewey

[2001-06-25]

http://www.oclc.org/dewey/about/index.htm
http://www.oclc.org/dewey
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categorised in a pre-set scheme. E.g. the web page from the MIT is categorised as likely
to be educational and to deal mostly with scientific research, information technology,
engineering, high tech and so on (see Figure 4-53).

Figure 4-53: WebClassifier of J-Space261

[Attardi, Marco, Salvi 1998] describe an approach for an automatic categorisation by
context method. Instead of taking the information for the categorisation from the
document itself (classification by content), the classification by context uses the HTML
structure of WWW documents. Contextual information of documents is derived from
the analysis of the structure of referring WWW documents. A test with a subset of the
Yahoo! catalogue was undertaken to determine the quality of this classification
method.262 The authors state that in most cases exactly the same categorisation as the
original Yahoo! category was obtained, in a few cases even better results have been
obtained by placing documents in more specific subcategories, also the performance is
satisfactory [Attardi, Gulli, Sebastini 1999]. The approach is implemented in the
Theseus classifier.263

4.7.1.2 Clustering
“Cluster based retrieval has as its foundation in the cluster
hypothesis, which states that closely associated documents tend to be
relevant to the same requests.” [Rijsbergen 1979, p.80]

Two types of clustering have been researched in the context of IR systems: clustering of
documents usually on the basis of the terms they have in common and on the basis of
the documents in which they co-occur [Willett 1988]. All clustering methods have in
common, that they are somehow based on similarity measurements (see section 4.2.2)

261 http://www.J-space.com
262 The Yahoo! catalogue as an example for a nearly perfect classification, as WWW documents are

classified manually.
263 http://medialab.di.unipi.it/Project/Theseus/Teseo/ [2001-06-27]

http://www.J-space.com
http://medialab.di.unipi.it/Project/Theseus/Teseo/
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of pairs of objects (documents or clusters of documents).264 Example use of clustering is
the structuring of search results, to provide an overview of the results, being easier to
process than a flat list of documents [Hearst, Pedersen 1996]. In the following two
examples for clustering applications are described. Scatter/Gather as an approach from
the document retrieval context and Grouper as an illustration for an application
developed for the WWW.
Scatter/Gather as described by [Cutting, Pedersen, Kargen et al. 1992] is a two step
dynamical clustering technique . Each search step is divided into two phases: during the
Scatter phase the resulting document set is divided into a given number of clusters and
the user is shown a representative for each cluster. In the Gather phase the user has to
choose one or more clusters he is interested in. These chosen clusters are then the basis
for the next search step. Each cluster is represented by a separate area (see Figure 4-54).
Each cluster (cluster 0 to cluster 9) is presented with typical words (cluster 0: cell,
patient, dose etc.) that occur in the text contents of documents in a cluster, as well as the
titles of the three most representative documents (e.g. cluster 0 Early results in hospital
patient study). Because of the gather phase this system may also be seen as an example
for the development of a relevance feedback system.265

Figure 4-54: Clustering with Scatter/Gather [Pirolli, Card 1995]

Grouper [Zamir, Etzioni 1998] is a clustering system using the results of
HuskySearch266 based on the search system metacrawler267 (see Figure 4-55). The
clustering is done following the Suffix Tree Clustering Algorithm. Its advantages are
that it is rather fast, that it can deal well with "snippets" of documents, that an
overlapping is possible (organising the same document in different clusters) and that it
works incrementally (as soon as a web document or "snippet" arrives the clustering
process is started). The clustering works in three steps: cleaning the documents

264 See [Willett 1988] for an in-depth review of cluster analysis research.
265 For a further discussion, see also the comprehensive site of Marti Hearst

http://www.sims.berkeley.edu/~hearst/sg-overview.html [2001-06-26]
266 http://www.cs.washington.edu/research/projects/WebWare1/www/metacrawler/ [2001-06-26]
267 http://www.metacrawler.com [2001-06-26]

http://www.sims.berkeley.edu/~hearst/sg-overview.html
http://www.cs.washington.edu/research/projects/WebWare1/www/metacrawler/
http://www.metacrawler.com
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(removing tags, stopwords and so on), identifying base clusters (build up a base tree,
assigning a score) and as a last step combining the base clusters (merge the base clusters
with a high overlap in their base clusters).

Figure 4-55: Search for insyder with the Grouper Search System268

4.7.1.3 Classification in INSYDER
The objective of the classification as proposed for the INSYDER system, is to provide
the user with additional information about the results and in particular about the
documents found. Studies show that users are not confident being presented with long
lists of search results [Pollock, Hockley 1997], [Nielsen 1997], [Zamir, Etzioni 1998],
[Gudivada, Raghavan, Grosky 1997], [Choo, Detlur, Turnbull 1999]. One way to
overcome this problem is to use Information Visualization methods for displaying
search results (see section 4.5.2). Meta-information as for example demanded by [Rao,
Pedersen, Hearst et al. 1995] can play a vital role when analysing documents "meta-
information is needed […] to support a number of other activities in an information
workspace including selecting, understanding, utilizing, and remembering sources and
their contents" [Rao, Pedersen, Hearst et al. 1995, p.33].
Depending on the kind of visualisation numerous attributes of a document can be

visualised. Document inherent formal attributes are more or less easy to obtain. These
comprise attributes like document title, length, date, URL, size in words or bytes etc.
The aim of the classification methods developed in the current work is to obtain meta-
information about the document to be able to build clusters. Therefore two types of
classifications have been developed, a content based and a formal based one.

44..77..11..33..11 CCoonntteenntt bbaasseedd ccllaassssiiffiiccaattiioonn
Unlike sequential text documents hypertext documents are characterised by contextual
units which are linked to each other. Such a contextual unit could be a whole document
or just a segment of it. Basically one can distinguish two types of WWW hypertext
documents, such acting as a Webliographie, meaning that the documents like a
bibliography contain links to publications, are built upon links to other WWW pages
and other documents consisting of text. With the increasing spread of interactive tools
for the WWW, e.g. like animated pages, this could be seen as a third category. However

268 http://zhadum.cs.washington.edu/zamir/cluster.html [1999-06-09]

http://zhadum.cs.washington.edu/zamir/cluster.html
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during the development of the content based classification these tools played a minor
role and were therefore not taken into account.
Also mixed forms of a Webliographie and just text are thinkable. For the present
development a Webliographie seemed to be too broad and has therefore been divided
into the two subclasses Bookmarklist and Catalogue. A Bookmarklist is defined as a
Webliographie where the links are mostly 'outer' links, meaning that they point to a
different server. On the contrary the Catalogue is defined as a Webliographie, where
most of the links point to links deeper in the hierarchy of the WWW site or in other
words 'inner' links. An example for a Bookmarklist is the list of bookmarks the user
creates using a browser, to have a way to remember relevant pages. Such a list of
bookmarks are user dependent, it is him who adapts them. On the other side a
Bookmarklist as it is defined here can be diverse, e.g. containing the published
bookmarks of a user or a collection of topic related sites. The search results of a search-
engine are a typical example for a Bookmarklist for a specific topic. An example for a
catalogue is the structure of Yahoo!. The homepage provides an entry point for various
topics which are themselves structured, describing the contents of the lower hierarchy
levels.269 Not until the deepest level of this structure is the user confronted with a link to
a Yahoo! external WWW page. The user can browse the internal catalogue until he
finds a relevant link. As a Bookmarklist a Catalogue can contain various information.
Summarised it can be said that the main distinction between a Bookmarklist and a
Catalogue are the hierarchy levels, while a Bookmarklist has one hierarchy level the
Catalogue is structured on more than one level.
Beside the classification as a Bookmarklist and Catalogue, a Mixed Linklist and
Text/Images are foreseen. Hereby a Mixed Linklist is seen as a hybrid of a
Webliographie and Text/Images. A typical example is a text containing many inner and
outer links within a descriptive text, hereby the hyperlink aspect is in the focus.
Text/Images are defined as anything not falling in the previous categories.
For the classification the relation of inner and outer links270 and amount of text are
analysed and compared to the findings of studies, describing a standard web page [Bray
1996], [Fagrell, Sørensen 1997]. The algorithm (see Figure 4-56 for the pseudo code)
behind is rather simple, determined by the number of inner and outer links in a
document it is put in the various categories.271

269 Here a good comparison from a classical categorisation is the IPC (see section 4.7.1.1).
270 Mailto is assumed to be neutral (neither inner nor outer link).
271 An extra are very large documents (>500KB), these are for performance reasons not analysed, here

the category entry is Large document. Also framesets are categorised as framesets, as the HTML
code defining the frameset usually does not provide any helpful information about the content, as
its content is stored in various other HTML files linked to the frameset. Another reason was that
the internal browser of the INSYDER system is not able to display these framesets appropriately,
because the links to the related files are broken.



Page 133
Information Retrieval techniques for retrieving Business Information from the WWW

Check size of document

Check frameset
Analyse HTML document

Calculate inner links
Calculate outer links

Calculate follow links  /* text in between or not? */
Analyse ratio

If (numberOfLinks > 20)

IsWebliographie
If (numberOfInnerLinks > numberOfOuterLinks && 

2*NumberOfFollowLinks < numberOfLinks)
IsBookmarklist

If (numberOfInnerLinks < numberOfOuterLinks && 
2*NumberOfFollowLinks < numberOfLinks)

IsCatalogue
If (numberOfInnerLinks +/- numberOfOuterLinks)

IsMixedLinklist
Else

Is Text/Image

Figure 4-56: Pseudo Code for the content based classification

The outcomes of this classification are best viewed with a visualisation like the
Scatterplot (see 3.3.2). Figure 4-57 shows an example. In both figures only the
visualisation of the result set focusing on the content based classification is shown. The
result table on the left is sorted by the relevance to show the view the user gets at first
when the result set is returned, while the view on the right shows the Scatterplot, where
the user has chosen to show the relevance of the documents depending on the content
based classification. As can be seen easily in this view the Catalogue types provide the
most relevant documents, followed by Text/Images and Bookmarks.



Page 134
Information Retrieval techniques for retrieving Business Information from the WWW

Figure 4-57: Content based classification in the Result Table (top) and the Scatterplot view
(bottom)

44..77..11..33..22 FFoorrmmaall bbaasseedd ccllaassssiiffiiccaattiioonn
The formal based classification takes a formal criteria, the URL of a document, to
determine its source. Within this work this is referred to as the servertype of the
document. The servertype is especially useful for business decision makers as they can
see at first sight what kind of source the document is coming from. E.g. using a
servertype definition containing competitors, the user can determine at once that the
document is from a competitor, without knowing the web address of the competitor or
its name. As it had been said INSYDER is by design a content based system with the
requirement to have a post within the company to keep up with the content. This is also
true for the servertype definition. The idea is that the user should not care about these
things but that they are provided, e.g. by an information department (see also section
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3.3.1). The formal based classification within this work is therefore a half-manual one,
as it relies heavily on the servertype definition. The servertype definition is a simple text
file with an easy to apply format, containing a look-up table for the URL and
description entries. As the format of the servertype definition is very flexible, so also is
its use, e.g. easy adaptable to domains. One possibility is to determine the country of
origin (see Figure 4-58), or for a business use to have a classification e.g. like:
competitors, market review, newspapers, events, technical resources and so forth.
Figure 4-58 shows two examples with parts of the servertype definition file.

[Afghanistan]

.AF$;
[Albania]

.AL$;
[Algeria]

.DZ$;
[AmericanSamoa]

.AS$;
[Andorra]

.AD$;
[Angola]

.AO$;

[Anguilla]
.AI$;

[Antarctica]
.AQ$;

[AntiguaandBarbuda]
.AG$;

[Argentina]
.AR$;

[…]

[Events]

www.cadcamnet.com$;
www.clr.toronto.edu:1080$;

www.power.org$;
www.mcadcafe.com$;

www.asme.org$;
[…]

[Entreprise news]

www.zdnet.com$;
ktx.com$;

[…]

[CAD-CAM Tools]

www.architectural-
detail.com$;
[…]

[AutoLISP Resources]

www.jumbo.com$;

www.access.digex.net$;
[…]

Figure 4-58: Servertype definition for country of origin (left) and for the CAD/CAM context (right)

The resulting classification allows the user to structure the result set according to the
categories identified. In the CAD/CAM example using the sort function of the result
table (see section 3.3.2) the result set could be structured in Events, Enterprise news,
CAD-CAM Tools and AutoLISP Resources. Also using the other visualisation in
particular the Scatterplot becomes extremely helpful, when analysing a result set as one
axis can for example be defined as the servertype and the other as the relevancy, as it
has been done with the content based classification (see Figure 4-59). This way the user
can see right away (depending on the servertype definition), whether the highest ranked
documents are documents from competitors or governmental reports etc. As in the
example of the content based classification here is also the result table and the
Scatterplot shown. The result table shows the initial view the user gets, while in the
Scatterplot the axes are defined by the user, showing the dependency of the relevancy of
a document on the server type. As can be seen from the Scatterplot the most relevant
documents (and also the most documents) come from CAD related commercial press
archives.
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Figure 4-59: Formal based classification in the Result Table (top) and the Scatterplot (bottom)
view

4.8 Relevance Feedback

4.8.1 Background
The Relevance Feedback process is a controlled automatic process for query
reformulation [Salton, Buckley 1990]. The objective is to do a query alteration to move
the query in the direction of relevant items, away from the nonrelevant ones [Salton,
Buckley 1990]. User Relevance Feedback can be seen as an interactive process, where
users are encouraged to use their domain knowledge to generate more comprehensive
queries [Back, Oppenheim 2001]. Relevance Feedback is a commonly accepted method
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of improving the retrieval effectiveness [Buckley, Salton, Allan 1994], [Koenemann,
Belkin 1996]. However [Croft 1995] puts it in an own assessment of ten issues about IR
on the last position.
Relevance feedback is characterised by the inclusion of a relevance judgement of the
user in the query formulation and can therefore be seen as an instant of the query
expansion (see section 4.5.3). Starting from an initial query and the resulting
documents, the user judges some of the returned documents as relevant. The retrieval
system then automatically derives from these judgements a new query, which is sent to
the retrieval system. Relevance Feedback for vector based system (see 4.2.2) bases on
Rocchios algorithm, a more general form with weights ( γβα ,, ), including the initial
search terms (Qo), is proposed by [Salton, Buckley 1990] (see Formula 4-4).
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Formula 4-4: General relevance feedback formula [Salton, Buckley 1990, p.356]

One of the first search-engines to provide a relevance feedback was AltaVista with the
REFINE system (see Figure 4-60). However this tool is no longer available within the
AltaVista retrieval system.

Figure 4-60: The Refine Relevance Feedback system as used in AltaVista

4.8.2 Relevance Feedback with Concepts
The INSYDER's retrieval functions base very much on the KB (see section 4.4.4). This
KB is used for the suggestion of terms for a new "relevance feedback query". As
INSYDER does not base on a vector space or probabilistic model (see [Salton, Buckley
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1990] for appropriate algorithms), a new way to derive feature terms for the Relevance
Feedback had to be found. The KB has already been described in detail within the
context of the Visual Query (see section 4.4.4). Having the whole system based on that,
it lays near to use the KB also for the Relevance Feedback. Especially thinking of a
domain specific information need, its ability to be adaptable to certain domains
promises a more distinct query formulation than the initial query. As a conclusion of
this the feature terms describing the documents are defined as the concepts from the
KB. [Koenemann, Belkin 1996] propose as a result of several user tests with Relevance
Feedback that the query created by the Relevance Feedback should be made transparent
to the user, so that the user is able to revise queries in an iterative process. Therefore it
has been decided to give the user suggestions for terms for the Relevance Feedback.
Also it could otherwise be possible that documents found (using a fully automatic
relevance feedback) were too broad (low in precision), covering too many different
subjects. The user interface for this is the Visual Query as described in section 4.5.3.
Instead of using it for the initial query step the Visual Query is involved after the user
has judged some documents as relevant or irrelevant and the system proposed from this
judgements a new query. Hence the INSYDER Relevance Feedback is an Interactive
Relevance Feedback, meaning the use of judgements made by the user about documents
(like, dislike) to derive from these new query terms, which are suggested to the user,
who can then decide to eliminate some of the concepts proposed. This approach seems
reasonable as studies found that "although the system can find useful thesaurus terms
through the query expansion process, terms explicitly selected by users are valuable"
[Beaulieu 1997, p.18].
The first approach was to extract the feature concepts of the judged documents. For
each document the user has the possibility to judge its subjective relevance (see Figure
4-61), by using the drop down box in the result table. [Back, Oppenheim 2001] report of
an own study where they found that the best performance of the relevance feedback
query expansion is reached when the users were asked to mark a relevant passage within
a document, the least effective was the use of a check-box to obtain the judgements,
within the two performed a degree specification (highly relevant, partially relevant, not
relevant). For the INSYDER an up and down thumb metaphor is used, where the user
can either choose that a document is relevant, not relevant or that it is neutral.
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Figure 4-61: User judgement of documents for relevance feedback

Using the context menu entry More Like This of the Sphere-Of-Interest view (see
section 3.3) the user then initiates an additional query. Meaning that an analysis of the
positively or negatively judged documents is made, extracting from each document
those concepts describing it best. Hereby best describing means that this concept occurs
most often in a document. As the concept 'ProperName' might occur several times
derived from different nouns (e.g. Smith, Hull, Clarke would be three times the concept
proper name), these concepts are ignored, the same applies for concepts like numbers
etc. and verbs. The remaining concepts are ordered according to their frequency. The
frequency itself is calculated using a positive and a negative weight. Concepts from
documents judged as relevant are added while negative concepts are subtracted (see
Formula 4-5). A negative thing about the fact that proper names are eliminated is that if
a document e.g. is about the biography of a special person, the person's name will never
occur in the Relevance Feedback query. As it was not possible for technical reasons to
get the real name of the concepts (e.g. instead of ProperName - Smith), the classical
approach of text analysis has also been tried. Therefore the Porter algorithm for English
documents [Porter 1997] has been used beside the elimination of stopwords to get the
feature terms of the documents. Using the Porter algorithm the principle forms of all the
words in the document can be derived. By calculating their frequency and the re-
translation to the original term, proper names can also be included in the Relevance
Feedback query. A mixture of these two algorithms has been used to get the best out of
the two of them: by the concepts the user widens his view of things, by using the
classical approach the proper names have not to be sacrificed. Still a result was that the
use of the two algorithms is very time consuming (particularly the classical algorithm),
so that in a first instance only the concept algorithm is provided instead of the hybrid
version of both of them, however giving the user the option of using both of them, if he
wants to (e.g. for a second refinement step). A last step in the creation of the query
terms from the concepts is their alteration from concepts to terms. The concepts in the
KB are often presented as composite terms written in one word, e.g.
$TemperatureMeasure. As these are not useful as an entry point for search-engines they
are broken down to single terms (e.g. Temperature Measure). The query terms created
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are presented to the user in the Visual Query (see section 4.5.3). The user has the
possibility to have an overview or detailed view of the feature concepts and terms as
described in section 4.5.3. [Beaulieu 1997, p.18] points out that the number of
"candidate terms for query expansion play a crucial role in term selection by users."
and suggests using the top twenty terms. [Harman 1992a] also discusses the number of
terms and hypothesises that the use of 20 terms for the expansion was valid for
collections with similar-sized documents. Within the INSYDER system this number has
also been proven to be a useful and feasible number of concepts to overview.
Figure 4-62 shows an example of the result of the Relevance Feedback for a query
about CAD prototyping. The user has chosen the relevant documents (see Figure 4-61)
with the combo box in the result table and initiated the Relevance Feedback by selecting
More Like This from the Sphere-of-interest context menu and choosing the option to
include also terms derived by the document analysis and not only the concepts. The
screen shows the overall resulting terms, with the user having already deleted the terms
he does not like (however these are still visible in the original text entry field on the top
of the Visual Query screen).

Figure 4-62: Visual Query with terms selected by the Relevance Feedback

Formalised the proposed and implemented Relevance Feedback for the INSYDER
system can be described as follows: A document is defined by a number of feature
terms doci =(fi1,fi2,..,fin). The user judges the documents as relevant or irrelevant.272

]20..1[ with =−= ∑∑
−

jffft
relevantnon

i
relevant

ij

Formula 4-5: Proposed Relevance Feedback with Concepts in INSYDER

272 If the user only classifies documents as irrelevant an error message will occur, asking him for at
least one relevant document.
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An evolution of the Relevance Feedback and the interactive query expansion would be
to use colour-coding to indicate the source of the added term (e.g. derived from the KB,
added by user or from the classical text analysis), as proposed by [Beaulieu 1997]. Also
the integration with the other visualisations of the INSYDER system, the Scatterplot,
the Barchart and the TileBars seems to be necessary as at the moment the user has only
in one view the possibility to use the Relevance Feedback option. So if he examines a
document on the detail level of the TileBars view, he has to make a "break" in the use of
the system by going back to the initial result table.

4.9 Information Retrieval and Software Agents
"[…] he points out that we will soon be living inside vast networked
'information utilities' and will require an intelligent assistant to find
resources useful to us. A retrieval tool won't do because no one wants
to spend hours looking through hundreds of networks with trillions of
potentially useful items. This is a job for intelligent background
processes that can successfully clone their users' goals and then carry
them out." [Kay 1990, S.203]

4.9.1 Overview
Reviewing literature a variety of definitions, theories, classifications, languages and
implementations of software agents have been proposed.273 Common is the objective to
support people dealing with the increasing volume and complexity of information and
technology resources.

4.9.1.1 Definitions
Two approaches to define an agent have been attempted: one based on an ascription
made by authors and the other on the description of the attributes [Bradshaw 1997]. In
the following, examples for both are provided. [Wooldridge, Jennings 1995] discuss the
weak and strong usage of the term 'agent', also providing a comprehensive overview on
the subject. While a weak agent meets the weak requirements autonomy, social ability,
reactivity and pro-activeness, the stronger notion of agent implies the weak notion plus
an implementation of human attributes, like knowledge, belief, intention and emotion or
presenting them visually using icon-cartoons or animated faces. Mobility274, veracity,
benevolence and rationality are classified by [Wooldridge, Jennings 1995] as other
attributes discussed in the context of agency. [Nwana 1996, p. 209] defines an agent as
"referring to a component of software and/or hardware which is capable of acting
exactingly in order to accomplish tasks on behalf of its user. Given a choice, we would
rather say it is an umbrella term, meta-term or class, which covers a range of other

273 Within this work the terms agent and software agent are used vice-versa. Still knowing about
differences as e.g. presented in [Genesereth 1997, p.325f], [Caglayan, Harrison 1998]. The
discussion of intelligence is left out intenionally as this would lead to an open-end discussion,
defining intelligence. [Nwana 1996, p.210] gives a pragmatic statement "that a key attribute of any
intelligent being is its ability to learn".

274 Mobile agents are an extra class of agents. Static agents perform all their operations locally on a
computer, while mobile agents migrate (with their program code) to different network nodes,
operating there to achieve their objective, giving (mostly) some response or returning back to the
host [Zhang, Covaci 1998]. This presumes a base framework at the remote system, to allow the
mobile agent to execute within this framework [Schwemm 1998]. Several development platforms
for mobile agents exist, e.g. Voyager http://www.objectspace.com/products/voyager/, the Aglets
Software Development Kit by IBM http://www.trl.ibm.com/aglets/, Concordia by Mitsubishi
http://www.meitca.com/HSL/Projects/Concordia/Welcome.html (all [2001-07-02])

http://www.objectspace.com/products/voyager/
http://www.trl.ibm.com/aglets/
http://www.meitca.com/HSL/Projects/Concordia/Welcome.html
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more specific agent types, and then go on to list and define what these other agent types
are." [Genesereth, Ketchpel 1994] and also [Lingnau, Drobnik, Dömel 1995] focus on
the communication aspect: "An entity is a software agent if and only if it communicates
in an agent communication language like ACL" [Genesereth, Ketchpel 1994, p. 50]. As
characterisations of software agents they identify properties like veracity, autonomy and
commitment. [Shoham 1993] emphasises the aspect of an entity having mental
components, like beliefs, capabilities, choices and commitments. [Maes 1994] proposes
agents as a counterpart to the direct manipulation paradigm for human-computer
interaction,275 as a "personal assistant, who is collaborating with the user in the same
work environment" [Maes 1994, p.31]. In [Maes 1995, p.108] the authoress gives a
more specific definition of agents, focusing on the properties autonomy and adaptability
"Autonomous agents are computational systems that inhabit some complex dynamic
environment, sense and act autonomously in this environment, and by doing so realize a
set of goals or tasks for which they are designed." [Green, Hurst, Nangle et al.1997]
define agents as computational units acting autonomously on behalf of other entities,
performing actions at some level of proactivity and/or reactiveness and meet at some
level key attributes of learning, co-operation and mobility. [Brenner, Zarnekow, Wittig
1998] provide a classification of agent characteristics, dividing the properties into
internal and external properties. Thereby they classify reactivity, proactivity, task
oriented, autonomy and mobility as internal, while communication, co-operation and
co-ordination are seen as external characteristics and the character property is classified
both as internal and external.276 A variety of taxonomies for the classification of agents
exist, selected ones are presented in the following.

4.9.1.2 Taxonomies of agents

Preference Planning
LearningReasoning

User Interactivity

Appl. Interactivity

Agent Interactivity

Fixed

Mobile

Agency

Mobility

Intelligence

Threshold of Intelligent Agency

Figure 4-63: Classification of [Gilbert et al. 1995]277

[Gilbert et al. 1995] use a cube with the properties intelligence, mobility and agency
defining the sides (see Figure 4-63). Agents can then be classified according to the level
they meet these criteria. However the crossing of levels is continuous. [Brenner,
Zarnekow, Wittig 1998] propose a slightly different classification. They also span a
cube with mobility and intelligence as two axes, but have the number of agents as a
third dimension. This way a clear distinction of single and multiagent systems can be
made, taking into account their increasing importance. In a second step the authors use

275 See also the debate in [Shneiderman, Maes 1997], in which Shneiderman takes position for the
direct manipulation and Maes for the assisted (indirect management of agents [Kay 1990, p.203])
paradigm.

276 For a discussion of these properties see e.g. [Brenner, Zarnekow, Wittig 1998], [Pauk 1997],
[Bradshaw 1997a] or [Feldman, Yu 1999]

277 Image captured from [Pauk 1997, p.14]
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this schemata to classify existing examples of agents according to their task. Also
(among others) [Caglayan, Harrison 1998], [Kuhlen 1999] or [Millman 1998] classify
agents according to the task they are designed for (e.g. browsing,278 filtering and
watching,279 retrieval, transaction, communication, entertainment,280 personal
assistant,281 GUI agents, helper agents etc.). [Nwana 1996] identifies seven types of
agents. For his typology Nwana uses both architecture and design (static/mobile,
reactive/deliberative282), property (autonomy, learning and co-operation)283 and role
(information agent) concepts. As a result Nwana defines collaborative, interface,
mobile, information/Internet, reactive, hybrid and smart agents.

4.9.1.3 KQML as an example for an agent communication protocol
As can be determined from the definitions and criteria for agents, the communication
property of an agent is among the most important. Especially reactive agents have to
communicate with the entities on whose behalf they act and with their environment
generally. For the communication of agents, methods for the message exchange (e.g.
blackboards [Malone 1987]), and appropriate protocols used in agent communication
languages (ACL [Genesereth 1997], e.g. KQML [Finin, Weber et al. 1993] or FIPA284)
have been designed. Among these protocols KQML (Knowledge Query and
Manipulation Language) is best known. KQML consists of a number of performatives
(related to speech act theory), used to express an attitude about the content of the
message (assertion, request, query) [Finin, Labrou, Mayfield 1997]. KQML can be
thought of consisting of three layers: content (program's own representation language,
e.g. KIF285), message (identify protocol to be used, speech act, ontology, optional
features) and communication (sender, address details, definition of package), see Figure
4-64 for an example.

278 E.g. Letizia a user interface agent assisting web browsing [Lieberman 1995], see also
http://lieber.www.media.mit.edu/people/lieber/Lieberary/Letizia/Letizia.html [2001-06-29]. Let's
Browse is the current development of the system, see
http://lieber.www.media.mit.edu/people/lieber/Lieberary/Lets-Browse/Lets-Browse-Intro.html
[2001-07-04]. In this context [Zukerman, Albrecht, Nicholson 1999] describe the effect of using
Markov models on the prediction, which document a user is likely to be interested in next.
WebWatcher is also an agent designed to assist and provide personalisation while the user browses
the WWW, see [Joachims, Freitag, Mitchell 1997].

279 E.g. The Informant http://informant.dartmouth.edu/ [2001-07-02], see also section 4.3 and footnote
313.

280 E.g. Columbus, an implementation of an agent that plays the board game 'Settlers of Catan'
http://dent.infolab.nwu.edu/infolab/projects/project.asp?ID=17 [2001-06-29]

281 E.g. Zeus, a personal travel assistant
http://www.labs.bt.com/projects/agents/demos/screenshots/travel.htm [2001-06-29]

282 For the architecture of agents two basic ideas exist: reactive and deliberative architectures. While
reactive agents (e.g. [Brooks 1989]) are based on rules and have a strong interaction component
allowing them to act in a highly dynamical environment, deliberative agents (e.g. [Rao, Georgeff
1995]), are based on a symbolic model of the environment, have an inference component and are
planning-orientated.

283 These attributes Nwana sees as a minimum for entities to be called agents.
284 FIPA (Foundation for Intelligent Physical Agents), see http://www.cselt.stet.it/fipa/ [2001-06-30]
285 Knowledge Interchange Format, see e.g. [Finin, Labrou, Mayfield 1997], [Genesereth 1997]

http://lieber.www.media.mit.edu/people/lieber/Lieberary/Letizia/Letizia.html
http://lieber.www.media.mit.edu/people/lieber/Lieberary/Lets-Browse/Lets-Browse-Intro.html
http://informant.dartmouth.edu/
http://dent.infolab.nwu.edu/infolab/projects/project.asp?ID=17
http://www.labs.bt.com/projects/agents/demos/screenshots/travel.htm
http://www.cselt.stet.it/fipa/
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(PACKAGE
:FROM knuth
:TO yeti
:ID DVL-f007-11883w.84921848648
:COMM block
:CONTENT
(MSG
:TYPE query performative
:QUALIFIERS (:number-answers 1)
:CONTENT-LANGUAGE KIF
:CONTENT-ONTOLOGY (blocksWorld) ontology to be used
:CONTENT-TOPIC (physical-properties)
:CONTENT (color snow ?C) content of message, here in KIF, which colour has snow

)
)

Figure 4-64: Example of a KQML message286

4.9.2 Examples of software agents in IR
"Users are seeking guidance and organization in a chaotic, dynamic
information framework. They are in a process of exploration when
using the results of agents, since other mechanisms (i.e., hotlists and
personal pages) serve only the need for directed navigation."
[Eichmann 1994, chapter 4.4]

Within this section examples of research applications of agents used for IR tasks are
presented. As IR is closely related to information filtering (see section 4.3), also agents
with the objective not only to retrieve but also to filter information will be discussed.

4.9.2.1 Search-engines as information agents
With the ever increasing popularity of the WWW and its enormous growth, the lack of
having tools or catalogues listing the variety of resources to enable users to retrieve
information efficiently, led to the invention of search-engines for the Internet. Search
tools for Internet value-added services before the upcoming of the WWW have been
known for a long time.287 Catalogues for the WWW resources were created very early,
most of them were topic-related (nowadays Yahoo!288 is the most cited catalogue). An
early example of a comprehensive retrievable system is ALIWEB.289 Web pages have to
be registered (in a special format) with the system. ALIWEB then retrieves these sites
regularly to combine them in its database. Web wanderers290 (e.g. WWW worm) were
the first applications having a somewhat related approach.291 They have a common
objective namely the indexing of the WWW. Simply spoken they have three
components: a database to store WWW pages, a user interface component to be able to
query that database and a robot292 traversing the WWW, returning new or updated pages
to the database (which are then indexed), see e.g. [Schwartz 1998] for details. If the user

286 The words written in italic are comments by the authoress and not part of KQML.
287 Examples are netfind, X.500, HyTelnet, whois, archie, gopher, wais basing on a Unix like

command language, Xarchie, Xwais etc. are the improved version using a GUI. For a
comprehensive overview on history of these tools, use and background see [Scheller, Boden et al.
1994]

288 http://www.yahoo.com [2001-06-30]
289 http://aliweb.emnet.co.uk/
290 Other names were worms, (soft)bots, robots, wanderers, spiders etc. aiming to express the process

of traversing the WWW. Meanwhile the term search-engine has been widely adapted.
291 [Bekavac 1996] presents an early comparison of WWW search-engines and catalogues.
292 See http://www.robotstxt.org/wc/active/html/index.html for a list of robots currently known and

http://www.robotstxt.org/wc/robots.html for a general overview. [2001-07-01].

http://www.yahoo.com
http://aliweb.emnet.co.uk/
http://www.robotstxt.org/wc/active/html/index.html
http://www.robotstxt.org/wc/robots.html
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searches with a search-engine, the database is queried. The system then returns the
matching documents as a ranked list. Especially the indexing and the matchmaking
processes use many methods from the field of traditional293 IR (see sections 4.2 and
4.3). Since the first appearance of search-engines a terminological confusion has risen.
It has become common to speak of search 'agents', information agents, Internet agents,
meaning search-engines294 or meta search-engines295 e.g. [Caglayan, Harrison 1998],
[Brenner, Zarnekow, Wittig 1998]. [Kuhlen 1999, p.202] declares search-engines as
prototypes for technical information assistants. Regarding the required properties for
agents (see section 4.9.1) the application of the term agent seems only appropriate for
the robot component, as being an agent in the sense of the weak notion of [Wooldrige,
Jennings 1995], acting autonomously traversing the WWW, communicating with and
reacting on its highly dynamic environment (the WWW, e.g. "dangling links" [Schnupp
1992, p.91]296), acting on another entities behalf (which implies the communication).
E.g. authors like [Nwana 1996, p.211] explicitly classify these as information or Internet
agents: "This category […] exploits internet search engines such as WebCrawlers, […]
help manage the vast amount of information in wide area networks like the internet."
Early examples for these crawlers are the RBSE Spider [Eichman 1994a] and the
MOMspider [Fielding 1994]. However Nwana points out the fact that strictly speaking
these spiders are not agents as no learning is involved. Stressing the factor to work on
users' behalf and not the Artificial Intelligence (AI) point of view, justifies the use of the
term agent (still in this case the term assistant seems to be more appropriate,297 see e.g.
[Kuhlen 1999] for a comprehensive discussion of information assistants with examples).
As a conclusion of the former within this thesis the terminology will follow the
proposals of Nwana and Kuhlen, depending on the agenthood of the entity referred to.

4.9.2.2 Information agents for the WWW
[Haverkamp, Gauch 1998] provide a taxonomy of information agent systems,
differentiating query and user-based systems and in a lower hierarchy mediated and
non-mediated systems. However the authors explicitly distinguish between information
agents for database IR and intelligent search agents for the WWW and have built the
taxonomy for agents for database IR. This differentiation seems artificial as many
examples use both similar agent types and methods (e.g. searching the WWW mostly
involves some type of database management) as can be seen in the examples below.
[Davies, Weeks, Revett 1995] describe JASPER (Joint Access to Stored Pages with
Easy Retrieval), as an information agent system acting on users' behalf to store, retrieve,

293 In the sense of research on traditional IR systems, e.g. searching online databases.
294 Well known examples are AltaVista, Lycos, Google, Excite and the like. For actual developments

in the field of search-engines, descriptions, reports on performance and scope, see Sullivan's
searchengine watch http://www.searchenginewatch.com [2001-07-01]

295 A meta search-engine presents one query interface, searches in a number of single search-engines,
combining the results from these and presenting them as one result list to the user [Sander-
Beuermann 1998]. The most popular examples are MetaCrawler
http://www.metacrawler.com/index.html, MetaGer http://meta.rrzn.uni-hannover.de/, Mamma
http://www.mamma.com/, Profusion http://www.profusion.com/. Meta search-engines are not to
be mixed up with sites just providing access to a number of search-engines, e.g. http://www.hyper-
search.com/, http://metasearch.langenberg.com/. See [Sander-Beuermann, Schomburg 1998] for a
discussion and criteria of 'real' meta search-engines. (all [2001-07-04])

296 [Kuhlen 1995, p.104] refers to the same effect as 'tangling link'. Both expressions describe the
effect that the link which is referred to, does not exist (e.g. the well-known HTTP error code 404).

297 Authors like [Marais, Bharat 1997] refer to their systems rather as assistants than as agents "to
avoid raising expectations" as they do not model users' beliefs, yet others would define this surfing
assistant (Vistabar) as an agent.

http://www.searchenginewatch.com
http://www.metacrawler.com/index.html
http://meta.rrzn.uni-hannover.de/
http://www.mamma.com/
http://www.profusion.com/
http://www.hypersearch.com/
http://metasearch.langenberg.com/
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summarise and inform other users298 about information found on the WWW. JASPER
uses ConText (a natural language system by Oracle) for tasks like extraction,
summarisation etc. The agent learns about its user by keywords provided (by the user)
and WWW pages looked at (by extracting the keywords from these) and updates
according to this user profile its IPS (intelligent page store) resp. the IPS is used to
identify whether other users could be interested in the information. [Menczer, Belew,
Willuhn 1995] describe a model and implementation using evolutionary algorithms299 to
manage an information agent population. The ideas presented have led to the
InfoSpiders300 system. EVA (Evolving Intelligent Text-Based Agents for Geospatial
Information)301 by TextWise is a multil-agent system for searching multimedia
information on the WWW, building up a user profile and adapting queries according to
it [Feldman, Yu 1999]. The agent system uses neural networks for searching and
learning and genetic algorithms for the selection of agents. Amalthaea as described by
[Moukas, Maes 1998] is also a multi-agent filtering and monitoring system using
evolution algorithms for the selection and creation of new agents. The genotype (the
evolvable part ) of the agents is based on a keyword vector, which is used to measure
the similarity.302 The phenotype contains the non-evolvable part, e.g. representing
fitness, formal descriptions like date etc. of the agents. New agents are either created by
mutation (changing a keyword) or by crossover operations (inheriting the parts of the
parents' keyword vector). The fitness303 of an agent is determined by the similarity and
the user feedback. The results of an evaluation with 7 users show that as the feedback
instances from the user increase, the system provides better recommendations.304

[Wondergem, Bommel, Huibers et al. 1997] describe the context and approach for
implementing a retrieval engine based on a multi-agent system project called Profile.
MACRON is a multi-agent system based on CIG (cooperative information gathering)
paradigm for information gathering from heterogeneous sources, like newsgroups, the
WWW etc. The system's architecture is based on partial global planning, having a
centralised planner to generate sub-goals, which are taken up by the cooperative agents.
These agents use KQML (see section 4.9.1.3) to share information about their sub-goals
(e.g. order and time when to execute an action) [Decker, Lesser, Prasad et al. 1995].
Information gathering agent systems have as a particular characteristic that the different
agents are specialised for distinct information resources. The information is collected or
interrogated by another agent (e.g. acting as a mediator or planing agent), combining
information from other agents. By design these systems can cope well with
heterogeneous information sources. A comprehensive description of this topic is given
by [Knoblock, Ambite 1997]. Infomaster is an example of an information gathering
system, presented by [Genesereth, Keller, Duschka 1997]. Its objective is to create a

298 Other users are informed querying their profile, the JASPER agents then sends an Email to the
user, providing an identification and the main keywords in the header so that the user can decide
directly the relevance from the Email header.

299 Genetic algorithms is another term used in this context, see e.g. [Holland 1992] for an
introduction.

300 http://dollar.biz.uiowa.edu/~fil/IS/ also known as ARACHNID (Adaptive retrieval agents choosing
heuristic neighbourhoods).

301 http://www.textwise.com/eva.html [2001-07-02]
302 As the agents consist of keyword vectors, the system basically is a Vector-Space-Model

representation (see section 4.2.2), and the cosine measurement is used as a similarity measurement.
303 Directly influencing its survival.
304 At the beginning of the experiment the absolute error was 35.71%, dropping to 7,14% at the end

(5000 user feedback instances). Also the precision is increasing (over 80%) with the number of
user instances, modelling the user better.

http://dollar.biz.uiowa.edu/~fil/IS/
http://www.textwise.com/eva.html
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"virtual data warehouse", integrating heterogeneous information sources, providing
them as a homogenous information system to the user. It uses different wrappers to
connect and to handle different protocols (e.g. Z39.50, SQL databases, WWW etc.). A
facilitator determines the sources which contain the information to answer the queries
efficiently. Using the ACL interface other agents can communicate with Infomaster.
InfoSleuth305 is another example of an information gathering using ontologies (see
4.4.3) for the mapping of information from the various data sources [Nodine, Fowler,
Perry 1999]. Resource agents encapsulate this information and present it to the system
in terms of the ontologies. This way all communication can be based on the ontology
terms. These type of systems are strongly related to smart and virtual catalogues.
Other examples for information agents are an adaptive agent as described by [Sorensen,
O'Riordan et al. 1997], BASAR (Building Agents Supporting Adaptive Retrieval)
[Thomas, Fischer 1996], IBMs Web Browser Intelligence306 (WBI) [Gilbert 1997],
Remembrance Agent [Rhodes, Starner 1996] by the MIT software agents group,307 the
mobile-agent system D'Agents308, the agent infrastructure RETSINA309 developed by the
IntelligentSoftware Agents Group at Carnegie Mellon University's Robotics Institute,
which is used by information agents like WebMate310.

4.9.2.3 INSYDER as an example of an Information Assistant
With the current work an approach for retrieving business information from the WWW
is presented. So far the single components of INSYDER have been described. The
overall picture is to see INSYDER as an information assistant.
INSYDER has no explicit user modelling or learning component, which is from the
point of view of the representatives of research on agents from the AI field mandatory
for an object to be called an agent. However the discussion above (section 4.9.1.1 and
4.9.2.1) shows that agenthood may be presented manifold, depending which of its
factors is strengthened. Therefore INSYDER is referred to as an information assistant,
acting on users' behalf [Mußler 1999]. It has been explained that INSYDER does not
have an explicit user modelling component, still one has to keep in mind that its design
intention has been to create a content-based system (see section 3.3.1), adapted to the
user's environment and at each stage within the information seeking process. Figure
4-65 shows the INSYDER assistants in the four phases of the information seeking
process. The italic numbers give an impression in which order the assistants
communicate with each other. The communication of the assistants is implemented
simply using procedure calls. As can be seen the crawling and review processes are
parallel, in the schema this is marked with the a next to the sequence number. The
concept assistant is responsible for deriving the concepts from the initial query
formulation of the user and helps with the suggestion of further concepts for the
interactive query expansion. The user interface of this assistant is the Visual Query (see
section 4.5.3). The crawling assistants use the Web API for retrieving potentially
relevant pages from the WWW. The retrieved pages are analysed by the ranking
assistants and listed in the crawling list, which contains the URLs for the crawling
assistants that are worth being crawled. Relevant retrieved documents are administrated

305 http://www.argreenhouse.com/InfoSleuth/ [2001-07-03]
306 http://www.almaden.ibm.com/cs/wbi/ [2001-07-03]
307 See http://agents.www.media.mit.edu/groups/agents/projects/ for other agent related projects.

[2001-07-04].
308 http://agent.cs.dartmouth.edu/ [2001-07-03]
309 http://www.cs.cmu.edu/~softagents/retsina.html [2001-07-04]
310 http://www.cs.cmu.edu/~softagents/webmate/Introduction.html

http://www.argreenhouse.com/InfoSleuth/
http://www.almaden.ibm.com/cs/wbi/
http://agents.www.media.mit.edu/groups/agents/projects/
http://agent.cs.dartmouth.edu/
http://www.cs.cmu.edu/~softagents/retsina.html
http://www.cs.cmu.edu/~softagents/webmate/Introduction.html
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by the document management system, which acts as a sort of blackboard
communication mechanism, triggering the classification and visualisation assistants.
The result set can be seen as an instant of the document management. The user interface
of the visualisation assistant is obviously the various visualisations of the result set.
From the user's judgement of parts of the retrieved result set, the relevance feedback
assistant suggests terms for a further query. Hereby the user interface is the result table
and the Visual Query, which then links back to the concept assistant.

Figure 4-65: The INSYDER assistants in the context of the information seeking phase they
support

4.10  Information Filtering
"Information Filtering is a name used to describe a variety of processes involving the
delivery of information to people who need it." [Belkin, Croft 1992, p.29]. A more
specific definition describing the Information Filtering (IF) problem is given by
[Wondergem, Bommel, Huibers et al. 1997, p.127]:

"Considering a number of dynamic information objects, the IF system
matches the characterizations of the information objects against the
user profiles, descriptions of the users' information needs, to obtain a
relevance estimate of the information objects with respect to the
information needs."

[Belkin, Croft 1992] rise in the title of their article the question, whether IR and IF are
"two sides of the same coin", insinuating the connection of the two disciplines. They
conclude that "Information Retrieval and information filtering are indeed two sides of
the same coin" [Belkin, Croft 1992, p.37]. The "coin" is that both disciplines deal with
the same objective, satisfying the information needs of people, using similar methods.
The primary differences are presented in Table 4-8. Still thinking of selective
dissemination of information (SDI), as common for online database search as the
genuine application domain of IR, filtering has been around in the IR context for a long
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time.311 Nevertheless environmental issues, e.g. user modelling, user monitoring to
build profiles, social and privacy aspects have never been the focus of IR research, but
are very much in the core of research in Information Filtering.

Information Retrieval Information Filtering

User Ad-hoc interests, mostly an
individual

Regular information interests/need
in the same topic, often groups

Query Ad-hoc query according to actual
information need

Determined by the information
interest and the related profile

Seeking process Active Passive

Time Short-term Long-term

Privacy Not much attention paid to Problem and research field, as
private data is stored in profile

Source of information Mostly fixed (e.g. database) Data stream

Level of user interaction High (e.g. formulating query, using
relevance feedback)

Medium (definition of profile and
maybe query terms)

Volume of data Variable Mostly huge

Paradigm "Finding" information in a stream "Removing" information from a
stream

Table 4-8: Information Retrieval versus Information Filtering

Four kinds of filtering can be distinguished [Kuhlen 1999]: cognitive filtering (selection
according to the content, e.g. determined by index terms, for example content including
brutal language is filtered),312 collaborative filtering (selection according to the
behaviour of other users, often works as a recommendation system e.g. proposes a
restaurant because of like/dislike others with similar likes/dislikes), economical filtering
(selection according to formal criteria related to resources and costs, e.g. length of a
document) and social filtering (selection according to communication partner, e.g. not
communicating an information). Simple filters determine from 'outer' criteria whether to
let the information through or where to put it (examples are the filters of the Email
applications). More sophisticated filters use document analysis techniques known from
IR. [Malone 1987] proposes an 'intelligent mail filter' using agent technology (see
section 4.9) to help people select the most useful piece of information of a mail and to
minimise restrictive social behaviour, not sending messages to people who are supposed
to already have this information. With the spread of the Internet and its services and the
upcoming of knowledge management issues in companies [Bach, Vogler, Österle 1999],
the filtering methods and their use have an increased popularity, especially used in
software agents (see section 4.9). Not only for Email, but also for the WWW content a
great number of systems are researched and exist. Cognitive filters are often the basis
for rating assistants, collaborative filtering is common for electronic markets [Kuhlen
1999].
ElmiB is a filter application (electronic information broker) developed by Hewlett-
Packard GmbH based on Lotus Notes and Grapevine technology for their internal
information and knowledge management [Görner 1998]. Depending on the type and
rating for incoming information (e.g. newspaper article, governmental or technical news

311 SDI is an automatic way of keeping scientists informed about new documents published in their
areas of specialisation using a user profile of keywords describing his/her interest. SDI uses this
profile to match keywords against new articles in order to predict which new articles would be
most relevant to the scientist's interests. While SDI was implemented on a large scale, it has been
used far less than predicted [Foltz, Dumais 1992].

312 Still the term cognitive seems to be inappropriate as only simple methods are used, see [Kuhlen
1999].
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etc.) it is delivered to the users (who are business decision makers). The user himself
sets a threshold for a rating, e.g. that he only wants to obtain very important information
and can set a rating himself, too. This way the user receives information relevant for
decision making. The Informant313 is an example for a cognitive filter agent (see 4.9)
monitoring WWW sites for the occurrence of user defined search terms. It is a simple
filter, sending the query terms frequently to a user selected search-engine and analysing
the results (e.g. new or updated site). Alexa314 is used as a surfing and browsing
assistant, proposing links to sites the user might want to visit. The system is based on
collaborative filtering, the sites proposed are related sites to the actual topic. The
relation is hereby determined from the (collaborative) browsing behaviour of a group of
users. Alexa is for example used for Netscape's 'What's related' function. MovieLens315

is a film recommendation system, based on collaborative filter techniques using the
rating of films by the user group. The system comes from the context of the
GroupLens316 research. Autonomy offers within the Autonomy Update317 agent system a
profiling tool, with automatic creation of profiles according to user behaviour and
interest. OpenPortal4U Watch Edition [ARI] is an information filtering system for the
WWW. It allows the monitoring of the WWW in four languages and is based on the
semantic analysis using the Knowledge Base as described in section 4.4.4. The tool
which has a full web user interface, has a variety of features supporting the information
management. Selected features are the rating of sources, the personalisation possibility,
a number of reporting tools with interfaces to XML, RTF and DOC formats.
Push services have become popular among WWW users, instead of pulling the
information oneself, it is brought to the user's workplace,318 often including an alerting
function. Examples are Autonomy Update (i-WAP319) and Infogate320 (former Pointcast)
push and alert service for various topics. WebFilter321 is another kind of filter, one of
the first to filter advertisements from WWW pages. WebWasher322 started the same way
filtering advertisements from WWW pages and has now evolved to an information filter
for companies, preventing their employees access to various sites (e.g. pornography,
gambling, fun etc.) with the objective to gain efficiency and security.
Within the INSYDER system two kinds of filtering mechanisms have been implemented.
One is a monitoring function of WWW sites by the definition of a search profile, which
is then executed in distinct time intervals. This function is called watch within the
system and is like search, bookmarks and news organised in the sphere-of-interest (see
section 3.3.1). To set up the watch function the user has to define his information need
first. This is done the same way as with the search by using the Visual Query. The next
step is then to define at what interval (days) the WWW pages are to be monitored. In a
last step the user defines these pages by adding their URLs to the watch (see Figure
4-66).

313 http://informant.dartmouth.edu/ [2001-06-20]
314 http://www.alexa.com/ [2001-06-20]
315 http://movielens.umn.edu/ [2001-06-20]
316 http://www.cs.umn.edu/Research/GroupLens/ [2001-06-20]
317 http://www.autonomy.com/autonomy/dynamic/autopage55.shtml [2001-06-21]
318 Hereby workplace does not necessarily mean the PC but could be a WAP or another handheld

device.
319 http://www.autonomy.com/autonomy/dynamic/autopage206.shtml [2001-06-21]
320 http://www.infogate.com [2001-06-21]
321 Formerly known as NoShit: http://math-www.uni-paderborn.de/~axel/NoShit [2001-06-21] also

listing related projects
322 Developed by Siemens. Available under http://www.webwasher.com [2001-06-21]

http://informant.dartmouth.edu/
http://www.alexa.com/
http://movielens.umn.edu/
http://www.cs.umn.edu/Research/GroupLens/
http://www.autonomy.com/autonomy/dynamic/autopage55.shtml
http://www.autonomy.com/autonomy/dynamic/autopage206.shtml
http://www.infogate.com
http://math-www.uni-paderborn.de/~axel/NoShit
http://www.webwasher.com
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Figure 4-66: Adding URLs to define a watch in INSYDER

The other type of filtering in the INSYDER system is to filter the result set by attributes.
Hereby the attributes are the meta-information provided with the documents. For
example it might be of interest to view only documents, which contain further links. In
this case the filter would be set to Bookmarklist, the meta-information derived by the
classification assistant from the document. Other typical uses of this filter possibility are
to select a range of ranking values, e.g. view only documents in the ranking range of
[75,100] or to select the documents that have been explicitly selected by the user. This
last described filter objective is not to filter documents from an information stream,
therefore it is not an information filter according to the discussion above. It solely
supports the analysis of documents in manifold ways.
For further examples of filtering applications, see the comprehensive list of the
Information Filtering Project at the University of Maryland.323 Filtering is strongly
related to rating. [Palme 1997, p.2] sets the terms rating, collaborative filtering and
social filtering equal, which might be from an objective point of view understandable:
"[the] purpose of rating may be to increase the quality of the resources you read, or to
avoid certain resources deemed unsuitable in certain communities for certain groups of
readers". However a distinction has to be made, as rating is a method to support
filtering processes, like collaborative filtering. [Sint 1997] provides a good overview on
rating forms and functions.

4.11Summary
This chapter presented the approach of INSYDER to retrieve business information from
the WWW. Therefore various methods from the research field of Information Retrieval
have been proposed and implemented. For a better understanding the methods used
have been integrated in the theoretical framework. A point that has not been discussed
so far is the effectiveness of the proposed retrieval system. Hence two evaluations have
been conducted, which are in the focus of the next chapter.

323 http://www.clis.umd.edu/dlrg/filter/

http://www.clis.umd.edu/dlrg/filter/
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