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ABSTRACT

Marking text in a document is a convenient way of
identifying bits of knowledge that are relevant for the
reader, a colleague or a larger group. Based on such
markings, networks of concepts with hyperlinks to their
occurrences in a collection of documents can be developed.
On the Internet, marked documents can easily be shared,
concepts can be constructed collaboratively and the
concept-document network can be used for navigation and
direct access. Text marking, grounded concepts and the
Internet as base technology are characteristics of our tool
for managing so called “concept indexes”. We describe the
current and the new design and outline some application
scenarios: electronic help desks, information digests on the
Web, teaching design in virtual classes and planning under
quality control in distributed teams.
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MOTIVATION

Marking Text in Documents

When people read an important document, they often
highlight, underline or annotate key passages. This is a very
convenient technique and can be applied equally well while
quickly skimming through some pages or studying them
carefully.

The markings may serve several purposes: to quickly
recover the key issues when browsing through the paper
later on, to memorize key terms and phrases, or to pass
one’s comments together with the document to colleagues
or friends. The marked pieces may be targets of
bookmarks, of index entries, or they may be cut and pasted
into a glossary, a group thesaurus or onto cards in a stack.
Such knowledge organizers may be created for oneself, e.g.
while preparing a book, they may be created for a
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customer, ¢.g. by an information analyst, or they may be
shared within a group, e.g. a project team.

We believe that the benefits of marking text in a document
can be increased further when the documents are not on
paper but in electronic form, especially when the Internet is
used as a medium. At the same time, the individual efforts
for text marking remain comparatively low.

e  First of all, the Internet is a vast source of electronic
documents: from Web Sites, email and news archives,
digital libraries or shared workspaces. Search engines,
lists of links and Web catalogs simplify the search for
interesting documents.

e  Indexes, glossaries and more recent knowledge
organizers, like concept maps, idea maps or
knowledge maps, may be hyperlinked to targets in the
documents, yielding a navigable knowledge space, a
Web of knowledge.

e  On the Internet such a hyperspace can easily be
shared with others, it can even be constructed
collaboratively in distributed groups. Circulation of
(marked) electronic documents to interested parties is
much easier and faster than circulation of paper.

e The documents on the Web can automatically be
monitored for changes, triggering updates to the
whole structure in order to keep it consistent. The
updated content can be presented on dynamically
generated Web pages.

e Improvements in OCR allow interpreting markings
from paper, and hand-held scanning appliances can be
used on paper for electronic marking.

A Web-Based Tool

In the following we will present our tool for
communicating knowledge based on markings of text in
documents on the Web. The tool treats the markings as
indicators of bits of information or knowledge that the
readers perceive in the documents. Marked text pieces are
taken as occurrences of concepts, and each concept is
automatically linked to all occurrences of similar text in
other documents. Thus, each concept provides a list of
cross-references, and the entire set of concepts serves as an
index to the collection of documents. Users may further



structure and reorganize the concepts, thereby creating a
space for knowledge exploration. Each document in this
space is dynamically augmented on display by highlighted
and hyperlinked concept occurrences.

We call the structures created with the help of our tool
“concept indexes” rather than “knowledge spaces”, because
knowledge is actually only in the heads of people (or
internal to artificial agents). However, documents are a
means of communicating knowledge: writing a document is
a form of knowledge externalization and reading a
document is a form of knowledge internalization [17]. For
a community of readers a concept index is a means to
indicate and communicate the knowledge they perceive in a
collection of documents.

Sharing and Collaboration

The target users of our tool are persons with a common
interest or task, teleworkers, mobile workers and
distributed teams who would profit from making use of the
knowledge possessed by each other. We expect that their
number will rapidly increase with continued globalization,
decentralization, and flattening of communication
structures.

Knowledge is context-dependent. Whether one perceives
some data as information or knowledge depends on his or
her purposes, interests, and experiences. The value of
communicating some data as “handles to knowledge”
depends on both, the producer and the recipient. Often
people accept their individual interpretations and
conclusions only partially. An approach where one person
reads the documents and derives a recommendation for all
others may only work in well-established groups. In very
loose co-operations, people may simply share their
document collections and leave it to each other to read the
documents and form their own opinions. In the middle of
the spectrum there are communities where an individual
would share views with selected other persons only.

Therefore, our tool will capture the relation between
contributions and contributors. It will provide configurable
social filters as instruments to choose information,
reconstruct remote  contexts, appreciate  others’
contributions, and identify experts. This will promote
social orientation and facilitate trust in team building and
collaborative action.

CONCEPT INDEXES

Features

A concept index is accessible to a set of registered users. It
maintains of a collection of documents and a set of
interrelated concepts. Concepts are cross-referenced with
explicitly marked pieces of text and with implicitly
detected similar pieces of text. Two major windows, shown
in figures 1 and 2, offer different options for manipulating
a concept index. A separate frame is devoted to each option
(the enumeration below corresponds to the numbering of
the frames in figures 1 and 2):
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Fig.1. A concept index with the list of terms (textual
expressions) (left frame “1”), the list of documents (bottom
right frame “3”), and the properties of a concept (top right
frame “2”).
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Fig.2. A document with “colored” occurrences of text
pieces assigned to concepts and icons for links to concept
definitions (top frame “4”). To add new textual
expressions (terms etc.) to concepts, text pieces can be
highlighted using the mouse, or the form (bottom frame
“5”) can be used.




1. For orientation, one can use a listing of the key terms
that have been marked. Each marking leads to the
description of the associated concept (in frame 2).

2. On can focus on a particular concept and obtain a
listing of key text pieces that relate to this concept.
They lead to the respective source document (in frame
4).

3. One can inspect the document collection and
contribute new documents. A document is presented as
in shown in frame 4.

4. When a document is inspected, text markings and
cross-references are dynamically inserted so that the
presentation reflects the view of the community.

5. One can mark pieces of text in the document, associate
them to concepts and create relations between the
concepts. (Another window allows editing of concepts
in detail.)

Nature of the Concepts

In a concept index, any object, conceptualization, idea,
person, place etc. can be a concept. A concept can textually
be expressed in terms of words, phrases, sentences,
paragraphs etc., and also by other concepts.

Concepts are Textually Grounded

A concept may have a number of textual expressions,
which may differ in their grammatical construction,
terminology or jargon, language, and content. In our tool,
assigning a piece of text to a concept is a simple action that
triggers a text analysis and a subsequent extensive search
for similar text pieces in the documents. A flexible
matching is achieved through stemming and lemmatization,
stop-word recognition, and word order permutation within
a match window of an appropriate size.

Users can influence the manner in which normalization is
performed by specifying the way textual expressions are
interpreted. In the current design, we allow users to specify
phrases (consisting of multiple words, the sequence of
which is significant), proper names (not to be lemmatized)
and concepts. A user may specify a part of the textual
expression as a concept to emphasize that it is not the exact
words that are important, but the concept they express, or
more simply, the meaning is important. This has the effect
of replacing the text with alternative texts that express the
same concept.

Concepts are Related to Each Other

Concepts may be related in many ways. We presently
support simply two relations, and their distinction is rather
practical: users may wish to group several concepts and
form a new concept out of them; this is a case of
“comprise” relation. When two concepts are simply seen
to be closely associated, but not necessarily to be grouped
into another concept, such a relation can be captured as an
“associated” relation.

Concepts as Knowledge Handles

In a distributed, possibly heterogeneous community of
information seekers and providers we cannot expect a
common terminology and should tolerate independent
contributions from individuals to the concept structure as
far as possible. One consequence is that we keep the
number of relations small and impose a weak semantics on
the relations. That is, “comprise” and “associated”
relations, while there exist informal definitions, only
capture the intuitive relations between concepts. If certain
properties like cycles in the relations are not desired, tools
could be provided to detect them and initiate a process for
consensus among the users.

As another consequence, concepts are not defined, but
hermeneutically grounded [24]. Readers must interpret a
concept in the context of their occurrence and usage in the
documents. The context, i.e., the set of actual instances of
a concept appearing in a document collection (called
occurrences) is automatically extended through the search
for similar pieces of text in the documents. As texts in
different jargons or languages can be associated to the
concepts, they may serve as a cross-community and cross-
language thesaurus.

DESIGN AND IMPLEMENTATION

Early in 1998, our team was constituted as part of a
research program called “The Social Web”'. This program
explores the possibilities of transforming the Internet from
an information space into a social space where people
appear from behind the information and form virtual
communities. Concept indexes are our team’s contribution
to the collaborative construction of knowledge in the
context of a Social Web.

Our tool profits from several recent technological
advances:

e  The Internet, the World-Wide Web and associated
languages and protocols;

e multilingual electronic thesauri and text preprocessing
tools for machine translation;

e  data mining, text mining, and information extraction
techniques to automatically obtain information and
knowledge from text;

s software agents that operate in the background as
distributed and asynchronous software processes;

e groupware for creating social awareness through
history summaries, synchronous and asynchronous
notifications, and communication and interaction
between users.

The tool is implemented as a client-server architecture on
the Internet. It is developed in Java with HTTP
communications between clients and a server primarily

!http://orgwis.gmd.de/projects/SocialWeb



through Java Servlets. Concepts, documents and user data
are stored in a relational database. To cater for the changes
in documents, only document URLs are stored.

Access to Indexes

The access to the concept index server is controlled by
supplying the user name and password. A user can create
an index, and can share it with other users by inviting them
to the index, hence the access to an index is restricted to its
members. Each index has its own concepts and document
collections.

Creating/updating a New Concept

When a user registers a text piece, e.g., by highlighting in a
browser, and if it does not currently exist in the working
index, a new concept is created in the index. A concept has
a set of synonyms (a synset) which “describes” the concept,
and links to related concepts (“comprise” and “associated”
relations), and its occurrences in the document collection.
Upon the creation of a new concept or addition of a new
text piece in the synset of an existing concept, the
occurrences of text pieces are detected by accessing the
URL of documents in the collection.

Occurrence Detection

The occurrence detection procedure ensures that 1) for
each word, its lemmatized form matches that in the
document, and 2) for a multiple-word text piece (e.g. a
phrase) each word, except stopwords, appears within a
predefined proximity in any order, again matching the
lemmatized form. While this carries the danger of
detecting occurrences other than desirable ones, we
observed that the benefit of detecting occurrences in many
possible ways outweighs the nuisance of these undesirable
matches. This occurrence detection is performed by
software agents. The agents are implemented in Java on our
agent platform SOaP [25] and operate asynchronously on
possibly distributed machines.

Modifying/editing a Concept

In the current version, the slots in the concept descriptions
listed above can be modified or updated using an HTML
form. Using this form, users can specify concept relations,
add new text pieces to the synset, etc., and all such
modifications and editing activities are recorded in a log.
The log can later be used to trace the changes in the index,
and retrieve information such as who added new concepts
and relations, and when.

Document Display

Since only the URL of the documents are stored, each time
a document is opened for display, it is processed to insert
HTML tags to display concept occurrences in a distinctive
color (using the same concept occurrence detection
procedure described above) and a clickable icon that
provides hyperlink from each of the detected concepts to its
concept description page.

The current prototype of our concept index management
tool, available since fall 1998, is the first robust,

operational prototype [18]. It has been used to explore
several application scenarios that will be sketched below.
In the current version, concepts cannot be named or
comprise other concepts and can only meaningfully be
assigned to small segments of texts like phrases. Feedback
from the first users gave rise to a new design in spring
1999, which includes extended agent services and more
groupware features. The implementation of this version is
currently under way.

Agent Services

In spite of the weak semantics, a lot of work is required to
keep the index up-to-date, enrich it and achieve a high
quality information management. Some of this work is
extensive but routine, and ideally suited for delegation to
software agents, which operate asynchronously and
persistently in the background. The tasks agents perform in
our tool are as follows.

Document Monitoring

A concept index is not a shared workspace; it does not
store documents, but records URLs and file locations and
retrieves them as needed (trading storage for asynchronous
processing time). Agents will monitor the documents at
their external sources and, when they detect changes,
trigger updates of the concept occurrences. Thus a concept
index can be kept up-to-date with any changes in the
documents.

Concept Occurrence Detection

Concept occurrences have to be updated when the
documents change, when documents are registered and
unregistered to the document collection, when concepts are
created, and when the textual expressions assigned to a
concept are changed. Periodically or triggered by these
events, agents will fetch the documents and analyze them
for concept occurrences.

Document Retrieval

The textual expressions assigned to a concept can be
processed to provide search expressions for similar text
pieces in the document collection.  These search
expressions can also be passed to agents that retrieve new
documents from external sources.

For this purpose we will reuse agents from LIVEMARKS
[25], our system of agents for collaborative information
retrieval which is also based on the SOaP platform.
LIVEMARKS services have already been integrated with
shred workspaces in BSCW [2].

Document Assessment

The documents in a concept index as well as newly
retricved documents can be analyzed for different
purposes. For example, the relevance of a document can
be estimated due to the number of concept occurrences in
the document, and its relevance can be guessed by the type
of document, author, source etc.



Concept and Relation Detection

By statistically analyzing the documents based on the
existing concepts, new terms and key phrases, concept
clusters and associated concepts can be detected. Agents
can suggest them to the users who may choose to ignore,
accept or reject them. Since such suggestions are typically
made by a user, this is a case in which agents behave like
one of the members of the user group.

Groupware Features
To increase social awareness, and to tailor a concept index
to a particular task, user or subgroup, our tool will

e provide various kinds of event summaries that allow to
relate contributions to the concept index to their
contributors, and thus better judge their social
relevance for the reader;

e  allow commenting on concepts and documents in order
to exchange assessments in the community;

e provide powerful and composable filtering and sorting
criteria, and means to structure the document
collections and the whole index of concepts. Concept
indexes tend to grow quickly and subindexes are the
recommended means of tailoring the knowledge to
one’s particular interest. Subindexes allow focussing
on particular themes, document subsets, “what’s new”,
“what’s most popular”, or “what’s most authoritative”.

e In addition, we plan to offer advanced awareness
services through the use of NESSIE, an application-
independent awareness server under development in
our research group [21]. A NESSIE server may receive
event descriptions from arbitrary sources on the
Internet, and it offers generic synchronous and
asynchronous event indicators, like ticker tapes, or
summary emails. Indicators can be configured for
particular types of events and be integrated into Web
pages, like static home pages or dynamically generated
pages for a concept index.

DISTRIBUTED CONSTRUCTION OF
INDEXES

A concept index imposes no particular construction
procedure. Documents, concepts, and relations can be
added, modified or deleted in any order.

CONCEPT

Nonetheless, we can distinguish elementary steps,
corresponding to elementary roles in the distributed
construction of a concept index, and a default workflow for
starting the construction. These steps are as follows.

1. Collection of documents.
A number of relevant or typical documents are identified
and possibly organized into subcollections. This seed set

may later be extended manually, by agents, or by some
other push process. Persons who contribute documents
play the role of “information providers”.

2. Identification of key text.

While browsing and reading the documents key pieces of
text are identified. @ The process is comparable to
highlighting a document on paper. Currently, we are
considering several mobile interaction devices such as
reading pens that scan lines of text paper, or display tablets
that operate with pens and either include a computer or are
connected to one (see fig. 3). In a basic computer screen
interface, highlighting can be simulated with the mouse in a
document browser.

3. Formation of concepts

If the target concept for a new piece of text is not
explicitly designated, a new concept will be created by
default. With the number of text pieces, the number of
concepts will grow prompting the need for imposing some
structure. Concepts can then be merged and relations be
introduced. Agents can make helpful suggestions, for
instance, by analyzing concept occurrences in documents
for co-occurring concepts and suggesting associations
between them. Persons that shape the concept network
play the role of “information organizers”.

4. Sharing viewpoints

A concept index wusually grows fast. Document
subcollections and comprising concepts create shared
structures. Subindexes, which are defined by a subset of
documents and concepts, introduce sharable viewpoints.
They may focus, for example, on a particular topic, on
approved information, on “what’s new” or “what’s
changed”. The creation of subindexes is another
organizing activity. Selectors and sorters, which users may
dynamically apply, are means to tailor the information
presentation to their personal preferences.

5. Reviewing

Users can comment on concepts and documents in order to
exchange and discuss opinions. To wunderpin the
discussion, the usage of a concept index can be logged and
evaluated to determine the popularity of concepts,
documents, and subindexes. Users who assess a concept
index play the role of “reviewers”.

6. Management

Concepts and documents may be introduced tentatively and
later, on the basis of comments and log data, be discarded
or officially accepted. This is the job of a “editor”, who is
also responsible for overall coordination.



Fig. 3. Candidate appliances for mobile interaction with
concept indexes: reading pens (Quicktionary from
WizCom Technologies Ltd., above) and book size
computers with display tablets and pens (Stylistic 2300
from Fujitsu Personal Systems Inc., below). (Pictures
obtained from manufacturers’ Web site and reproduced
with their permission.)

APPLICATION SCENARIOS

The aim of the tool is to provide a functionality that anyone
can contribute in any way. Nonetheless, different
application scenarios may favor a particular combination of
roles and a distribution of roles to distinguished kinds of
users. As a consequence, we expect a need for tailored user
interfaces for the different applications.

Information Digests

Increasingly, the Web is offering valuable information:
techniques and methodologies, pilot projects and practical
experiences, funding organizations, social and legal
matters, issues of competition, regional, national and
international activities. As a first access point to obtain
such information, citizens, decision makers, consultants,
and researchers prefer to consult the Web sites of
appropriate trusted organizations.

One example are the Clearing Houses which the
Convention on Biological Diversity (Rio de Janeiro, 1992),
requires to be established in each of its over 160 member
states. In spite of a pilot phase from 96-98, initiated at the
third member states’ conference in Buenos Aires, today’s
Clearing Houses still fall short of the requirement to offer
“demand-driven, up-to-date information on biodiversity
that is of high quality, and to present it in a user-oriented
way, at neutral costs”.

These requirements are neither met by a virtual library,
which is collected and indexed by librarians, nor by an
automatically collected full-text indexed archive, nor by
standardized meta-keywords which authors may optionally
attach to their pages. For instance, guidance for
information seeking users is only available through pre-
specified categories, whose inflexibility may undermine
efficient information exploration and user satisfaction.
However, the Web is a global information space, its
content is produced and consumed by heterogeneous
groups with diverse interests and jargons that are too
dynamic to be anticipated by any standardization.

Concept indexes address these problems and help the
construction of a “digest” of high quality information.
Without imposing a fixed terminology a priori, grounded
concepts can be created as needed and thus capture an
emerging terminology in the community. Grounded
concepts are easy to create from the users’ free-text queries
or by experts and editors while they read a document.

An information digest in the form of a concept index can
evolve through collaboration between editors, experts and
information seeking users. Involvement of the users
guarantees that the digest meets their needs, while the
contributions of experts and their peer review guarantees a
high quality. This distribution of work, according to the
competencies and interests of the participants substantially
reduces individual efforts. In particular, the work of the
editor is reduced so that the costs of maintaining an
information digest are affordable.

This scenario has been outlined together with ZADI, the
operator of the German Clearing House for biodiversity.

Planning Under Quality Control

During complex planning processes a multitude of
requirements, constraints, forms, guidelines, regulations,
norm, catalogs, and precedents have to be considered.

In order to verify the quality of a planning process, it is
necessary to document which of these inputs have actually
been taken into account at what occasions. If the planning
process itself is documented in terms of electronic
discussions and output documents, these could be linked to
their input documents.

In order to improve the quality of a planning process, it
should be possible to request related documents and also to
automatically obtain suggestions for potentially relevant
documents.

A concept index can give this support: Planners can easily
express a request by highlighting a critical piece of text
when they are writing a paper or note, and they
automatically obtain suggestions through the text detection
and cross-referencing mechanism.

Together with an international chemical enterprise, we
intend to explore this scenario for the development of the
first plan of a chemical process control system. Such a plan



involves decisions of high impact that may have to be
aware of a large number of other, often text-based
documents. The planning process will be conducted
through electronic discussions, the output documents will
be communicated through shared workspaces (using ZENO
[9]), and the referenced documents will be available from
repositories on the Intranet and from catalogs and norms on
CD.

Help Desk

At an electronic help desk, users and consultants exchange
emails to solve a problem. Usually, the emails are archived
for future reference and reuse. Recurring questions may be
extracted and edited for a FAQ. An online manual may be a
third source of advice. The email archive, FAQ and manual
represent different kinds of abstractions, and a piece of
advice may move upward in the hierarchy as it is
recognized to be of general interest.

Help desks are typically operated in shifts, and by
consultants with different expertise. Assignment to a help-
desk may be considered as a kind of training-on-the-job for
new colleagues. If there is not much capacity for a help
desk, the email archive can be made public and users may
play the role of volunteer consultants, according to their
expertise.

In any case, a person acting as a consultant may not be
aware of all information in the archive, FAQ or manual. To
better benefit from the stored advice, access must be
supported in a pragmatic way, i.e., it should be easy to
associate a query in an email with those pieces of text in
the documents which represent appropriate answers.

For this purpose, the experts must provide knowledge in
the following form: First of all, symptomatic phrases must
be identified in the queries; second, these symptoms must
be grouped according to the class of problems, which they
indicate. Problem classes must be associated to solution
classes, which in turn must be connected to pieces of text
that describe solutions.

In the field of case-based reasoning, [13] has tried to
support such text-based problem solving. They stress that
knowledge acquisition is a considerable factor.

In a concept index, the knowledge can be expressed in
terms of concepts for symptoms, problems, and solutions.
Emails, FAQ and online manual constitute the document
collection. When an email arrives at the help desk, all
occurrences of symptoms are automatically highlighted and
cross-referenced with occurrences of solutions to the
associated  problems. The cross-references may
automatically be sorted by relevance. The consultants may
browse this list and select or edit the best replies. The new
answer is automatically indexed and archived.

If there is no appropriate reply, the email may be raising a
new problem. It must be passed to an expert, who will
identify the key phrases and assign them to a symptom. If a
suitable symptom does not exist, a new one must be created

and associated with a corresponding problem concept.
Further, if such a problem concept does not exist, it must
be created and associated with a solution. If necessary, a
new solution must be introduced and associated with
suitable pieces of texts in the documents. If there are no
appropriate text pieces, a completely new reply must be
formulated to answer the question.

We hope that this knowledge extension process can be
done on the fly, with little additional effort while the
experts answer a query for two reasons: (1) the concepts in
a concept index can be created as needed, that is, as new
problems are identified, and (2) the concepts are not
formally defined, but need only be exemplified through
their usage in the documents.

This application scenario is the result of our discussions
with the help desk team of the BSCW shared workspace
system.

Teaching Design

Design has been classified into routine, innovative and
creative tasks [4]. Creative solutions introduce new
solution spaces, innovative solutions extend existing
solutions spaces, and even for routine tasks, the space of
solutions may be tremendously huge. Therefore, design is
often done by adapting former cases to the new
requirements. Teaching design is similarly done using
previous cases, especially for architecture and engineering
[1], [20]. There are several attempts to formalize cases and
support design by retrieving or even adapting similar cases
for a new problem [16], [8].

However, formalizing a design case is a complex task, and
confronts a principal problem: It is never clear what aspects
of a design may become relevant in the future. Therefore, a
design may not appropriately be indexed and hence ignored
for a new problem.

A concept index addresses both problems. A design case
need not be formalized, but is described by a set of
documents and CAD plans that would be produced as
ordinary teaching material. Documents may contain
requirements, refer to regulations, describe the design
history or rationalize CAD plans, and CAD plans may
focus on different aspects, parts, or versions. Tutors then
introduce the concepts that they intend to teach using the
cases. Concepts may be associated with pieces of text,
which will automatically be detected in the documents, or
they may manually be associated with pieces of CAD
plans. Students may explore such a concept index in order
to solve a given task.

Furthermore, students may be asked to document their
design on a pad. On the pad, they drag, drop and connect
the concepts they consider relevant, even if they lead to
dead-ends or remain unexplored variants. The activity on
the pad may be monitored by automated design assistants.
At any time, such an agent may try to propose a list of new
concepts that are best associated with the concepts on the



pad. For that purpose, they use the “associated” relation
between concepts, which should be stronger when two
concepts occur close to each other in many documents.

We are discussing this application scenario in a tele-
tutoring context that involves design tutors from different
architecture and engineering schools. The tutors would first
create concept indexes for their own cases and the concepts
they would consider important. Then they would exchange
or merge their concept indexes and apply the others’
concepts to their own cases and vice versa. On this basis,
they can try to compare their concepts and discuss a
common framework. They will also see their own cases
under new perspectives, namely indexed by formerly
unanticipated concepts. Even students could introduce new
concepts that would re-index (and re-interpret) the existing
cases. This exploits the fact that documents and indexes in
a concept index may be introduced in any order and
circumvents the chicken-and-egg problem between cases
and concepts.

RELATED WORK

As the range of applications suggest, concept indexes
combine aspects of various tools for knowledge and
information management.

Like an ontology, a concept index has concepts and
relations, c.f. [11] or the ONTOLOOM? editor. But since
relations and concepts are more informal, a concept index
is rather a proto-ontology, or precursor of an ontology.
This aspect has been raised by the developers of the
ONTOBROKER tool [7].

Compared to a thesaurus like WORDNET [6], the number of
different relations in a concept index is low. Instead, it ties
the concepts to pieces of texts in the documents and
supports structured concepts. Thus, a concept index could
serve as a precursor for a more elaborate group-specific or
task-specific thesaurus.

The cross-references between pieces of text allow the use
of a concept index like a word index or cross-reference list,
and enhance it by a conceptual organization and support
for larger text segments. For example, the Dynasites® tool
automatically creates links from words used in one
document to a central glossary, and from the glossary back
to where the word was used in other documents.

Concept maps or knowledge maps, as supported by tools
like THEBRAIN or MINDMANAGER®, graphically connect
concept nodes and are applied to structure ideas, to access
background material attached to the nodes, and to
communicate this knowledge. Concept indexes can serve

2 http://www.isi.edu/isd/ontosaurus.html

3 http//Seed.cs.colorado.edw/

* http://concepts.thebrain.com/

3 http://www.MindMan.com/english/product

the same purposes: while they lack the graphic interface,
they actively detect connections between concepts and text
pieces in the background material.

With tools for qualitative research, like ATLAS.TP or
WINMAX’, users can select pieces of text, assign them to a
category, and query for particular pieces of texts. But the
tools do not detect similar occurrences of text pieces or,
based on the distribution of occurrences, suggest new
relations or concepts.

Tools such as IBM’s text analysis tools®, Oracle’s
CONTEXT CARTRIDGE® or Semio’s text mining tool'® do
extensive text analysis in order to extract knowledge, but
there is a danger of producing junk. In a concept index, the
primary knowledge sources are the users and automatic

. knowledge extraction will be applied only to suggest

extensions to that knowledge.

Tools for semantic retrieval expand queries and filters
results [19], [3]). [10] and [14] generate queries from text
and link the results to the documents. We combine both
approaches, and additionally analyze the new documents at
the text level and integrate them into the existing concept
structure.

Most tools mentioned above support collaboration through
the sharing of knowledge. Social filtering systems [22]
move from simple knowledge sharing to recommendation.
Examples are GROUPLENS for filtering news articles [12],
COMMENTOR for filtering shared annotations [23], and
JASPER for filtering bookmarks [5}. COMEMO generates
virtual  conversations by combining associations
contributed by different people [15].

To summarize, a concept index has a unique combination
of features, which individually may be found in other kinds
of tools. Our choice of features has been tailored to
contextualized and conceptualized knowledge which we
expect to be valuable for re-use in many ways.

DISCUSSION

In this section we discuss some issues which can be
identified in the current approach of concept indexes, some
of which can be addressed in future work.

Dealing with Obsolete Data

In the current design, new concept entries and relations can
be added manually by users or through assistance using text
mining tools. While there is a danger that tools such as text

® http://www.atlasti.de

7 http://www.winmax.de

§ http://www.software.ibm.com/data/iminer/fortext/
tatools.html

? http://www.oracle.com/st/o§collateral/htm)/
xctx5bwp.html

' http://www.semio.com/mining html



mining tools produce undesirable entries, users can be
selective in accepting suggestions from these systems, and
might benefit from letting the system perform statistical
analyses of documents to enrich the index. Hence the
argument over the applicability of such tools is, in essence,
a trade-off problem.

The more difficult issue in maintaining a concept index is
perhaps that of deleting entriecs. As in the case of
groupware, users may be reluctant to delete entries created
by other users, or simply put less effort in deleting obsolete
data compared to adding new data. This is not a simple
problem to deal with, and offering automation or system
support would be a challenge.

Capturing Dynamic Changes of interests

Since a concept index is expected to evolve through -

contributions from the users sharing it, it would also reflect
the way interests among the users change over time. From
the record of events that took place during the development
of an index, such as addition and deletion of concept
entries, concept relations and documents, we can
reconstruct the history of drifts of interests, if any, within
the group.

Such a service is not only useful for tracking user interests
and offer information to create incentives to form new
groups and subgroups, but also potentially applicable to the
analysis of document-based collaboration. We can
associate concepts with the documents that motivated their
introduction to the index, and identify influential
documents in that group. Services of this sort involving the
analysis and interpretation of the event log will be
examined in the future.

Maintaining User Motivation

The success of a groupware like the concept index
management tool depends on how it can raise and maintain
motivation at the individual level. At the moment, without
an empirical basis, we can only speculate on this tssue. We
expect that there may be different solutions for the different
applications. In general, it will be crucial that every user
personally benefits from the tool. Apart from social
prestige, the satisfaction of personal knowledge needs
would be such a value. Knowledge needs may be satisfied
faster by a concept index than by a stand-alone tool,
because everyone may profit from the others’
contributions. Additionally, a concept index accumulates
social information; it constructs a community view that a
stand-alone tool could never offer.

SUMMARY
To summarize, a concept index may satisfy a range of
information and knowledge needs:

What is the content of the document collection?

Users can introduce concepts and relations between them
as a means for content-oriented navigation through the
documents.

What do the concepts represent?

Concepts are not formally defined, but instead assigned
pieces of text that express them in the documents. All
possible occurrences of concepts are dynamically spotted
by matching similar text pieces in the document collection.
Thus, each concept is indexed to its meaning implicit in its
usage in the documents.

What are the nuggets in the documents?

Text pieces in a document that are assigned to the concepts
can be seen as a source of shared knowledge. Document
presentation can expose such nuggets by highlighting
concept occurrences.

Are there hidden connections between the documents?
Documents are implicitly related to each other by common
concepts. Text pieces that belong to common or related
concepts are automatically cross-referenced so that users
can easily browse among them.

What are relevant documents?

Documents can be registered to a document collection by
the users or retrieved by the system, which generates
queries from the concepts. The number of concept
occurrences can indicate the relevance of retrieved
documents.
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