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Abstract: Contemporary knowledge management activitiesin an enterprise suffer from the dis-
crepancy between the globa benefit for the organization and the persona benefit for the indi-
vidual knowledge worker. To ameliorate this divergence we investigate an evol utionary approach
which automatically integrates the structures of individual knowledge workspaces into compre-
hensive organizational knowledge structures. To enable the individual user to keep an overview
over both the personal information space and the various views and structures in the organization,
we present a concept for dynamically-configured visualization of multi-layered concept spaces
and information structures. This approach will be realized in the newly-started research project
EPOS.
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1 Introduction: Evolving Personal to Organizational Knowledge Spaces

Contemporary knowledge management activities in an enterprise suffer from the dis-
crepancy between the global benefit for the organization and the personal benefit for
theindividual knowledge worker. While the organization asksfor universally applicable
and standardized persistent structures, processes, and work organizationsto achieveand
maintain universally accessible information archives, the individual knowledge worker
reguests individualized structures and flexibility in processes and work organization
in order to reach optimal support for the actual and individual activities. The result-
ing methodological problemswhich hinder the introduction of knowledge management
solutions and the realization of valuable organizational memories are well known.

To ameliorate this discrepancy, the research project EPOS aims at the realization
of a cooperative, evolutionary knowledge space which amalgamates individual aspects
into global benefits. The individual knowledge workspace, realized as a set of agents
in the knowledge workers' personal computer, will provide adequate and task-specific
supporting information to the human. In parallel, the system will observe the work
and the users’ ways of information access’handling and automatically learn about in-



tentions, structures, ontologies, and work processes. Towards the user, the knowledge
workspace thus acts as an adaptive information assistant.

The individual face of the knowledge workspace is complemented by globally ori-
ented sharing and exchangefacilities. Interacting agents from different workspaces syn-
chronize information needs, balance structures, ontologies, and process models, and
exchange context-specific relevant information. A society of agents, represented by the
collection of individual knowledge workspaces, will thus reach a common and shared
understanding of the structured information and knowledge used in their realm. Ulti-
mately, the inter-agent negotiationswill result in an emerging organizational knowledge
corpus without the pitfalls of contemporary approaches.

In summary, EPOS will develop the technological basis for sustainable knowl-
edge development by interacting agents which perform an integration of individual
workspaces into an OM-building society.

The intended integration of local and global support and exchange, however, has
important consequences for the interaction with the user: On the individual workspace,
the user is confronted with continuously evolving representations of personal structures
and information sources as well as with information and structures entering from the
outside, that is, shared models from other knowledge workspaces. This continuous au-
tomatic information exchange between individual workspaces by agents acting in the
background bears the danger that the user’s orientation is lost. To cope with this prob-
lem, we focus on intelligent visualization methods that put the user’s particular know!-
edge items into their appropriate context and thus allow the user to get a quick and
comprehensive overview of all knowledge items provided by the personal knowledge
workspace's agent.

This paper focusses on the requirementsforeseen and the approaches used to realize
comprehensive information visualization methods.

2 Motivation: Requirementsfor Visualization of Dynamic Knowledge
Structures

EPOS will support a project-oriented work structure comprising high information loads
with the need of individual interpretation, complex information structuring with com-
peting individual and global viewpoints, and the continuous exchange and learning in
flexible and sometimes ad-hoc group collaboration. For atypical EPOS application this
means. Every protagonist handles information on the personal knowledge workspace
(that is: the individual’s PC, the laptop, the PDA etc.) and in doing so leaves traces
(file system structures, folder names, file designators etc.) in the workspace. Lever-
aging these native structures into explicit personal information models will improve
transparency for the individual worker or expert and will form the basis for improved
communication.

When relevant expertiseis asked for, the automatic inter-workplace communication
in EPOS will help to find documents and people that satisfy this demand. To this end,



the explicit personal information models are helpful if the variousindividual structures
can successfully be compared and mapped. Global structures arising from the ongoing
exchange will help to organize and structure central repositories (whose maintenance
is currently a major problem). The EPOS visualization tools will help the individual
person to keep track of different relevant views, positions, and interrelations and to
distinguish between own, confirmed models and external ones with possibly different
degrees of confidence.

Based on the application scenario described above, we identify the following re-
quirements:

— Supporting search processes. This means to arrange and present query results in
relation to the workflow the user is currently involved in.

— Techniques for visually mapping different users' information models. The connec-
tions between the information items and their contexts have to be put into relation
to each other.

— Generalizing visualization techniques. This enables us on one hand to handle
problem-classes instead of single problems and on the other to get a systematic
visualization of complex information items with respect to different users.

3 Redated Work

In the EPOS system we will incorporate visualization techniques to support the user’'s
information demand described above. In the following we will give a short overview of
relevant work in this area.

Techniquesfor presenting large graphs are necessary for visualizing large intercon-
nected document spaces. They range from different two-dimensional tree layout algo-
rithms up to three-dimensional structures. [Herman et al., 2000] give a good overview
of these techniques. Another approach for presenting the relations between different
objects is given in [Ware et al., 1999]. They suggest using animation techniques for
producing the perceptual impression of a causal relationship between entities.

Aninteresting ideafor presenting the differencesand similaritiesin aseries of docu-
mentsis developed in [Ribler and Abrams, 2000], where they describe a method for si-
multaneous comparison of series of documents combined with visualizing the detected
similarities in a pattern diagram. A further interesting approach is the visualization of
thematic changes within a set of documents over time [Havre et al., 2002].

For presenting relevant information within large sets of raw data there exist data
aggregation approaches like [ Tang and Shneiderman, 2001]. They describe a dynamic
data aggregation method combined with dynamic queries to large raw data sets that
support the user in discovering patternsor clustersin thisraw data. For providing search
results in a more convenient manner [Leuski and Allan, 2000] describe a system that



combines known visualization techniques like ranked lists or clustering mechanismsto
an on-line user-interface for an information retrieval system.

In some cases users need combined multiple views onto their set of data. This
task is addressed by configurable visualization systems for complex data sets like in
[North and Shneiderman, 2000]. They describe a system that permitsthe usersto define
views on their data themselves by combining a given set of visualizations according to
the relations among their data.

4 Approach

Theinformation availablewithin one user’s personal knowledge space consists of highly
complex structures. These may be personal information models underlying the user’'s
work processes or simply large amounts of pieces of information as a result of previ-
oudly expressed information needs. This complexity even increases when we consider
al the users' personal knowledge spaces that together form the organizational memory.

When we have a closer look at these knowledge spaces, we identify four domains:
the document spaces, the personal and organizational information models, the processes
and the users. Each domain is usually populated by a set of entities that are implicitly
or explicitly linked to other entities within the same or within other domains: Each user
within the organization has got one or more document spaces to store his information
items. For structuring his knowledge he relies on his personal information model. Ad-
ditionally, on the level of the organizational memory, there is one global model, the
organization’s ontology. Besides that many process models describe different tasks of
the user's work.

In this domain model we find three dimensions to consider for visualization: each
single entity in a domain (which can be a multivariate space itself), a set of entities
in one domain (e.g., all processes a user is involved in) and finally the inter-domain
views including views on knowledge shared across the users organization (e.g., the
connection of process steps with knowledge from the organizational memory).

While there exist many research results that address problems from the first and
second dimension, there is still a demand for research in dimension three. Especialy,
here we get domain-spanning information of different kinds: This may on one hand be
arbitrary structural information linking objects from two or more domains or on the
other be alarge set of query results from one domain.

Inspired by the previous research work of [North and Shneiderman, 2000] and
[Kreuseler et al., 2000] we address the visualization requirements expressed above by
developing a so-called ‘domain browser’. This will allow us to integrate visualization
techniques appropriate to the users' problemsin one framework. Techniqueslike Focus
and Context and Multiscale Visualization or Multiscale Pan and Zoom systems as de-
scribedin[Stolte et al., 2002] enablethe user to interact with such complex information
structures. For the purpose of presenting the structures and models to the user that rep-
resent his knowledge patterns the EPOS system allows the definition of different views.



By looking at some of these views simultaneously a deeper understanding of ongoing
processes can be achieved. If, e.g., auser wantsto get an overview of the documentsand
the underlying concepts that are related to the task he is currently performing, a view
might be very helpful to him that in one pane presents his current process model, in the
next one the actual task within this model and in two other panes the related documents
and the underlying concepts.

Beyond the view of the single user’s knowledge workspace the domain browser will
also be applied to the broader scope of visualizing the knowledge provided by other
users as well as the organizational memory. This allows the user to put his knowledge
into context with knowledge available across his organization.

In the same way we will provide views on search results that can be assigned to
the structuresin the knowledge space of the user. Thisinformation extends the view he
has got from his knowledge space before entering the query. In this way new domain-
spanning information is integrated seamlessly into the user’s workspace.
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Figure 1: Mapping of information entities, user context and user tasks to visualization
metaphors

For realising the goals described above we are devel oping a declarative description
language that performs a mapping between the set of information entities to be visual-
ized and user context and tasks on one hand and a set of given visualization metaphors
on the other. As a prerequisite we will categorize these information objects at first and
build up an ontology of them. The mapping itself will be performed within the domain
browser where the mapping rules are applied to the given information entities and the
current user context and thus the appropriate visualization is automatically generated
and parametrized from the available visualization metaphors (see figure 1). The basic



operation for performing that task is finding mappings between several structura views
(or ontologies) of the information corpus. Here, we hark back on the ontology negoti-
ation approach sketched in [van Elst and Abecker, 2002], integrating structural as well
as document classification based evidence for mappings.

5 Summary

The presented approach addresses the application problem of visualizing complex re-
lations within an organizational memory. We will tackle this problem by evaluating
existing solutions for the dimensions one and two in our domain model. By combining
and extending them in the domain browser we will create a means that gives the user
new insights not only into the structure of his own knowledge space but also into that
of the whole organization. With this novel combination of visualization techniquesin
conjunction with the EPOS approach to advanced knowledge management we provide
anew solution to the described application problem.

References

[Havreet al., 2002] Susan Havre, Elizabeth Hetzler, Paul Whitney, and Lucy Nowell. The-
meriver: Visualizing thematic changes in large document collections. |EEE Transactions on
Misualization and Computer Graphics, Vol. 8(No. 1), January - March 2002.

[Herman et al., 2000] lvan Herman, Guy Melangon, and M. Scott Marshal. Graph visualization
and navigation in information visualization: a survey. |EEE Transactions on Visualization and
Computer Graphics, Vol. 6(No. 1):24-43, 2000.

[Kreuseler et al., 2000] Matthias Kreuseler, Norma Lopez, and Heidrun Schumann. A Scalable
Framework for Information Visualization. In Proceedings of |EEE Symposium on Information
Visualization, Salt Lake City, Utah, October 2000.

[Leuski and Allan, 2000] Anton Leuski and James Allan. Lighthouse: Showing the Way to Rel-
evant Information. In Proceedings of |EEE Symposium on Information Visualization, Salt Lake
City, Utah, October 2000.

[North and Shneiderman, 2000] Chris North and Ben Shneiderman. Snap-Together Visualiza-
tion: A User Interface for Coordinating Visualizations via Relationan Schemata. InV. Di Gesu,
S. Leviddi, and L. Tarantino, editors, Proceedings of Advanced Visual Interfaces (AVI 2000),
Palermo, Italy, May 2000. ACM Press.

[Ribler and Abrams, 2000] Randy L. Ribler and Marc Abrams. Using Visualization to Detect
Plagiarism in Computer Science Classes. In Proceedings of IEEE Symposium on Information
Visualization, Salt Lake City, Utah, October 2000.

[Stolte et al., 2002] Chris Stolte, Diane Tang, and Pat Hanrahan. Multiscale visualization using
data cubes. In Pak Chung Wong and Keith Andrews, editors, Proceedings of InfoVis, pages
07-14. IEEE Computer Society, 2002.

[Tang and Shneiderman, 2001] LidaTang and Ben Shneiderman. Dynamic Aggregation to Sup-
port Pattern Discovery: A Case Study with Web Logs. In K. P. Jantke and A. Shinohara, edi-
tors, Proc. Discovery Science: 4th International Conference, pages 464-469, Berlin, Germany,
2001. Springer Verlag.

[van Elst and Abecker, 2002] Ludger van Elst and Andreas Abecker. Negotiating domain on-
tologies in distributed organizational memories. In AAAI-2002 Workshop on Meaning Negoti-
ation, Kanada, july 2002.

[Wareet al., 1999] Colin Ware, Eric Neufeld, and Lyn Bartram. Visualizing Causal Relations.
In Proceedings of IEEE Symposium on Information Visualization, San Francisco, California,
October 1999.



