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Abstract—Though the issue of knowledge management is
a hot subject of interest in nowadays market companies, inte-
grated solutions fit to the specific needs of research institutes
still require more attention. This paper documents a part
of the research activities performed at National Institute of
Telecommunications, related to development of research insti-
tute knowledge management support system. The ideas lying
in the background of the system come from the recent the-
ories of knowledge creation and creativity support and from
experience with everyday practice of knowledge management
in market companies. Main focus is put here on the issue
of creation of a research topics ontology that is meant to be
a semantic backbone of the system. Three-stage approach is
proposed, aiming at the construction of ontologies for different
levels of organizational hierarchy, from individual researcher,
through group or unit, up to the whole institute. Created on-
tologies are linked to knowledge resources and support diverse
activities performed at those levels.

Keywords— creativity support, knowledge creation, ontological
engineering, scientific knowledge management.

1. Introduction

Knowledge management has become recently a hot topic
not only in many research communities all over the world
but also increasing interest may be noticed in market com-
panies getting lost in their own information sources of dif-
ferent kind. At the same time arising concept of Business
Intelligence 2.0 is moving towards proactive approach to
problem solving in business environments, instead of reac-
tive, latter being implemented as searching for patterns in
collected information to improve future decisions (knowl-
edge discovery and data mining). In order to act before an
event occurs, one must have a rapid access to the sources
of knowledge critical to his decisions. Not only written
documents, but also multimedia content [1] and domain
experts are the subjects of knowledge management as im-
portant explicit and tacit knowledge resources. Our ex-
periences with work in a big telecommunicatins market
company, shows that the issues of knowledge management
are in a very immature stage in there, but at the same time
there is quite a big need to implement some adequate so-
lutions in the area.

Even more complicated sounds a question of how to man-
age knowledge in a research company or institute, where
problems being solved are usually more complicated than
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those in the commercial environments. Moreover, the fi-
nal product of a research institute is the knowledge itself.
Thus there is a strong need to organize and support devel-
opment of creative environments [2] to improve the quality
of research.

Ontologies as a knowledge representation method became
very popular! in recent years, especially in computer sci-
ence community after popularizing the idea of semantic
web [3] as the future of the Internet. Number of standards,
tools and languages supporting the idea has been devel-
oped since then. But on the other hand, it is hard to name
a set of mature, well-established and widely used software
implementations of knowledge management for market or
research use?.

Ambition of our research group in National Institute of
Telecommunications (NIT) is to create the research institute
knowledge management system (RIKMS) fit to the needs
of a research institute, based on ontology engineering tools
and methods and employing the ideas of creative space
described in [2], [4].

This preliminary paper is mainly devoted to the problems
of generation and maintenance of research topic ontology
and is structured as follows. Section 2 discusses differ-
ences between two main ontological views on activities of
a research institute. Some remarks on the way an ontol-
ogy of research topics shall be structured are presented in
Section 3. Section 4 is devoted to the general framework
proposed for ontology creation and maintenance while Sec-
tion 5 summarizes the paper and gives some directions of
future development.

2. Organizational and Topic Ontology

The RIKMS reflects two different, but interrelated, perspec-
tives on the knowledge maintained in a institution. The
former is concentrated on the organizational aspects or on
how to organize knowledge intensive processes and the lat-
ter is focused on research topics lying in the field of interest
of the institution, or on how to refer to research areas and
topics.

Building blocks of the organizational ontology reflect
the structure of an organization, its working regime, ac-
cepted standards, policies and procedures, worked out prod-

At least judging from the number of books and publications in this

area.
2Contrarily to, e.g., knowledge discovery and data mining tools.
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ucts, etc. Organizational ontology is usually hardwired in
a software system dealing with its concepts, taking form of
relational tables with fixed structure and hard-coded pro-
cedures expressed in some chosen language. On the other
pole would be a software system storing and processing or-
ganizational ontologies in more general form as constructs
of one of the ontology engineering languages®. However
this is a completely different subject lying rather in the
scope of software engineering methods and will not be dis-
cussed here.

By topic ontology we mean here a set of interrelated topics
researched by the institute. It creates a different point of
view on the activities performed within the institute. Orga-
nizational ontology may be seen as orthogonal to topic one
and consequently they intersect each other. Projects may be
indexed with keywords taken from the topic ontology of the
institute, similarly employees will manifest competences in
some topic labelled research areas.

Research and scientific institutions usually tend to form
a hierarchical organizational structure constituted of de-
partments, divisions, laboratories or working groups, cen-
tered around some research issues. Every unit of an in-
stitute has its own leader and employs people with similar
educational and scientific background. Furthermore intel-
lectual heritage and common sense of every group of this
kind has been formed by its history, tradition, shared values,
cooperation with external partners, long-term project expe-
rience. Such a group is thus thematically homogeneous to
some extend and hermeneutic horizons* of its members are
more coherent with respect to one another than to members
of the other organizational units.

Reverse influence of research topics on organizational struc-
ture may be observed as well when we consider the origins
of units within an institute. They are often formed around
charismatic leader, transformed from successful working
groups or answer a need to undertake a research in some
previously uncovered area.

Summing up organizational and topic ontologies are closely
bounded and one cannot drop any of them when dealing
with the subject of knowledge management in a research
institute. Our approach to ontology construction utilizes
organizational structure as a framework for topic ontology
creation and maintenance.

3. Topic Ontology Representation
for a Research Institute

There are several motivations for creating a topic ontol-
ogy for a research institute. Ability of viewing processes
and their outcomes from the perspectives of projects, their
products or people involved in them is attainable as all

3Many standards have been developed. Let us mention web ontology
language (OWL), or lower-level resource description framework (RDF).

4Hermeneutic horizon following H.-G. Gadamer [5] is “The totality of
all that can be realized or thought about by a person at a given time in
history and in a particular culture”.
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they are distinguishable concepts of organizational ontol-
ogy and thus might be somehow reflected in the structure
of knowledge management software system. But the ques-
tions immediately arise of how an overview of the activities
from the research topics perspectives may be achieved or
what the set of all topics researched by the institute con-
sists of. Possibility of taking topic centered perspectives on
projects, products, employees and documents has a mean-
ingful importance for people involved in management of
a research institute and heads of its departments. It sup-
ports many decision making tasks. Lets enumerate some
of them.

e Reporting the achievements in particular fields of sci-
entific activity entails a reflection on appropriateness
and up-to-dateness of current organizational structure
and enables build-up of development strategies.

e When applying for a new project or analyzing re-
search trends, topic ontology centered view helps to
determine whether an institute has enough expertize
in related thematic fields.

e Knowing the competences of individual employees
is a key prerequisite for building up interdisciplinary
working groups capable of dealing with complex
problem with many diverse research threads.

e Analysis of structure of topic ontology may lead to
identifying the germs of new research topics.

On the other hand, topic ontologies may be useful at the
individual researcher level as the important input for the
tools supporting creativity. The idea of hermeneutic EAIR
(enlightenment, analysis, hermeneutic immersion, reflec-
tion) spiral of searching through rational heritage of hu-
manity and reflecting on the object of study has been
presented in [4] with experiments on ontology supported
hermeneutic agent, helping a user in search for knowledge
sources related to object under research, reported in [2].
The ontology is used there to define researcher semantic
profile that machine is able to process and use in order to
help in finding relevant knowledge resources on the world
wide web.

Textual and multimedia information is not the only source
of knowledge in the research institute. Having an access
to semantic profiles of institute employees, software agent
might locate a person with strong competences in the sub-
ject of study. It could be a hard task for someone not
familiar with everyone’s research interests, but a computer
fed with profiles of individuals can be very helpful.

3.1. Local versus Global Ontology

Different applications of topic ontology demand different
views on set of concepts and relations. Intuitively, at the
individual level, granularity is to be greater and ontology
more detailed, as it supports actions performed during ev-
eryday work, at rather operational level. Higher in the or-
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ganizational hierarchy of the institute, more general views
on topics are needed as the horizon of group activities is
more strategic.

Not every concept and relation is meant to be visible at the
higher levels, some of them may remain private, but those
of higher levels must be more reliable, commonly agreed
and formal.

Distinctions mentioned above, along with general remarks
on orthogonality of organizational and topic ontologies
(see Section 2) lead to conclusion that it seems to be
more reasonable to maintain distributed ontologies associ-
ated with different levels of organizational hierarchy, from
individual, through group, ending up with an overall ontol-
ogy of the institute.

As the responsibility for communication of an organiza-
tional unit with its environment lays on unit or, more gen-
erally, group leader, his or her role in ontology construction
and maintenance processes should be superior. The leader
is to be especially involved in the mechanism of keeping
ontology of his group consistent and integrated with those
of higher levels. We shall emphasize the role of the leader
in proposed framework.

What must be decided next is whether there should be one
ontology defined globally for the whole domain® and then
adapted by its constitutive units or the better solution is
rather to develop local ontologies for all individuals and
combine them into higher level ontologies. We believe
that the bottom-up strategy is a better solution. The intu-
itive justifying argument is that in the top-down procedure,
there must be overall ontology defined, detailed enough to
help in creativity support processes and, at the same time,
covering all possible topics lying in the field of interest of
the institute. Lets assume, we wish to adapt some kind
of telecommunications ontology defined by ITU®. Saying
that, e.g., National Institute of Telecommunications cov-
ers the whole universe of telecommunication related issues
as defined by ITU, and nothing more, is not neccessarily
a true statement’. From the one point of view that would
be a nice property as it could enable adaptation of single,
global view on activities of all telecommunication institutes
all over the world. But at the same time it introduces in-
formational mess, by importing to institute’s research field
concepts that are out of its scope and forgetting those which
are applicable. The question of topic map for the whole
institute would remain unanswered.

Attemps to build up a NIT ontology ([6] and further work),
showed that the institute is active in a variety of diverse
and advanced research fields, including typical low and
high level telecommunications problems like electromag-
netic compatibility, radiocommunications and mobile tele-
phony, optoelectronics, network infrastructure and manage-
ment, but also law, social and market issues like regulatory
problems, customer satisfaction surveys and decision sup-

SHere: research institute.

SInternational Telecommunication Union — United Nations agency for
information and communication technologies.

"Where is the place for this paper in such a case?
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port problems including knowledge discovery and manage-
ment, game theory and logic.

Having above considerations in mind, it seems to be much
more promising approach to build an ontology starting from
individual level, promote their local concepts to higher lev-
els of department and institute in some manner and in-
tegrate them to achieve the global picture of institute ac-
tivities. Such an idea of heterogeneous ontologies in dis-
tributed environment has been discussed in [7]-[9].

We stated above that every individual and group hold their
own ontology. Group has been defined as an organizational
unit, like department or laboratory. However within an in-
stitute there may exist a number of task teams, interdisci-
plinary groups with people primarily affiliated with differ-
ent organizational units. Research institute as the whole
may be seen as a group too. All those meanings of a group
should be enabled to have their own common ontologies.
In such a context, group leader is a head of an unit, or
director of the institute, but also informal group leader or
a person designated to take care of public image of, and
knowledge management in his or her group.

3.2. Light versus Heavyweight Formalism

The word ontology has been being present in the com-
mon vocabulary for several centuries. Following is the
Wikipedia’s definition of its philosophical connotations:

the oldest extant record of the word
itself is the Latin form ontologia, which ap-
peared in 1606, in the work Ogdoas Scholastica
by Jacob Lorhard (Lorhardus) and in 1613 in
the Lexicon philosophicum by Rudolf Gockel
(Goclenius). The first occurrence in English
of “ontology” as recorded by the OED appears
in Bailey’s dictionary of 1721, which defines
ontology as “an Account of being in the Ab-
stract”.

Next search on the word ontology in Wikipedia, but this
time in the context of computer science, gives next defini-
tion:
an ontology is a formal representation
of a set of concepts within a domain and the
relationships between those concepts.

The key word above is “formal”. Increasing the amount
of formalism gives many different realizations of ontol-
ogy. Classification framework has been proposed in [10],
while referring paper [11] discusses, also interesting from
our point of view, issues of ontology based documents
annotation. Lets enumerate definitions taken from [10] in
a light-heavy order:

controlled vocabulary — finite list of terms,
glossary — list of terms and their meanings,

thesauri — list of terms with synonym relationship
defined (but not an explicit hierarchy),

is-a — hierarchy of classes and their instances,
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frames — classes having properties (including rela-
tions to the other classes),

value restrictions — characteristics of properties
(e.g., type/class, value) restricted,

disjointness, inverse, part-of — additional relations
between classes with well-defined semantics,

general logical constraints — arbitrary logical state-
ments on classes, properties and instances.

Most of people require at least “is-a” level definition to be
achieved to consider specification of the domain to be an
ontology.

In our case it is still unclear how formal the model will be.
We initially assume it to be at “is-a” level with possibility of
defining additional, other than “is-a”, somehow restricted,
relations between classes. Nevertheless this setup may be
significantly modified while the system evolves.

4. Topic Ontology Creation
and Maintenance Process
in a Research Institute

In this section a general framework of the process of on-
tology creation and maintenance for a research institute is
presented. Must be stated that the work documented below
is at the early stage and only limited number of details may
be provided apart from the general idea.

In the following, for the sake of brevity, a set of interre-
lated ontological concepts associated with person, unit or
institute will be called an ontological or semantic profile or
simply a profile.

The basic scenario for ontology construction starts with
submission of the new knowledge resource to the RIKMS.
It is then analyzed by some automatic concept extraction
method from text?.

Then phase of individual® reflection is initialized, with
querying an user on a relevance of discovered topics to
his or her individual profile, their relations to existing top-
ics in the profile and profiles of other people or higher level
profiles and thus stimulate user to take a reflection on the
profile and modify it accordingly. This step may be viewed
as a limited form of analysis transition in EAIR spiral [4]
as a localization of the new concepts in the context of ex-
isting semantic profiles.

Submitted document will be then indexed with new top-
ics signatures and may serve as a proof of user’s compe-
tence in the field characterized by those topics. Moreover, if
submission occurred in some specific context, as a final re-
port from project or part of some other activity, then system
stores the relation of topics, document and context for fur-
ther use.

8 At the moment we assume knowledge resources to be textual docu-
ments.

9Local or in other words happening between software system and its
user.
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Final cross-level agreement stage starts with identifying
those parts of ontology which could be promoted to one
of the higher levels of organizational hierarchy. During the
process of system guided debate between all interested par-
ties, concepts and relations are delegated up the hierarchy
on the basis of common agreement, but with the decid-
ing vote of a group leader. Cross-level agreement stage in
the context of knowledge creation theories may be seen
as a counterpart of debating transition of EDIS (enlighten-
ment, debate, immersion, selection) spiral [4].

4.1. Topic Ontology Generation

This section describes document-based concept extraction
method, being automatic step of ontology construction pro-
cess. Different methods of automatic ontology construction
have been surveyed in [12]-[14]. The approach proposed
in this paper is similar to those used in On-To-Knowledge
project for retrieval of relations between concepts from doc-
uments [15], [16].

In [6] a number of tools for automatic concept extraction
have been outlined and the results of experiments conducted
on publications from International Journal for Telecom-
munications and Information Society have been presented.
Special attention has been paid to OntoGen system [17].
The reader is encouraged to refer to [6] for more details.

OntoGen generates an ontology in a semi-automatic pro-
cess on the basis of a corpus of documents describing spe-
cific domain or subdomain of interest. Document clustering
based method is used which needs some minimal number
of documents to be available. It is rather designed for at-
taining a global view of a domain under investigation.

Chosen for our framework topic generation routine utilizes
the well-known idea of frequent itemsets discovery in trans-
actional data [18].

In preliminary step document is being transformed into
transactional data by decomposing it into a set of sets of
words (wordsets). Each wordset is roughly equivalent to
a sentence in a grammatical sense.

Frequent wordset is defined as follows. Having a set of
wordsets D = {S;},_; , frequent wordset is a set of
words S* = {wi};_, , simultaneously contained in at
least Supp% of wordsets from D, where Supp is called
a support of a wordset:

|{Si eD | NS S*}|
D

S*is frequent <= > Supp .

The motivation behind searching for frequent wordsets in
a document is rather straightforward. If the same group of
words has been used by authors in a number of sentences
it may designate a concept or a set of related concepts.
After frequent wordsets are discovered, second operation
is performed, so called pruning step. It is obvious that if
a wordset S} is frequent then every wordset S} being a sub-
set of S} is frequent as well, as it is at least contained in
the same set of sentences as S} is. For the sake of brevity,
all wordsets being subsets of frequent wordsets are removed
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from the result in a pruning phase. All, but not those which
exist in significantly greater fraction of sentences than their
supersets and thus might indicate more general concept.

Algorithm 1: Frequent word sets mining for ontology
construction

Data: document

Result: nondominated_frequent_groups

1 norm_document = ConvertAndPreprocess(document)

2 transactions = MakeTransactions (norm_document)

3 frequent_groups = Apriori (transactions)

4 nondominated_frequent_groups = Prune (frequent_groups)

Table 1
Example of frequent word groups

| Words | Count |

[ Paper I |
theory, rational, intuition 16
normal, creation, knowledge 14
spiral, creation, knowledge 13
creation, knowledge 51
seci, spiral 19
humanity, heritage 16
space, creative 16
civilization, knowledge 15
dimensions, creative 14
shinayakana, systems 13
approach, systems 13
tacit, knowledge 13
heritage, knowledge 13

[ Paper II |
triple, helix, creation, knowledge 6
processes, creation, knowledge 10
indicators, quality, reference 9
spirals, creation, knowledge 8
normal, creation, knowledge 7
academic, creation, knowledge 7
spiral, creation, knowledge 7
minimized, maximized, indicators 6
units, sets, data 6
maximized, indicators, quality 6
best, sets, data 6
sets, data 14
profile, reference 12

[ Paper III |
nakamori, wierzbicki, spiral 10
academic, creation, knowledge 9
technology, management, knowledge 9
science, systems, knowledge 9
science, management, knowledge 9
creation, knowledge 34
management, knowledge 27
science, knowledge 18
nanatsudaki, model 16
seci, spirala 12
processes, knowledge 12
academic, spirals 10
processes, creation, knowledge 10

[ Paper IV |
representation, multiple, aggregation, criteria, knowledge 13
coefficients, weighting 19
integration, knowledge 15
form, knowledge 15
sum, weighted 14
reservation, aspiration 13
aspiration, levels 13
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The four steps procedure starts with the preparation of doc-
ument to make it fit to input requirements of the word
groups searching routine. Format conversion to plain text,
font encoding translation, removal of stop words, lower-
casing and stemming are the main steps in preprocessing
phase. After accomplishing that part, document is trans-
formed into transactions that are fed to a frequent wordsets
discovering algorithm. Finishing pruning step reduces the
number of word groups and gives the final result.

Table 1 shows frequent word groups with cardinality greater
than two for some papers thematically located in the field
of knowledge science.

4.2. Individual Reflection

The purpose of the next stage is to populate individual
profile with newly discovered topics and to define relations
to the concepts found in both individual and neighbour-
hood profiles. It takes form of interaction between user
and software system driven by word groups discovered in
previous step and current structure of profiles. Sovereignty
of the user is a superior principle. He or she decides on
the final shape of individual profile. The role of software
system is in stimulation of user’s reflection by requesting
advice about a local hierarchy of ontology. It might be
seen as an engine searching for new topics and relations
in both new source of knowledge and already established
semantic structures. The final decision is always left to
the user.

System is detecting whether any of basic indicators of new
concept or relation existence arise and should be reported
to the user providing a new source of knowledge.

Frequent word groups. Automatic topic generation phase
proposes a number of words — candidates for new topics
and indicates their coincidence in contexts of sentences.
The n-grams for n > 1 are expected to be more informa-
tive than unigrams. They may carry two meanings. One
is that there exists a concept in the domain identified by
the name consisting of more than a single word. Second
interpretation is a set of related concepts. Mix of those
two is possible as well. Such a hypothesis of distributional
semantics'? lies in the basis of, e.g., some of the text sum-
marization systems [19]. Scenario for this step is to present
frequent groups to the user and let him decide whether they
can contribute to his individual semantic profile and if so
then whether they form single concept or group of inter-
related topics. This may be enhanced by presenting some
additional information like showing the quotations from the
submitted document in which they appear.

Super- and sub-wordset. If user designate word groups
being in a subset-superset relation, as bases for new con-
cepts, it may be an indicator of existence of one of im-
portant relations “is-a” or “part-of”” between corresponding
concepts. System should suggest such a solution.

10Context has a strong influence on the word meaning.
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Integration with existing profiles. New topics and rela-
tions evolve in the semantic context of person and neigh-
bourhood. Thus during questioning process, system should
take into consideration existing concepts and ask the user
to localize newly discovered ones in the whole semantic
profile. Searching for counterparts of ontological concepts
is a subject of research in the area of ontology matching
and alignment [20]-[22]. Variety of techniques are avail-
able from simple matching by name ending up with more
sophisticated methods. This issue still needs to be investi-
gated in more detail.

User invention. System should be able to process any other
modifications proposed by the user at this stage. However
some kind of constraint for user’s freedom should be ap-
plied. It might be an obligation to provide an explanation of
why the modification had been made. System may ask for
a reference to a source of information on the new topic as
a kind of evidence or to place new elements in the current
ontological structure by linking them to existing topics.

4.3. Cross-Level Agreement

As mentioned in Subsection 3.1 the framework we are aim-
ing at shall generate global view of the topics researched
in the institute by aggregating individual profiles of em-
ployees. Special role is granted to a group leader, who has
a final deciding vote as a person responsible for the overall
picture of activities performed by his or her group.
Software system is engaged in two aspects of creating an
agreement on ontology structure. First, it again stimulates
a reflection on how the higher level structure should look
like, by informing individual users on existence of poten-
tially promotable concepts and relations. A number of in-
dicators might be considered. Below a couple of exemplary
ones are listed.

Shared concept. Sharing a concept between two or more
individual profiles seems to be a good reason to promote it
to the higher level. Both profile holders should be notified
about the match found and decide together whether publish
the concept or not.

Shared relation. One meaning of relations sharing is anal-
ogous to concept sharing. The second one is that relation
linking concepts that had been promoted to the higher level
should get high score as well.

Superconcept. Some of the relations are distinguished
among others. For instance “is-a” associating super- and
subconcept play a special role in any system as it intro-
duces a hierarchy into it. Therefore superconcept of a con-
cept promoted to the higher level should get a high score.

Strongly supported by the sources. Concepts from a in-
dividual profile having many knowledge sources associated
are more likely to be promoted.

Existing ontology. Relations and concepts imported from
another, especially widely recognized ontology are desir-
able. However they first should appear in at least one indi-
vidual profile to justify their relevance to the institute.
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User invention. Again system should give its users free-
dom to promote concepts and relations they consider to be
important.

The second task for software system within a process of
achieving cross-level agreement is assistance in debating on
the shape of higher level structure. After a part of individ-
ual ontology is proposed to be promoted by the user, system
should notify group leader and provide him or her with all
acquired information about new ontological findings. Af-
ter the final decision is made system should propagate up-
dated ontology among all parties that may be interested
in it and, in case of need, initiate a debate leading to the
agreement.

5. Conclusions and Future Work

In this paper the framework for ontology construction for
a research institute has been proposed. The framework is
organized in a distributed hierarchical structure, with lo-
cal ontologies associated with individual employees and
an integrated higher level group ontologies with concepts
and relations promoted from individual profiles. Three main
steps of ontology construction have been outlined, namely
topic generation from documents, individual reflection on
ontological profile and cross-level agreement between in-
terested parties. Special, superior role of group leader has
been emphasized. Some preliminary results for simple, but
robust topic generation method have been presented.

We believe the framework may be a better choice for a re-
search institute trying to develop its own ontology of re-
search topics for integration and management of knowledge
resources than adaptation of any well-known domain on-
tology or creation of global ontology by domain experts.
Reflection and agreement stages have themselves an addi-
tional value as they are driving processes of exploring sci-
entific neighbourhood (individual reflection) and exchang-
ing knowledge through debate (cross-level agreement). As
such they may be seen as supporting creativity in scientific
environment.

What must be stressed here is that development is at the
early stage and far from complete. There is still much of
work to be done. More sophisticated methods for topic ex-
traction from documents are to be tested, detailed specifica-
tion of reflection and agreement phases and implementation
of software component with appropriate human-computer
interface is still to be worked out.
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