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Abstract. This paper describes an action-research approach to the specification
of an ontology to be applied in the information organisation of a community of
forest planning experts. Like many others, a community of forest planning ex-
perts does not see their technical domains in unison, rather it voices several
points of view that need to be shared and understood. This research started by
addressing the practical problem of achieving an effective information structure
and organisation for a semantic wiki platform. This was supported by a method
and platform for the collaborative specification of ontologies: conceptME. Si-
multaneously, an empirical study was carried out aiming at understanding better
how a technical community pragmatically develops conceptual representations
of a domain. The results of this research show the benefits of collaboration in
the development of conceptual models for knowledge organisation and infor-
mation retrieval.
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1 Introduction

Knowledge management, in the context of a technical community, can be supported
by several types of content management systems, semantic wikis being one of them.
A semantic wiki provides the tools to describe and organise a community generated
information (content) [1] in a way that is meaningful and conceptually related with
the scientific and technical domains of work. Nevertheless, to fulfill this potential, the
knowledge organisation principles, models and techniques, as well as the governance
of the collaborative activities should be shared and agreed by the community. As
argued in [2], a common conceptualisation of the domains involved in a project is the
cornerstone for an effective and efficient management the project’s (i) information
organisation, classification and retrieval, (ii) knowledge sharing and (iii) collaboration
governance and support. Setting up an information/knowledge organisation system
implies that all partners share (even if implicitly) a set of conceptual structures (con-
cepts, their descriptions and their relationships) with which the domain and processes
of work are to be understood. This view is in line with a more interpretive view of
knowledge organisation in information science: classification work involves some
sort of “interpretive flexibility” in which the distance between what is classified (the
object) and those who classify (the subject) is not kept at an artificial distance [3, 4].
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The more aligned, with the users conceptual vision, the semantic artifacts (classifica-
tions, taxonomies, ontologies) are, the easier will be for them to classify (annotate) a
piece of content.

Following a socio-semantic vision of the creation of semantic artifacts, in particu-
lar ontologies [5], we have been developing a collaborative platform to support the
early phases of an ontology specification. We call it the conceptualisation phase. The
conceptME collaborative platform [6], is a “conceptual Modelling Environment”
where groups of specialists can find tools and resources to collaboratively develop
conceptual representations, organise them in libraries, share them with other col-
leagues and reuse them when needed. Currently, conceptME supports concept maps
as representational notation. For several applications, these conceptual representations
can assume the role of ontology specifications (in some ways also known as informal,
lightweight ontology representations). The platform is functionally organised as fol-
lows: i) a set of functionalities to manage collaborative modelling projects; ii) a colla-
borative modelling environment, allowing users to build their models individually or
editing them collaboratively (either on their own or through available templates),
while discussing concepts, relationships and models; iii) a set of terminological ser-
vices, supported by a domain specific textual corpus, allowing users to associate rele-
vant resources to their projects, performing extraction operations to retrieve candidate
terms that can be used in their collaborative process; and iv) a negotiation baseline
model to ensure simple negotiation mechanisms, leading to agreements for a shared
model [2].

This paper reports and discusses the findings resulting from an action-research
project aimed at improving the information organisation of a community’s knowledge
management system implemented in a semantic wiki platform. This was done through
a process of collective reconceptualisation of the meta-data schema (ontology) used to
annotate the wiki pages and define its structure.

2 Problem Description

The FORSYS' knowledge management system is a semantic wiki-based platform for
information management and knowledge sharing within a community of practice
dedicated to study decision support systems (DSS) for forest management. The main
idea of the FORSYS wiki site is to provide a repository on Decision Support in Forest
Management continuously evolving over time and serving as a reference for future
DSS projects. In spite of the proven usefulness of the platform, the FORSYS commu-
nity representatives (developers and final users) identified hindrances to the effective
achievement of the knowledge management goals. The initial development of the
platform’s knowledge organisation structure resulted in a logical structure addressing
the established goals. However, two main problems affecting the efficiency of infor-
mation retrieval were identified.

The first conceptual model implemented was composed by a small number of
classes, each with a long list of properties. Although usable, this model had evident
drawbacks for the users: long wiki pages made difficult to locate the needed informa-
tion, need to repeat the same information in several pages, and the need to scroll up
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and down instead of navigating between pages through hyperlinking. Another conse-
quence of the implemented conceptual model was the rather simplistic way the do-
main was apprehended by the users. A domain modelled by few classes characterised
by long property lists only enables a superficial understanding as it is difficult to
grasp the details from the property lists. A more detailed conceptual account of a
domain increases the user’s capabilities for undertaking successfully domain related
tasks such as searching, retrieving and organising information.

The community managers decided to improve the platform’s knowledge organisa-
tion structure involving as much as possible the community members. This called for
an approach effectively supportive of building a shared understanding of the domain,
resulting in a specification of a conceptualisation socially accepted by the community
[2]. An approach focused on content, context and addressing social factors in the
construction of basic structures of knowledge that would inform the problem solving
process, whereas, semantic theories should underlie the development of artefacts to
share the information [7].

3 Research Methodology

The redesign of the community knowledge management platform was taken as an op-
portunity to research the practices of knowledge organisation and representation of a
specific scientific and technical community. Therefore, given the dual objective of the
project - (i) to improve the knowledge organisation of the platform (problem solving)
and (ii) to know more about about the practices of knowledge organisation and repre-
sentation in technical communities (creation of scientific knowledge) - the principles of
Action Research (AR) were applied. AR consists in a holistic approach of problem-
solving where knowledge is learned by working in a context of action and where people
try to work together to address key problems in their organisations. Typically an AR
based project involves more or less systematic cycles of action and reflection: in action
phases co-researchers test practices and gather evidence; in reflection stages they make
sense together and plan further actions [8]. Often, research approaches in this category
are also referred as participatory AR [9]. What separates this type of research from gen-
eral professional practices is the emphasis on the scientific study, which is to say the
researcher studies the problem systematically and ensures the intervention is informed
by theoretical considerations. Therefore, much of the researcher’s time is spent on refin-
ing the methodological tools to suit the exigencies of the situation, and on collecting,
analysing, and presenting data on an ongoing, cyclical basis [10].

The problem characterised in the previous section fostered the following research
question: “does the collaborative development of conceptual domain models, by rep-
resentatives of a technical community, lead to better quality specifications of a
knowledge organisation system?”. This question addresses two dimensions: the se-
mantic process and the semantic artefact. The later is the result of a set of related
activities (process) undertaken in collaboration and represents a (semantic) agreement
within the technical community. The former includes the collaborative activities
structured by the method and mediated by the conceptME platform. These were
characterised in the previous section.
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The research method adopted was qualitative. Questionnaires and interviews were
used to collect preliminary data while the main data collection technique was partici-
patory observation [11]. Content analysis was made by text interpretation (from inter-
views transcriptions, observation notes), without codification. The findings were
collectively interpreted regarding the suitability of the results according to the users
expectations. The validity of the results depends on (1) the degree to which the devel-
oped artefacts provide a common understanding about the context in which the
research was conducted; and (2) to which extent it provides the essential rational not
only about how semantic categories are related, but how the achieved models provide
the gateways for the semantic wiki structure.

Two expert groups were formed, and a third group of non-domain experts partici-
pated with the role of observer and facilitator. The planned actions were developed
based on the principles and assumptions of the ColBlend method [2]. Basically, this
method proposes three steps: (i) the development of the individual proposals, (ii)
publishing of the proposals and (iii) discussion/negotiation/merging of the proposals.

4 Results

From the analysis of the answers of the first questionnaire we become aware that,
unsurprisingly, the participants were comfortable with the forest management DSS
concept, but not so much with the current conceptualisation of it. Additionally, we
verified that all participants had information and knowledge management concerns in
their daily activities and they revealed their preferences for graphical knowledge
representations, despite of being aware of the difficulties of building such representa-
tions. The boundaries of the domain being conceptualised were specified by formulat-
ing a set of focus questions to which the models should provide answers. Meetings
took place at the end of each step where the results were discussed, based on the data
collected from interviews and observation, as well as from the conceptME platform.
The first iteration of the AR cycle happened in two moments.

In the moment a) a group composed of FORSYS representatives and KR special-
ists paved the way for the rest of the project and produced a first conceptual represen-
tation of the Decision Support System domain area. Recommendations on how to
address the optimisation of conceptual models aimed at specifying a knowledge orga-
nisation system were outlined. The moment b) involved two independent FORSYS
expert groups debating the two other main domain areas: Lessons Learned and Case
Study. It resulted in two models that were the inputs for creating a merged, agreed
model in the second iteration. At the end of this moment, we were able to know more
about the implicit conceptual relations structures used by the domain experts. The
second iteration corresponds to the negotiation and agreement regarding the concep-
tual models developed by the several groups in the first iteration.

The main result was a complete conceptual model of the FORSYS domain, agreed
by the stakeholders and optimised for implementing the knowledge organisation sys-
tem of the wiki platform. At the end of this iteration, the recommendation process for
conceptual relations elicitation in conceptual modelling was completed. Table 1
details the goals and expected results of each AR iteration.
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Ist
iteration
moment

a)

Ist
iteration
moment
b)

2nd
iteration

Table 1. Action and research goals and expected results

action goals

* to define the
requirements for
the metamodel
improvement

to elaborate a
“proof of con-
cept” for the DSS
conceptual model

to debate and
learn, individual-
ly, about the les-
sons learned and
case study con-
ceptualisation

to debate, learn
and agree about
the conceptualisa-
tion of the main
areas of
FORSYS: DSS,
lessons learned
and case study

to complete the
conceptual speci-
fication of the
knowledge organ-
isation system for
the wiki platform
to specify the
semi-automated
linking between
conceptME and
the FORSYS wiki
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action results

* a strategy for the
improvement of
the metamodel

* a DSS conceptu-
al model

* the DSS meta-
model part and
the wiki tem-
plate structure

conceptual rep-
resentations of
the lessons
learned and case
study areas of
FORSYS (one
for each group)
a better and
shared under-
standing of the
domain (partial)

a complete con-
ceptual model of
the domain,
agreed by the
stakeholders and
optimised for
implementing
the knowledge
organisation sys-
tem of the wiki
platform
validated speci-
fication of the
semi-automated
linking between
conceptME and
the wiki

research goals

* to characterise a
process of re-
conceptualisa-
tion by the do-
main experts in
knowledge rep-
resentation ori-
ented to infor-
mation organisa-
tion and retrieval

e to characterise
the use of con-
ceptual relations
by the domain
experts

* to assess the
value of using
focus questions
to assist the col-
laborative de-
velopment of the
models

« to further char-
acterise the use
of conceptual
relations by the
domain experts

* to improve the
conceptual nego-
tiation process
centred around
the discussion of
conceptual struc-
tures

research results

* recommenda-
tions on how to
address the op-
timisation of
conceptual
models aimed
at specifying
knowledge or-
ganisation sys-
tems

knowledge of
the implicit
conceptual re-
lations struc-
tures used by
the domain ex-
perts

optimisation of
the recommen-
dation process
for conceptual
relations elici-
tation in con-
ceptual model-
ling
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Fig. 1. ConceptME to SMW meta-model mapping

One of the action goals of this project was to determine to what extent conceptME
could serve as a modelling front-end to specify the meta-model of the FORSYS wi-
kiplatform, replacing the spreadsheet currently specifying the FORSYS properties
model. Figure 1 depicts the meta-model which matches the structure of concepts de-
veloped in conceptME with Semantic MediaWiki (SMW).

ConceptME runs itself on top of an instance of SMW which means that every con-
tent such as a specific instance of concept, relation or property, added to the platform,
is a wiki page belonging to a specific category, namely, a concept, a relation or prop-
erty. The mapping between the developed models in conceptME and the SMW follow
a simple set of basic rules: r1) a concept within a conceptME model (represented as
Concept “A” in the above picture), corresponds to a specific category in SMW; 12) a
relation connecting two concepts within a conceptME model (represented as Relation
“R” in the above picture), corresponds to a specific property in SMW; r2.1) a property
(in SMW) resulting from a relation between two concepts (from conceptME) must be
of the Page type and its value should be a wiki page. r3) a concept within a con-
ceptME property model (represented as Property “P” in the above picture), corres-
ponds to a specific property in SMW; r3.1) a property (in SMW) resulting from a
concept in a property model (from conceptME) can be of any type but Page; r4) a
template to define new categories in SMW should be defined to cope with these rules
and its member fields types should correspond to the properties translated from
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conceptME model. r4.1) special fields, such as aggregated fields, should be used in
the definition of SMW categories that correspond to the target concept in a typical
conceptME conceptual structure. That means, the direction of the link among con-
cepts must be taken into account. The aggregated fields will list all the “source pages”
where a specific “target page” is used by means of a property page.

5 Discussion

The results were analysed according to the followed process and the developed mod-
els. Given the AR approach, this discussion is based on the data collected by the re-
searchers through participatory observation and joint reflection with the domain
experts (acting as co-researchers) [10].

The Process. As described above, the process designed to improve the knowledge
organisation structure of the FORSYS platform (the problem solving part of the AR)
followed the method devised in [2], which is supported by the conceptME modelling
environment. Two groups of specialists addressed the same focus questions and inde-
pendently developed a concept map for it. Then, the groups debated the similarities
and differences of the respective outcomes and, supported by the model merging fa-
cilities of conceptME, negotiated a common model (concept map). From our observa-
tion, and from the reflection made with the experts, it was evident there was an initial
difficulty in understanding entirely the concept maps produced by the other group due
to the lack of textual definitions for the concepts. This was overcome by the debate
and discussion between the two groups, albeit at the expense of more time to reach an
agreement [12]. In fact, an extra effort to sustain and argue in favour of the proposed
conceptual structures was observed. The definition of focus questions was very useful
as a pragmatic way to define the domain boundaries as well as to assist in the valida-
tion of the completeness of the developed concept maps. The roles and composition
of the teams developing the models revealed to be important both for the process and
the quality of the results. The expert role was fulfilled with people with different
backgrounds, differences that contributed positively for debating the different points
of view when merging the concept maps. The facilitator role also revealed a major
importance. As in every social process involving collaboration, facilitation and lea-
dership are fundamental for the efficiency and effectiveness of the results. From the
observations during the project, we conclude that it was beneficial that facilitation
encompassed both the knowledge representation and the technical domains.

The Developed Models. Several aspects of the resulting conceptual models were ana-
lysed: the set of elicited concepts, the differences between those and the set of concepts
(categories and properties) extracted from the existing meta-model, the differences be-
tween the elicited concept sets from the two groups, the set of elicited relationships, the
meaning of the basic conceptual structures (a concept and directly related concepts).
Due to limited space in this paper, we will look at the aspects related to relationships.
Conceptual relationships elicitation is difficult in practice leading to oversimplified and
imprecise conceptual models. In fact, one of the most difficult problems in a conceptua-
lisation process is the elicitation of conceptual relations [13,14]. While the elicitation of
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concepts is close to the basic cognitive process of categorisation the same is not true for
the relationships as, for their elicitation, additional ontological knowledge is necessary.
In the particular case of the FORSYS project the relationships elicitation was of great
importance because of the need to transform part of the relatively big sets of concept
properties into conceptual structures. As explained before, this would lead to a better
organised, less monolithic content organisation in the wiki platform. A great part of the
conceptual structures represented in the models were not precise enough due to the use
of the “has” relationship. In fact, this relationship had already been amply used in the
starting conceptual models proposed to the groups after the Ist iteration (moment a).
Although the participants have been invited to use a catalog of predefined types of rela-
tions provided by conceptME, and despite of reporting its usefulness, in most cases the
groups tended to accept the proposed conceptual structures as final and stable. Observ-
ing in detail those structures reveals that the intention of their creators seem to have
been to represent: i) a chain of entities and their member fields; ii) a compound struc-
ture, in which an entity is composed or made up of other entities; iii) a containment
structure, in which an entity belongs to another entity. These results were expected as
[15] concludes that the “has” relation is a too generic conceptual relation and most of
the times is used to represent a physical relation between entities. In the same line, [16]
concludes that “has” is used generally as meaning some kind of contiguity engagement.

During the analysis of the shared model (2nd iteration) a new proposal, derived
from the merged one, was developed trying to focus on the mentioned gap. The inten-
tion was, on the one hand, to clarify the use of the “has” conceptual relation and, on
other hand to re-build the conceptual structures considering a set of primitive relation
types [17]. The facilitators helped the groups to debate the meaning of “has” by pos-
ing simple questions. Table 2 presents examples of the results.

Table 2. Examples of the transformation of “has” conceptual relations

Conceptual structure (CS) Posed question New CS according to the
answer
“Lesson learned has DSS” has Lesson learned a  |Lesson learned has-scope
DSS as Scope? DSS
“Lesson learned has Source” has Lesson learned, a  |Lesson learned has-source
and “Case study is-type-of Source” |Case study as Source? |Case study

At the beginning, the experts showed themselves some reluctance regarding the
new proposal. This is explained due to the fact that they were already committed to a
monolithic view of the DSS concept structure, regarding the construction of the
FORSYS wiki. Moreover, we found that maintaining the concepts but changing the
relations could result in a substantially different perspective over the subject. The
relationships are, indeed, the dynamic part of the structures of knowledge. It is impor-
tant to point out that this kind of conceptual modelling will work the better, the earlier
it starts. It is a good practice not to start from what we want to achieve but from what
we want to know. Finally, the developed conceptual models were subjected to an
assessment against the competency questions. The conclusion was that the models
already answered all the questions except one: How lessons learned should be
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applied? This implies to define the processes on how to apply a lesson, which was out
of the scope of FORSYS project.

6 Conclusions and Further Work

The research described in this paper makes a contribution to the scarce literature on
domain conceptualisation processes in the context of communities of experts. First, it
helped a community of forest planning experts to create a shared conceptualisation of
the decision support systems for forest management domain by debating and learning
from the joint construction of conceptual models. At the end of this process, the par-
ticipants acknowledged, both individually and in group, the achievement of an higher
level of ontological understanding of the domain. Second, the empirical findings
achieved during the action-research cycles will shed more light on the characterisa-
tion of socio-semantic processes involved in knowledge representation. This know-
ledge will be also valuable for improving the conceptME platform in a way that
supports more effectively the collaborative conceptualisation processes. In particular,
the conclusions about the identification and use of conceptual relations by the experts
were of utmost importance. These findings will be reflected in future releases of the
conceptME platform. Similar action-research projects need to be done in different
expert communities to enable cross-case analysis, enabling more sound generalisation
of the research results.
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