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 Abstract. Looking at collaborative networks of organizations as social-
technical systems, information and knowledge sharing implies sharing a set of 
common conceptual structures across organizations. Through this paper, we de-

scribe a case study on how to construct meaningful collective conceptualiza-
tions by means of a new approach based on conceptual blending theory.  
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1   Introduction 

The early phases of setting up information and knowledge management architectures 

for inter-organizational teams (e.g., large scale international R&D or systems engi-

neering projects) are complex and problematic mainly due to the actor’s heterogene-

ous professional and cultural backgrounds. The big challenge stands on the proper 

definition, in short-term, of the concepts and relations, which are the basis of the in-

formation and knowledge architecture to be common to the collaborative network.  
Like this, considering a common conceptualization of a given reality as the corner-

stone for information and knowledge sharing among a network of social actors, the 

core problem is how to create suitable socio-technical tools to support the collabora-

tive process of creating semantic artifacts to be operationalized in some short-term 

business opportunity.  

Sharing information and knowledge implies sharing a set of conceptual structures 

between network partners. They need to negotiate a common vocabulary, meaning of 

concepts and their relations, to develop the information organization system. The 

problems raised by information and knowledge sharing in the context of collaborative 

networks have been researched in the last decade (and is still being researched) in the 

so-called Ontology Engineering community. After a deep analysis of the state-of-the-
art in this area one can conclude that the current underpinnings of ontology engineer-

ing are not enough for the future challenges of building semantic artifacts, i.e., the 

current underpinnings of ontology engineering do not give an appropriate answer to 

the new challenges raised by the every time larger need of collective construction of 
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meaning. Even though the most used definition of ontology [1] "An ontology is a 

formal, explicit specification of a shared conceptualization", underlines the collabora-

tive construction of conceptualizations in the scientific context, it is established that: 

"While different degrees of formalizations have been well investigated and are now 

found in various ontology-based technologies, the notion of a shared conceptualiza-

tion is neither well-explored, nor well-understood, nor well-supported by most ontol-

ogy engineering tools" [2]. Our view is that ontology engineering needs a “socio-

cognitive turn” in order to generate tools that are really effective in copying the com-
plex, unstructured, and highly situational contexts that characterize a great deal of 

information and knowledge sharing in businesses collaboration. This line of research 

is therefore directed towards the application of cognitive semantic results in the crea-

tion of artifacts acting as socio-technical devices supporting the view that meaning 

socially constructed through collaboration and negotiation. The first line of this re-

search work deals with the application and extension of the Conceptual Blending 

Theory (CBT) [3] to the realm of collaborative semantic tools. The practical applica-

tion of our approach is to support the co-construction of semantic artifacts by groups 

of social actors placed in organizational contexts interacting towards a set of common 

objectives. We propose a new method to support de collaborative construction of se-

mantic artifacts with special focus in the initial phase of the process, the conceptuali-

zation phase (to obtain a detailed description of the CBT based method, see [4, 5]).  
In this paper, are described the usage of the method in the scope of a large Euro-

pean project, AC/DC1, showing the main results and lessons learnt with this case 

study. 

2   Application case: building a project informal ontology 

This experiment was carried out within a trans-national (European) project, AC+DC 

project, in the area of industrial (automotive) engineering. In this project, a consor-

tium of major European car manufacturers, suppliers, and research institutes develop 

the “dynamic supply chain collaboration" concept that changes the conventional au-

tomotive terms of delivery to a highly reactive “5-Day-capable” system that radically 

cuts down inventories in the supply network. This is a huge and complex project, as it 
involves 19 partners, from 7 countries and 9 tasks grouped in 3 work packages. One 

of the work packages aims at building an ontology to be used in several tasks of the 

project. The general goal of the AC+DC ontology is to facilitate a common and pre-

cise understanding of the concepts used by all partners in the several project activities. 

The resulting common vocabulary should match standardized terms of automotive 

production domain and the particular concepts on development in the project. The 

ontology development task started initially without a supporting methodology or even 

a clear vision of the ontology goals and scope. Without the concern of clarifying the 

general goal of the ontology, and without discussion of this with the partners, began 

its development. The first obstacle comes at this very early stage, where to start and 

how to start? The first version of the ontology was presented. Comprised data models 
which included concepts, relations, properties and data types. Basically, the first ver-

                                                        
1  http://www.acdc-project.org/public/ 
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sion was based on a software application data model related to the planning and pro-

duction scheduling. The terms contained in the above example, were made available 

to other members in the form of a "Protégé Project". This version came out from ex-

pert domain partners with lack of knowledge in the development of ontologies. They 

were not aware about the real purpose of “Protégé”, as well as its limitations and ca-

pabilities. Therefore, the result was not as it was intended initially. Moreover, when 

creating the ontology, the process itself was lame and neither truly collaborative nor 

guided by basic collaborative rules, essential to support the process. The Protégé files 
were exchanged by e-mail to all partners, which, by their turn, could reply some 

comments on the ontology. The participation was weak; probably due the lack of 

knowledge of the Protégé software and its associated notation, which constituted a 

barrier, making the process, move forward without the contributions of all.  

Within this context, the authors took the opportunity to set-up an action-research 

project aiming at, from the one side, to help the project to develop its ontology and, 

on the other side, to create knowledge about the collaborative construction of ontolo-

gies by designing and undertaking a set of experiments. From the preliminary analysis 

of the problem, jointly with the project team, the following general requirements were 

derived: (1) the goals and scope of the ontology should be clearly stated, even if not 

completely detailed; this is of utmost importance to guide the conceptualization 

process; (2) there is a clear need for a method and tools to support the conceptualiza-
tion process; only with such a support a collaborative process is feasible; (3) There is 

a need to use tools and techniques that can be used by all involved regardless of their 

training. Initially the emphasis should not be in formal aspects related to the ontology 

codification. The concern should focus on the informal knowledge representation that 

will constitute the ontology; and (4) the possibility of reusing other ontologies should 

be evaluated. For example, the analysis of models created in the project ILIPT2 shows 

that the results can be used to prepare the initial proposal for a shared conceptualiza-

tion. 

Hereupon, the authors attempted to see whether it would be possible to reuse exist-

ing ontologies in supply chain management domains. From the studied ontologies, [8] 

and [9] were based on SCOR model; others such as [13] are focused inside organiza-
tions but not among them; and The United Nations Standard Products and Services 

Code which provides an open, global multi-sector standard for efficient, accurate 

classification of products and services. These ontologies cover very specific sub-

domains making them difficult to reuse. There are also several upper-level ontologies 

which are too abstract to be applied in particular situations. Since collaboration con-

cepts behind supply chains and their requirements could be fundamentally different, 

there is no standard ontology, which would be detailed enough to be applicable in 

every practical case.  

In this experimental phase four tools were used to support the collaborative con-

ceptualization process. For the joint construction of a conceptual representation, Con-

cept Maps supported by CmapTools3 and Semantic Media Wiki4(SMW) were used.  
CmapTools was used essentially to support the frame definition, preliminary proposal 

                                                        
2  http://www.ilipt.org/public/ 
3  http://CMAP.ihmc.us/conceptmap.html 
4  http://semantic-mediawiki.org/wiki/Semantic_MediaWiki 
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and input spaces creation [4, 5]. The blend services and negotiation process was as-

sured by SMW. An integration service between CmapTools and SMW was developed 

allowing the discussion of input spaces and the annotation of concepts within each 

input space, gathering information to run the blend. To support the blend spaces crea-

tion, together with CmapTools features and SMW, the text mining tool, TermExtrac-

tor5, capable to extract relevant terms in the interest domain, by submitting an archive 

of domain-related documents in any format was used. IATE was used, occasionally, 

to search for the correct correspondent terms chosen to name a concept, in several 
languages, according to a specific domain.  

The application case scenario was identified and some preliminary studies made, 

leading to the following experiment context: Four teams from four different organiza-

tions (geographically dispersed) participated in the domain conceptualization. Two of 

those teams (Team1 and Team2), from two different organizations (Org1 and Org2), 

were domain experts from academic and professional areas respectively; another team 

(Team3) from another organization (Org3) was composed by experts in information 

and knowledge management and in collaborative networks; the fourth team (Team4) 

from another organization (Org4), beyond their academic expertise in the specific 

domain, has a reasonable understanding about ontologies. The experiment started to 

be more formally structure, firstly by establishing the roles of each actor: 1) Contribu-

tor: all team members should play this role contributing for the improvement and en-
largement of the current version of the AC+DC conceptualization. The contributor 

responsibilities are to make inputs to the shared conceptualization by proposing and 

discussing concepts and relationships; 2) Facilitator: responsible by facilitating the 

discussion/negotiation around the conceptualization. Teams 2, 3 and 4 were assigned 

the role of contributor; team 1 was assigned the role of facilitator. The first step, the 

context frame definition, was accomplished in the initial formal meeting and helped to 

define the context, goal and mission of the ontology development task, as well as the 

scope and boundaries of the conceptualization. It was then decided that initially the 

ontology would contribute to a common understanding of the concepts used and 

needed by all partners in the various project activities, their goals may be expanded in 

the next iterations of the process.  Thus, considering the original purpose it was de-
cided that the ontology should in the first instance, reorganize itself around the main 

concept in developing the project, "Dynamic Supply Loops” (DSL), this being his 

main focus. Along with the capture, organization and justification for each term inhe-

rent to DSL, it would be necessary to identify concepts, common in the automotive 

production field and supply chain management, to be able to explain and contextual-

ize the new concepts. With the main focus in the dynamic supply chain collaboration 

concept, more precisely in the DSL concepts, the team created an initial shared con-

ceptualization guided by the following focus question: "what processes, activities and 

information are involved in the DSL network planning model, allowing collaboration 

in entire supply chain in feedback loops?" The resulting conceptualization was pre-

sented in a concept map, defining the scope and boundaries of the conceptualization 
process, i.e., this result together with the goals initially defined for the ontology con-

stituted the "context frame". Afterwards, the conceptualization of the several process 

and activities was initiated, which means detailing the DSL. The first process to be 

                                                        
5  http://lcl2.uniroma1.it/TermExtractor 
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treated was the "Production Planning Process". After the construction of the first con-

cept map (the preliminary proposal, see figure 1), an object was created in SMW in 

order to aggregate ideas and propositions about the Production Planning Process. 

Thus, all the teams in the project were able to extend the first shared domain concep-

tualization, contributing with their own inputs (changes that were made in the input 

spaces (on CmapTools or SMW) and which were published. All members could see 

the other member's inputs. The creation of new inputs by each team's domain exper-

tise come from the results from TermExtractor tool document analysis, other docu-
ments produced by the several project work packages, the logistics area of SAP dic-

tionary6, the terms and glossary about supply chain management proposed by [10] 

and, most important of all, by the conceptual structures identification in the experts 

mind when they interact with the other member’s proposals.  

 

 

Preliminary proposal (Production Planning 

Process) 

 

Partner conceptualization proposal (example of an 

input space) 

Production planning (operational loop) – 

shared conceptualization 

 

Production planning (strategic loop) – shared  

conceptualization 

Fig. 1. Excerpt of the concept maps created during the collaborative conceptualization process. 

The discussion is initiated using the functionalities of SMW. Following the end of a 

discussion, the approved (consensual) concepts, can be imported directly to the 

                                                        

6  
http://help.sap.com/saphelp_46c/helpdata/En/35/2cd77bd7705394e10000009b387c12/frames
et.htm 
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CmapTools Client instance of each organization, updating the personal map in focus. 

An excerpt of the final shared conceptualization achieved is presented in figure 1. 

Technically, all this process is supported by the CmapTools and Semantic Media 

Wiki. CmapTools aggregates in the server all the input spaces, therefore users are able 

to publish them in SMW. With TermExtractor the enrichment of the current concep-

tualization by the discovery of new terms and the supported validation of the existing 

ones was achieved. All the input spaces have the same conceptual structure and the 

person in charge for coordinating the process performs the upload of the final (con-
sensual) map into the server. The concept maps present in the CmapServer, comprise 

the generic space. 

2.1 Main observations and recommendations 

The trend towards the development of formal models early in the process, it is con-

firmed to be a bad principle, leading to poor results and demanding an excessive con-

cern by the participants with the formal semantics restrictions (e.g., start-

ing development using tools such as Protégé). At the beginning, becomes essential for 

participants to be focused on the task of building the conceptual model in an envi-

ronment without constraints, trying to express they knowledge about the domain. The 

lack of prior analysis and knowledge of methods and tools to support the collabora-

tive construction of a conceptualization, result in an inadequate selection of them. For 

example, the type of players in the process, knowledge areas and technologies and 
techniques proposed, are factors that may be decisive for the success of the overall 

process. There was a high receptiveness regarding the use of concept maps as visual 

representation technique. This experience showed that conceptual maps are a suitable 

tool to be used during the collaborative conceptualization process, because in this 

phase "completeness is more important neatness and rigor" [11]. From our observa-

tion and from the interviews, we concluded that discussing the problem using a do-

main-specific vocabulary supported by a visually oriented, easy to use, informal tool, 

effective results could be achieved in a relatively short time. Our goal is to allow that 

the users could start informally, the construction of a (non-computational) "know-

ledge base" without having to commit to a particular knowledge representation, and 

without having to translate their know-how into any particular knowledge representa-
tion format. After the informal knowledge is built up, its structure may become more 

obvious. Thus, users could then begin to gradually coerce the concept maps to con-

form to the formal semantic system. 

In the following paragraph we share some lessons learnt with this experiment. (1) 
Initial social and cultural analysis: the social and cultural analysis of the various 

partners, although brief, is necessary to design the process. For example, the decision 

by a process with rules and procedures more or less rigid may depend on the type and 

number of players in the process; (2) Appropriate definition of the context frame and 

road map: The starting point of this case study shows clearly the importance of these 

tasks. After the initial definition of the context frame and road map, is equally impor-

tant that in the previous specified time periods, go backwards and review the follow-

ing questions: What do we have? What do we want? and How to get there? These 

questions allow the team to evaluate the forces and weaknesses of current situation; 

(3) Rules to organize the process and motivate the participation: The evaluation 
showed that the majority of users were passive in their participation. Automatic noti-
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fications of all teams whenever changes exist, version control and definition of a time 

frame in which the proposals can be discussed are fundamental to better organize the 

process, and motivate the participants. Therefore, if no one present suggestions during 

the time period defined, it means that agreement exists. Every time there's a change in 

any discussion item within the process, users should be informed and invited to com-

ment the new proposals. All these procedures must be agreed initially. Should be de-

fined, also initially, a strategy that will lead the negotiation process. The use of 

workflow mechanisms allow us to manage the process and maintain the control of the 
various conceptualization proposals that are created. (4) Always try to reduce the 

complexity of the process: The collaborative process of conceptualization is really 

complex because of the high number of areas, processes and activities, among others. 

One way to deal with this is to follow some rules such as [12]; (5) Project generated 

documentation as an enabler: The continuous production of project documentation is 

a way to validate and improve the conceptualization. On the other hand, the consen-

sual conceptual structure, agreed so far, should be used in the production of new deli-

verables in order to standardize the contents of each deliverable. By this reason it's 

easy to share and understand the meaning of the concepts in the domain; (6) First 

version of the conceptualization: the necessity of the preliminary proposal was identi-

fied in the first experiment. Even with only the high-level concepts, this first version 

proved to be, a good way to focus the discussion and guide the process; (7) The exis-

tence of a negotiation space (blend space): The existence of a blend space provided 

more reliability, collaboration and agility to the process of conceptualization. This 

was due to the fact that the inputs for blend were based on project produced documen-

tation, as well as other important resources selected by the domain experts. This re-

sulted in a high level of acceptance of the proposals. (8) Carefully selection of the 

information resources used as inputs in the blend space: The results obtained in the 

blend depend directly on the information sources used. The blend results can be ac-

cepted with more or less support, according to the provided inputs during its creation.  

The work performed under the project AC/DC triggered the attention of the re-

maining project partners, especially the leader, Continental Teves AG for the process 

and its benefits in creating semantic artifacts. Continental is a growing organization 
and recently acquired other companies. One of the biggest challenges that Continental 

has faced has been the implementation of their processes and knowledge sharing as-

sociated with the operationalization of them. Continental faced this process based on 

concept maps as a simple way to provide information about their processes and for 

sharing how they are to be implemented. The technological framework (Sem-

Sys4CCM platform, presented in [4]) inherent to the experience carried out under this 

project, also served as a inspiration for Continental to start its new approach to know-

ledge sharing, which reveals the satisfaction of the project leader with the procedures 

used during the informal ontology building.  

3  Conclusions and Further work   

It is important to refer that the correct understanding of this paper implies the reading 

of [4, 5], the limitation on the number of pages required to leave the background some 

important issues, but already published and can be found in the mentioned papers. 

The approach advocated in this paper proposes a shift in the process of creation of 
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semantic artifacts from a “semantic artifact engineering” perspective to an “actor-

artifact co-evolution” one. Socio-semantics is the scientific umbrella to this approach, 

which is also inspired in cognitive semantics and networking social theories (see [6, 

7]). The case studies accomplished allowed us to design the architecture of a colla-

borative environment architecture that will support all steps of the method (see [4]).  

Future work involves: (1) considering the conceptualization as a social process, to 

explore the socio-semantic framework aiming at specifying mechanisms to support 

the social activity involved in the shared meaning creation; (2) Apply social network 
analysis to study the influence of social relationships within the meaning negotiation 

process; (3) conclusion of the SemSys4CCM platform development; (4) Enrichment 

of the input spaces and blend space using knowledge of terminology and computa-

tional linguistic areas; and (5) extend the CBT based method to support the develop-

ment of multilingual conceptualizations.  
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