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Chapter 2 

Related work and requirements analysis 

This Chapter addresses the main input for development of the ColOnto system (as 

introduced in Chapter 1): related work, the state of the art in practice of existing VBEs, 

and the VBE general as well as stakeholders’ requirements.  

The Chapter starts by introducing the previous work related to ColOnto. These 

include the work done on defining, designing and developing ontologies, and then from 

another angle, it looks at the work on the conceptualisation and reference modelling of 

VBEs. Studying these bodies of work helps us to define and specify the VBE-ontology. 

The Chapter then addresses the related research on maintenance and management of 

ontologies, which further supports development of the Ontology Discovery and 

Management System (ODMS) on top of the VBE-ontology. The related research and 

practice is presented concerning modelling the profiles and competencies in 

organizations. This supports the detailed design and development of a part of VBE-

ontology’s part related to profiles and competencies of VBE members. It further leads 

to the specification of the Profile and Competency Management System (PCMS) 

supported by the VBE-ontology. 

This Chapter also addresses the analysis results of the state of the art in practices 

of running VBEs. Here, mainly the modelling and management of profiles and 

competencies were investigated, since ontologies are not yet effectively addressed in 

the running VBEs. 

Lastly, this Chapter addresses the requirements identified and analysed for 

development of the ColOnto system. The requirement list represents both 

the stakeholders’ requirements collected from different VBEs, as well as some general 

requirements. 

Results presented in this Chapter are included in author’s earlier publications, 

including [26][47][48][49][50]. 

2.1. Introduction 

Prior to starting the modelling and development of the VBE-ontology within the ColOnto 
system, we identified and studied examples of some existing ontologies that have relevance to 
the VBE-ontology. The VBE information domain was then studied for its ontological 
conceptualisation. Especially, the area of profile and competency information was studied in 
detail in relation to existing 1st generation VBEs. Lastly, the expectations and requirements set 
by the variety of VBE stakeholders and experts were collected to be further addressed in both 
the building up and management of the VBE-ontology. 

This Chapter specifically aims to investigate both the past and current research and 
development related to ontology design and management, and the VBE information 
conceptualisation, to position our research on VBE-ontology among the related state-of-the-
art works, and to collect requirements from VBE stakeholders. In Section 2.2 of this Chapter 
a survey of the related work addressed in literature is presented and our research is positioned 
within it. In Section 2.3, the study on the state of the art in practice of existing VBEs is 
presented. In Section 2.4, the collected requirements are presented and analysed. Finally, 
Section 2.5 outlines the conclusions of this chapter. 
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Table 2.1: Summary of research related to the VBE-ontology considered in this thesis 

Related research 

sub-area 
Summary of addressed 

elements 
Relevance to our research 

Addressing 

sections of this 

chapter and 

annex B 

Research area 1: Ontology engineering 2.2.1 and B.1 

Ontology 
engineering 
methodology [51] 

- Steps for engineering 
an ontology from scratch 

 

- Developing 
a methodology for 
engineering the VBE-
ontology 

 

2.2.1 

Ontology 
definition and 
purpose of defining 
ontology 

- Relation of ontology with 
data, information, and 
knowledge 
- A summary of ontology 
engineering purposes 

- Making decision on what 
the VBE-ontology includes 
in relation to VBE’s data, 
information, and 
knowledge 
- Confirmation of using 
the VBE-ontology for 
solving VBE challenges 

B.1.1 

Degree of ontology 
formality 

- Two degrees introduced for 
formality of ontologies 

- Making decision on 
formality of the VBE-
ontology 

B.1.2 

Scope and content 
of the ontology 

- Different types of ontologies 
depending on the content of 
the environment 

- Definition of the content 
type of the VBE-ontology 

B.1.3 

Ontology building 
approach 

- Different approaches for 
design and building up of 
ontologies 

- Development of 
an approach for 
construction of the VBE-
ontology 

B.1.4 

Research area 2: VBE conceptualisation and modelling 
2.2.2, B.2, and 

B.7 

Related ontologies 

- Approaches for designing 
large enterprise ontologies 
Detailed specifying concepts 
from activity domains within 
emerging partial VBE 
ontologies 

- Designing the VBE-
ontology 
- Populating the VBE-
ontology with domain 
specific concepts 

2.2.2.1 and B.2 

ARCON reference 
models for VBEs 

- Approaches for designing 
a large variety of 
characteristics, elements, 
components, and aspects of 
VBEs 

- Showing 
comprehensiveness of 
the VBE-ontology 

2.2.2.2 and B.7 

Research area 3: Ontology maintenance and management 2.2.3 and B.5 

Ontology library 

- Approach for grouping and 
re-organising ontologies for 
further re-use, integration, 
maintenance, mapping, and 
versioning 

- Organising of a set of 
partitions within 
the unified VBE-ontology 

B.5.1 

Ontology 
engineering 
environments 

- Tools for building up and 
viewing ontologies 

- Creation, editing, and 
viewing VBE-ontology 

B.5.2 

Information 
discovery and 
ontology discovery 

Approaches for: 
- Ontology-based discovery 
of information from text-

- Semi-automated 
ontology-based discovery 
of information needed for 

B.5.3 
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Related research 

sub-area 
Summary of addressed 

elements 
Relevance to our research 

Addressing 

sections of this 

chapter and 

annex B 

corpora 
- Discovery of new concepts 
for an ontology from text-
corpora 

VBE management sub-
systems from text-corpora  
- Semi-automated 
extension of the VBE-
ontology 

Maintaining 
consistency 
between ontologies 
and databases 

Approaches for: 
- Conversion of ontologies 
into database schemas 
- Evolution of ontologies and 
databases 

- Semi-automated design 
of VBE databases 
- Evolution of the VBE-
ontology 

B.5.4 

Research area 4: Organizational profiles and competencies 
2.2.4, B.3, B.4, 

and D.6 

Existing profile 
models 

- Chamber of commerce 
register of companies’ profiles 
- EU register of organisations 
involved in proposal 
submission 

- Identification of a variety 
of organisations’ 
characteristics and 
categorising them 

2.2.4.1 and B.3 

Existing related 
competency 
models 

- Competency modelling in 
intra-organisation managerial 
sciences  
- Competency modelling in 
inter-organisation managerial 
sciences 
- Competency modelling in 
networks managerial sciences 

- Identification of 
competency elements  

2.2.4.2 and B.4 

Related profile 
management 
functionality 

- Basic and advanced 
functions for managing 
collection of organizations’ 
profiles, as well as individual 
profiles collections in social 
networks 

- Identification of basic 
and advanced profile 
management functions  

2.2.4.3 

Related 
competency 
management 
functionality 

- Competency management in 
intra-organisation managerial 
sciences  
- Competency management in 
inter-organisation managerial 
sciences 
- Competency management in 
networks managerial sciences 

- Identification of 
the variety of competency 
management functionalities  

2.2.4.4 and B.6 

2.2. Positioning among related state-of-the-art research  

In order to develop the ColOnto system beyond the state of the art, as well as to compose and 
position it among the past and present related research and practices, first the related literature 
and practice are studied. The following main areas, also illustrated in Figure 2.1, are related to 
our VBE work:  

o Ontology engineering  
o VBE conceptualisation and modelling 
o Ontology maintenance and management 
o Profiles and competency modelling and management 
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General 

ontology engineering 
(2.2.1)

General 

ontology maintenance 
& management 
(2.2.3)

VBE conceptualization 
(2.2.2)

•ARCON (2.2.2.2)

Organizations’ profile & 

competency modelling & 
management 
(2.2.4)

ODMS

PCMS

VBE 

profiles & 

competency 

models

•In network management

•In inter-organizational management

•In intra-organizational management

•Related ontologies (2.2.2.1)

 
 

Figure 2.1: Main areas of state of the art research considered in this thesis 
This Figure illustrates the four main areas of state-of-the-art research considered as 

relevant for this thesis and addressed further in this chapter. It also illustrates their 

interrelation with each other, and with our research on the VBE-ontology. 

 
This Section provides the summaries and conclusions of the state of the art research 

works, and positions our work, while the details about each are provided in Annex B. Below 
Table 2.1 gives an overview of these areas considered, namely the “Ontology engineering”, 
“VBE conceptualisation and modelling”, “Ontology maintenance and management”, and 
“Organizational profiles and competencies”, and introduces their main sub-areas. For every 
sub-area, the table provides a brief summary, its relevance for our work, and links to 
the relevant sections of this chapter, as well as the sections of the Annex B in which these 
areas are addressed in more details. 

Below we address these four related research areas in Sub-sections 2.2.1 to 2.2.4. Please 
note that many references to publications addressing these aspects are provided in 
the Annex B and not presented here in this section. 

2.2.1. VBE-ontology engineering methodology 

The approach we followed for development of the VBE-ontology is primarily based on 
the approach presented in [52] and [51]. Ucshold’s approach consists of the following main 
steps: 
• Step 1. Purpose: This step defines why the ontology is “wanted”, what it will be used 
for, and possible mechanisms for its use. The following issues are typically addressed at 
this stage: identification and characterisation of the range of potential users, definition of 
categories of uses, i.e. communication between people, inter-operability among systems, or 
system engineering, identification of motivation scenarios, and producing user 
requirements. 
• Step 2. Formality: This step addresses the degree of formality of the ontology mainly 
by its purpose. Namely, if the ontology is aimed to support the automation of tasks, 
the degree of its formality increases. In some cases both formal and informal ontology is 
required.  
• Step 3. Scope / Subject matter: In this step, ontologies are divided into three main 
groups, in line with their scope: domain ontologies (they may cover one or more domains, 
e.g. medicine, geology, finance, etc.), problem solving ontologies, and knowledge 

representation ontologies (i.e. meta-ontologies).The scope is typically addressed through 
definition of a set of terms covering the full range of information that the ontology must 
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characterise. The two processes assigning the scope definition include: (a) brainstorming, 
which is used for producing all potentially relevant terms and phrases for the ontology, and 
(b) grouping, which involves loosely structuring the terms into work areas corresponding 
to naturally arising sub-groups, and identifying the semantic cross-references among these 
sub-groups. 
• Step 4. Building: At this step different methodologies can be applied. However, if 
building large ontologies, it is important that all of the previous steps of the approach are 
followed. If building the formal ontology, the informal ontology can be built initially to 
serve as a source for further development of the formal ontology. For defining new terms 
in the ontology, the following three guidelines should be applied: (1) the generic ontology 
building criteria such as: clarity, consistency, coherence, extensibility, and reusability (as 
also addressed in Section 2.4.1.1) should be considered, (2) the “middle-out” principle 
instead of “bottom-up” or “top-down” is recommended, and (3) the ambiguity of terms 
should be solved by focusing on concepts more than on terms, and inventing certain 
distinguishing labels for each concept. The building step is further divided into 
the following three sub-steps: 
o Capture: This step includes: (i) identification of key-concepts and relationships in 

the domain of interest, (ii) production of precise unambiguous text definitions for 
such concepts and relationships, and (iii) identification of terms to refer to such 
concepts and relationships. 

o Coding: This step includes the explicit representation of the conceptualisation 
captured in the previous step. Namely, it addresses: (a) commitment to the basic 
terms that will be used to specify the ontology (i.e. meta-ontology), (b) choosing 
the representation language, and (c) writing the code.  

o Integrating existing ontologies: This step addresses using either existing ontologies 
or some parts of them within the newly built ontologies.  

• Step 5. Evaluation / Revision cycle: A number of existing evaluation criteria can be 
applied in this step. These include the generic ontology building criteria mentioned above. 
Other general criteria, including: (1) the domains and ranges of all defined functions must 
themselves be defined, (2) redundancies should be avoided, some implicit ones can be 
recognised. The specific criteria mainly include checking the ontology against 
the identified purposes and user requirements.  
• Step 6. Documentation: For some ontologies it may be desirable to establish guidelines 
for documenting ontologies, possibly differing according to the type and purpose of 
the ontology. Documentation increases the effectiveness of ontology sharing.  

 
In relation to the above steps for ontology engineering, a summary of the other state of 

the art research findings is also provided below,. More details about these studies are 
addressed in Annex B, Section B.1. The main conclusions drawn about this related works 
studied, and the positioning of the VBE-ontology among them, are outlined below: 
1. VBE-ontology - definition and purpose. The VBE-ontology, defined in this thesis, is 
a conceptual representation of three facets – the VBE-related knowledge, the VBE 
information, and the VBE data. Specifically, VBE ontology represents certain VBE 
knowledge in relation to its human users who understand the meaning of these concepts. But 
for the software which processes this ontology, the VBE-ontology represents the data and 
information collected in VBEs. The main purposes for developing the VBE-ontology are 
consistent with the general ontology purposes addressed before, when considering that 
the “domain” is the “domain of VBEs”. The VBE-ontology therefore aims to support VBEs 
and their stakeholders and systems with the following services: 
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• Creating and sharing common understanding about VBE-related knowledge among 
both people and software 
• Enabling the sharing and reuse of the VBE-related knowledge between different VBEs 
• Clearly specifying the definition of the VBE-related concepts  
• Separating the general VBE-related knowledge (e.g. about VBE structure, and VBE’s 
general activities) from the knowledge about VBE’s domains/areas of activities (e.g. 
metalworking, healthcare, tourism) 
• Processing and analyzing of the VBE-related knowledge 

2. VBE-ontology - formality. In relation to the formality of the VBE-ontology, for our 
purposes, the specified VBE-ontology is more lightweight, since it does not aim to support 
axioms. However, it has some of the features of heavyweight ontologies, since it is formal 
enough to support its processing through software. It also follows the main principles for 
building heavyweight ontologies, as introduced in [23].  
3. VBE-ontology - structure and content. For our purposes, the VBE-ontology represents 
a combination of a core ontology and a domain ontology. The VBE-ontology addresses 
the following two main domains/contexts. The first domain is the general VBE domain 
addressing common characteristics of VBEs (e.g. VBE structure and roles of the VBE actors). 
The second domain is the domain/area of activities of the VBE member organisations, and 
thus the focus area of the entire VBE (e.g. metalworking, healthcare, tourism). The first 
domain also represents the root for the second domain. For example, the VBE “competency” 
concepts from the first domain can be populated with the “milling” concept within the second 
domain.  
4. VBE-ontology - building approaches. A combination of a number of building 
approaches shall be used at different stages of specification and prototypical engineering of 
the VBE-ontology [53]. For example, the design / general structure of our entire VBE-
ontology shall be developed using the Inspiration approach. Furthermore, the base 
classification of concepts shall be suggested through the analysis of a set of specific VBE 
applications, thus the Deduction approach shall be used. Similarly, different ontology 
engineering approaches shall be integrated into the methodology for engineering the VBE-
ontology. Namely, some parts of the VBE-ontology shall be developed manually by 
the experts. Other parts shall be developed using the existing structured and unstructured 
ontology resources, as well as through integration of existing ontologies. In relation to 
the language for ontology engineering, for our purposes, the VBE-ontology shall be OWL-
based, since OWL provides better means for development of more formal ontologies. 

2.2.2. VBE conceptualisation and modelling  

This Section first positions our work among the relevant existing ontologies, related to 
the field of collaborative networks, including the emerging partial ontologies developed for 
VBEs. Second, it addresses the relevance of our work to the ARCON’s reference model for 
VBEs, which is briefly introduced earlier in Section 1.2.2.  

2.2.2.1. Related ontologies 

Two types of ontologies developed in past research are related to our research. This 
Section briefly addresses the position of our VBE-ontology among them, while Annex B.2 
described these related ontologies in more details. 

The first type of related ontologies represents the enterprise ontologies (see 
Annex B.2.1 for more details). These ontologies typically focus only on the internal structure 
and processes of the enterprise. Thus, they do not address networks of enterprises, and 
particularly VBEs. However, these ontologies have one advantage, which is the fact that they 
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are mature. Namely, the approaches and methodologies developed for their design and 
specification have passed the test of time. Therefore, to the extent possible these approaches 
and their methodologies are considered for the design and specification of the VBE-ontology.  

The idea of the decomposing of the large ontology for the sake of its reusability and 
digestibility, as used in the enterprise ontologies, is beneficial and applied to the VBE-
ontology. Considering that the VBE itself is also an enterprise, some concepts from 
the enterprise ontologies (e.g. “Product” and “Customer”) are also applied to the VBE-
ontology. However, most other concepts from the enterprise ontologies are too generic (e.g. 
“Doer” and “Event”) and do not specifically apply to VBEs. 

The second type of ontologies represents a few ontologies developed to partially 

address some aspects of the VBEs (see Annex B.2.2 for more details). These recently 
developed ontologies are also considered related to building our unified generic VBE-
ontology. Since these ontologies address only some specific aspects of the VBEs, their related 
parts are integrated into the design of the unified generic VBE-ontology. 

2.2.2.2. ARCON reference models 

The ARCON reference model for VBEs (see Annex B.7 for more details) is considered as 
the most relevant to our research, and specifically the conceptualisation method used in 
ARCON is examined for application in design and development the VBE-ontology. At 
present, ARCON represents the only comprehensive model of VBEs approved within 
the academic and research community, therefore the VBE-ontology is closely interrelated 
with it. The following summarises the specific interrelations between our proposed VBE-
ontology and the ARCON: 
• Applying ARCON subspaces. The Endogenous subspace of the ARCON reference model 
is applied to building the VBE-ontology and not its Exogenous subspace, since the first one 
addresses the information management activities as a part of the VBE operation stage. 
• Applying ARCON dimensions. The Structural dimension, the Componential dimension, 
and the Behavioural dimension of the Endogenous subspace refer to their related VBE 
information types which are specified by the VBE-ontology. The Functional dimension of 
the Endogenous subspace refers to the systems/tools through which the VBE information is 
managed. However, their information types needed by these tools is also addressed by 
the VBE-ontology.  

2.2.3. Relevant ontology maintenance and management functionalities 

The state of art research on ontology maintenance and management (see Annex B.5 for more 
details), is considered in order to: (a) address the variety of useful functionalities that our 
ODMS system can provide, as well as (b) to position these functionalities among other 
functionalities presented in the research literature.  

As a result, the following main set of processes/operations on ontologies are 
identified as the most relevant, and developed within the ODMS system:  
• ontology registry management,  
• ontology editing,  
• ontology navigation,  
• ontology integration,  
• ontology evolution,  
• ontology-based knowledge discovery,  
• ontology concept discovery, and  
• ontology-based repository design and maintenance.  
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2.2.4. Relevant models and functionalities for organisational profiles 

and competencies 

This Section briefly introduces a summary of the state of art research and practice in relation 
to organisations’ profiles and competencies and positions our developed profile and 
competency management among them.  

A main objective for the state of the art investigation was to identify the structure of 
existing organisations’ profiles and competencies, as well as some of their related issues, e.g. 
including the objective for collection of profiles and competencies, the data confidentiality 
issue, and similar aspects that influence modelling of the generic unified models of profile and 
competencies for VBEs. Moreover, in order to specify and develop the PCMS’s functionality, 
the state of art research on profile and competency management is considered, and addressed 
in this section. Below we first address the research on modelling and then on the management 
of the profile and competency in the next four Sub-sections. 

2.2.4.1. Profile modelling 

There is no generic and uniform definition for organizations profiles, as needed in VBEs. 
Through the Web typically links are provided to pages/documents with different formats and 
contents presenting individual companies’ profiles, which are published mainly for the sake of 
promoting companies to potential clients and customers. However, only a few existing 
uniform collections of organisations’ profiles, similar to what is needed in VBEs, have been 
identified. This Section briefly describes two such example collections of organisations’ 
profiles that were compiled for reasons other than supporting a network of organizations. 
More details about these profile collections are addressed in Annex B.3.  

These collections are considered in order to identify generic or common categories of 
characteristics among organisations, that can be reused for design of the ontology for VBE 
members’ profiles. The first collection is at the governmental-level (Dutch) and represents 
the profile register of the Dutch Chamber of Commerce. The second collection is at 
the European-level and represents the profile register of the EU proposal submissions. 

The structure of the organisation’s profile within these two considered examples is 
different, since the profiles of the two systems are designed and used for different purposes. 
For example, the profiles of the Chamber of Commerce are used for analysis of the economic 
situation in the country; while the profiles of the EU register are used for selection of the best 
organisations to accept their proposals. Clearly, the profile structure for the VBE member 
organisations cannot duplicate any of these two profiles structures; instead, some generic or 
common elements from these profiles are identified to be reused. The main observations and 
conclusions relevant to our research are presented below in Table 2.2.  

The main relevant aspects extracted from the state of the art and applied to specification 
of the VBE members’ profiles follow:  

• The organisations’ profile structure directly depends on the purpose of the profile 
information. 

• Profile representation typically forms an embedded list and not a flat list, which is 
effective and crucial in case of large amount/variety of profile characteristics. 

• The organizations’ profiles include generic characteristics, such as contact data, size of 
organisation, financial data, etc. and specific or detailed, e.g. main markets, 
independence, and affiliation. Also, distinction between mandatory profile 
characteristics and the optional ones is important. 
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Table 2.2: Summary of related work on organisations’ profiles 
Example existing 

profile collections 

Objectives for collecting 

profiles 
Structure of profiles 

Commercial 
organisations within 
the Dutch Chamber 
of Commerce (see 
D.3.1 for more 
details) 

- Market or academic 
research  
- Analysis of the economic 
situation in the country 
- Undertaking of 
a specialised campaign 
aimed at a particular target 
group 

- Several embedded information categories 
- Variety of collected information types: 
contact data, legal forms, financial data, roles 
and functions within a company, summary of 
Figures 
- No competency description is addressed in 
profiles 

Non-commercial 
organisations within 
the EU register of 
project proposals(see 
D.3.2 for more 
details) 

- Selection of the best 
organisations to accept 
their proposals 

- A flat list of information categories 
- Variety of collected information types: 
name, contact data, legal status, financial 
data, independence, affiliation 
- Addressing some competency information, 
namely the activity type according to NACE 
classification 

2.2.4.2. Competency modelling 

There is also a lack of relevant competency models in the collaborative networks domain. 
Because of this, our research on VBE competency model for organizations is positioned well 
among the state of the art competency models addressed in literature by different scientific 
disciplines. Table 2.3 presents a summary of the state of the art competency models. It 
specifically addresses their main objectives, competency definitions, fundamental competency 
components, and their application areas. The detail of these models are addressed in the annex 
B.4, but the conclusions of this study are outlined below in this Section while addressing 
the main research results.  

The summary of the main relevant aspects extracted from the state of the art, and 
applied to VBE members’ competencies follow: 

1. The specificities of VBE members’ competency definition and competency model directly 
depends on the purpose For example, the s-a-r-C model serves competency matching against 
specified tasks or individual competency increase, but it does not serve for planning of 
production systems. 

2. There are two components of competency that are common to all models, and also exist in 
the VBE competency model, namely (i) “resource”, including “human resource” (also-called 
“actor”), “physical resources”, “ICT resources” (also referred to as “technologies” or 
“skills”), etc., and (ii) “activity” (also referred to as “process”, “production skill”, 
“capability”, “professional situation”, “task” or “problem”). The absence of uniformity in 
naming the same competency components does not play a big role and is caused by different 
contexts where the competency in question is being modelled.  

3. The studied competency models provide different extensions to the two base constituents 
addressed above in point 2, for example “competency classification”, “competency weight”, 
or “competency evidence”. 

4. The structure and level of details addressed in competency models depend on further 
intentions of using this specific model. Models, which are used for further creation of 
competency repositories, and structuring and processing of competencies, such as in the HR-
XML model, are specified in more detail. 

 



54 

Table 2.3: Summary of related work on organizations’ competency models 
Example existing 

competency 

model 

Objective for 

collecting 

competencies 

Definition and/or structure of competency 

As addressed in intra-organisation managerial sciences 

Core competence 
notion (see 
D.4.1.1 for more 
details) 

Strategic planning 
and providing means 
for achieving better 
synergies among 
the various business 
units in a multi-
business corporation. 

– Definition: “the collective learning in 
the organisation, especially how to co-ordinate 
diverse production skills and integrate multiple 
streams of technologies” [54] 

Core competence 
hierarchy (see 
D.4.1.2 for more 
details)  

Extension of the core 
competency notion. 

Structure [55]: 
– Resources (physical resources, human resource, 

organisational resources  
– Capabilities (organisation abilities to exploit 

resources) 
– Competencies (cross-functional integration and 

coordination of capabilities)  
– Core competencies (skills and areas of knowledge 

that are shared across business units and result from 
integration and harmonisation of business units’ 
competencies) 

As addressed in inter-organisation managerial sciences 

HR-XML 

competencies 

schema (see 

D.4.21 for more 

details) 

Providing trading 
partners standardised 
and practical means 
to exchange 
information about 
competencies within 
a variety of business 
contexts 

Definition [56]: “a specific, identifiable, definable, and 
measurable knowledge, skill, ability and/or other 
deployment-related characteristic (e.g. attitude, 
behaviour, physical ability) which a human resource 
may possess and which is necessary for, or material to, 
the performance of an activity within a specific 
business context” 
Structure: 
– Taxonomy Id  
– Competency Id  
– Competency Evidence  
– Competency Weight  
– Competency (resulted from the decomposition 

the “top-level” competency) 
As addressed in networks managerial sciences 

Core 
Competencies in 
the manufacturing 
clusters (see 
D.4.3.1 for more 
details) 

Matching completion 
of the tasks defined 
for a new VO with 
the constituent skills 
provided by 
the cluster of 
organisations 

Structure [33]: 
– Products 
– Processes (Business Processes) 
– Skills (Technology)  
– Task (set of activities/operations) service 
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Example existing 

competency 

model 

Objective for 

collecting 

competencies 

Definition and/or structure of competency 

Competence cells 
(see D.4.3.2 for 
more details) 

Planning of 
production system in 
the competence cell-
based networks 

Definition [57][58]: “the smallest autonomous 
performance unit able to create value, be indivisible and 
able to exist independently” 
Structure: 
– Competence of humans 
– Resources (production areas, stocks, personnel, work 

equipment and auxiliary equipment, organisational 
and financial means) 

– Fulfilled task or executed function 

s-a-r-C model (see 
D.4.3.3 for more 
details) 

Competence increase 
for individual firms 
within a network of 
firms 

Definition [34][35]: “the interaction between three 
components: the professional situations, the actors, and 
the resources” 
Structure: 
– Professional Situation (tasks and problems)  
– Actor (human resources of the firm) 
– Resource (material capabilities) 

2.2.4.3. Profile management 

Not much research addresses generic principles of organisation’s profile management. There 
are however, specific practices of profile management for organisations and people. In 
relation to existing practices for organisations’ profile management, we have ascertained that 
most of them are performed only through simple GUIs for the organisations’ information 
databases, with the basic functions of submission and retrieval of organisation’s data, and lack 
advanced functionalities for the organisation’s data management, e.g. supporting semi-
automated processing of profiles. Also, while individual organisation’s / company’s profiles 
exist and are managed, classification and management of collective profiles is not addressed. 
For the organisations’ profiles addressed in Section 2.2.4.1 (namely, the register of the Dutch 
Chamber of Commerce, and the profile register of the EU proposal submissions) no online 
management functionalities are introduced to be accessible by general public. 

In this Section we only address the management of groups of people’s (individuals’) 
profiles that can be applicable to the PCMS development. The groups of people’s profiles are 
addressed in relation to social networks (e.g. “FaceBook” [59] and LiveJournal [60]). 
The profile management in Social Networks is interesting and useful for VBEs, as addressed 
further in this section. 

Given that the Social Networks are popular nowadays, their profile management 
functions are continuously extended and improved and some of the specific and interesting 
functions introduced for people’s profiles can be reused for organisations’ profiles. However 
most functions in such systems still represent simple GUI functions for database 
manipulation, such as data submission through forms, data displaying and data search. A few 
more advanced functions are also identified that can be also useful for the networks of 
organisations as well. Examples of such functions include:  
• Identification of common parts among the individuals’ profiles 
• Identification of common interests of individuals 
• Clustering of individuals by different characteristics (e.g. interests, location, etc.) 

The above more advanced functionalities for profile management are also of interest 
for VBEs. For example, the member organisations and VO brokers benefit from constant 
clustering of organisations, i.e. identification of groups of organisations that have some 
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similarities, e.g. being similar in visions/missions, locations, machinery resources, etc.. Below 
Table 2.4 addresses the summary of our findings on profile management, applied to PCMS. 

 
Table 2.4: Summary of considered functionalities related to an organisation’s profile 
management 

 Functionalities for profile management 

Basic 
functions 

• Collecting profile data 
• Communicating profile data 
• Displaying of profile data 
• Search for profile data 

Advanced 
functions 

• Identification of common parts in the individuals’ profiles 
• Identification of common interests of individuals 
• Clustering of individuals by specific characteristics (e.g. interests, location, etc.) 

2.2.4.4. Competency management 

Research related to organisation’s competency management is addressed in relation to 
the intra-organisational, inter-organisational, and network managerial sciences. But 
the reported results mainly specify the needs, requirements, and/or some early specifications 
of required competency management functions. No comprehensive approaches or prototyped 
mechanisms are so far reported for management of competencies in networks, such as 
the VBEs.  
 
Table 2.5: Summary of identified state of the art functionalities for organisation’s competency 
management 

Functionalities for competency management addressed 

in intra-organisation sciences (see D.6.1 for more details) 

Functionalities for competency 

management addressed in inter-

organisation sciences (see D.6.2 for 

more details ) and network 

managerial science (see D.6.3 for 

more details) 

• Competency definition: Identification of both acquired 
and required human competency, Definition of strategic 
competency 
• Competency assessment: Assessments of competency 
levels, Performance measurement that measures 
competencies 
• Competency acquisition: Recruiting human resources, 
Specification of training curricula and individual courses 
that build competencies within an organisation, Core-
competency development, Core-competency consolidation 
• Competency structuring: Structuring of 
the competency catalogue, Inventories of workforce 
competence (taxonomies for general and specialised uses) 
• Competency-based management: Competency-based 
performance measurement, monitoring & reporting, 
Competency-based individual performance development 
planning and goal setting, Automated job descriptions, 
Competency-based career development systems, Selection 
procedures that assess competencies, Succession planning 
systems, Pay-for-competencies compensation systems 

• Competency evaluation: 
Assessments of competencies, 
Evaluation of competencies by peers, 
Monitoring and evaluation of current 
set of core competencies 
• Competency acquisition: 
Collection of member organisations’ 
core-competencies, Development of 
new core competencies in 
the Selection of new VBE members 
with the core competencies needed, 
Development of a Competency 
Management program for the VBE 
• Competency-based 

management: Matching 
competencies against the business 
opportunities that arise 
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Table 2.5 summarises these findings on organisation’s competency management related 
to three different research areas, including: intra-organisation sciences, inter-organisation 
research sciences, and the network managerial science, which contributed to our design to 
competency management functionalities for VBEs. These are further addressed in more 
details in Annex B.6.  

2.3. State of the art in practice of VBEs 

A number of successful running 1st generation VBEs are addressed in annex A. In our study, 
these VBEs are either directly interviewed or have provided information through 
the questionnaire Q-a (see annex C) which was distributed among more than ten running 
VBEs in Europe and Latin America. While we have concluded that these VBEs (similar to 
a large majority of other running VBEs) have no current practice that uses ontologies, many 
of these VBEs have dedicated systems for managing the profiles and competencies of their 
members. This Section presents our findings about the state of the art in profile and 
competency modelling management in the existing / running VBEs.  

Through this study we have identified the structure and elements of their profiles and 
competencies, the confidentiality issues related to profile data, the physical representation of 
profiles and competencies, and their management functionalities among others. 

Most VBEs store member organisations’ profiles in HTML or Excel files, created and 
updated manually by a VBE administrator or a VBE coach. Thus, the profile management 
functionalities in most VBEs are very limited. In relation to competency, in the practice of 
the existing VBEs, while competency management has already been identified as 
an important driver for VBE’s operation and evolution, it is nevertheless not yet developed as 
a system. 

The remaining of this Section addresses the analysis of results collected in our study 
from the running VBEs. We briefly address in the following two Sub-section both 
the modelled information as well as the management of profiles and competencies. 

2.3.1. Profile models  

Through the interviews with VBEs as well as the questionnaire Q-a (as addressed in 
Annex C.1) the main observations in relation to existing VBE’s profile models are listed 
below:  
• Profile objectives. The main reason for collection of members’ profiles is facilitation of 

partners’ search and selection process. 
• Profile representation. Three out of five VBEs stated that they store profiles data in their 

VBEs in a relational database. The other two VBEs store the members’ profiles in 
Microsoft Word documents. 

• Profile structure. The VBE representatives state that the profile’s structure in their VBEs 
is the same for all different types of members (i.e. members belonging to different activity 
domains types or having different roles inside the VBE). The general VBE members’ 
profile elements typically include: general information (name, contacts, legal status, etc.), 
products / services information, customers / suppliers information, business processes 
information, performance indicators / benchmark data, competencies, strategy and goals of 
a company, ICT/human/physical resources.  

• Profile data confidentiality. Three levels of confidentiality were observed for the profiles 
in existing VBEs, namely (1) information available only to the VBE administrator (all 
information), (2) information available only to all VBE members (such as general 
information, including name, contact, address, and industry sector, and information about 
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products and services), and (3) information available to public outside the VBE, mainly 
general information. 

 

The main conclusion we draw from the collected information on member organisations’ 
profiles is that depending on the level of ICT support, the profile information within 
the existing VBE differs, ranging from a small list of items stored in Microsoft Word 
documents to a large embedded list of items stored in a small relational database.  

2.3.2. Competency models  

Only some of the existing VBEs collect and manage information about their member 
organisations’ competencies. The main observations in relation to existing VBE members’ 
competency models are listed below.  
• Objective for competencies collection. The main objective for collection of competencies 

is to select the best-fit partners for new VOs. 
• Competency handling. Existing VBEs often have no proper understanding and definition 

for “competency”. Therefore, only some VBEs can properly handle the competencies of 
their members.  

• Competency structure. The VBE members’ competencies are in most cases represented 
by a combination of the member’s products / services, business processes, and resources. 

The main conclusion we draw from the collected information is that most existing 
VBEs have no proper definition for “competency”, and frequently do not handle 
the competency information about their VBE members. 

2.3.3. Profile management  

The existing VBEs run a few operations for management of their profiles. Our main 
observations follow: 
• The storage of profile information is mostly performed in form of MS Excel files, but 

a few VBEs use relational databases. 
• For viewing the profile data, some VBEs use web-based GUIs for displaying partial profile 

data of their members (but mainly for the sake of VBE advertising). The GUI is typically 
represented by static HTML pages. 

• The collected profile data is intended mainly for access by the VBE administrators and 
coaches, but not for the peer VBE members access.  

In fact, the faced difficulty in handling increasingly large Excel files, together with 
the lack of systematic principles for enhancement of VBE profiles management were some of 
the main factors that attracted successful running VBEs to get interested in participating 
within the EU-funded ECOLEAD project. 

 
The main conclusion we draw about the existing VBE’s profile management is that in 

most running VBEs, there is a lack of digitised system and a database representing profile 
information, and the existing functionalities for profile management are very limited. This 
posed the need for introduction of advanced profile management approaches. 

2.3.4. Competency management  

Competency management in running VBEs is as limited as their profile management, 
addressed in previous section. Most running VBEs do not handle the competencies of their 
members. The few VBEs which collect organisations’ competencies do this as a combination 
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of information about organisations’ business processes and their resources. There is also still 
no specific and/or advanced functions for competency management. 

The main conclusion we draw about existing VBE’s competency management is that 
while the role of competency management is understood by running VBEs, they still apply 
very limited digitisation of competencies and do not practice competency management. 

2.4. Requirements analysis 

Requirements engineering encompasses tasks that go into determining the needs or conditions 
to meet a new or altered solution and product, taking into account the requirements of its 
various stakeholders.  

In this research the requirement engineering approach [61] and [62] is applied to: (1) 
identify requirements for the ColOnto solution, and (2) validate the solution’s components 
against the requirements.  

• Step 1 - Eliciting requirements: Communicating with stakeholders (e.g. customers and 
users) to determine their requirements, also-called requirement gathering. 

• Step 2 - Analyzing requirements: determining whether the stated requirements are 
unclear, incomplete, ambiguous, or contradictory, and then resolving these issues. 

• Step 3 - Recording requirements: Documenting the requirements, which can be in 
various forms, such as natural-language text, use cases, user stories, or process 
specifications. 

As such, the VBE related stakeholders were identified and contacted, their requirements 
were analyzed, and the final summary was assembled and documented.  

Furthermore, also for the development of the ColOnto system, the stakeholders were 
involved. Namely, there were two trial sessions and one take-up session organised within 
the ECOLEAD project, when the stakeholders assessed and validated the ColOnto solution 
and could specify additional requirements. Thus, the primary validation for our solutions is 
based on satisfying the stakeholders’ requirements. 

Further to user requirements, a number of generic requirements are also identified and 
considered for our design of ColOnto. These are not from the stakeholders, but represent 
standard requirements for ontologies and development of management software systems. 

This Chapter first specifies the considered generic requirements (Section 2.4.1). It then addresses 
the characterisation of the stakeholders, our applied stakeholders’ requirements analysis approach, and finally 
the list of collected and analysed requirements (Section 2.4.2).  

2.4.1. Generic requirements 

Some general requirements are identified both for the conceptual and functional parts of 
the ColOnto system. These requirements represent the main standard usage of ontology 
engineering (Section 2.4.1.1) as well as the engineering of management software systems 
(Section 2.4.1.2). 

2.4.1.1. Generic ontology specification requirements 

In [63] a set of general design criteria are defined for ontologies. These criteria are adapted for 
the design of the VBE-ontology: 
• Clarity: The VBE-ontology should effectively communicate the intended meaning of its 
defined terms. Definitions of its terms should be objective. 
• Coherence: The VBE-ontology should be coherent, namely the definitions must be 
consistent. 
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• Extendibility: The VBE-ontology should support introduction of new terms when 
necessary, in a way that does not necessitate the revision of the existing definitions. 
• Minimal encoding bias: The encoding bias of the VBE-ontology should be minimised, 
considering that the VBE-ontology is intended to be used for a very long time, during which 
other ontology languages or style of representation might have been developed. 
• Minimal required ontological commitment: The VBE-ontology should require minimal 
ontological commitment, sufficient to support the intended knowledge management activities. 
Such a commitment is required to allow the parties, committed to the ontology, the freedom 
to specialise and instantiate the VBE-ontology as needed. The ontological commitment shall 
be minimised by defining only the terms that are essential to the communication of 
knowledge. 

2.4.1.2. Generic requirements for ontology management software system  

General characteristics that affect software quality is presented in [64]. These characteristics 
are the base for ISO 9126-1, the international standard for evaluation of software quality. 
McCall’s characteristics are grouped into three groups, namely the operational characteristics, 
the product transition characteristics, and the product revision characteristics as shown in 
Figure 2.2.  

These general characteristics are to be applied as the requirements for design of 
the ODMS and PCMS. However, since our research objectives include implementation of 
the software prototype for the ODMS and PCMS and not developing a software product, 
those characteristics related to product transition and product revision, as well as the two 
operational characteristics of integrity and interoperability are not applied. Therefore, only 
the following operational characteristics are addressed for validation of the ODMS and PCMS 
as the most relevant, namely: 
• Correctness: the extent to which a system satisfies its specifications, and fulfils 

the customer’s mission objectives 
• Reliability: the extent to which a system is expected to perform its intended function with 

the required precision 
• Usability: the amount of effort required to learn, operate, prepare input, and interpret 

output of a system  
• Efficiency: the amount of computing resources and program code required by the system 

to perform its function 
 

 
Figure 2.2: McCall’s software quality factors (Source: [64]) 

This Figure illustrates the three groups of McCall’s software quality factors, namely 

the operational characteristics, the product transition characteristics, and the product 

revision characteristics. To validate the software systems developed within this research, 

only the operational characteristics are applied. 
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2.4.2. Fulfilling stakeholders’ requirements  

As mentioned earlier, the requirements’ identification is performed in collaboration both with 
end-users and other stakeholders from more than ten industrial VBE networks, as well as with 
experts in the area of Collaborative Networks and VBEs. These two main classes of 
participants are classified and characterised below:  

1. The industry users from running VBEs consisted of VBE administration, VBE coaches, 
as well as regular VBE member organisations. Specifically, fifteen networks from Europe 
and Latin America were involved in the ECOLEAD project and participated in our 
requirement analysis stage. Eight VBE networks which provided substantial support 
during this research, including: IECOS from Mexico, Virtuelle Fabrik AG from 
Switzerland, Toolmaker Cluster of Slovenia (TCS) from Slovenia, VIRFEBRAS from 
Brazil, HELICE from Spain, CeBeNetwork from Germany, Automotive Cluster of 
Slovenia (GIZ ACS) from Slovenia, and Swiss Microtech (SMT) from Switzerland. Short 
descriptions of these networks are provided in annex A. 

2. The domain experts in the field, representing the research/academic experts in the area 
of Collaborative Networks and VBEs/ This group mainly included university professors 
and members of research institutes. The contacted domain experts were either involved in 
the ECOLEAD project, represented experts from external CNs, or were members of 
the international SOCOLNET society (Society of Collaborative Networks) [65]). Several 
of these experts, who act as the VBE coaches in their regional networks, actively 
participated in requirement analysis and evaluation activities carried out in our research. 

 
Unlike the process typically implemented for identifying requirements in software 

development, whereby the requirements are specified by the stakeholders and then analysed 
and summarised by the software engineers and developers, the identification of requirements 
for ColOnto’s conceptual and functional development required collaboration between 
the author of this thesis and these stakeholders. This approach had to be adopted on the one 
hand because of certain peculiarities of 1st generation end-users, including: (1) Users did not 
have a clear idea how to express their requirements, (2) Users were technically 
unsophisticated”, and (3) Users were not acquainted what the current technology can provide 
for them. On the other hand, the stakeholders lacked the knowledge about the terminology 
introduced in research for 2nd generation VBEs and their management, which at the beginning 
of the requirement engineering process was an obstacle both for communication with 
the stakeholders as well as for collecting their requirements. 

To identify the requirements, the stakeholders were contacted both personally and 
through online questionnaires. The main task for contacting the end-users was identification 
of current VBE needs and requirements, as well as periodic assessment and validation of 
the suggested solutions. At the same time, the main aim for contacting domain experts was 
the identification/validation of the future desirable aspects and requirements for the VBEs of 
the 2nd generation.  

 
The requirements for the ColOnto solution are collected through questionnaires Q-b1 

and Q-b2, addressed in annex C, that were then analysed and summarised, as addressed 
below. For this purpose, similar requirements were combined within one aggregate 
requirement.  
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2.4.2.1. Ontology design requirements 

In relation to the design of the VBE-ontology itself, the VBE stakeholders stated the need for 
specifying the following three types of terminology for the VBEs:  
• Domain/business area terminology - related to highly technological and/or mechanical 

manufacturing  
• New VBE related technological/scientific terminology – as appear in the literature and 

the R&D projects 
• Terminology related to European and international norms and standards - adapted 

from these sources for use by the VBE actors  

2.4.2.2. Ontology management requirements 

The stakeholders also addressed the following functionality requirements for the ODMS 
system: 
• Confidentiality support: VBE representatives stated the need for partial VBE-ontology 

confidentiality. 
• GUI for ontology non-experts: A main disadvantage of most existing ontology 

editing/viewing environments is the complexity of their user interfaces for novice users. 
Namely, these editors are developed to support the work of competent and experienced 
ontology experts and software engineers. Thus, their usage by regular VBE actors who 
have no expertise in ontology engineering is problematic. In order to support both 
the VBE’s regular members as well as domain specialists, who are not experts in 
ontologies, with familiarising themselves with the VBE terminology, the ODMS need to 
include a user-friendly, intuitive GUI to navigate the VBE-ontology. 

• Domain-independence: The stakeholders requested that the ODMS should be easily 
adaptable to any specialized VBE domain of activities and any specific VBE application. 

• Concepts cataloguing. Cataloguing ontology concepts should specifically cover the “part 
of” relationship to facilitate understanding of the structure of VBE-related objects, 
addressed as concepts in the VBE-ontology. 

• Capturing specific ontology parts. It should be possible to have topic-based access to 
view the VBE-ontology, since viewing the entire large ontology is difficult to digest by 
human actors. 

• Support for collaborative ontology engineering and evolution. The ontology 
management tool needs to support accessing the VBE-ontology by different types of 
users, such as VBE-administration, ontology experts, regular VBE members, domain 
experts, etc., who should be able to collaborate with each other in order to engineer and 
evolve the VBE-ontology. 

2.4.2.3. Profile and competency modelling  

The main conclusions of our requirement analysis related to VBE member’s profile models 
are listed below:  
• Profile components: VBE profiles must include: contact information, business process, 
human/physical/ICT resources, products/services, best practices, and associated partner 

organisations, as their main elements.  
• Profile validity: The validity of the provided profile information needs to be properly 

addressed in the VBE. A strict system (e.g. certificates) shall exist, with which VBE 
members can evaluate the validity of data provided by others, in order to assure 
information accuracy, and so that organisations do not claim false information or 
competencies at the VBE level. 
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The main conclusions of our requirement analysis related to VBE member’s 

competency models are listed below:  
• Competency components: Organisations’ competencies are different in each VBE. 

The main groups of competency elements represent: 
o Tasks, business processes, jobs, core business activities, and practices, through 
which the organization has the ability to perform 
o Human/physical/ICT resources (e.g. the knowledge, skills, and even attitude of 
personnel, or the available machinery in the organisation) which the organization n 
posses 
o Products and/or services offered in the market/society  

• Competency availability, i.e. provided capacity: The VBE member organisation’s 
profile also needs to indicate the available capacity of the member’s competency which 
can be offered in the VBE, also-called free capacity. 

• Competency costs: VBE member organisations are typically interested in “selling” their 
competencies within the VOs. Thus, the costs of their competencies also need to be 
specified. 

• Applicability to all organisations: There should be a single “competency model” 
representing all organisations within the VBE. 

• Domain independence: The competency model should be able to cover features from 
a variety of different domains (i.e. from manufacturing to health care). 

2.4.2.4. Profile and competency management system 

VBE stakeholders have outlined the following requirements for the PCMS system: 
• Profile and competency catalogue: According to VBE stakeholders, the profile and 

competency catalogues should be arranged as follows: 
o The catalogue should form a tree of data. 
o The catalogue should be flexible, i.e. there should be different options in regards to 

the layout of the catalogue, depending on different criteria. For example it should 
display either the individual competencies or the collective competencies of VBE 
members. It should also have a user-friendly interface. 

• Domain independence: PCMS needs to be adaptable to different domains of activities, so 
that it supports the extension and evolution in the VBE domain of activities.  

• Coping with large amount of data: Typically VBE member organisations need to submit 
large amounts of data. The interface for data submission in PCMS should be convenient 
and facilitate this process.  

• Customisation of profile and competency model: The PCMS should support on-demand 
changes in the profile and competency models of the VBE. 

• Dynamic extension of competency classes in the VBE: When new VBE competencies 
are needed or added, new competency classes should be specified and/or at any time added 
to the PCMS. 

 

Some requirement for competency management in VBEs are further addressed in [14]. 
Particularly, the following functions for management of competency are identified: 

• Competency appraisal 
• Competency gap analysis 
• Accreditation of competencies 
• Development of “complex” competencies 
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2.5. Conclusion 

This Chapter addresses the main input for development of the ColOnto system consisting of 
three parts, namely: the related state of the art in research, the related state of the art in 
practice of running 1st generation VBEs, and analysis of requirement for developing 
the constituting elements of the conceptual and functional parts of ColOnto.  

The Chapter starts by addressing the related research works and positioning 
the conceptual and functional aspects of ColOnto among them. First, it presents the related 
work on defining, designing and developing ontologies, which support definition and 
specification of the VBE-ontology. The related research on maintaining and managing 
ontologies is then presented, e.g. addressing ontology integration, evolution, discovery, etc., 
which further supports development of the Ontology Discovery and Management System 
(ODMS) on top of the VBE-ontology. The research on characterisation and reference 
modelling of Collaborative Networks (CNs) is then addressed, which conceptualises 
the VBEs. The Chapter then presents both the related research and practice in modelling 
organisations’ profiles and competencies. These constitute the base for the design and 
development of the part of the VBE-ontology related to the VBE members’ profiles and 
competencies. It then addresses related research on the management of organisations’ profiles 
and competencies which constitute the base for specification of profile and competency 
management functionalities addressed in the Profile and Competency Management System 
(PCMS). 

After presenting the related research work, the Chapter outlines the conclusions from 
our requirement engineering study in a number of running 1st generation VBEs. 
The modelling and management of profiles and competencies were investigated, since 
ontologies are not yet addressed by the running VBEs. 

The Chapter also addresses the requirements identified and analysed for development of 
the ColOnto’s conceptual and functional solutions. These include both generic requirements 
and requirements collected from the VBE stakeholders. 

The conceptual results of the research on the development of the VBE-ontology 
(Chapter 3) and the functional results of the research on management of the VBE-ontology 
(Chapter 4) use the materials presented in this Chapter as an input. Also, validation of 
the ColOnto system (Chapter 5) uses both the generic requirements and the stakeholders’ 
requirements addressed in this chapter. 

 


