
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Management of information in Virtual organisations Breeding Environments

Ermilova, E.

Publication date
2014

Link to publication

Citation for published version (APA):
Ermilova, E. (2014). Management of information in Virtual organisations Breeding
Environments. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/management-of-information-in-virtual-organisations-breeding-environments(2c429f18-7332-4447-93f4-574488966709).html


121 

 
 

Chapter 5 

Conclusion, validation and future work 

5.1. Introduction 

This Chapter summarises the research results and concludes this thesis. First, it provides 
a summary of our achievements in relation to the research questions and research objectives 
specified in Chapter 1. The specific chapters and sections of this thesis addressing these 
achievements are outlined. The Chapter then evaluates and validates the research results. To 
validate the results, a number of approaches are used. Finally, this Chapter describes lessons 
learned in conducting this research, and presents some ideas for further research.  

Achieved conceptual  objectives Achieved functional objectives

RO1: Design and 
development of the 
VBE-ontology

RO2: Design and 
development of the 
profile and 
competency models

RO3: Development of 
Ontology Discovery 
and Management 
System

RO4: Development of 
Profile and 
Competency 
management System

•Definition of the scope of the 
VBE-ontology

•Specification of the design of the 
VBE-ontology

•Building up of the first version 
of the VBE-ontology

•Detailed specification of the 
profile model and  the 4C-

model of competency within 

the VBE-ontology

RQ3

•Specification and development of 
functionalities to support: 
establishing common understanding 

of VBE aspects,  VBE instantiation 
in different domains, and dynamism 

and scalability in VBEs 

•Implementing a prototype of 
ODMS

•Specification and development of 
functionalities to support 
balancing and boosting partners’

VO involvement within  the VBEs 

•Implementing a prototype of 
PCMS

Domain 2 concepts

(Plastic manufacturing)

Domain D concepts

(Specific domain of 
VBE member organizations’ 

activities)

Domain 1 concepts 

(Metalworking)

Core concepts

(Domain-independent)

1. VBE-self

3. VBE actor / participant

2. Virtual Organization

10. VBE management system

9. VBE value system

8. VBE governance

4. VBE profile and competency

5. VBE history

6. VBE bag of assets

7. VBE trust

Sessions

Presentation layer

Class files

Ontology 

processing 

library

Web-applications

Services

Web-
services

 

Class 

files

ONTOTEXT

TEXT

HTML

Concept 
navigation

Ontology registry

Ontology 
modification

Repository 

maintenance

Information

discovery

RQ1

Figures 3.2 and 3.3 

RQ2

Figure 3.4

Figure 3.8

Figure 3.10

Figure 3.9

3. Sub-ontology modification2. Concepts learning

4. Repository maintenance 5. Information discovery
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i. P&c model customisation

ii. P&c data navigation

iv. P&c data analysis

iii. P&c data submision

6. Data navigation

8. Data analysis

7. Data submission

PCMS functionality

ODMS functionality

� Challenge I

� Challenge II � Challenge III

� Challenge VI� Challenge VI

� Challenge II

� Challenge III

Figure 4.2

Figure 4.7

Figure 4.4

Figure 4.13
 

Figure 5.1: Justification for achievement of research objectives 
This Figure illustrates the main research and development results achieved for addressing 

the four research objectives set in this thesis. Namely for every objective it shows the main 

diagrams and Figures addressed in chapters 3 and 4, for illustrations of the design, 

development, and implementation performed for this thesis. This Figure also illustrates 

which research and development results address which research questions: RQ1, RQ2, 

and RQ3, targeted in this thesis. 

5.2. Reflection on research and development results 

This Section briefly summarises and justifies our achievements in relation to the four 
introduced research objectives, a number of raised problem areas, and the specified research 
questions that we specified for this thesis, as presented in Chapter 1, Section 1.4. 
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5.2.1. Addressing research objectives 

In this thesis, we have set four research objectives, which together aim at building up 
the VBE-ontology and the ColOnto system supporting several specific challenges related to 
the VBE management system. The achievements of our research towards these research 
objectives are addressed and justified below, as well as illustrated in Figure 5.1.  

 
1. RO1: Design and development of the VBE-ontology 
o Definition of the scope of the VBE-ontology: The scope for the VBE-ontology is 

specified in Chapter 3, Section 3.2.3 through grouping of all possible VBE-ontology 
concepts into two “horizontal” levels of reusability, and ten “vertical” work areas. 
The “core level” of reusability includes the concepts that are common for VBEs from 
all application domain. The “domain level” of reusability includes domain-specific 
concepts. Every work area represents a group of concepts that are needed for one 
specific VBE management tool. 

o Specification of the design of the VBE-ontology: The design of the VBE-ontology is 
specified in Chapter 3, Section 3.2.4.1. It represents the VBE-ontology consisting of 
a number of partitions called “sub-ontologies”. These sub-ontologies are individual 
but interconnected ontologies that are used separately in specific VBE management 
tools of a specific VBE application domains. 

o Building up of the first version of the VBE-ontology: This first version is built up as 
addressed in annexes D and E. This version consist of all sub-ontologies of the core 
level and a subset of sub-ontologies of the domain level. 

2. RO2: Design and development of profile and competency models 

o Detailed specification of the profile and competency models within the VBE-ontology: 

The detailed specification of the VBE member’s profile and the VBE member’s 
competency are addressed in Chapter 3, sections 3.3.1 and 3.3.2. Specifically 
the competency is addressed as a combination of member’s capability, capacity, 
conspicuity, and costs, as designed in the 4C-model. 

3. RO3: Development of Ontology Discovery and Management System 
o Specification and development of functionalities to support: establishing common 

understanding of VBE aspects, VBE instantiation in different domains, and dynamism 

and scalability in VBEs. The ODMS is specified and developed, as addressed in 
Chapter 4, sections 4.4.1 and 4.4.2. To address the above three challenges, the ODMS 
provides functionalities for: VBE sub-ontologies integration, VBE-ontology learning, 
ontology-based database design and development, and ontology-based information 
discovery from text-corpora. 

o Implementing a prototype of ODMS: A prototype of the ODMS is developed in Java, 
as addressed in Chapter 4, Section 4.4.3. 

4. RO4: Development of Profile and Competency management System  
o Specification and development of functionalities to support balancing and boosting 

partners’ VO involvement within the VBEs: The specification and development of 
the PCMS is addressed in Chapter 4, sections 4.5.1 and 4.5.2. In order to support 
the above challenge, the PCMS is based on a core sub-ontology for VBE member’s 
profiles and competency, as well as incorporating the domain level sub-ontologies for 
profiles and competencies to support VBE members with defining their own 
competencies. 

o Implementing a prototype of the PCMS: A prototype of PCMS is implemented in Java, 
as addressed in Chapter 4, Section 4.5.3. 
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5.2.2. Addressing the identified problem areas 

As a part of addressing the four research objectives, we have also addressed the identified 
research problem areas, as presented in Section 1.3.2, namely: 
5. In relation to VBE-ontology and the ODMS 

o Systematic design and development of the VBE-ontology: In order to develop 
the VBE-ontology, we applied the methodology introduced in Chapter 3, Section 3.2.  

o Maintenance and evolution functionalities for VBE-ontology: We have developed both 
the maintenance and management functionalities for the VBE-ontology within 
the ODMS system, as addressed in Chapter 4, Section 4.3 

o VBE ontology-based management functionalities: We have developed a number of 
VBE-ontology-based management functionalities within the ODMS system, for 
example for competency data discovery from textual documents, as addressed in 
Section 4.4.1.1. 

o Ontology visualisation: We have developed a user-friendly interface to facilitate 
familiarising VBE members with the VBE-ontology, as addressed in Chapter 4, 
Section 4.4.3 

6. In relation to profiles & competencies and the PCMS 
o Establishing unified/generic models: We have developed models for VBE members’ 

profiles and competencies, which are reusable by all VBEs and all kinds of members, 
as addressed in Chapter 3, sections 3.3.1 and 3.3.2. 

o Continuous update of profile data: Our developed PCMS supports incremental 
submission of dynamically changing capacities of companies, which is an important 
challenge in VBEs, as addressed in Section 4.5.1.1. 

o Handling the confidentiality of profile data: A system for access rights is developed 
addressing all elements of profiles and competencies, as addressed in Chapter 3, 
Section 3.3.1. 

o Maintenance and management of VBE profiles: Our PSMS provides a variety of 
functionalities for maintenance and management of VBE members’ profiles, as 
addressed in Section 4.5.1.1. 

o Generic competency naming: In Section 3.3.2.1 we have concluded that specifying 
only a mnemonic name (for example “metalworking”) does not properly serves as 
an identifier for a competency, rather a special identifier shall be constructed for 
identifying competencies that is also usable by software tools. When referred to by 
people, the main competency characteristics such as organization’s capabilities, 
capacities, conspicuities, and costs shall be mentioned in addition to the competency 
name (for example metalworking using computer aided development). 

o Cataloguing competencies: Adapting the domain level sub-ontologies for profiles and 
competencies in PCMS makes it possible to uniformly catalogue competencies, as 
addressed in Section 4.5.1.1. 

5.2.3. Addressing research questions 

In this thesis we have addressed the three research questions set introduced Chapter 1, 
Section 1.4 in the following way: 

  
RQ1. Can we identify the scope and the elements of ontology encompassing the wide 

variety of VBE related entities and concepts so that it represents the diversity of its 

subspaces, addressing all endogenous elements and exogenous interactions, and 

specifically the subspace of profile and competency management? The response is positive, 
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and we have achieved it as follows. Considering a large variety of heterogeneous types of 
concepts accumulated in the VBE environments, specifying the scope of the VBE-ontology 
was a challenging task. A systematic approach is developed and applied for the whole process 
of the VBE-ontology development, where scope specification is one of the early steps. Firstly, 
the purpose for VBE-ontology development is clarified and specified in detail. Then, based on 
this purpose specification (Section 3.2.1), VBE stakeholders’ requirements (Section 2.4.2), 
and the ARCON reference model of VBEs (Section 1.2.1), an approach for defining the VBE-
ontology scope was developed as described in Section 3.2.3. To define the scope, we split 
the whole possible VBE concepts into groups by two main characteristics of: (1) reusability 
by different VBE applications (i.e. into the core / domain independent as well as domain 
dependent concepts), and (2) reusability in different work areas (i.e. into groups of concepts 
used within different VBE management functionalities).  

RQ2. Can we capture, organise and specify the large set of diverse but interrelated 

aspects identified in RQ1 in the VBE-ontology, considering both their evolutionary nature 

and the heterogeneity of their sources? The response is positive, and we have achieved it as 
follows. Deciding on the physical construction of the VBE-ontology was the next challenging 
task of the VBE-ontology development approach. To address it, we went further with our idea 
of grouping VBE concepts basically, applying the divide and conquer principle. Considering 
the variety in the nature of different groups of VBE concepts, the physical structure of 
the VBE-ontology is defined as a set of independent but complementary “sub-ontologies”, 
each of them representing the result of intersection of two concept-reusability levels and ten 
work areas. Having a set of sub-ontologies facilitates their “digestion” by human VBE actors, 
and supports their independent reuse within a different sub-system of the VBE management 
system. 

RQ3. Which set of functionalities are needed to maintain (e.g. discover, engineer and 

integrate) the continuously evolving VBE-ontology, as well as the semi-automated 

management needed of the information supported through the VBE-ontology? In order to 
address this research question, a state-of-the-art study on ontology engineering and 
management is conducted (sections 2.2.3 and D.4). Furthermore, in order to develop specific 
approaches for management of VBE profiles and competencies, a state-of-the-art study on 
profile and competency management as addressed in different sciences is conducted. Based 
on the purpose of management of the VBE-ontology, as well as on the state-of-the-art 
findings, two sets of functionalities are specified. Section 4.4 defines the functionalities for 
the Ontology Discovery and Management System (ODMS), including a number of 
functionalities for maintaining the sub-ontologies of the VBE-ontology, and a number of 
functionalities for ontology-based management of information. Section 4.5 addresses 
functionality for the Profile and Competency Management System (PCMS), including 
functionalities for adaptation of the profile and competency sub-ontology, and functionalities 
for ontology-based management of profile and competency data. 

5.3. Evaluation and validation of research results 

Considering the nature of our research results, we specified a method for their evaluation and 
validation, which is based on the approaches suggested in [52] and [81]. The first one 
addresses evaluation/validation of ontologies, while the second one addresses 
evaluation/validation of software systems. We apply the synergy of these two approaches to 
evaluate/validate both the conceptual and functional parts of the ColOnto. 

The approach by [52] suggests validation against collected requirements. Therefore, our 
research results are validated against the requirements that we specified within our 
requirements analysis covered in Section 2.4. In turn, the evaluation/validation approach by 
[81] addresses four techniques, namely case study, feature analysis, survey, and formal 
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experiment. Out of these four, we have chosen the following two techniques as more suitable 
for evaluation / validation of ColOnto: Case study – which depicts a holistic portrayal of 
a client’s experiences and results regarding a system. A case (under study) can be related to 
individuals, programs or any unit, depending on what the program evaluators want to examine 
through in-depth analysis and comparison. Feature analysis – which is primarily used to rate 
and rank attributes of a developed software product, in order to evaluate whether it is 
innovative on the basis of specific standards or against other products.  

Based on the above evaluation techniques, and considering the specificities of our 
research findings, we developed and applied the following three main methods for evaluation 
and validation of ColOnto are: 

 
1. Evaluation through case study of end-users’ experiences. This approach aims 
an empirical evaluation of the ColOnto by the end-users, namely representatives of running 
VBEs. The ODMS and PCMS tools were taken up in practice by four existing VBEs. After 
a short training period, the VBE representatives performed a predefined set of their daily 
operations using our tools. Their opinions were then collected regarding the performance of 
the ODMS and the PCMS in comparison to their standard tools/practices in performing these 
activities. For representing the evaluation results, participants filled in evaluation 
questionnaires addressed in annex C, Section C3. This comparison is done using a number of 
standard software quality requirements, collected in Section 2.4.1.2. The empirical validation 
results are presented in Section 5.3.1. 

 
2. Self-validation through feature analysis against other existing models and systems: 
In addition to performing the empirical evaluation, another approach is developed that verifies 
whether the research results addressed in this thesis (namely, the VBE-ontology, the 4C-
model of competency, the ODMS, and the PCMS) respond to requirements specified for them 
in Chapter 2, Section 2.4. In this approach, the research results are also compared against 
other existing models, approaches and tools developed for similar purposes the results of this 
validation process is presented in Section 5.3.2. 

 
3. Peer-reviewed validation within the scientific community: Besides the two above 
approaches based on [52] and [81], we also consulted with other experts in the area of 
information modelling and management for Collaborative Networks, to collect their 
suggestions and comments for the purpose of validating our results. This peer validation 
process heavily focused on presenting and publishing our research findings in scientific 
internationally accepted channels in related areas, and its results are outlined in Section 5.3.3. 

 
The results of these evaluations and validations demonstrate that the ColOnto solution 

responds well to the purpose for its development, providing efficient approaches for bringing 
the running VBEs to their 2nd generation, while also being supported by the international 
academic community. 

5.3.1. Evaluation through case study of end-users’ experiences 

As addressed earlier in sections 4.4.4 and 4.5.4, the prototypes of the functional part of 
the implemented ColOnto system (i.e. ODMS and PCMS tools) was taken up and evaluated 
by four manufacturing VBEs: Swiss Microtech (SMT), CeBeNetwork (CBN), HELICE and 
IECOS (as addressed in annex A). This evaluation was performed using the “Q-c1” and “Q-
c2” questionnaires as described in annex C, Section C.3 
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To evaluate the ColOnto, the following standard indicators/criteria are used: efficiency, 
reliability, usability and correctness (as described in Section 2.4.1.2). In addition to these four 
criteria, a fifth criterion, innovativeness, is also used. A range of values is assigned to these 
criteria as addressed in Table 5.1. These values indicate whether the performance of 
the ODMS/PCMS was good, satisfactory or unsatisfactory during the take-up period. 
The results of this validation are addressed below separately for ODMS and PCMS. 

 
Table 5.1: Legend used for assignment of values to the evaluation criteria (for ODMS and 
PCMS) 
Qualitative 

indicator/Value 
0 (unsatisfactory) 1 (satisfactory) 2 (excellent) 

Efficiency (consumption of 
resources) 

20% increase 15% decrease 50% decrease 

Efficiency (consumption of 
time) 

20% increase 15% decrease 50% decrease 

Reliability Low  Satisfactory High 

Usability Difficult Satisfactory Easy 
Correctness (satisfaction of 
expectations) 

Not achieved 
Satisfactorily 
achieved 

Highly achieved 

Innovativeness 
Nothing beyond 
the current state of the art 

Satisfactorily 
innovative 

Very innovative 

 
• Evaluation of the ODMS. The ODMS was taken up and evaluated by three running 

VBEs, namely by IECOS, SMT and HELICE. These networks were evaluating on 
the improvement gained on the processes that they used to run previously, without 
using ODMS, namely evaluating the process of familiarising themselves with VBE 
concepts and the discovery of information from text. As shown in Figure 5.2, 
the validation of the ODMS returned mainly “satisfactory” or “excellent” for ODMS’s 
efficiency, and “good” for reliability, usability, correctness and innovativeness. Low 
decrease in consumption of resources and time is mainly caused by the fact that 
the VBE representatives needed to invest in new human resources to work with 
the ODMS (in parallel to their normal practice), and these also needed time to learn 
how to work with the ODMS. 

 

0

1

2

IECOS SMT HELICE

Efficiency - resources

Efficiency - time

Reliability

Usability

Correctness

Innovativeness

 
Figure 5.2 - Empirical validation of the ODMS 

This Figure illustrates the results of the empirical validation of the ODMS system by 

representatives of three running VBE networks. It shows that the efficiency of the ODMS 

is validated as “mostly satisfactory” (i.e. value around “1”), while the reliability, 

usability, correctness and innovativeness are validated as entirely “excellent” (i.e. value 

“2”). 
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Figure 5.3 - Empirical validation of PCMS 

This Figure shows the results of empirical validation of the PCMS system by 

representatives of four running VBE networks. It shows that the reliability and 

innovativeness of the PCMS is validated as “excellent” (i.e. value “2”), while other 

criteria are validated from “mostly satisfactory” (i.e. value around “1”) to “good”, 

depending on different VBEs. 

 
• Validation of the PCMS. The PCMS was taken up and validated by four VBEs, 

namely IECOS, SMT, HELICE and CBN. As for the ODMS validation, the users 
were validating the improvements in the processes that they were previously carrying 
out without the PCMS, namely definition and customisation of profile and 
competency models, and collection and organisation of profile and competency data 
(Section 4.3.1). As illustrated in Figure 5.3, while the validation returned “good” 
results for reliability and innovativeness of the ODMS, the validation with other 
criteria generated different responses from the four VBEs. In our opinion, this is 
caused mainly by the difference in each networks’ experience in relation to 
management of their profiles and competencies. In particular, the increase of resource 
consumption at HELICE is explained by the fact that at HELICE the profile and 
competency management was not performed by the VBE itself, rather by the third 
parties. Thus, to use the PCMS this VBE has to acquire, train, and use new human 
resources. The low usability value at HELICE and CBN is explained by the fact that at 
HELICE and CeBeNetwork it took time for the end-users to understand how to benefit 
from the innovative operations provided by the PCMS, e.g. creating new profile data 
classes, adding records/instances to the classes, etc. 

5.3.2. Self-validation through feature analysis against existing models 

and systems  

This Section addresses validation of the four main research results addressed in this thesis, 
including the two results from the conceptual part and two results from the functional part of 
the ColOnto system: 

o Conceptual results: VBE-ontology and 4C-model of competency 
o Functional results: ODMS and PCMS 

At this stage, every result is compared against a number of related starts-of-the-art 
models or systems (of similar nature) developed through other research, as already identified 
and addressed in this thesis in Chapter 2. The conceptual and functional results are evaluated 
through a set of characteristics. Clearly, these characteristics are different for every result, but 
the values we have assigned for measuring them represent the same set, as outlined in table 
5.2. Although the set of values for conceptual results is different from the set of values for 
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the functional results, the generalised set of values suitable for both of them is also presented. 
In the following Sub-sections, the values are presented with their colour codes. 

 
Table 5.2- Legend used for assigned values used for validation of different characteristics of 
ColOnto 

Values for 
conceptual results 

Characteristic 
is not addressed 

Characteristic is 
weakly addressed 

Characteristic is 
sufficiently 
addressed 

Characteristic is 
strongly 
addressed 

Values for 
functional results 

Characteristic 
is not addressed 

Characteristic is 
identified 

Characteristic is 
only specified 

Characteristic is 
successfully 
implemented 

Generalised values 
for both type of 
results 

Not applicable Weak Good Very good 

Colour code for 
values 

    

 

5.3.2.1. VBE-ontology 

To validate the VBE-ontology it was compared to four existing ontologies related to 
the domain of collaborative networks, which are discussed earlier in this thesis in Chapter 2, 
Section 2.2.2.1, and also addressed in annex B, Section B.2.  
 
Table 5.3 - Comparison of the VBE-ontology against related CN ontologies 

Characteristics / Ontologies 
TOVE 
enterprise 
ontology 

AIAI 
enterprise 
ontology 

JSI’s CNO 
ontology 

PI 
ontology 

VBE-
ontology 

Addressing a variety of VBE concepts 
and relationships among them 

     

Extensive annotation of concepts, 
including linguistic annotation 

     

Suitability for environments from 
different domain/business areas 

     

Extensive and clear defining of concepts 
and relationships among concepts 

     

Correspondence to data and meta-data 
of environment’s management sub-
systems 

     

Formality needed for processing by 
software 

     

Addressing domain/business area 
related concepts 

     

Addressing technological/scientific 
terminology from literature and R&D  

     

Addressing norms and standards to be 
adapted for information management 

     

Correspondence to environment 
reference models (e.g. ARCON) 

     

Clarity      
Coherence      
Extendibility      
Minimal encoding bias      
Minimal ontological commitment      
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The characteristics for validation of this conceptual result (that appear as rows in 

the following table) are defined based on descriptions of: (1) ColOnto objectives, i.e. reasons 
for the development the VBE-ontology (Section 1.2.3), (2) generic requirements for VBE-
ontology (Section 2.4.1.1), and (3) specific stakeholders’ requirements for VBE-ontology 
(Section 2.4.2.1). 

As shown below in table 5.3, the VBE-ontology is characterised as “very good” or 
“good” in relation to both the objectives and the requirements specified for it. 

 

5.3.2.2. 4C-model of competency 

To validate the 4C-model of competency it was compared to four existing competency models 
related to the domain of collaborative networks, which are already described earlier in this 
thesis in annex B (Section B.3). The characteristics for validation of this conceptual result 
(that appear as rows in the following table) are defined based on descriptions of: 
(1) objectives for the development of the competency model (Section 1.2.3) and (2) specific 
stakeholders’ requirements for the competency model (Section 2.4.2.3). As shown below in 
table 5.4, the response of the 4C-model to the objectives and requirements specified for it is 
evaluated as “very good”. 

 
Table 5.4 - Comparison of the 4C-model of competency against related CN competency 
models 
Characteristics / Competency 
models 

HR-XML 
competencies 

Manufacturing 
competency 

Competence 
cells 

“s-a-r-C” 
model 

4C-
model 

Support for representing 
organisations in a uniform 
manner 

    

Possibility to match against 
descriptions of (business) 
opportunities 

    

Addressing the whole variety of 
identified competency 
characteristics 

    

Addressing current availability of 
competency within 
an organisation 

    

Addressing costs of competency 
provision 

    

Addressing validity of 
competency information 

    

Being uniform and generic 
enough to suit all types of 
organisations 

    

Addressing the domain related 
characteristics 

    

5.3.2.3. ODMS 

To validate the ODMS it was compared to four related existing ontology management 
systems, which are described in this thesis in Annex B (Section B.4). The characteristics for 
validation of this conceptual result (that appear as rows in the following table) are defined 
based on descriptions of: (1) objectives for the development the ODMS (Section 1.2.3) and 
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(2) specific stakeholders’ requirements for the ontology management in VBEs 
(Section 2.4.2.2). 

As addressed below in table 5.5, the ODMS’s response to the objectives and 
requirements specified for it is evaluated mainly as “very good” or “good”. It also shows that 
the ODMS benefits from addressing the variety of state-of-the-art functionalities, while other 
existing ontology maintenance/management tools are typically developed to address a limited 
number of functionalities. 
 
Table 5.5 - Comparison of the ODMS against other ontology management systems 
Characteristics / Ontology mng. sys. OLS Protege TOKO DOSG ODMS 
Support for ontology engineering, including semi-
automated engineering 

     

Support for compatibility with meta-data and data 
from related databases  

     

Support for ontology based information discovery      
Access rights and confidentiality for ontologies      
Support for users who are not experts in ontologies      
Independence from domain/business area      
Organisation concepts through more than one type 
of relationship 

     

Supporting ontology partitioning/decomposition 
and merging 

     

Multi-user and collaboration support      
Correctness      
Reliability       
Usability      
Efficiency      
 

Clearly, the related ontology management systems classified here (e.g. Protege) have 
their own development targets, which is different than the ODMS, and thus do not measure 
well against our specific criteria. Also, please note that for the standard software quality 
characteristics (Correctness, Reliability, Usability, Efficiency), the OLS tool is not evaluated, 
since its implementation was not available at the time of completing this thesis. 

 

5.3.2.4. PCMS 

To validate the PCMS, its competency management functionalities only are evaluated, since 
the state-of-the-art literature lacks descriptions of organisations’ profile management. 
The PCMS’s competency management was compared to four existing competency 
management systems, which are described in this thesis in Annex B (Section B.5). 
The characteristics for PCMS (that appear as rows in the following table) are defined based on 
descriptions of (1) objectives for the development the PCMS (Section 1.2.3) and (2) specific 
stakeholders’ requirements for the competency management (Section 2.4.2.4). 

As addressed below in table 5.6, the PCMS’s response to the objectives and 
requirements specified for it is evaluated mainly as “very good” or “good”. It also shows that 
the PCMS offers a wider variety of competency management functionalities, while other 
current approaches/systems address only a limited number of functionalities. 

 
Please note that for the standard software quality characteristics (Correctness, 

Reliability, Usability, Efficiency), the state-of-the-art systems are not evaluated, since their 
implementations were not available at the time of completing this thesis. 
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Table 5.6 - Comparison of the PCMS’s competency management functionalities against other 
competency management approaches 
Characteristics /  
Competency mng. sys. 

Tremery 
HR-
XML 

Mexican-
Industry 

AmbianCE PCMS 

Matching competencies against descriptions of 
(business) opportunities 

     

Viewing individual competencies of one 
organisation 

     

Cataloguing aggregate competencies of 
the entire VBE 

     

Structuring/cataloguing the competency data      
Several views for the competency catalogue      
Possibility to extend and/or change the domain 
of activity 

     

Possibility to customise the competency model      
Possibility of coping with large amounts of data      
Specification of competency classes needed in 
the VBE 

     

Development of new competencies      
Evaluation and/or assessment of competencies      
Competency gap analysis and elimination      
Correctness      
Reliability       
Usability      
Efficiency      

5.3.3. Peer-reviewed validation – within scientific community 

The components of the ColOnto system introduced in this thesis are also described in sixteen 
publications. As addressed earlier in Chapter 1, Section 1.6, four journal articles, six peer-
reviewed conference papers, two book chapters and four technical project reports are 
published based on the results of this research. This showed that the research results produced 
in this thesis are validated by the scientific community.  

The status of the author’s publications is shown in Figure 5.4. In this Figure all 
the publications are divided into four groups, one group per specific part of the ColOnto 
system. The groups are: 
• G1. ColOnto conceptual focus: Design and development of VBE-ontology  

• G2. ColOnto conceptual focus: Design and development of profile and competency 

model and sub-ontology 

• G3. ColOnto functional focus: Maintenance and management of VBE-ontology 

(ODMS) 

• G4. ColOnto functional focus: Management of profile and competency data (PCMS) 
For each of the above groups its number of publications are listed. If more than two 

ColOnto components are presented in one paper, their related groups are attributed 
a fractional number of publications, e.g. 0.25 if all four components are addressed in one 
paper. 
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Figure 5.4: Status of author’s publications in relation to components of the ColOnto system 

For a complete list of the author’s publications see Annex G 

5.4. Lessons learned 

This Section gives brief descriptions of the main lessons learned during the carrying out of 
the research presented in this thesis. These are divided into four main blocks: (1) Design of 
the VBE-ontology, (2) Development of sub-ontology for profiles and competencies, (3) 
Ontology-based support for VBEs, (4) Ontology-based support for boosting the VO creation. 

5.4.1. Design of the VBE-ontology 

Designing the VBE-ontology was the most important steps in the VBE-ontology 
development, since the approaches for both building and processing the ontology directly 
depends on this design. Below the lessons learned during the design step are addressed.  
• Partitioning of unified ontology. In order to support information modelling and 
management for a large variety of functionalities and business processes of VBEs, the VBE-
ontology needs to incorporate a large number of information types accumulated through and 
handled by these functionalities/processes. Addressing all this information in one ontology 
does not suitable serve purpose of ontology. It provides difficulties both for simultaneous use 
within different systems, and for its “digestion” by human users. Therefore the VBE-ontology 
needs to be partitioned at the logical and physical levels. In this thesis the logical partitioning 
into two main perspectives is suggested: (1) levels of concept-reusability, i.e. if a specific 
concept can be reused within all VBEs, or only within VBEs from the same domain, only 
within one specific VBE application, and (2) work areas, i.e. addressing specific VBE’s 
functionalities/business processes, such as: trust management, competency management, etc. 
This thesis introduces the notion of “sub-ontology” to represent an independent physical unit 
of the VBE-ontology. 
• Sub-ontology registry. In order to maintain the VBE-ontology, a sub-ontology registry 
needs to be developed that supports integrability, mapping and versioning of the sub-
ontologies of the VBE-ontology. 

5.4.2. Development of sub-ontology for profiles and competencies 

Collection of profile and competency data from VBE members is needed to provide a number 
of operations to boost the VO creation within VBEs. This Section outlines the lessons learned 
about the nature of profile and competency, as well as about the need for representation of 
the profile and competency models within the VBE-ontology. 
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• Nature of profile. There are not many state-of-the-art works on profile modelling. 
Organisations’ current profile models differ and mainly depend on the purpose for which they 
are developed and used. The VBE members’ profile model is developed in order to satisfy 
a number of activities for which the characteristic information about VBE members is needed. 
• Nature of competency. There is no consensus on competency definitions in the state-of-the-
art research. However, a number of common competency characteristics can be derived from 
the existing models and applied to the design of the VBE members’ competency model in 
order to make it consistent with the state of the art. These common elements represent 
the capability (that in other models can be also-called “process”, “activity”, “task” or “job”) 
and capacity (that is related to “resources”). To sum up, the main competency-related 
elements for VBE consists of capability, capacity, conspicuity and cost. 
• Organising profile and competency models within the VBE-ontology. Representing profile 
and competency models in the VBE-ontology encountered a number of obstacles, e.g. it had 
to be adaptable to model any VBE domain or application environment. These models are 
represented at different concept-reusability levels of the VBE-ontology. In our approach, 
the generic part of the models is addressed at the core level, while the domain-related part is 
addressed at the domain level.  

5.4.3. Ontology maintenance and management in VBEs 

VBEs can benefit from a number of features that ontologies provide for information 
modelling and management. However, most of these aspects, such as ontology-based semi-
automated database development or semi-automated information discovery, etc., are still 
being researched and are relatively immature. Therefore, VBEs need to develop this area in 
collaboration with ontology engineering specialist. The following ontology-based 
functionalities are needed for VBEs. 

• Ontology visualisation, representation and navigation, to facilitate viewing the VBE-
ontology and familiarisation with its concepts. 

• An ontology library system to organise the sub-ontologies of the VBE-ontology. 
• Ontology merging, integration and partitioning techniques to maintain the sub-

ontologies of the VBE-ontologies. 
• Ontology-based development of databases, namely converting ontology schemas to 

database schemas 
• Ontology-based text-mining and information discovery 

5.4.4. Profile and competency management in VBEs 

Many of the requirements for competency management functionalities are addressed in 
the state-of-the-art literature. Competency needs to be managed for a number of different 
objectives, such as increasing competencies in organizations and exchange of competencies 
among organisations, etc. The set of competency management functionalities directly depends 
on the competency management objective. The important functionalities for the profile and 
competency management in VBEs represent: 

• Advanced collection of up-to-date VBE profile and competency information. 
Collection of profile and competency data in VBEs is not an easy task, since every 
member needs to provide a large set of data. Therefore, some intelligent mechanisms 
for competency collection shall be developed. 

• Aggregation of profile and competency data. An important function for VBEs is 
making aggregate competencies that help to represent the VBE-self in 
the market/society as a single entity. 
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5.4. Future research 

This PhD research had resource and time limitations and therefore not all challenges 
identified for the ColOnto system could be addressed. During the period this research was 
carried out, a number of new complementary areas of research and development were 
identified to be pursued as further research. A few of these areas are presented below in this 
section.  

1. During the R&D presented in this thesis, only the VBE sub-ontologies from the core-
level were constructed. In the domain and application levels, a few sample sub-ontologies 
have been built. Other sub-ontologies need to be created in collaboration with the domain 
experts mainly to cater for the demand by each specific VBE domain or application.  

2. More research needs to be done to develop a set of methodologies supporting 
ColOnto. These methodologies can basically be divided into two groups: methodologies for 
creation and evolution of the sub-ontologies of the VBE-ontology; and methodologies for 
both VBE-ontology management and ontology-based VBE information management.  

3. The sub-ontologies of the current VBE-ontology have been implemented empirically 
for the most part and are informal. More formal sub-ontologies would be beneficial for 
ColOnto, since this would open up possibilities for reasoning about the sub-ontologies.  

4. The thesis presents a number of functionalities for ColOnto are addressed as parts of 
the ODMS and PCMS management systems. During the development process of 
ODMS/PCMS, the need both for other complementary functionality as well as the extension 
of the current functionality was identified. One sample functionality is learning VBE 
terminology. While the ODMS supports the VBE administrator with remote introduction of 
VBE terminology to VBE members, the process of learning new terminology is still slow. 
Many VBE members do not have enough effort and patience to go through the interface for 
the VBE-ontology and read the definitions of the terms necessary. Some methodologies, such 
as those used in e-Learning, should be applied for teaching VBE members. 

 
 
 
 
 


