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Poznań University of Economics
al. Niepodległości 10,

61-875 Poznań, Poland
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Abstract—Support for organization competences is an impor-
tant function of Virtual Organization Breeding Environments
(VOBEs), allowing VOBE members to publish and consult about
the activities they may perform. In Service-Oriented VOBEs
(SOVOBEs), organized systematically around the concept of
services, existing competence models should be extended to
support the service-orientation of SOVOBEs. In this paper, a
refinement of the 4-C competence model is presented. The main
enhancements consist of 1) the redefinition of the concept of a
service as regards competences 2) a clear distinction of the re-
lations between activities, services, capabilities and competences,
and 3) the introduction of contextual capabilities.

I. INTRODUCTION

To promote itself and to be taken into account during vir-
tual organization (VO) partner search processes, each Virtual
Organization Breeding Environment (VOBE) member should
provide detailed and up-to-date information about the activities
it can perform and the services it can offer. This information
should be “an accurate description of member capabilities, its
free resources capabilities, the production costs for each of its
products, as well as conspicuous proof of the validity of the
provided information” [1].

The description of the competences of an organization is
usually complex because of the diversity and multi-aspect
character of competences. In medium and large VOBEs,
the amount of information concerning VOBE members is
significant. Additionally the continuous adaptation of VOBE
members to market needs causes a significant effort related
with the maintenance of this information. As a consequence,
computer support for management of organization description
is required in medium and large VOBEs, usually based on a
competence model.

A competence in literature is defined in a various of ways:
“the organization’s capability to perform (business) processes,
tasks, having the necessary resources (human, technological,
physical) available, and applying certain standards (practices),
with the aim to offer certain products and/or services” [2] or
“the ability to sustain the coordinated deployment of assets in
ways that help a firm achieve its goals” [3]. In this paper, the
term competence is to be understood as defined by Gallon [4]
stating that a competence is:

An aggregation of capabilities, where synergy that
is created has sustainable value and broad applica-
bility.

Several works on competence modeling have been pub-
lished [3], [5]. Recently, the 4-C model, based on former
models by [6], [7], [8], [9], [10], [11], has been proposed
by Ermilova and Afsarmanesh [1]. The main components
in the 4C-model are: Capabilities, Capacities, Costs, and
Conspicuities. The 4-C model is adapted to characteristics and
needs of VOBE, its members and Virtual Organizations.

Additionally, the competence model is usually an important
element of tools provided by VOBEs to support partner selec-
tion during the VO creation process [12]. An approach to VO
partner search and selection based on information available in
competence model is called competence-based configuration
of VO or competence-based VO creation [1].

As a valuable approach for the architecture and implementa-
tions of VOBEs and integration of cooperating organizations,
the Service-Oriented Architecture (SOA) [13] has been sug-
gested [14]. A VOBE implemented in this way is referred in
this paper as a Service-Oriented Virtual Organization Breeding
Environment (SOVOBE). A SOVOBE is systematically orga-
nized around the concept of services, which is not limited to
Web services, but which encompasses also services performed
by humans (organizations). In this paper, only SOVOBEs are
taken into account.

In SOVOBEs, partner selection is strictly connected with
service search and selection, with partner competences being
considered as extension of service description. Currently, there
is a multiplicity of approaches to service description that are
elaborated in isolation from a number of already existing
competence models. Proposed service and competence de-
scription models do not specify the actual relation among
competences and services of an organization. The definition
of the relation among these concepts is crucial for partner and
service selection performed in SOVOBEs that is based on both
competence model and service description.

Furthermore many elements that are traditionally included
in competence description models such as organization costs
and capacities (in particular availability of resources) depend
on circumstances (such as seasons, days, economic environ-



ment, client’s country of origin, etc.) and changes dynamically
over time. Thus competence description model should support
description of these elements in particular circumstances and
also support tracking the evolution of competences.

Existing competences models do not deal neither with cir-
cumstantial and multi-version competences, nor with concepts
rooted in SOA. Even if the 4-C model is the closest to
the needs of SOVOBEs, the refinement of already proposed
concepts and the introduction of new ones are still needed for
the 4-C model to support SOVOBEs.

As a consequence, the shift of VOBEs to the SOA paradigm,
centered on the concept of service, requires the development
of novel competence models that can be applied within
SOVOBEs, supporting the characteristics of both SOA ecosys-
tems and VOBEs.

The main contribution of this paper is a competence model
for SOVOBEs. The presented model may be considered as a
refinement of the 4-C model taking into account the service-
orientation of SOVOBEs. The model is a work in progress
and is thought to be validated as a component of the ErGo
system developed within the ITSOA project [15]. The ErGo
system is envisioned to be used in the Polish construction
sector for a SOVOBEs gathering SMEs cooperating with a
real-estate development company. The proposed model con-
sists of a competence description model and a competence
verification method. Specific aspects of the model include:
(1) modeling a context for capabilities resulting in many
possible capability variants (2) versioning of competences,
capabilities and capability variants (3) modeling the nature of
relations among competence, capability, activity and service,
with special emphasis on a clear distinction between the
concept of competence and capability in context of service
provision, (4) refinement of the definitions provided in 4-C
model, (5) modeling the multiplicity of relations among all
the concepts added to 4-C model.

This paper is organized as follows. In Section 2, the
general overview of competence model and its components
is presented. In particular competence description model is
introduced in Section 2.1 and competence verification method
is presented in Section 2.2. In Section 3, the competence
profile as part of competence description is presented in detail.
Section 4 outlines the intended application of the model in the
construction sector. Finally, Section 5 concludes the paper.

II. OVERVIEW OF THE COMPETENCE MODEL

A competence model should provide exhaustive information
about an organization, competences and its services. Beside
this information, a model should encompass methods of ver-
ification of competence description relevance. Therefore, the
proposed competence model consists of both a competence
description model and competence verification method.

A. Competence description model

The competence description model consists of three types
of profiles:

• Competence profile,

• Service business profile, and
• Organization profile.
1) Competence profile: A competence profile is organized

around five main concepts: competence, capability, capability
variant, capacity and conspicuity. The structure of competence
profile is described in more detailed in Section III.

These concepts are directly linked to the concepts of service
and activity that are a part of a service profile.

2) Service profile: In SOA, standards supporting Web
service description such as WSDL [16], OWL-S [17],
WSMO [18] and others have been developed to provide
information necessary to find a service and interact with it.
These standards permit: service discovery, service invocation,
service composition and interoperation [17]. On a business
level, the scope of relevant information that is included in
service description should be more exhaustive. The business
service profile includes business characteristics of a service,
free of technical aspects, i.e., service reference to organization
strategic goals, strategy of service, formal requirements, etc.
[19], [20]. A set of information relevant for service profiles has
been partially developed within the ECOLEAD project [2].

A service provider can provide complex services due to
its competences. Thus, in a proposed approach, a service is
connected with a 1:1 relation with a competence. A service is
a mechanism allowing an access to a set of capabilities defined
as competence.

3) Organization profile: The description of organization
profile should include non-service specific information such
as: history of collaboration, past performance, formal certifi-
cates, recommendations, membership in associations, localiza-
tion, financial capital, contact information, steering managerial
board, etc. A scope of information relevant of organization
profile was developed within the ECOLEAD project [2].

B. Competence verification method

To be reliable, the information provided by an organization
should be confirmed or verified against other sources of infor-
mation about this organization. The competence description
model allows organizations for initial verification of data
reliability based on conspicuities (cf. Table III).

In addition to conspicuities that are usually provided by a
particular SOVOBE member, the SOVOBE itself stores vari-
ous sets of data that can enable the verification of information
provided in the competence description model. These sets of
data include: information about all its member organizations,
their history of collaboration, efficiency of collaboration, for-
mer and existing problems, etc. (cf. Table I).

A mechanism for the verification of self-declared organiza-
tion competences in partner selection process with the use of
performance indicators [23] together with a set of services for
competence management have been implemented as module
of the ErGo system.

III. COMPETENCE PROFILE

To our best knowledge, among all the proposed competence
models, the 4-C model is the closest to the needs of SOVOBEs.



TABLE I
DATA SOURCES FOR THE VERIFICATION OF COMPETENCE DESCRIPTIONS

Data source Description

Continuous
monitoring of
collaboration

Monitoring of current service consumption and pro-
vision, progress in running collaboration processes,
conformance to requirements etc.

History of col-
laboration

Information restored from the historical data about part-
ners’ performance and collaboration within SOVOBE

Opinions of
SOVOBE
members

Information provided by SOVOBE members concern-
ing to other members’ competences and services

Social network Information about relations among organizations (i.e.,
recognition, trust) available in SOVOBE’s social net-
work [21], [22]

However, the refinement of already proposed concepts and
the introduction of new ones are still needed for the 4-C
model to support SOVOBEs. Newly introduced concepts are
presented in Table II. Concepts existing in the 4-C model by
refined or redefined for SOVOBEs are presented in Table III.
Finally, concepts added to the 4-C model and associated with
contextual competences are presented in Table IV.

A. Core concepts

The core concepts of the proposed model are activity, ser-
vice (cf. Table II), competence, and capability (cf. Table III).

While the service is a type of a product in the 4-C model
(cf. Table III), the proposed model is based on a different
approach to service concept, leading to significant changes
in the relations among the concepts of service, activity,
competence and product. An activity (a piece of work that
delivers a certain product) can be performed by an organization
presenting the associated capability (the ability to perform an
activity). A competence aggregates one or more capabilities,
and eventually other competences. A service is a mechanism to
provide external organization with an access to competences.

As an example, let us consider a software company. The
company has a number of capabilities, for instance server
administration, computer network configuration, information
system modeling, software requirements gathering, Java pro-
gramming, software testing. Each capability is associated with
an activity that results in a product: for instance the software
company is capable of performing the software requirements
gathering activity resulting in the product software require-
ment specification document. Capacities may further be aggre-
gated into competences, e.g., capabilities information system
modeling, software requirements gathering are aggregated
into the software requirements engineering competence. A
competence may also consist of competences: the competence
system development is a compound competence composed of
the software requirements engineering competence, and the
Java programming and software testing capabilities. Finally, a
competence may be externalized with an appropriate service:
the software requirements engineering competence may be
externalized as a service that may be then consumed by
customers.

TABLE II
CORE CONCEPTS OF THE PROPOSED COMPETENCE MODEL

Concept Proposed model

Activity A piece of work that forms one logical, self-contained
whole. The output of an activity is a product. An activity
may be a manual activity or automated and requires
human and/or machine resource(s) to support its exe-
cution [24]. As stated in [24], a task is a synonym of
activity.

Service A mechanism to enable access to one or more capabil-
ities, where the access is provided using a prescribed
interface and is exercised consistent with constraints and
policies as specified by the service description [13]. An
access to a set of capabilities is possible with the concept
of a competence.

Compound
service

A service that is an aggregation of services. Aggregation
of services creates new, more complex service.

Compound
competence

A competence that is an aggregation of competences.
Complex competences may be defined as aggregation of
other competences.

Product The output of the activity.

Note that some capabilities described in competence de-
scription model may not be externalized by an organization
as a part of a competence. The description of capabilities
referring to activities that are not externalized is justified,
e.g. for private, internal enterprise architecture modeling, for
collaboration opportunity spotting, or competence gap analy-
sis [1].

Organization’s competences are in 1:1 relation with or-
ganization’s services meaning that every competence is ex-
ternalized by none or exactly one service (cf. Figure 1).
Over time organization may provide more complex services
that are created not only as a composition of activities the
organization is able to perform due to its capabilities, but also
as an aggregation of other services. Such services are called
compound services (cf. Table II). Similarly, competences may
be aggregated into compound competences (cf. Table II) to
provide more complex, possibly compound services.

Following the above key definitions of competence, capa-
bility, service and activity, some components of 4-C model
should to be refined as presented in Table III.

In Table III, definitions proposed in 4-C model are pre-
sented in column “Definition”, with a critic of the proposed
definitions given in the column “Comment”. The refined or
redefined definitions are presented in the column “Proposed
model”.

Concepts presented above and relations existing among
them are presented in Figure 1 in a form of UML diagram.

The concepts presented in Figure 1 are further grouped
in organization, service, and competence profiles. Note that
organization and service profiles may be extended as needed.
From a competence modeling perspective, the key elements
of the proposed competence model are 1) the concepts of
the competence profile and, 2) the relations between the core
concepts the organization and service profiles (presented in
Figure 1) and the competence profile concepts.



TABLE III
REFINED OR REDEFINED CONCEPTS FROM THE 4-C MODEL

Concept
4-C model Proposed model

Definition Comment

Competence Competency is a compound object
that cannot be represented by one
textual value.

Too general definition An aggregation of capabilities, where synergy
that is created has sustainable value and broad
capability [4].

Capability An ability to perform an activity or
task.

Missing discussion on a difference among “task”
and “activity”. According to [24], “task” is a
synonym of “activity”.

An ability to perform an activity.

Cost Represent the cost of
product/services provision in
relation to one capability.

Missing clear definition The monetary value of all the expenditures
linked to activity addressed by particular capa-
bility, including the value of all the resources
required by an activity.

Resource Resource class represents the el-
ements applied to business pro-
cesses in the organization.

Missing clear definition Physical or virtual entity of limited availability
required by organization to perform activities
and achieve organizational goals.

Capacity The current availability of re-
sources needed to perform one spe-
cific capability.

In this model, a capability is defined as “an
ability to perform an activity”, resulting in “re-
sources needed to perform one specific ability to
perform activity” - the expression “performing
an ability” makes this definition unclear.

The total amount of product that can be con-
tained or produced.

Conspicuity Represent means for the validity of
information provided by the VBE
members about their capabilities,
capacities and costs.

Missing clear definition.
Refers only to: capability, capacity and cost.

A formal or informal document justifying, con-
firming and explaining information provided in
a competence description.
Refers to: service, organization, competence,
capability, cost, capacity.

Product Represents both goods and services
that belong to the output of the
processes/activities represented by
the member organizations’ capabil-
ities.

Missing clear definition.
Assumed in the proposed model concentration
around the service concept requires the redefini-
tion of the product.

The output of the activity.

B. Contextual Capabilities

In addition to terms defined in 4-C model, a competence
profile developed for SOVOBE introduces: capability context,
capability variant and versioning (cf. Table IV).

Conditions under which an organization is able to perform
some activity depend on circumstances. Those circumstances
are referred as context. Depending on a context, cost and
capacity may vary. This results in a number of capability
variants of particular capability that are connected with a
particular capability context, particular capacities and cost.
Moreover the model includes versioning of competences, capa-
bilities and capability variants. Versioning allows for tracking
of organization evolution and adaptation to market needs and
particular collaboration opportunities.

Continuing the previous example, the number of available
programmers (considered here as resources) may be lower
than usual in particular circumstances, such as holidays.
This limitation results in different capability characteristics,
for instance extended system development time or increased
general cost of system development. These characteristics
constitute a capability variant associated with a particular
context (holidays).

TABLE IV
CONCEPTS RELATED WITH CONTEXTUAL CAPACITIES

Concept Proposed model

Capability
context

A set of triplets 〈object, predicate, subject〉 describing
circumstances in which a capability exists.

Capability
variant

Cost and a set of capacities referring to particular capa-
bility and appearing in particular context.

Version A number indicating a competence, capability or capa-
bility variant version

IV. PLANNED APPLICATION OF THE PROPOSED
COMPETENCE MODEL

The proposed competence model is envisioned as a part
of a novel partner and service selection method. As a part
of the method, the proposed competence model provides not
only means for descriptions of the competences of SOVOBE
members, but allows VO planners to define requirements for
both organizations and services that are supposed to compose
a VO business process. The envisioned requirements are based
on the concepts proposed in the competence model described
in this paper and may include: a list of required competences,
a list of required capabilities with a clear statement of required
capacity and optimal cost in particular circumstances defined
by a context, a list of required conspicuities (certificates,
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Fig. 1. Competence Description Model

diplomas etc.), etc.
The proposed competence model and relevant partner and

service selection method have already been implemented as
elements of the ErGo system. The ErGo system is envisioned
to be used as a software platform for SOVOBEs. A first pilot is
currently under testing in the construction sector, with a real-
estate development company being a SOVOBE, providing the
infrastructure and services for its subcontractors on the ErGo
platform.

In the construction sector, the concept of capability variants
is particularly relevant. The availability of partner’s free re-
sources, associated with capability costs, capability properties
such as time associated with capability etc. depend strongly
on the context that is: seasons of the year, weather conditions,
day of week, hours, holiday period etc. As an example, the
performance of teams working on roofs is usually lower in
winter than in spring because of weather conditions. Thus
the inclusion of capability variants in the description of
organization’s competences is crucial for the proper selection
of organization for a given business process in the construction
sector.

V. CONCLUSIONS

In the context of globalization and dynamic markets, col-
laboration among enterprises allows them to face the socio-
economical challenges related with high dynamism and ever
changing clients’ needs. A key element for agile collabora-
tive enterprises is a sound computer support for competence
management, providing tools for partner and service search
based on competence description. While the paper focuses
on the modeling of competences with the introduction of
a competence description model, algorithms for partner and
service search based on competence requirements are out of
the scope of this paper. However, both a model for competence
requirement definition and a set of partner and service search-
ing algorithms taking advantage of this model have already
been implemented.

The main contribution presented in this paper is the compe-
tence model consisting of competence description model and
verification method. Extending the 4-C model, the proposed
concept of competence profile clarifies the relation between
activities, services, capabilities and competences, as well as



introduces the idea of contextual capabilities.
The proposed description of competences takes into account

the needs of SOVOBE. As a result it reorganizes the 4-C
model by redefinition of concepts of competence, capability,
resource, capacity, cost, resource, conspicuity and product.
Also new concepts are introduced: capability context, capa-
bility variant, compound competence and version.

Among future works, a method for competence aggregation,
suited to the proposed model, is to be proposed. Such a method
should take into account the contextual aspect of capabilities.
Within the IT-SOA project [15], further development of the
proposed model and its verification is planned with a pilot
application in the construction sector.
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