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Abstract: The assessment of value systems alignment can play an important role in the formation and
evolution of collaborative networks, contributing to reduce potential risks of collaboration. For this
purpose, an assessment tool is proposed as part of a collaborative networks information system,
supporting both the formation and evolution of long-term strategic alliances and goal-oriented
networks. An implementation approach for value system alignment analysis is described, which is
intended to assist managers in virtual and networked organizations management. The implementation
of the assessment and analysis methods is supported by a set of software services integrated in the
information system that supports the management of the networked organizations. A case study in
the solar energy sector was conducted, and the data collected through this study allow us to confirm
the practical applicability of the proposed methods and the software services.

Keywords: collaborative networks; value systems alignment; solar power plants

1. Introduction

Over the last years, and motivated by the positive effects experienced by the organizations
that collaborate, several studies have been conducted on the scope of Collaborative Networked
Organizations (CNO). Distinct research projects [1–5] have focused on gaining a better understanding
of the effective approaches to manage collaboration. One of the topics that is still challenging is the
analysis of value systems alignment in CNOs management. This is motivated by the fact that, despite
the potential benefits of collaboration, consortia often fail due to internal conflicts, and most of the
time, conflicts appear due the existence of different prioritization of values and distinct perceptions
of the outcomes of collaboration. Because perception of outcomes depends on the preferences of the
evaluator, an effort to have network members with aligned value systems can be a decisive contribution
for the collaboration sustainability.

However, the literature review on CNOs topics reveals that the analysis of value systems alignment
is not usually integrated in CNO management practices, in spite of several authors, e.g., [6,7], having
identified the importance of aspects such as compatible goals, complementary skills, and compatible
cultures and values to the success and sustainability of an alliance. In this context the following
research question was proposed: How can value systems alignment analysis be integrated in CNO
management practices, and supported by information systems?

The aim of this work is thus to develop a set of software services that allow the integration of value
systems alignment analysis into the management of CNOs. As a theoretical basis for the specification
of the intended software services, the V-Align framework [8] is briefly reviewed, allowing to identify
how the framework can be applied in the distinct processes of CNOs management. The proposed
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solution was tested in practice through a case study related to the building of a solar power plant in
Charanka, India, in the context of the GloNet European research project.

2. Research Methodology

The constructive research method [9] was followed in this research work. This method is both
prescriptive and focused on building one or more artifacts (such as frameworks, diagrams, models,
prototypes etc.) to solve a domain problem. These artifacts have the purpose of “creating knowledge
on how the problem can be solved” and demonstrating how the found solution is innovative or better
than previous ones. An implementation of the solution can be used to demonstrate the usability of
the artifacts.

The research is supported on the body of knowledge of the Collaborative Networks discipline [10]
and is focused on providing management methods and tools that contribute to the sustainability
of the CNOs. Starting with the assumption that the assessment of value systems alignment can
play an important role in the formation and evolution of CNOs, contributing to reduce potential
risks of collaboration, a set of artefacts is built to allow the integration of this assessment in CNOs’
management practices. A value systems alignment tool that implements a value systems alignment
(V-Align) framework [8], and which can be integrated in existing CNOs’ management systems through
web services, is developed with the purpose of demonstrating the usability of the proposed artifacts.
The explanation and detailed discussion of how the developed artifacts contribute to enrich the body
of knowledge of the Collaborative Networks discipline demonstrate the theoretical relevance of the
proposed solution. To make evident the practical relevance of the proposed solution, a case study was
conducted in the building of solar park in India. This case study allowed collecting a set of evidences
confirming that the developed tool can be applied in real world contexts, while providing relevant
information to support better decision-making during CNOs’ life-cycle management.

3. Related Work on Value System in CNOs

3.1. Brief Overview of Collaborative Networked Organizations

A CNO (Collaborative Networked Organization), or simply Collaborative Network, is a term used
to name “alliances constituted of a variety of organizations that are largely autonomous, geographically
distributed, and heterogeneous in terms of their operating environment, culture, social capital and
goals, but that collaborate to better achieve common or compatible goals, and whose interactions
are supported by a computer network” [11]. The involvement in this kind of alliances is expected to
increase the capacity of survival in market turbulence contexts, since enterprises can then acquire a
larger apparent dimension, access to extended markets, access to new knowledge, and have a way
to share risks and resources, while joining their complementary skills [12]. Examples of business
areas that have benefited from the adoption of collaborative networks paradigm include the industrial
sector [13,14], the transport sector [15], the agribusiness sector [16], ICT and health [17,18], energy [19] etc.
Distinct forms of collaborative networks, including virtual enterprises (VE), virtual organizations
(VO), dynamic supply chains, industry clusters, business ecosystems, virtual organizations breeding
environments (VBE), professional virtual communities (PVC), collaborative virtual laboratories (VL),
etc., can been found in our society. These cases can be classified according to their internal structure and
organizational model (structured or ad-hoc), purpose or business model (goal-oriented or long-term
strategic networks), duration, and type of participants (enterprises, individual professionals, intelligent
machines, etc.) [20].

A CNO evolves through several stages along its life-cycle, each stage being characterized by a
set of partial goals to be achieved and thus a set of specific processes to be executed. Therefore, to be
able to properly apply the developed value systems analysis method, it is important to understand the
specificities of each of these life-cycle phases. For instance, the steps required for VBE management
are slightly different from those involved in the management of a VO, as VBE and VO have distinct
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business goals. The main tasks to be executed for each stage of the CNO life-cycle and according to
each network type are described in the model introduced by Camarinha-Matos and Afsarmanesh [21]
and summarized in Table 1.

Table 1. Virtual organizations breeding environments (VBE) and virtual organization (VO) life-cycle stages.

Virtual Organization (VO) Virtual Organizations Breeding Environments (VBE)

Creation

Preparatory Planning—Focused on the identification and
description of a business opportunity that triggers the VO
creation, and designing a draft structure of VO. VBE Initialization—Focused on the definition of the VBE mission,

recruitment of VBE members, establishment of common business
models, and implementation of a common ICT infrastructure.

Consortium Formation—Including definition of the
appropriate organizational structure, partners’ search and
selection, agreements negotiation, and definition of roles of
the VO members.

VO Launching—Including the refinement of the draft VO
plan, definition of “governance principles”,
and formulation, modeling and signing of contracts and
collaboration agreements. VBE setting up—Including the configuration of ICT support

systems, registration and profiling of founding members,
setting of governance principles and business rules.

VO Set-up—Involving the configuration of the
“ICT support infrastructures”, the instantiation of the
needed “collaboration spaces”, according on VO
governance principles, the assignment of tasks, and setting
up of VO resources.

Operation

VO members: Execution of the processes that were planned
during the VO launch phase, according to assigned roles.
VO coordinator: supervision of status of activities and
achievement of objectives, including corrective actions in
case of deviations.

Involving the assistance in VO creation and other VBE support
activities, such as: (i) management of competencies and shared
assets, (ii) management of ontologies for the specific domain,
(iii) admission of new members, (iv) definition and application
of incentives, and (v) assessment of the collaboration processes.

Evolution

Rescheduling of VO activities and milestones, reassigning
tasks and roles, and budget reallocation in case of need. It
may also involve changes in the consortium membership.

Involving the evolution of governance principles and rules,
the admission of new members and small readjustments in the
VBE organizational structure, etc.

Dissolution Metamorphosis

Record useful experiences, lessons learned and key
performance indicators of the VO, which can be used in the
VBE operation and creation of future VOs. Define liabilities
and apply inheritance mechanisms.

Focused on reorganizing the membership structure and on
transferring the knowledge collected during the VBE operation.

Literature on collaborative networks has extensively pointed out several benefits of collaboration
and discussed the main requirements that should be satisfied in order to promote the success
and sustainability of the networks [22]. Several studies [23,24] have suggested that sharing goals
among members, having set some common infrastructures, having reached a good level of mutual
trust, and having agreed (totally or in part) on some business practices and values are mandatory
requirements to achieve a sustainable network. Some methods and tools for modeling and assessing
the achievement of these requirements have been developed. For instance, in [25], a framework to
manage and assess trust in CNOs was proposed, while Camarinha-Matos and Abreu [26] discuss how
to evaluate the success of a collaboration by measuring the collaboration achieved benefits. In [27],
an approach to assess the preparedness of an enterprise to join a CNO is proposed, where the concept
of competences fitness is introduced. This concept is further developed in [28] where “the effects of the
behavioral (soft) competencies on the performance of the functional (hard) competencies” is discussed
in order to compute the competency levels in face of the requirements of the business opportunities.
More recently, Andres and Poler [29] published some achievements related to the importance of the
business strategies alignment for the success of CNOs.
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3.2. Analysis and Characterization of Value Systems

The term “value system” has been widely used in different contexts and for distinct purposes,
but often without a totally clear meaning. In fact, it is not easy to find in literature a consensus on
what a value system is, which elements compose it, and how these elements are characterized and
inter-related. For instance, in [30] two main approaches for the value systems concept are discussed,
namely the approach of economy, where a value system is characterized by the elements that are
the enablers of value creation or value exchange, and the approach of socio-psychology, where a
value system is characterized by the set of elements that guide the behavior of individuals and/or
organizations. Partial models to represent a value system can be found in distinct areas, such as
sociology, software engineering, organizational management, psychology, and artificial intelligence.
In Table 2 the main contribution to value systems modeling along the last decades are summarized.

Table 2. A summary of perspectives on value systems.

Model Researchers/
References Approach Scientific Area

Values Map—comprising a conceptual map of the values that characterize
an organization or an individual in terms of values profile. The model
considers three types of values: Focus Values, Foundation Values,
and Vision Values.

[31] Socio-Psychology Sociology

EDA (Epistemic-Deontic-Axiological)—a formal model based on agent theory,
“where it is assumed that an agent is responsible for its values, and an agent can
represent a member of an organization or an organization itself ”. A value system
model is introduced as a component of EDA, where the “agent’s preferences
with respect to norms” are represented.

[32] Socio-Psychology Artificial
Intelligence

BVG (beliefs, values, goals) Model—a formal agents’ model, supporting “the
decision-making process and including goals, candidate actions to be chosen from,
beliefs about states of the world, and values”.

[33] Socio-Psychology Artificial
Intelligence

Value Network—a model that “represents the value exchanges with each and
every member of the business or organizational network”. In this model, value
exchanges include: goods, knowledge, and intangible benefits.

[34] Economics Knowledge
Management

Value System tree—introduced as “a formal model, which presents the values of
an organization in a hierarchical structure”. [35] Socio-Psychology Artificial

Intelligence

e3-value Model—a model developed for e-commerce cases, and “essentially
focused on the representation of economic value of objects and on the activities and
actors that create economic value”.

[36] Economics Software
Engineering

Value Exchange Model—This model is focused on the “dynamics of value
interactions among agents (whereas agents can be people or organizations)”
and it is supported on Piaget’s theories on value exchange.

[37,38] Economics Artificial
Intelligence

Seven Levels of Consciousness—The set of the values, categorized according
to seven levels, represent the value profile and culture of an organization,
team, or individual.

[39] Socio-Psychology Sociology

Value Reference Model (old VCOR Model)—This model covers all categories of
processes required to support and enable the value chain execution under
govern and plan categories. This includes processes supporting human
capital management, assets management, performance management.

[40] Economics Management

Core Value System Conceptual Model—this model is specified using algebraic
notation and defined as a pair of two subsystems: “(i) the Core Value
objects subsystem, which represents the organizations or networked
organization to be valuated, and (ii) the Core evaluation subsystem, which
represents the core mechanisms of evaluation”.

[41] Socio-Psychology Collaborative
Networks

Organizational Values Framework—this model assumes that organizational
values are dynamic entities, and classify the values in exposed, attributed,
aspirational and shared values. Moreover, they defend that “the
identification of the shifting gaps and overlaps between value forms
reveals the dynamic nature of organizational values”.

[42] Socio-Psychology Psychology

Value System Simulation Model—this model is based on the e3-value model,
allowing the simulation of virtual enterprises to assess the financial,
operational and logistical performance.

[43] Economics Decision Support
Systems

The definition of Core Value System adopted in this research work is the one introduced
in [41], where a core value system is defined algebraically as a tuple CVS = 〈CEVS, CRVS〉, being
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CEVS = 〈COS, CES〉 the aggregation of two subsystems that compose the “core value system”
and being CRVS the set of relationships between these two sub-systems: (i) the Core Value Objects
Subsystem (COS), which is represented by the organization or by the CNO itself; (ii) Core Evaluation
Subsystem (CES), which is specified as a tuple 〈CF, CV, CP〉, where CF is the set of evaluation functions
used to evaluate the organization’s core-values; CV is the set of core-values; and CP represents the
core-evaluation perspective. CRE is the set of relationships among core-values, evaluation functions
and core-evaluation perspectives. A core-evaluation perspective (CP) is defined as a tuple <dvcore,

wvcore>, where dvcore defines the vector of core-values of the organization (or network) and wvcore defines
the weights vector, in which each element represents the degree of importance of the corresponding
core-value. Such weights qualitatively represent the preferences of the holder of the value-system
(see Figure 1 for an illustrative example of the main concepts).

Example 1. A Research Center defined its core-values as: knowledge, innovation, uniqueness, and profit and
specify for each core-value its degree of importance. These core-values are, thus part of the Core Value System of
the enterprise, and more specifically part of the core-evaluation subsystem (CES).

CV = {knowledge, uniqueness, innovation, profit}
dvcore = [knowledge, uniqueness, innovation, profit]
wvcore = [fair, high, high, low], representing the enterprise’s preferences.

Figure 1. Example of Core Evaluation perspective.

3.3. An Assessment Framework for Value System Alignment Analysis

“Alignment” is a term usually used to describe fitness, consistency and similar ideas. Therefore,
the design of methods to assess the alignment between value systems in a collaborative environment
requires the identification of the factors that influence either the alignment or the misalignment.
The identification of the core values shared among the network members and shared between the
network itself and each member, constitute a typical criterion used for the alignment assessment.
However, this criterion is not sufficient to assess values alignment, because the sharing of values is not
the only factor that contributes to the sustainability of a collaborative process. In a previous work [8],
suggested that the assessment of the value systems alignment in collaborative environments should
consider not only a comparison between core values and their priorities, but should also involve
the estimation of the impact that one value system has into another. Thus, the assessment model
needs to consider two levels of assessment, the value systems alignment among network members;
and the value systems alignment between the CNO and the network members. In both levels,
the alignment analysis shall take in account three aspects: (1) the shared core values between value
systems; (2) the positive impacts between the core values of the two value systems; and (3) the negative
impacts among the core values of the two value systems. The V-Align framework (see Figure 2),
which resorts to graph theory and causal maps, provides an effective way to model these aspects,
namely: “the relationships among core-values, to understand how they influence each other, which are
represented in Core-values influence map”; “the relationships between core-values and organizations,
to know which core-values are held by each organization, which are represented in Organizations’
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core-values map.” The relationships “between core-values and the CNO, to understand which
core-values are held by the network, which are represented in CNO’s core-values map.”
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Considering the set of maps (Core-values influence map, Organizations’ core-values map,
and CNO’s core-values map), defined in V-Align, three base indicators have been proposed: “Shared
Values Level,” “Potential for Conflict Level,” and “Positive Impact Level” (see [8] for an exhaustive
description of these indicators). A brief overview of V-Align is shown in Figure 2. The implementation
of mechanisms to evaluate these indicators consider the existence of a “Reference Core-Values
Ontology,” shared by the VBE members, and containing a description of all core-values that VBE
organizations can hold. The Reference Core-Values Ontology can be built with the information obtained
through surveys and interviews or directly provided by experts.

The “Network Value System Alignment Level” indicator [44] aims to give an indication of the
overall alignment level among the network members’ value systems. This indicator is calculated as the
average of the “Value System Alignment Levels” between each pair of members. On the other hand,
the “Value System Alignment Level” represents the level of fitness between two value systems and
results from the aggregation of two benefit criteria (Shared Value Level and Synergies Level) and one
cost criteria (Potential for conflict).

4. Value System Alignment Analysis in CNO Management Practices

4.1. In Distinct Life-Cycle Phases of Collaborative Networked Organizations

As introduced in Section 3.1, activities performed in each phase of CNO are distinct according
to the type of network. Therefore, the application of Value System Alignment analysis in VBEs and
VOs is also distinct, as summarized in Table 3 for the 3 main phases. It is assumed that VOs are
formed inside a VBE, and that all members that compose the VBE and all VO potential members have
their profile entered in the VBE management system, and thus that their value systems were already
set on the corresponding profiles. It is assumed that each VBE member is responsible for defining
its Value System. The process of identification of core values and priorities of each organization is
out of the scope of this research work, although we consider it as an important issue. Badovic and
Beatty [45] and Brian Hall [31] have proposed methods to identify core values based in three distinct
instrumental techniques, namely interviews, document analysis, and questionnaires, which can be
applied to these purposes.

Table 3. Potential application of Value System Alignment Analysis in each life-cycle phase.

Phase/CNO Virtual Organization (VO) Virtual Breeding Environments (VBE)

Creation
For partners’ selection: Select the set of partners
that have the potential of working well
together, since their value systems are aligned.

An assessment can be performed when the VBE
is first established or each time a new member is
added to the VBE. However, this can also be done
during the operation phase.

Operation
To support conflict resolution: In case of
conflicts between members, identify which set
of incompatible values potentiate the conflict.

To support conflict resolution: To improve VBE’s
membership experience. E.g., identify the set of
members that work well together and the pairs of
members that will potentially generate conflicts if
they work together.

Evolution
To study the impact of the admission of new
partners and changes in network composition,
in terms of value systems alignment.

To assess the alignment between the value
system of each new candidate member and the
value system of the current VBE (although this
can be supported by the mechanism foreseen for
the operation phase).

The following sections will detail some stages related to VOs and VBEs.

4.2. In the Creation of Virtual Organizations

During “the formation of goal-oriented networks, which typically assume the form of either a
short-term or long-term VO” [21], the selection of adequate partners represents “a crucial step for
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the success of these networks” [46]. Often, such networks are composed of members of the VBE
and also of entities related to the customer (in case co-innovation is pursued) and local suppliers
(customer’s-related network), materializing the concepts of glocal enterprise and co-creation.

Due to the large diversity and heterogeneity of organizations present in the global market, the VOs
creation deals with many challenges, including identifying a suitable set of partners, building trust,
making an adequate division of responsibilities and rights, promoting a cooperation spirit among
partners, achieving agreements on working principles, and establishing some base commonality on
concepts, models and infrastructures.

At the VO creation stage, the VO planner typically determines the set of lists of potential members
to form the VO (according to the required competences), i.e., a list of potential consortia. To select the
best consortium out of this list, one criterion can be the analysis of the alignment of the value systems
among the potential partners (i.e., organizations that satisfy base requirements in terms of needed
competencies, availability, etc.). Therefore, for each set of potential VO members:

1. Calculate the Network Value System Alignment level. This value is used in the risk level
estimation, since the higher is the alignment level, the lower is the estimated risk level.

2. Build the aggregate Organizations’ core-values map (a map resulted from the insertion of the
influence relationships between the core-values on the Organizations’ core-value map). This map
will allow the identification of the synergies between members, i.e., positive impacts, and the
conflicts between their values.

The VO planner may then select the most suitable group of partners to constitute the VO
consortium based on the obtained values.

4.3. In the Evolution of Virtual Organizations

Particularly for the case of long-term VOs, it might be necessary to reorganize the members’
structure, with some members leaving the network and others joining it. At this life-cycle stage it is
important to understand the impact of the admission of a new member to prevent potential conflicts.
In case alternative organizations are available, it is convenient to be able to select the partner that in
respect to its value system is more aligned with the existing configuration, to guarantee that the new
candidate’s value system will fit the value systems of the members already in. The addition of new
values can bring new positive synergies and the potential for new conflicts to the network, changing
the existing dynamics among VO partners. The identification a-priori of these potential synergies or
conflicts may be crucial to guarantee the successful integration of a new member in the network.

Therefore, to evaluate the impact of a new member added to the VO, the following steps can
be performed:

• Specify the value system (core values and priorities) for the new member in its profile.
• Calculate the “Network Value System Alignment Level” for the new VO configuration and compare

the value obtained with the previous value, to appraise if the new configuration is better or worse
than the previous one in terms of Value Systems Alignment.

Calculate the “Shared Value Level,” the “Potential for Conflict Level,” and the “Synergies Level”
between the new member and each other member that belongs to the network. These results will allow
identifying the members that are more aligned with the new member and the ones with who conflicts
are more likely to occur.

4.4. In the Operation of Virtual Organizations Breeding Environments

The VBE operation includes activities such as (i) assistance in VO creation, (ii) management of
competencies and shared assets, (iii) establishment and management of common domain ontologies,
(iv) admission of new members, (v) promotion of good understanding and sharing of principles and
rules by all VBE members, (vi) definition of the collaboration processes, and (vii) promotion of the
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acquisition and management of further common knowledge and shared assets. During VBE operation,
it is normal that some conflicts among members emerge, being one of the roles of VBE manager to
guarantee the VBE sustainability.

The sustainability of a long-term strategic network depends on the capacity of the VBE to maintain
its members satisfied and to be able to attract new members. For this purpose, the value systems
alignment analysis can be useful from two perspectives:

• In case of conflict among members, an analysis of values alignment will allow to calculate the
level of conflict between each pair of members. If the obtained level is high, a detailed qualitative
analysis can be performed to identify which values are contributing to the conflict. This qualitative
analysis involves the generation of Organization’s core-values maps, as proposed in the V-Align
framework, which allow an explicit identification of the incompatibilities among members in
terms of values.

To promote the VBE sustainability, it is strategic to understand what motivates members to belong
to the network to be able to keep them satisfied. For this purpose, an analysis of the alignment between
the value system of each member and the value system of the network can provide relevant elements
to understand which values are responsible for keeping each member “aligned” with the vision of the
network. A qualitative analysis can be conducted using the V-Align framework through the study of
the VBE’s core values map.

5. The V-Align Software Tool

5.1. Overview of the Software System

This section focuses on the implementation of the V-Align software tool and its possible integration
with other systems. As introduced in previous sections, the value systems alignment assessment is a
process that should be integrated in CNOs management processes. Therefore, the V-Align software
tool aims at providing a mechanism to help in the assessment of value systems alignment along the
distinct phases of the VBE and VO life-cycles.

V-Align is built to support two distinct modes of use:

(i) as a stand-alone web application, providing a user interface to define VBE and VO value systems;
(ii) integrated with other CNO information systems, using web services.

Therefore, the implementation of V-Align faced the challenge of both developing a user
interface that copes with the characteristics of different devices (e.g., PCs, tablets, smart-phones, etc.),
with dynamic graph rendering, and developing a set of web-services that support easy integration
with other applications.

To achieve these requirements, Java script with Jason files was adopted to implement the
client–side for rendering the V-Align maps; for the server sider JSF 2.0 framework was adopted,
and to implement the web services JAX-WS, and JAVA API for XML Web Services were chosen
(see Figure 3).
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Figure 3. V-Align Software Tool Implementation Architecture and technologies.

5.2. V-Align Tool Services

The services provided by the V-Align tool can be grouped into three main categories:

• VBE Value System Alignment Analysis Services
• Services to produce a partial aggregate map, following the V-Align framework, and a set of

indicators related to the alignment level between the value system of a specific member and the
VBE value system.

• Members’ Value System Alignment Analysis Services
• Services to support the members’ value system alignment analysis according to the V-Align

framework. These services deliver information that supports the analysis of the alignment level
among a group of network members, more specifically, they calculate a set of alignment indicators,
and deliver a complete aggregate map.

• A web service that receives a list of members’ identifiers, and returns the Network Value System
Alignment Level.

• Core-Values Ontology Management Services
• A web service that returns the list of core-values adopted in the Reference Core-Values Ontology,

and their description.

The above services are not intended to work in standalone mode. Rather, they need to use
information provided by some subsystems and generate information that can be consumed by
other subsystems.

In the case of the Glonet project, these services are used to interact both with the VBE Management
System and VO Management System. Figure 4 illustrates the i* Rationale Strategic model, where
the considered actors as well as their dependency with objectives with other sub-systems are shown.
Furthermore, the services included within the V-Align boundaries are also represented.

To illustrate how the conceptual integration between the V-Align Tool and the other subsystems
represented in the above i* diagram is mapped into the GloNet System architecture, a block diagram is
presented in Figure 5.
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Figure 4. V-Align system: i* Rational Strategic model.

Figure 5. Integration between V-Align Tool and GloNet Subsystems.

6. Pilot Demonstrator

6.1. The Solar Energy Plant Case Study Overview

With the purpose of validating the developed functionalities, data from a case study related
to a Solar Plant built in Charanka Park, in Gujarat, India, was used. This solar park comprises
a total installed capacity of about 500 MWp, which makes it one of the largest of its kind in the
world. The case study was conducted in the scope of the GloNet project. GloNet was developed
to support highly customized, complex, and service-enhanced products, such as a power plant,
pursuing collaboration with customers and some local suppliers. GloNet had the duration of
42 month and started in September 2011, involving several academic and industrial organizations
(UNINOVA (Lisbon, Portugal), CAS (Karlsruhe, Germany), University of Amsterdam (Amsterdam,
The Netherlands), iPLON (Schwäbisch Hall, Germany), SKILL Estrategia (Tomares, Spain), KOMIX
(Praha, Czech Republic), Steinbeis (Stuttgart, Germany), PROLON (Albertslund, Denmark)).
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The sector of solar energy is creating new business opportunities for small and medium
organizations that can only reach larger markets if involved in CNOs. A solar energy plant requires
several business services along its life-cycle and it is an example of a highly customized and complex
product, involving a large variety of stakeholders in several distinct roles. Several business services
may be added during the “operation and maintenance phase” of a solar plant in order to generate
more value to the involved stakeholders, such as warranty enforcement, auditing, training services,
monitoring, and preventive maintenance [19]. In most cases, in the solar plant industry, the market
offers fragmented services, while clients demand integrated services, which requires support for
collaboration among various stakeholders.

The case study was performed in the context of a collaborative R&D project and performed
partly in parallel with the development of the power plant. As such, part of the end-users’ team
accompanied all phases of the development of V-Align. On the other hand, software developers
assisted the end-users in the pilot validation process.

The GloNet pilot initiative proposes a move from traditional sub-contracting practices in the
solar energy sector to the establishment of CNOs and (partially) remote service provision. During the
life-cycle of a solar plant a variety of stakeholders are involved. Several of these stakeholders do many
projects together, and thus they can be seen and organized as a VBE. The creation of proper profiles,
including value systems modeling, is likely to facilitate partners’ search and consortia creation for each
new project.

The stakeholders involved in our case study, which focuses mainly on the “operation and
maintenance phase” of the solar plant and the co-creation of new services, are listed in Table 4.
For confidentiality reasons the names of companies were anonymized.

Table 4. Partial List of Stakeholders of the Charanka Plant Case Study.

Stakeholder Area

KI Project developer
LT EPC Contractor
EF Embedded systems
AD Software development
AJ Service Company (security)
HS Manufacture of electrical power installation
IW Embedded hardware, FPGA and software
ES Solar energy consultant
RE Electricals and panel cleaning services
ST Consultant for PV engineering in Germany

As shown in Figure 4, V-Align services require a set of information provided by the VBE Base
Management subsystem. Therefore, during the set-up of the pilot experiment, the VBE Management
subsystem was used to manage the Solar VBE profile and the profile of each VBE member. Each relevant
stakeholder in this scenario was modeled including member’s roles, values, profile data, competences,
and rights. To illustrate distinct applications of the value system alignment in a collaborative context
three main cases are explored:

• Partners’ Selection during consortium formation.
• Partner’s Selection to replace a member in an existing consortium.
• Conflict Resolution between two partners during VBE operation.

6.2. Partner Selection during Networked Organizations Formation

In the starting phase of a new solar plant, a detailed specification of the complex product has to
be entered in the GloNet System through a specific module [47]. Based on this specification, a VO
creation subsystem matches the requirements with the competences existing in the VBE to identify
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members that can be suitable candidates for the new VO. All possible VO combinations that can satisfy
the specified goals are then automatically generated (see Figure 6).

Figure 6. Potential Consortium Analysis.

To select from the list of potential consortia the most appropriate one, the VO Planner assesses the
network Value System alignment level with the involved partners in each potential consortium. Table 5
shows the list of the potential consortia ranked by the Network Value System Alignment Level. In this
case, we can notice that consortium 1 has the lowest value and consortium 4 the highest. Consortium 4
is formed by Organizations KI, AJ, HS, IW, and STS, as shown in Figure 6.

Table 5. VO’s Goals and Potential Consortia.

VO—Charanka Park

Goals/Competences
Required Potential Consortium Network Value System

Alignment Level
Ranked Network Value

System Alignment Level

Optical Potential Consortium 4 96 100
String Box Potential Consortium 3 83 86

Power Plant Potential Consortium 6 75 78
Transformer Potential Consortium 2 71 74

String Potential Consortium 5 68 71
Cleaning Solution Potential Consortium 1 67 70

Using V-Align it is also possible to get a report of the value system alignment assessment for each
consortium (see Table 6, for the case of Consortium 4). In this example organization ST has a potential
of conflicts with organizations KI, IW, and HS.

Table 6. Detailed Results for Potential Consortium 4.

Member 1 Member 2 Shared Level Potential for Conflicts Level Synergy Level

Organization KI Organization IW 33 0 60
Organization KI Organization AJ 65 0 22
Organization KI Organization HS 54 0 19
Organization KI Organization ST 78 16 12
Organization IW Organization AJ 76 0 98
Organization IW Organization HS 0 0 31
Organization IW Organization ST 54 33 98
Organization AJ Organization HS 54 0 34
Organization AJ Organization ST 100 0 67
Organization HS Organization ST 54 33 57
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This potential misalignment is caused by the negative influence between the agility and reliability
core-values, as evidenced in the core-values members’ map of Figure 7. However, from a global
perspective, it can be noticed that the five members of this consortium are well aligned in terms of
values, having high scores in the synergy level and shared values level.

Figure 7. Core-Values Members Map—Potential Consortium 4.

In any case, the final decision regarding the consortium to be chosen will be made by the VO
planner. As such, V-Align can be considered as a decision-support tool.

6.3. Partner’s Selection to Replace a Member in an Existing Virtual Organization

During the operation of a virtual organization, namely in the solar plant case study, let us assume
that Organization IW asked to be replaced in the consortium and suggests Organization ES to be its
substitute. Since ES is a member of the solar VBE, its member’s profile was already set in the GloNet
System. Using V-Align services, the “Shared Values Level,” “Potential for Conflicts Level,” and “Synergy
Level” can be computed (see Table 7). From the obtained results we can conclude that the new partner
is well-aligned with the existing members in the VO consortium in terms of its value system.

Table 7. Detailed results for the integration of a new member in a VO Consortium 4.

Member 1 Member 2 Shared Level Potential for Conflict Level Synergy Level

Organization—KI Organization—ES 80 0 38
Organization—AJ Organization—ES 0 0 12
Organization—HS Organization—ES 0 0 12
Organization—ST Organization—ES 0 0 38

6.4. Conflict Resolution between Two Partners during VBE Operation

As explained in Section 4.2, during VBE operation, an analysis of the alignment between the
value system of each member and the value system of the VBE could provide interesting elements to
understand which the values contribute to keep each member “aligned” with the vision of the network.
From the example in Table 8 it can be noticed that Organization ES does not share values with the VBE,
and has a null positive impact in its value system. These results indicate that Organization ES is not
aligned in terms of its value system with the VBE, which may represent a threat to the sustainability of
the relationship. This conclusion may seem contradictory to the results presented in previous section.
However, it is not, since in previous case the alignment analysis was performed between Organization
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ES and the other VO members (a subset of the VBE). In this case, what was studied was the alignment
between the value system of Organization ES and the VBE value system. Despite ES being aligned with
the VO consortium members in terms of its value system, it is not aligned with the VBE Value System.

Table 8. Network Alignment Report.

Member Shared Level Positive Impact Level

Organization LT 0 66
Organization KI 80 0
Organization IW 0 100
Organization AJ 100 33
Organization IP 117 179
Organization HS 114 60
Organization AD 60 0
Organization ST 127 60
Organization ES 0 0

On the other hand, we can notice that Organization IP is well-aligned with the vision of the
VBE, and looking at the map of Figure 8, we can easily notice that reputation and interdisciplinary are
core-values that contribute to keep this organization aligned with the VBE.

Figure 8. Partial network cores values map.

In case of any conflict among members, the analysis of the indicators obtained in the Members
Alignment Report could give us a better understanding about the base reason for the conflict, allowing
the identification of incompatible values or lack of shared values. For instance, Organization LT and
Organization AJ have no shared values and have some incompatible values, so there is some risk of
potential conflicts between these two members (see Table 9).

Table 9. Partial results from VBE Members vs Alignment Report.

Member 1 Member 2 Normalized
Shared Level

Normalized Potential
for Conflict Level

Normalized
Synergy Level

Organization LT Organization IW 100 100 43
Organization LT Organization AJ 0 75 77
Organization KI Organization IP 0 50 100
Organization KI Organization AD 100 50 27
Organization KI Organization RE 78 50 88
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7. Discussion

A number of case studies were conducted to demonstrate and validate GloNet project results.
The adopted validation methodology included three phases. In phase 1, the GloNet system was
discussed with and tested by 11 lead users based on relevant business processes identified by these
users. In phase 2, the best practice results achieved in phase 1 were presented to approximately
50 potential users within the same or similar business sectors as the lead users. The users group
selected for this validation phase represented different application domains and diverse geographical
regions in Europe. In phase 3, an in-depth validation of selected GloNet components was made by
40 potential users using real data from the Charanka power plant in India. In this case, a validation
analysis was performed, where the “required functionality” by the end users was compared with the
“delivered functionality” by the GloNet system. For each of the main GloNet software subsystems,
specific questionnaires were filled in by the evaluators.

The results obtained from these surveys regarding the Glonet VBE Management subsystem and
the VO formation and operation support subsystem are presented in Figures 9 and 10. As it can be
seen, GloNet solutions were considered positive in all adopted evaluation criteria. The value systems
alignment analysis functionalities were not evaluated in isolation. However, as these mentioned
subsystems embed the value system alignment analysis, as explained in Section 5.2, it can be inferred
that the V-Align features satisfy the needs and expectations of the end-users.

Figure 9. Assessment of subsystems by the solar energy network.

Figure 10. Assessment of VBE/VO functionalities by the solar energy network.
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8. Conclusions and Future Work

Risks in a CNO can be reduced if there is a good level of alignment among the value systems
of the various members of the network. This assumption is motivated by the fact that the behavior
of an organization is, to a large extent, driven or influenced by its value system. Therefore, value
systems alignment is a relevant criterion to be considered in the process of CNO formation. As such,
it is important to integrate a value systems alignment assessment mechanism with a consortia
formation environment.

On the other hand, rapid formation of VOs can better be achieved if done in the context of a
long-term strategic alliance, like a VBE, that is established to promote the preparedness of its members
to collaborate. As such, if a value systems alignment mechanism is integrated with a “VBE management
system,” it can support both the process of acquiring a new member to join the VBE and the processes
of VO creation and evolution.

According to these hypotheses, a prototype V-Align system was designed and developed as part
of the “VBE management system” and “VO management system” of the GloNet project. The developed
functionalities were validated through interaction with a large group of potential end-users and more
specifically in a case study in the solar energy domain. Validation results are quite promising and tend
to confirm the importance of value systems alignment in CNO management.

In spite of validation results are quite promising, during our research work we identify some
significant issues that we would like to address in a future work. A subject that should be discussed in
more detail is how to guarantee that the meaning of each core value is the same for all the stakeholders,
since it is easy to agree on words, however it is difficult to developing a shared meaning for these
words. An issue which also deserves additional work is to construct an adequate core values influence
map. A simple map was proposed in this pilot case study, which was considered as plausible for
diverse researchers in the area. However, the findings in the Core Value Systems alignment assessment
are dependent on the core values influence map adopted. Therefore, methods to construct and evaluate
core values influence maps should be explored and validated. Data mining methods to discover core
value influence relations seem to be an adequate approach. In spite of the core values and priorities
assessment being out of the scope of this research work, this is an issue that deserves additional
attention and where the collaboration of social researches can also be useful. Therefore, it is planned to
develop methods and tools to assess the core-values of organizations in a more precise way.
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