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IFIP – The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the First
World Computer Congress held in Paris the previous year. An umbrella organi-
zation for societies working in information processing, IFIP’s aim is two-fold:
to support information processing within ist member countries and to encourage
technology transfer to developing nations. As ist mission statement clearly states,

IFIP’s mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development, ex-
ploitation and application of information technology for the benefit
of all people.

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees, which organize events and
publications. IFIP’s events range from an international congress to local seminars,
but the most important are:

• The IFIP World Computer Congress, held every second year;
• Open conferences;
• Working conferences.

The flagship event is the IFIP World Computer Congress, at which both invited
and contributed papers are presented. Contributed papers are rigorously refereed
and the rejection rate is high.

As with the Congress, participation in the open conferences is open to all and
papers may be invited or submitted. Again, submitted papers are stringently ref-
ereed.

The working conferences are structured differently. They are usually run by a
working group and attendance is small and by invitation only. Their purpose is
to create an atmosphere conducive to innovation and development. Refereeing is
less rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP
World Computer Congress and at open conferences are published as conference
proceedings, while the results of the working conferences are often published as
collections of selected and edited papers.

Any national society whose primary activity is in information may apply to be-
come a full member of IFIP, although full membership is restricted to one society
per country. Full members are entitled to vote at the annual General Assembly,
National societies preferring a less committed involvement may apply for asso-
ciate or corresponding membership. Associate members enjoy the same benefits
as full members, but without voting rights. Corresponding members are not rep-
resented in IFIP bodies. Affiliated membership is open to non-national societies,
and individual and honorary membership schemes are also offered.
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Preface

Collaborative networks (CNs) emerged more than a decade ago as a key element
of economic growth and a very active area of scientific production. Dynamic
collaborative organizations properly respond to the increasing need of strong
adaptability to the constantly changing economic context. Several collaborative
forms such as virtual organizations, virtual enterprises, professional virtual com-
munities, industry clusters and business ecosystems are now supported by large
research and business practice communities. These new organizational forms
require the development of a new theoretical base. In recent years, many in-
ternational projects have contributed to these needed scientific advances. The
accumulated body of empiric knowledge and the size of the involved research
community has provided the basis for the foundation of what is now a well-
established scientific discipline on “collaborative networks”. This discipline is
strongly multidisciplinary and thus the PRO-VE Working Conference is de-
signed to offer a major opportunity to gather contributions from engineering,
economics, management, and socio-human communities, among others.

Value creation is a major challenge for organizations in times of economic
turbulence and rapid societal changes. CNs represent a determinant inductor
of value creation, not only for business communities, but also for other entities
in society. Understanding and modeling the process, assessing, and developing
methods and tools to support value creation in CNs is an R&D challenge re-
quiring a multidisciplinary approach. The capability of generating value in a
networked society requires high self-adaptation capacity, both from the partici-
pating entities in order to adhere to a collaboration culture, as well as from the
CN as a whole to dynamically adjust to the needs, constraints, and opportunities
posed by a rapidly changing environment. The main focus of PRO-VE 2011 was
thus on the crucial aspects that can empower CNs as a main actor of change in
society.

PRO-VE 2011 held in São Paulo, Brazil, was the 12th event in a series
of successful conferences, including PRO-VE 1999 (Porto, Portugal), PRO-VE
2000 (Florianopolis, Brazil), PRO-VE 2002 (Sesimbra, Portugal), PRO-VE 2003
(Lugano, Switzerland), PRO-VE 2004 (Toulouse, France), PRO-VE 2005 (Valen-
cia, Spain), PRO-VE 2006 (Helsinki, Finland), PRO-VE 2007 (Guimarães, Por-
tugal), PRO-VE 2008 (Poznan, Poland), PRO-VE 2009 (Thessaloniki, Greece),
and PRO-VE 2010 (St. Etienne, France).

This book includes a number of selected papers from the PRO-VE 2011
Conference, providing a comprehensive overview of recent advances in various
CN domains and their applications, with a particular focus on adaptation of the
networks and their value creation. With this focus, this edition of the conference
specifically emphasizes CN topics related to: evolution from social networking to
CNs, social capital, value chains, co-creation of complex products, performance
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management, behavioral aspects in CNs, CNs planning and modeling, benefit
analysis, sustainability issues etc., as well as including important technical and
scientific challenges in applying CNs to areas such as advanced logistics networks,
business processes modeling, service orientation, and other emerging application
domains, for example, ageing, tourism, crisis, and emergency scenarios, among
others.

Similar to previous editions of PRO-VE, this book itself is the result of co-
operative and highly distributed work among the authors of its articles and the
input from the International Program Committee members who contributed to
paper evaluations. It therefore represents a valuable tool for those interested
in research advances, emerging applications, and future challenges for R&D in
CNs. We would like to thank all the authors both from academia/research and
industry for their contributions. We also appreciate the dedication of the PRO-
VE Program Committee members who helped with the selection of articles and
contributed with their valuable comments to help authors improve the quality
of their work.

July 2011 Luis M. Camarinha-Matos
Alexandra Pereira-Klen
Hamideh Afsarmanesh
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Part XIV: Service Orientation

Pro-activity in Collaborative Service Ecosystems . . . . . . . . . . . . . . . . . . . . . 377
Tiago Cardoso and Luis M. Camarinha-Matos

Services Discovery as a Mean to Enhance Software Resources Sharing
in Collaborative Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388

Alexandre Perin-Souza and Ricardo J. Rabelo

Cooperation Enabled Systems for Collaborative Networks . . . . . . . . . . . . . 400
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Multi-level Social Networking to Enable and Foster 
Collaborative Organizations 

Youakim Badr1, Noura Faci2, Zakaria Maamar3, and Frédérique Biennier1  

1 INSA de Lyon, F-69621, Villeurbanne, France 
2 Université Lyon 1, F-69622, Villeurbanne, France 

3 Zayed University, U.A.E. 
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Abstract. Recent interest in capitalizing on the social network phenomenon has 
shown some relatively successful benefit to the business world. Social 
networking can sustain large-scale collaborative strategies between people and 
organizations. However, the main challenge remains the smooth weaving of 
social networks into organizations daily operations. In this paper we extend the 
reach and scope of social networks for an entire organization and show how 
they provide benefit to the business as a whole. We introduce a multi-layered 
social network model where people may play simultaneously one or more roles 
(e.g., suppliers, competitors, and customers) and participate in providing 
products, supporting services, and/or consuming them in sustainable 
collaborative environments. The experiments demonstrate both the widespread 
interest and possibilities of online social communities to foster collaboration 
among organizations. 

Keywords: Social network, collaboration, business model, virtual organization. 

1   Introduction 

Web 2.0, one of the latest buzzwords in information and communication technologies 
domain, encourages people to break the isolation barrier so they can engage over the 
Internet in various activities that usually lead into creating knowledge (e.g., blogs and 
wikis), sharing information (e.g., mashups and folksonomies), and establishing 
contacts (e.g., social networking sites). Capitalizing on people’s positive experiences 
about Web 2.0, many organizations consider that improving their product quality and 
service delivery can, also, happen through Web 2.0. Employees are these days invited 
to embrace social networks such as Facebook to establish and foster contacts with 
their colleagues, customers, and suppliers. Organizations aim at streamlining their 
business processes with their strategic plans and adapting their best practices in 
response to the opportunities that these applications offer [2]. Gearing organization-
flavored social networks towards the specific needs of customers, suppliers, partners, 
and competitors organizations look forward to establishing new partnerships with 
their different stakeholders to effectively undertake joint business activities including 
resource co-design, co-marketing, co-production, co-development, and sharing. These 
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new business conditions lead in significant structure and behavior changes within and 
cross organizations, such as focusing on core processes and promoting 
interoperability. To support organizations in their new endeavors, one can think of 
taking advantage of Internet-based social networks to build "trusted business 
communities". In these communities, people with different backgrounds and from 
different locations collaborate to co-create new value-added services. In addition, 
each member of a business community may play simultaneously one or more roles 
(e.g., provider, worker, and customer) and participate in providing products, 
supporting services and/or consuming them in sustainable and economical 
environments. This human-centric community leads in the development of human 
networks, spanning across organizational boundaries. 

After presenting the background and motivation in section 2, we propose a multi-
layer social network model to design a collaborative organization in section 3. The 
capitalized collaborative relationships are illustrated in the experimental results 
section and used to facilitate and enrich business collaboration to co-create new 
services and / or improve the partnership / service discovery and adaptation processes. 
Weaving social networks into the organization information systems will open up new 
business opportunities and transform organizations into socio-technical ecosystems 
driven by collaboration and information exchange. 

2   Background 

Due to market trends and fast-changing conditions, organizations should be more 
flexible, adapt to business changes and increase customer satisfaction, leading in new 
product-service collaborative organizations [3]. This induces significant 
organizational and strategic adaptations within organizations, such as focusing on 
their core business and looking for new collaboration strategies. Such business 
strategies raise the importance of developing outsourcing policies and promoting 
inter-enterprise collaborative business leading to alliances or network-based 
organizations. Several works have addressed the way collaborative organizations are 
set, paying attention on the firms collaboration “maturity” leading to set 
“collaborative breeding environments” gathering firms that “could collaborate” or 
paying more attention on trust and personal relationships factors to set collaborative 
trusted communities [10].  

Roughly speaking, networked collaborative organizations consist of nodes and 
edges. The nodes refer to any type of object or entity such as individuals or 
organizations, and the edges refer to relationships between these nodes such as the 
degree of friendship between two persons or distance between two cities. 
Relationships are sometimes directional, bidirectional, with weight, or a mixture of all 
of these. Social networks are known to be tacit, informal, and intangible. This can 
hinder their identification and proper use. In previous work [1] [2], we focused on the 
importance of acknowledging their existence in organizations, so they can be 
structured to become formal and tangible representations. In an organization, we have 
identified four types of inter-related social networks [1]: customer, supplier, 
competitor, and partner. 
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1. Customer-centric social network states the nature of relationships between an 
enterprise’s customer and the acquaintances of this customer in the network, such 
as friendship and kinship. 

2. Supplier-centric social network states the nature of relationships between an 
enterprise’s supplier and the acquaintances of this supplier in the network, such as 
supplier-of-supplier and competition. 

3. Competitor-centric social network states the nature of relationships between an 
enterprise’s competitor and the acquaintances of this competitor in the network, 
such as spontaneous-collaboration and competitor-of-competitor. 

4. Finally, partner-centric social network states the nature of relationships between an 
enterprise’s partner and the acquaintances of this partner in the network such as 
add-on and alliance. 

These relationships bring to light the importance of corporate social networking. The 
use of social networks is reported in different domains such as social sciences, 
artificial intelligence, and business sciences. Ethier notes that ``the study of social 
networks is important since it helps us to better understand how and why we interact 
with each other, as well as how technology can alter this interaction. The field of 
social network theory has grown considerably during the past few years as advanced 
computing technology has opened the door for new research'' [4]. Raab and Milward 
note that social networks are either bright or dark [5]. The former occur when the 
outcomes of socializing turn out beneficial for individuals, groups, businesses, and 
society at large. Contrarily, the latter occur when the outcomes of socializing are 
obtained at great cost to individuals, groups, businesses, and social welfare. Research 
reveals that social networks operate at many levels, from families up to the level of 
nations, and play a role in determining first, how problems are solved and 
organizations are run, and second, the degree to which individuals succeed in 
achieving their goals. Facebook, MySpace, and LinkedIn offer a glimpse of today's 
social applications that help people deploy and manage their own Web-based social 
networks. Social networking brings a new dimension to the Web by offering novel 
communication channels between people and between communities [7]. Connolly 
states that “since social Web applications are built to encourage communication 
between people, they typically emphasize some combination of the following social 
attributes: identity, reputation, presence, relationships, groups, conversations, and 
sharing” [8]. 

3   Towards Social Organizations 

To deal with the large-scale collaboration challenge among organizations, we propose 
to take advantage of social networking to discover potential partners to fit new 
business opportunities. This involves coupling the functional and non functional 
description of business or industrial services offered by the different firms including, 
for example, partner profile and competencies, product offer, industrial and business 
process specifications to corporate social networks so that business or industrial offers 
can be discovered, selected, and composed to set collaborative organizations [9]. This 
selection process integrates both “production knowledge”, namely partner 
competencies and capabilities, environmental constraints such as trusted environment, 
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IT support interoperability, sustainability and partner, and “social behaviour” in order 
to capitalize partner’s collaborative activities and to evaluate partner’s ability to set 
successful collaboration. It is for sure that embracing social networks in the world of 
work would raise important human issues such as privacy, confidentiality and 
trustworthiness requiring a legal framework to address these issues as well as new 
community models to integrate corporate and business knowledge. 

To deal with this challenge, we define a multi-level social network model as a 
hyper graph showing the connection between employees, customers, suppliers, 
partners, and competitors. Participants in a multi-level social network connect to each 
other through different relationships representing multiple types of networks overlaid 
on top of one another. Each relationship, which is ranging from information sharing to 
social bindings, refers to a particular role played by the participants. 

3.1   Value-Added of Social Networks to Organizations 

We model the multi-layered social network as a hyper graph structure with d-layers:  
where the first layer is the physical network and each layer connects subset of nodes 
playing same role and binding to various relationships. As an example, we focus on a 
multi-layered social networks consisting of customers, suppliers, competitors, and 
partners. These social networks should be woven into the organization of day-to-day 
operations so that socio-economical factors as competitiveness level between 
customers and fairness selection of providers are taken into account. Each social 
network has a value-added to this operation implementation as follows (Fig. 1): 

1. Customer social network permits to identify potential relationships between 
customers such as competition, referral, and collaboration so that new business 
opportunities can be identified by the enterprises to fit better the customer needs 
and improve its competitiveness level: 
• Competition relationship. captures the number of times that a group of 

customers had to compete over specific products and services offered by the 
organization and the customers who won the competitions. This should allow 
the organization to guarantee a fair competition by strengthening its ability to 
identify appropriate business opportunities with the whole of its customers like 
adjusting the nature of products and services to offer in response to these 
customers’ demands.  

• Referral relationship. captures the number of times that a group of customers 
dealt with the organization based on the recommendation of other customers 
and how relevant these recommendations were for the organization. This 
should allow the organization identify business opportunities in response to 
customers’ expectations.  

• Collaboration relationship. captures the number of times that a group of 
customers got together to form collective groups when requesting products and 
services from the organization and how fruitful these collaborations were for 
the organization. This should enable the organization increase its productivity 
and benefits and as a result improve its competiveness level. 

2. Supplier social network permits to identify potential relationships between 
suppliers: 
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• Competition relationship captures the number of times that a group of 
suppliers had to compete over specific calls for proposals generated by the 
organization and the suppliers that won the competitions. This should enable 
the organization exploit better the economic value that suppliers can provide by 
adjusting the calls for proposals.  

• Referral relationship captures the number of times that a group of suppliers 
dealt with the organization based on the recommendation of other suppliers 
when they cannot participate in a competition and how relevant the 
recommendations were for the organization. Therefore, suppliers can 
recommend other suppliers for keeping their competitiveness level with their 
respective competitors. Based on past recommendation experiences, the 
organizations can trust or not their suppliers. 

• Collaboration relationship captures the number of times that a group of 
suppliers got together when providing the products for the suppliers of the 
organization. This should enable the organization guarantee fruitful 
collaboration by identifying the suppliers of suppliers to solicit. 

3. Partner social network captures partnerships experiences: 
• Collaboration relationship captures the number of times a partner provides 

the customers with satisfactory services. This should allow the organization 
secure the loyalty of the customers. 

•  Referral relationship captures the number of times a group of partners 
support the organization based on the recommendations of other partners when 
they cannot participate in collaborations and how relevant the recommendations 
were for the organization.  

4.  Competitor social network permits to identify potential relationships between the 
organization’s competitors such as competition and referral.  

 

 
 

 
 

Internet 

Customer SN 

Partner SN 

Competitor SN 
 

Multi-layered social Network 

 

Fig. 1. A Multi-layered Social Network including Competitors, Partners and Customers 
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• Competition relationship captures the number of times that the organization and 
a group of competitors compete in global marketplace and who won the 
competitions. This should enable the organization improve its competitiveness 
level by adjusting the Partner-centric SN and Supplier-centric SN (e.g., add 
new partners/suppliers and release old ones).  

• Referral relationship captures the number of times that a group of competitors 
compete with the organization based on the recommendation of other 
competitors when they cannot participate in competition and how negative the 
recommendations were to the organization.3.2. Formal Representation of the 
Multi-layered Social Network. 

We define the multi-layered social network, M, of a given Organisation, O, as a tuple 
(Nodes, Roles, SocialRelationships), where: 

• Nodes denotes the set of nodes constituting the whole social community of O and n 
the cardinality of Nodes. 

• Roles denotes the set of available roles the nodes can play and r the cardinality of 
Roles. Each role defines a particular layer in the multi-layered social network 
among any subset of Nodes. For example, an organisation can build its social 
community by focusing on specific roles such as customers, suppliers, competitors, 
and partners just to mention. In this case, Roles = {customer, supplier, competitor, 
partner}. We also denote by Prole ∈ Roles the set of all possible relationships among 
nodes of role and m the cardinality of Prole. For example, an organisation may 
focus on relationships, such as competition, referral and collaboration with its 
customers. In this case, the relationship set is defined as Pcustomer={competition, 
referral, collaboration}. 

• SocialRelationships denotes the matrix of social relationships for any node with 
respect to all its peers and all its possible roles. The matrix has (n x n x r) 
dimension. We assume that the matrix (n x n x 1) defines a basic physical network 
I, such as Internet, connecting all nodes by means of information and 
communication technologies. Each element wijk of the matrix is a t-uple <V1, V2, 
..., Vm>ijk where Vq is the quantitative value associated with the qth social 
relationship in Pk between the nodes i and j playing the role k. In order to normalize 
the matrix, we introduce Tq

ik is the total number of times that the node i, playing 
the role k, has participated in the qth social relationship.  

To update wijk, appropriate functions are suggested per type of social relationship and 
type of social network. For example, the function to evaluate wijk in a customer-
centric social network can be given by the following formulas: 

• The value Vcompetition
i,j of the competition relationship between a group of customers 

ci and cj is computed as Vcompetition
ci,cj = ωij / Θij, where ωij is the number of times ci 

won the competition against cj, Θij the number of times ci and cj compete, and 
Tcompetition

ci, customer=l=1,n Θil. 
• The value Vreferral

i,j of the referral relationship between a group of customers ci and 
cj is computed as Vreferral

ci,cj = Οij * σij, where Οij is the relevance factor given by the 
organization in terms of subsequent business opportunities, σij is the number of 
times ci recommends cj, and Treferral

ci, customer =l=1,n σil. 
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• The value Vcollaboration
i,j of the collaboration relationship between a group of 

customers ci and cj is computed as Vcollaboration
ci,cj = Φij * πij, where Φij is the 

fruitfulness factor given by the organization in terms of productivity and πij the 
number of times ci collaborates with cj, and Tcollaboration

ci, customer =l=1,n πil. 

4 Experimental Results 

To measure the value-added of multi-layered social networks to an organization, we 
apply social network analysis to measure interactions between people. We consider a 
real case study related to advertising of a new perfume. The marketing department 
leads the study by contacting perfume retailers and negotiating with their customers 
exhibition stands, discount rates and whether they accept to recommend the new 
perfume to their clients by sending them messages on twitter. These “digital 
community relationships” are used to build the user centric community model: each 
node in our model is associated to an user identified by his/her email address and We 
build our social data from customer emails, twitter usernames respectively. However, 
edges reflect exchange between users, either by twitter, such as if available, and a 
twitter hash tag to mark the new perfume and categorize its related messages in a 
Tweet or by email to identify collaborations between users. We also exploit the open 
source software Gephi [6] to visualize our customer social networks respectively with 
respect to the collaboration relationship based on exchanged emails and the referral 
relationship based on twit messages. In addition, we use the spigot plug in to analyze 
email contacts with customers. Figure 2 (left) displays the collaboration relationship 
network as a directed acyclic graph of 332 nodes and 693 edges. Moreover, the spigot 
plug in allows us to built a network about customers who follow each other and who 
search or mention the new perfume hash tag. Figure 2 (right) displays a network 
based on the referral relationship of customers who twit the new perfume. The 
network is a directed graph of 174 nodes and 590 connections. Since the marketing 
department has a list of customer emails and their twitter usernames, it becomes 
possible to study the customer social network with respect to collaboration and 
recommendation relationships and evaluate their impact on social network metrics 
(Average Path Length, Average Degree, Network Diameter, Graph Density, etc.). 

 

Fig. 2. Customer social network based on collaboration and referral relationships 
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5   Conclusion  

In this paper we presented a multi-layered social-network-based architecture to support 
business collaboration. This architecture consists of four layers referring to social 
networks that respectively include consumers, providers, partners and competitors of an 
organization and ensure their connection through different relationships like 
collaboration, competition, and referral. The value-added of each social network to 
organizations was also discussed per layer. The implementation of "this model was 
illustrated with customers social networks based on twitter and emails through and 
based on collaboration and referral relationships. The experimental results show 
customers’ behavior during collaboration and their influence on each other.  
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Abstract. This paper describes and discusses the results of an empirical study 
about social-networks/microblogging adoption in a financial institution. Social 
networking at the workplace literature is overviewed and then presented the me-
thodology and hypothesis of the study. Interviews, a survey and a experimental 
pilot were used as data collection methods. An extract of the results related with 
the experimental pilot are discussed and some conclusions derived from them. 
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1   Introduction 

New manifestations of  intra-organization collaborative networks are being fostered 
by the adoption of social-networking/microblogging enterprise platforms. There are 
signs that the adoption of the paradigm of social networks in the workplace can create 
new forms of communication and collaboration [1][2]. Microblogging, a fairly new 
phenomenon of Social Computing, is promising in corporate environments because it 
facilitates informal communication, sharing knowledge and finding solutions together 
[3]. However the benefits of adopting social-networking/microblogging in companies 
is still unclear. Nor is it clear how companies should adopt it and which factors influ-
ence the adoption of microblogging. This paper describes the results of an empirical 
study in a portuguese financial institution. The research questions were the following: 
(1) The introduction of social-networking/microblogging can create value for the 
Bank1 (2) What are the critical success factors in the adoption of social-
networking/microblogging by the Bank? As it is an exploratory study of a complex 
subject about which little or nothing is known, it was deemed appropriate the use of 
multiple methods of data collection: (a) interviews, (b) a departmental survey and (c) 
an experimental pilot of a corporate social-networking/microblogging tool. This paper 
is organized as follows: first we give an overview of past research work about this 
topic, then we describe the methodology adopted; and an overview of the results, and 
finally we discuss the results and derive conclusions applicable in the more general 
field of collaborative networks.  

                                                           
1 The term "Bank" will be used as a short name to refer the financial institution. 
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2    Social Networking in the Workplace 

Social-networking and microblogging are relatively new phenomena in business 
therefore there is still little research to find out how its use can improve knowledge 
sharing and social interaction in the workplace. However there is a body of research 
on the use of social networks in companies, both the use of public social networks in 
the workplace as the use of internal social networks.  

Skeels and Grudin [4] found a number of benefits arising from use of these tech-
nologies. LinkedIn was useful to create and maintain professional networks. Face-
book was useful in the workplace to maintain contact with colleagues and build and 
strengthen working relationships. On the other hand has been found concerns in many 
employee about the legitimacy of the activity at these sites in the workplace. In par-
ticular there were questions about waste of time and security, particularly concerned 
with the disclosure of confidential information. There were also other problems, of a 
more practical nature for employees, about the mixing of personal and professional 
life, related to the management of links, the boundaries of hierarchy, status and  
power.  

DiMicco [5] found that in a closed corporate environment, employees can use a so-
cial network platform to meet new people instead of just connecting with those who 
already know (different attitude from that observed in the use of Facebook). When 
using such a platform to maintain links with known contacts (either on their  
workplace or in their network of contacts) people reported: increased ties with their 
immediate network; a greater sense of corporate citizenship (will to serve the business 
asset), greater access to specialists within the company. The more intensely you use 
the social network (which means more frequent visits and stronger associations with 
the community)  the most users report increased  their social capital in the company: 
report closer ties in their network and greater propensity to contribute to the company, 
they feel more interested in connecting globally and also greater ability to access  
specialists.   

According  to Zhao and Rosson [6], informal exchanges in timely conversations 
(e.g. in "hallway conversations") among employees play an important role in the  
success of organizations and contain a variety of potential benefits of fostering  
collaboration in the workplace. The beneficial consequences arising from informal 
communication, are organized into  two classes: Relational Benefits and Personal 
Benefits. Relational Benefits are the effects that informal communication can have in 
the  relationship of two people and their interpersonal activities, such as collaborative 
work. Personal Benefits are related to informal communication with people in the 
workplace (work related or not) may lead to the acquisition of beneficial information 
for the purposes of personal work. For example, you can gain different perspectives 
on the work of both and can generate new opportunities for collaboration. 

The literature review showed that current scientific understanding of social net-
working in the workplace is somehow limited. Empirical studies, and in particular 
case study research is needed to increase our knowledge of an, apparently, important 
emergent socio-technical behaviour. The following pages describe an empirical study 
that contributes to increase our knowledge about the value of informal communication 
in general in modern organizations. 
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3   Research Hypothesis and Methodology 

A qualitative singular embedded case study with multiple methods of data collection 
was designed: an interdepartmental survey, interviews and a pilot using a microblog-
ging enterprise tool. The units of analysis underlying the analysis of results, the ana-
lytical framework adopted in the Case Study, contains collaboration as the main  
concept which, according to the research questions, we want to evaluate and maxim-
ize. The first research question asks to what extent the adoption of microblogging 
enhances collaboration among users in order to generate value to the organization. 
The second research question is about the factors that influence the maximization of 
the collaboration. Thus, collaboration is seen in the study as a central concept. The 
dimensions are the viewpoints within an organization: Employee, Organization, Tech-
nology. The indicators in each perspective were the themes identified in interviews 
and must be considered in the analysis: Privacy, Performance, Motivations, (Emplo-
wee); Productivity, Information Quality, Security, Governance (Organization); Main-
tenance, Facilitating Conditions (Technology). 

Two groups of hypotheses were considered according to the research questions: 
Value Hypotheses (Hypotheses related to Value): hypotheses regarding the Micro-
blogging practice in the Bank and Factors Hypotheses (Hypotheses related to Fac-
tors): hypotheses taken from the Microblogging evaluation model (Gunther et al., 
2009). 

The data collection methods were 1) interviews, 2) a departamental survey and 3) a 
social networking/microblogging pilot.  

Table 1. Units of Analysis 

 Perspectives Indicators 

Value 

Employee 

EVH1-It contributes to bringing people together and forging stronger 
links. 
EVH2-Contributes to raising the awareness of what is going on around 
EVH3-There is a natural predisposition to use of social networks 

Organization 

OVH1-Only makes sense in the organization if  it is assumed to be 
informal 
OVH2-Represents a means to complement existing  
communication channels 
OVH3-It constitutes a useful tool for collaborative work 

Technology TVH1-It helps to reduce email 
 

Factors 

Informal communica-
tion 

FH1-Communication Benefits are positively related to Performance 
Expectancy 

Norms and Organiza-
tional Culture 

FH2-Collaborative Norms is positively related to Intention to use 
microblogging 

Information Quali-
ty/Noise 

FH3-Beliefs regarding the Signal-to-Noise Ratio are negatively 
related to Performance Expectancy 

Reputation 
FH4a-Reputation is positively related to Performance Expectancy 
FH4b-Reputation is positively related to Intention to use microblogging

Facilitating Conditions 
FH5-Facilitating Conditions has a positive effect on intention to use 
Microblogging 

Privacy 
FH6-Privacy Concerns have a negative effect on Intention to use 
Microblogging 

Codification Effort 
FH7-Beliefs regarding Codification Effort are negatively related to 
Performance Expectancy 
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1) Interviews: 17 interviews were conducted with people in the bank selected to 

collect arguments from the perspectives of employee, organization (management and 
business perspective) and technology. The questions focused on potential benefits and 
risks. During the interviews, in order to generate discussion, a mockup of an Internal 
Social Networking site, with an interface inspired on Facebook, on which each em-
ployee may subscribe channels of information (institutional entities or project groups) 
was presented. 

2) DSI Survey: An anonymous survey was conducted to all 442 employees of the 
Information Systems Department (DSI) and obtained 177 responses, a participation 
rate of 40%. With 17 closed questions and a research question of free opinion, it was 
intended to gather opinions on the perceived usefulness of social networks as colla-
borative practice, the internal perception of risk, and to measure the willingness to use 
an internal social network. Also has been questioned about the pattern of utilization of 
public social networks and attractiveness for the phenomenon of social networks.  

3)  Yammer Pilot: An important tool used in this investigation to collect primary 
data in participant observation mode was a pilot trial using the software Yammer at 
work. Yammer2 is an enterprise social network/microblogging platform, provided as 
as service, that is specifically designed for use by businesses. 

Yammer has not been officially adopted by the bank. The pilot was initiated by the re-
searcher as an employee of the bank, within a team with experimental features (DSI-
Innovation), and with the explicit purpose of providing a pilot experiment in this inves-
tigation. The experiment began on 27 January 2010 and the period of observation was 
four months. Initially only 10 invitations were sent to DSI-Innovation team members. 
The use of Yammer was not promoted or even mentioned in official channels of corpo-
rate communication. The network of Yammer users of the bank grew spontaneously by 
email invitations sent by the free initiative of the users (using a feature on Yammer). At 
the end of the experiment there were 94 registered users. All users were from DSI (In-
formation Systems Dep.) with the exception of one. Throughout the observation period, 
were placed in total 1123 messages. Exploratory analysis on the use of the pilot is based 
on the following types of information: Yammer Data (registered users and messages 
posted); and a Survey to assess the experience of using the pilot. Although the pilot did 
not have a set of users representative of the universe of study that is the Information 
Systems Department, it contains a representative subset of an entire team adopting 
Yammer in the workplace, the DSI-Innovation team. Thus, we analyzed in detail the 381 
posts made in Innovation private group to study the collaboration within the team. On 
the final phase of the pilot, a survey by questionnaire  was conducted to all 94 users who 
registered in Yammer. We called it Pilot User Experience Evaluation (PUEE) and it was 
not anonymous to get a maximum number of responses. We obtained 65 responses, a 
participation rate of 69%. With 17 closed questions and a open question for free opi-
nion, it was aimed to collect the following information: understanding of the tool, type 
of use, perceived usefulness and demographic profile. 

Due to space limitations, in the next section we present the results that concern to 
the experiment pilot only. 

                                                           
2 http://www.yammer.com 
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4   Results 

The pilot was a rich experience that illustrated the potential of collaborative networks 
implementation based on social networking/microblogging. This experience had a 
positive impact in the study either by direct observation of the phenomenon in the 
workplace and to have contributed to a more enlightened view of the people surveyed 
(both in interviews and in survey). For a user to join the private network of the bank 
on Yammer, known as "Bank Network", she  just needs to have an email address of 
the bank. Thus, any user of the bank who can access the Internet in the workplace 
could join, just on their own initiative, the private network of the bank on Yammer. At 
the end of May there were 94 registered users. The graph in Figure 1 shows the 
growth of the Bank Yammer network in terms of the number of registered users. 

As noted above, the use of Yammer was not promoted or even mentioned in offi-
cial channels of corporate communication. The initial idea, on 27 January, was to  
create a pilot experiment limited for use by the team members of investigator, the 
DSI-Innovation team. So after creating the "Bank Network" at Yammer, the research-
er made only nine invitations, which corresponds to the number of people on his 
team. The team leader was the first to join stating explicitly, in a first message, his 
collaboration in the pilot. Other team members joined during the following days and 
the last one joined on 8 February, 12 days later. On that day also joined the first user 
outside the DSI-Innovation team and from that day the "Bank Network" started to 
grow spontaneously from invitations sent by free initiative of users. This level of ac-
ceptance favors the EVH3 hypothesis. According to the Pilot User Experience Eval-
uation (PUEE), 80% of users of the pilot were non-directors, 14% were intermediate 
level directors and only 6% were director or higher. On the DSI-Innovation  
organic division, the team which is part of the researcher, all its members were regis-
tered and used the Pilot. In total 1123 messages were posted on Yammer being the 
first two months of most intense use. In Figure 1, where a steepening of the curve 
corresponds to higher intensity of messages, we see clearly a slowdown after the ini 
 

 

Fig. 1. Evolution of registered users 
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tial trial period. Although there have been 94 registered users yammer on, only 50 
users have posted messages. Among the registered users, 47% did not put any mes-
sages and some justifications were collected on the PUEE survey: 34% referred time 
constraints; 32% think there was no subjects of interest; 28% just wanted to watch 
and learn; and 12% did not recognize value. 

5   Discussion 

The following is an analysis of the risks and benefits of adopting social-
networks/microblogging from three perspectives which are the units of analysis of the 
Case Study.  

Employee perspective: benefits 
According to Zhao and Rosson [6] the benefits of informal communication have two 
dimensions: relational benefits and personal benefits. It is in the relational benefits 
class that fits the feeling of closeness among geographically dispersed teams that ob-
served in the pilot Yammer. The proximity, which has positive impact on cooperation, 
is obtained from the increased awareness of what is going on around. At the survey 
held 77% of participants agreed that the social network makes it possible to get to 
know the activity shared by the colleagues. The personal benefits that result from in-
formal communication in the workplace, work related or not, may lead to the acquisi-
tion of beneficial information for the purposes of personal work. For example, to be 
aware of different perspectives on the work of others, can lead to new opportunities 
for collaboration. Still on personal benefits, 64% consider social networking in the 
workplace, an opportunity to give their opinion and show their value in the organiza-
tion. For these reasons, both personal benefits and the benefits that come out of  
informal relational promote productivity. In an interview to pilot users of Yammer, 
microblogging has been viewed as a productivity factor because it replaces informal 
contacts through other channels, telephone, email or "hallway conversation" and thus 
minimize interruptions to work. One director noted that there was an user satisfaction. 
Another advantage pointed out in the interviews  by the employees is the equal oppor-
tunities in participation. DiMicco et al. [5] also identify the advantages of social  
networks the possibility to access to specialists, increased ties with their immediate 
network of people and an interest to interconnect with each other. A benefit for the 
employee who observed the pilot Yammer, is its potential to reduce email. This possi-
bility was perceived by the community that used the pilot transmitted on interviews 
and confirmed by the survey user experience of the pilot. 

Employee perspective: risks 
The issue of privacy has been widely referred throughout all the interviews as a po-
tential disadvantage of social networking. A view taken from a blog of a community 
of interest in Enterprise 2.0, argues that it makes no sense to speak of privacy in a 
business context. According to some authors opinions, “the strength in these tools lies 
in the transparency and the openness in communication, not in creating additional 
little silos next to your IM history, personal Emails and others technologies that may 
be available. If you want or need privacy, you can create 1-on-1 conversations in  
other places. After all this is a tool that is inside of a controlled user group (all em-
ployees, R&D department, Marketing, etc.)”. 
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Organization Perspective: benefits 
The benefits that come from the perspective of employees are reflected in benefits to the 
organization by increasing individual and collective productivity. The pilot demonstrated 
that microblogging practice promotes communication in a team. This idea is confirmed in 
the survey DSI where 77% of participants agree that the creation of an internal social net-
working can improve collaboration among work teams. The pilot Yammer has also demon-
strated the usefulness of the practice of microblogging in the creation of thematic forums 
for example Harvest group established under the pilot, but that according to its creator, is 
already a common practice. In the interviews, there were suggested some themes to create 
groups based on the logic of thematic forums freely subscribed by anyone: Workers Com-
mittee, the Sports Group, DSI-Quality. There were identified two cases in the bank's real 
needs that potentially configure social networks use cases. The Asset Management area and 
also the Stocks Department. Both want a communication software in the restricted envi-
ronment that allows them to share short pieces of information, without much formalism, 
and the possibility of retaining comments.  

Organization Perspective: risks 
Concerns about the quality of information within a social network in the working  
environment was shown by all the directors interviewed. The content featuring an 
informal channel microblogging may entail excessive noise or, as stated in the litera-
ture, a low value of signal to noise ratio [7]. This concern has two motivations. On the 
one hand the fear that employees may waste time communicating and the consequent 
dispersion of attention with a negative impact on productivity; Moreover fears of poor 
quality of the information posted on the channel. According to a director in an inter-
view, there is a risk of malicious use.  

The experiment conducted in the pilot, particularly in respect of use in a team, re-
vealed a reduced risk of problems of information quality and noise. A detailed analy-
sis of the messages exchanged in the team revealed that 87% of the messages were 
about work and only 9% of the messages were considered "hallway conversation". 
The typical solution of microblogging tools for the noise problem is the possibility 
that each person must choose the content they are interested in receiving. So has the 
option to "follow" people, or to subscribe to your posts, and subscribe to group partic-
ipation. That is, the organization of communication in public or private groups helps 
to minimize the noise problem of information. 

A consensual solution to the problem of information quality, widely discussed in 
the interviews, is to promote an organizational culture through the publication of ex-
plicit rules on the use of the channel. In the DSI survey, 91% of respondents agree 
with the creation of a code of conduct and rules of practice as a way to mitigate secu-
rity risks, information quality and productivity loss. 

The issue of security is a crosscutting concern among the various perspectives involved, 
employees, organization and technology. The solution to security problems also involves 
the organizational culture, the adoption of rules and norms of use. A question was asked on 
the Survey about possible ways to mitigate extreme scenarios for the use of risk by em-
ployees. 75% agree that there should be some control mechanism in the bank about  the 
information their employees post in the Internal Social Network. If necessary, the bank 
must have ways to delete messages that may threaten the organization. 

The informal nature of a microblogging communication channel seems to be a dis-
advantage to its use as a channel of communication between the company and its em-
ployees. However, DSI Survey put the question about the possibility of a an internal 
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social networking channel to be used a means of communication between the bank 
and its employees. 61% said they agree. But when the question is aked again and 
there is a focus on the institutional character of the messages, 53% agree. 

6 Conclusion 

Social networking in corporate environments is, to say the least, raising curiosity 
mainly as a tool for improving communication and social interaction for work pur-
poses. If  this leads to better collaboration or to the enhancement of the intra-
organizational collaborative networks is something that needs to be studied. The case 
study presented in this paper is a contribution to our knowledge about these pheno-
mena. Although current corporate social networking platforms can convey value crea-
tion through communication and interaction, this is likely to be not enough for a  
significant adoption of this paradigm by most organizations. Our current research is 
looking at ways of how to combine advanced information organization, classification 
and retrieval with social networking. The goal is to leverage the potential value of 
these two important dimensions of an organization. We are extending this research to 
collaborative networks of organizations (inter-organizations). 
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Abstract. Since the eighties of the 20th century that the social and 
organizational sciences are interested in networks as organizational 
configuration and the identification of the dimensions that determine or 
influence the effectiveness of their performance, their adaptability and  
resilience. Communication and power are two of these core dimensions, 
because they strongly influence the degree of trust latent in the network, and 
trust is the key ingredient of human systems optimization. Very often a third, as 
neutral perceived party, plays a determinant role in the systematic negotiation 
process, which is inherent to collaborative networks [10] dynamics. We argue 
that computer platforms, perceived as a neutral and transparency enhancer 
device, may play an important role as trust promoter, namely in strong 
uncertainty avoidance contexts. 

Keywords: Collaborative networks, cooperation, communication, power, trust. 

1   Introduction 

This paper has as main objective the presentation and discussion of the hypothesis we 
propose, and which is the basis of our present research agenda, and simultaneously 
the innovative contribution of our work. We hypothesise the possibility of developing 
a computer collaborative platform, which may enhance trust in strong uncertainty 
avoidance contexts, by playing the role of a neutral perceived partner. We base our 
hypothesis both on theoretical thinking and empirical data collected in previous case 
studies carried out in different geographical and social contexts, and using different 
methodologies [1] [2] [3], such as half-structured interviews submitted to thematic 
content analysis, surveys and social-network analysis. Regardless of methodology and 
context1, the studies highlight some commonalities, such as power centralization, and 
a coordination and cross-communication deficit. In both the Brazilian2 and the 

                                                           
1 The referred studies concern two different geographical and national spaces, namely Portugal 

and Brazil, and also different activity areas, namely industry, agriculture and fisheries. 
2 http://www.geert-hofstede.com/hofstede_brazil.shtml 
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Portuguese3 case, we are dealing with high Power Distance4 (PDI) and high 
Uncertainty Avoidance5 (UAI) contexts, which condition an environment of potential 
distrust towards the out-group and simultaneously the attribution of total 
responsibility to leadership. These in turn reinforces both power centralization and 
mistrust. An extended report about collaborative networks in the north of Portugal [3] 
emphasizes precisely the relevance of leadership and the need for collaborative 
devices which enhance extended information exchange and promote common work. 
We propose the development of a collaborative technological platform, which shall be 
designed integrating social and cultural dimensions in order to help institutionalize6 
leadership, promote wide information sharing and common work.  The advantage of 
using a technological device, not as a substitute of human interaction or human will, 
but as a support mechanism, lies on two aspects: first, the speed and extent of sharing 
possibilities, and second and perhaps even more important, technology tends to be 
socially perceived as a neutral player, which means that people frequently consider 
that technological devices have no will of their own and therefore no hidden agenda. 
As perceived neutral players they may contribute to build up confidence inside the 
system, for instance promoting the social rewarding of cooperative attitudes and 
action through game like devices.  

In short, we may consider as innovative contributions of our proposition the 
intentional integration of context bond social and cultural dimensions in the design of 
a collaborative platform and the deliberate use of its neutrality perception as network 
confidence enhancer.  

2   A Collaboration Unfriendly Context 

It is broadly consensual that during the last two decades of the 20th century the 
conditions for a deep transformation of organizational structures emerged. During the 
80’s the extension and strengthening of global competition and its immediate 
consequences, generated a significant pressure on production costs which dictated the 
need for radical rationalization [4] and innovation [5], [6], namely process innovation 
[7]. During the 90’s the massive proliferation of ICT use inevitably imposed the need 
to perform in network organised teams [8] [9] [10]. If on the one hand, this kind of 
organization has become an imperative, on the other hand, it puts the problem of the 
need for cooperation, which is not an evident issue [11] [3]. Its quality depends 

                                                           
3  http://www.geert-hofstede.com/hofstede_portugal.shtml 
4 As defined by Hofstede, the Power Distance Index (PDI) shows “the extent to which the less 

powerful members of organizations and institutions (like the family) accept and expect that 
power is distributed unequally. This represents inequality (more versus less), but defined 
from below, not from above. It suggests that a society's level of inequality is endorsed by the 
followers as much as by the leaders” [12] 

5 As defined by Hofstede, the Uncertainty Avoidance Index (UAI) “deals with a society's 
tolerance for uncertainty and ambiguity; it ultimately refers (...) to what extent a culture 
programs its members to feel either uncomfortable or comfortable in unstructured situations. 
Unstructured situations are novel, unknown, surprising, different from usual. Uncertainty 
avoiding cultures try to minimize the possibility of such situations”. [12]  

6  Decentralize across the organizational network. 
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largely on contextual dimensions, namely the degree of perceived insecurity, and how 
the involved actors deal with it. 

Regardless of the context, it is clear that the network organizational form increases 
the insecurity of social relations in that it broadens the range of potential and effective 
interactions and destroys the security of traditional organisational borders. But the 
way in which this insecurity is perceived and dealt with is contextual bond. In 
contexts where high PDI and UAI coexist [12], like in Brazil and Portugal 
collaboration became a very difficult exercise. 

Collaboration involves necessarily a high level of communication, which itself 
implies the act of making something in common and accordingly there must be a 
certain degree of trust. We may define trust as the social belief about the predictability 
of actions [13], or the suspension of doubt [14]. In the absence of trust, Uncertainty 
Avoidance increases. The combination of high PDI and high UAI scores results in 
bad quality7, mostly downward vertical communication. Horizontal communication is 
generally almost exclusively informal, based on personal affective ties [15], and as 
such contingent and risky [16]. Simultaneously, the very relationship with power is 
ambiguous and contradictory, since ties with power holders are of course sought, but 
simultaneously suspicion loaded. The difference between personalised and socialised 
power [17] is hardly perceived, and personal power is mostly regarded as free of any 
activity inhibition (self-control) [17], so that leaders are perceived to act exclusively 
motivated by self-interest, not hesitating to sacrifice in the process the interests of the 
larger community. This situation configures a paradox insofar as the social need for 
security leads to the acceptance of power and responsibility transfer to the person of a 
leader, but the leader itself is mistrusted. The centralization of power also implies the 
concentration of information access, if only because it diminishes and devalues 
horizontal communication.  

A network of organizations involves continuous negotiation and therefore implies 
the existence of mediating factors, in order to keep conflict in manageable levels. A 
mediator, by definition, must be perceived as a neutral part of the game. Our 
hypothesis is that collaborative computer interfaces may play the role of the perceived 
neutral part, not so much as conflict mediator, but as conflict preventer, in that it may 
contribute for the improvement of communication quality, through higher 
transparency and the fulfilling of an “automatic” role of social control, which rewards 
and punishes behaviours, namely cooperative and non-cooperative behaviours. 

3   Empirical Evidence 

Two empirical studies relating to networks of rural producers were conducted, in very 
different environments (Portugal and Brazilian Amazonia), using different 
methodologies (half-structured interviews and social network analysis respectively), 
and both reveal high power distance, preponderance of vertical communication, 
mistrust and occasional extension of the network based on personal and family 
relations without any apparent middle or long-term strategic thinking [2] [1]. 

                                                           
7 Scarce, ambiguous and often redundant and inadequate communication, which does not 

transmit the effectively needed information. 
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3.1   Rural Associations in the Amazonia 

In 2005 a preliminary study was undertaken about the rural associations in the north-
east of Pará State, Brazilian Amazonia [2]. External pressures for associating, namely 
public development programs, technical assistance, access to land and training 
possibilities stimulated the formation of peasant associations [18] [19]. Overall, the 
emergence of these local associations has been linked to concerns about popular 
participation and decentralization of state functions [20]. The analysis of the 
characteristics of the networks of associations was carried out using Ucinet and 
Netdraw, [21].  

Here are briefly presented the main features of the networks of the 36 associations 
studied. Their contacts comprised other similar associations, social groups, 
individuals, organizations and public institutions. The main nodes, those exhibiting 
more links, are banks and the technical and funding assistance agency.  

Most of the fishermen and farmers associations’ contacts tended to be 
homogeneous and more geographically limited. Their main contacts were: firstly, the 
banks and the above referred agency and, secondly, the politicians. Some central 
associations, located in more dynamic areas of the municipalities featured numerous 
and different links, while the majority had relatively few and homogeneous contacts 
and lacked alternative information sources in the network. The local associations 
appeared to be linked primarily through common links, i.e., indirectly rather than 
directly, especially via the unions, the bank, and a few government agencies and 
NGOs. Fieldwork found that associations in different municipalities were not 
interacting in a manner that allowed sharing concerns and ways of dealing with them. 
The structure of contacts reflected these limits.  The same applied to the limited 
exchange of experiences of income generation that some of the local groups were 
implementing. A thicker and more varied horizontal contact structure would be 
expected to contribute to influence the agenda of the powerful nodes, notably 
decision-making institutions and the unions.  

 

Fig. 1. Exploratory graphic representation of the social relations network involving 36 rural 
associations in the Pará State. Brazilian Amazonia. Source: [2] 
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3.2   The “Rocha Do Oeste” Network 

In 2008 a network of Portuguese rural producers was studied using qualitative 
methodologies, namely half-structured interviews and thematic content analysis [1]. 
Like in the Brazilian case, the constitution of the producers associations were 
externally induced by public and supra-national organizations, like the EU. The 
associative organizational mode was imposed as a form of accessing project funding. 
The case analyzed concerns the cultivation and commercial distribution of the “Rocha 
do Oeste” pear, and its transformation in a kind of “identity product” [22]. The 
network has proven to be very effective with regard to the quantitative growth of 
the production area as well as a significant improvement of the organoleptic quality of 
the fruit, but failed in the aim of turning it into an" identity product". Some of the 
main reasons for this partial failure where diagnosed, and are here presented using 
passages from the direct discourse of some local social players. The detected 
problems relate precisely to high power distance8, which prevents communication, 
namely horizontal communication; generalized mistrust9, which prevented the 
consolidation of a common trademark, and lack of strategic thinking10, which 
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Fig. 2. Network cooperation ineffectiveness dimensions 

                                                           
8 No. They command. They prescribe the treatments we pour in... Everything is done according 

to their orders. That’s all, according to their command. They give the orders. The technicians 
command us, they tell us what to do. So, it must be precisely as they tell us. (Excerpt of 
farmer’s discourse). 

9 The elite is much more involved in their own projects than with the region. The elite are 
usually inclined to politics and unfortunately politics degenerate into district perspectives 
which cut the region into pieces. (Excerpt of a local development’s agent discourse). 

10 The Oeste, historically this region is based on a casaleiro  logic. The casaleiro…he has a 
little cottage and he imitates his neighbour’s cottage. And he does everything alone. His 
property has no size of a farm. (Excerpt of a local development’s agent discourse) 
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Fig. 3. The hypothesis of the perceived neutral mediator 

prevented the diversification of economic and cultural activities around agricultural 
production11. Moreover it also prevented the extension and strengthening of the 
network in all domains, inclusive the financial, thus perpetuating the dependence 
upon the original funding institutions12.  

The high complexity of interrelated factors and dimensions present in both the 
explained cases may be graphically simplified, in order to abstract the general lines of 
network structuring of former “isolated” entities. The schemes (Figure 2 and 3) 
introduce the main ineffectiveness and suggest process improvement possibilities, 
namely recurring to collaborative software devices. 

4   Discussion and Conclusion 

Considering the fact that technology is often perceived as a neutral factor, we 
hypothesize that the building of a collaborative computer platform, which takes in 
account socio-cultural and political dimensions in its development, could contribute to 
enhance the quality of communication, and therefore the effectiveness of cooperation. 
Its building requires interdisciplinary effort, flexibility and mutual learning and 

                                                           
11 I don’t know, I really don’t know. There’s a cook or a craftswoman, I don’t know if you’d 

call her a cook or craftswoman and her name’s ...if I’m not mistaken...Zira. Isn’t it? Who 
also...who also makes some products using pears. I don’t know her....but I think there’s 
already been some cooperation with her here. A long time ago....(Excerpt of the discourse of 
producer’s association  coordinator revealing ignorance about network members). 

12 Due to political issues, the Community Support Framework which should have started in 
January 2007, along with brute disorganisation, the fact is that not a single item of the new 
community support framework has yet been spent.. Not a single project has been approved. 
(Excerpt of the discourse of the main producer’s association general coordinator). 
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monitoring processes. The latter are especially relevant in very heterogeneous 
networks in order to capitalize the diverse nodes’ resources, notably knowledge, skills 
and experiences. In a context of high UAI and PDI the platform might routinely 
record and track the members’ activities and contacts related to the network 
objectives and values; moreover, it may produce periodical graph representation of 
the ties, indicating centrality, density areas and accessibility to embedded resources. 
Such information might translate into objective assessment criteria, quantitative and 
qualitative ones. Also, the framing of rewards and sanctions perceived as fair due to 
the perceived neutrality of the “controller”. Expected consequences are: (a) 
communication transparency able to counteract the historical paradox of leader 
centrality and mistrust; (b) growing awareness of the balance between constraints and 
opportunities from membership to the network; (c) more trust based relations between 
peripheral and central nodes; (d) higher density of the links at lower costs of nurturing 
them, costs partly covered by the platform data; (e) stimuli for structural and 
behavioural adjustments; (f) network adaptability to changing environments via real 
time information and assessment devices. 

Such functionalities do not replace consensus-building occasions. They also do not 
replace strategies oriented to the institutionalization of group relations [23], such as 
meetings, ceremonies, and rituals.ïThe platform is a step towards the participatory 
management of collaborative networks; its inputs should encourage the mutual 
recognition of members, their shared concerns and resources, as well as the value of 
their collaborative actions. Well-informed agents about the network utility and 
outcomes are supposedly more committed to its rules and success. 
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Abstract. The characterization and assessment of the social capital of a 
collaborative network is an important element to help promoting the success of 
collaboration. The development of indicators of social capital can help 
enterprise managers not only to analyze and measure their social capital but 
also to support the decision-making processes. However, models and 
mechanisms to measure the social capital in collaborative contexts are lacking. 
Starting with a brief discussion about the nature of social capital and applying 
some concepts from social networks theory this paper introduces some 
perspectives and criteria to identify and measure the value of social capital of a 
member of a Virtual organization Breeding Environment.  

Keywords: Social Capital, Social Network, Collaborative Networks. 

1   Introduction 

In recent years, the business environments have faced dramatic challenges, which 
combined with the enabling role of the advances in the information and 
communication technology, are leading to the emergence of a large variety of 
collaborative network (CN) forms.  

As frequently mentioned by several authors on (e.g. Collaborative Networks), as 
well as reports from a growing number of practical case studies, when an enterprise is 
a member of a long-term networked structure, such as a supply chain or a Virtual 
organizations Breeding Environment (VBE), there is the assumption that such 
involvement brings valuable (potential) benefits to the involved entities [1, 2], [3].  
These benefits include an increase of the “survival capability” in a context of market 
turbulence, but also the possibility to better achieve common or compatible goals. On 
the basis of these expectations are, among others, the following factors: joining of 
complementary skills and capacities, access to new / wider markets and new 
knowledge, etc [4].  

However, it is important to realize that when an enterprise is a member of a long-
term networked structure, for instance a Virtual organizations Breeding Environment, 
its value is not only given by its tangible assets – economic capital (e.g. cash, 
resources, and goods). In this context, the existence of cooperation agreements, 
norms, reciprocal relationships, mutual trust, common infrastructures and common 
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ontologies, allows members to operate more effectively in the pursuit of their goals. 
In other words, there is an intuitive assumption that a VBE structure represents a 
group of organizational entities that have developed intangible assets of “social 
capital” that bring added value to its members. As a result, in a VBE context the 
social capital works as a complement to tangible assets, and may have a leveraging 
effect to increase the value of others assets, and vice versa. 

However, although social capital is not a new concept, its definition is not 
consensual among the various main disciplines that have addressed this topic (e.g. 
economy, sociology) and therefore several definitions can be found in the literature 
[5]. This situation results in part from the fact that the social capital needs to be 
analyzed from a multi-dimensional perspective which has not been considered in 
previous works. For instance, the diversity of the understandings of  social capital 
varies according to the authors being focused on: the relationships that an actor has 
with other actors, the structure of relations among actors within a network, or both 
types of relationships [6]. 

Social capital metrics tailored to collaborative networks or even an adequate 
conceptual basis for social capital analysis is not available yet and might be an 
obstacle for a wider acceptance of this paradigm. According to Stone [7] the tools 
available for measuring social capital are not enough and further research is required. 

Nevertheless, in recent years some preliminary studies have explored the 
importance of social capital in the context of networked organizations  [8], however 
none of them has proposed methods, approaches or support tools to help managers of 
enterprises to analyze and measure their social capital in the context of Virtual 
organizations Breeding Environments. 

This paper introduces a brief discussion of the nature of social capital in order 
to support a model to analyze social capital which is inspired on the Social 
Networks Analysis area and proposes a set of indicators that are deemed suitable 
for collaborative networks.  

2   Some Background 

As mentioned above, social capital has been defined according to multiple and 
separated perspectives or for different purposes. From a sociological perspective, 
Bourdieu [9] defined social capital as "the aggregate of the actual or potential 
resources which are linked to possession of a durable network of more or less 
institutionalized relationships of mutual acquaintance and recognition," while for 
Portes [10] social capital is “the ability of actors to secure benefits by virtue of 
membership in social networks or other social structures”. On the other hand, from an 
economic perspective Nahapiet and Ghoshal [11] defined social capital as “the sum of 
the actual and potential resources embedded within, available through, and derived 
from the network of relationships possessed by an individual or social unit. Social 
capital thus comprises both the network and the assets that may be mobilized through 
that network”. For Fukuyama [12] “social capital can be defined simply as the 
existence of a certain set of informal values or norms shared among members of a 
group that permit cooperation among them”. 
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Taking into account the above definitions, it is possible to conclude that social 
capital is a valuable (intangible) asset which has some typical characteristics of 
economic capital such as: It can be invested with the expectation of future benefits 
[13] and is convertible [9]. But, on the other hand, it is different, since its existence 
lies in the relationships that are established within the network while economic 
capital can exist at the member level [14]. In other words, social capital cannot be 
traded by entities on an open market like economic capital, but exclusively within a 
network [15]. 

3   A Model to Analyze Social Capital 

In order to analyze the social capital of each member in a collaborative network, it is 
necessary to develop a model that supports the analysis of the relationships among 
members and the assets that may be accessed through the network of contacts. 

Therefore, as a first approach, these relationships can be modeled using graphs, as 
illustrated in Fig. 1. The proposed model [16] considers elementary-maps and 
aggregate-maps. The elementary maps are: 

• Map of business contacts - a graph showing the network of formal relationships 
with the purpose to provide services or goods to satisfy a request among 
members belonging to the network. In this case, the link’s width represents the 
level of relationship between two enterprises in a defined time interval, and its 
value is given by the following equation:  

ijijijijij VSPRICPRFCwSRICSRFCwLR ×××+××= 21  

1
2

1

=
=j

jw  and 0>jw  (1)

Where:  

ijLR - Level of relationship between enterprise i and enterprise j, in a defined 

time interval. It has a value over the interval 0, ∞ . 

ijSRFC  - Frequency of contacts between enterprise i and enterprise j, based on 

subordinate relation, in a defined time interval. It has a value over the interval 0, ∞ . 

ijSRIC  - Intensity of contacts between enterprise i and enterprise j, based on 

subordinate relation, in a defined time interval. It has a value over the interval 0,1 . 
ijPRFC  - Frequency of contacts between enterprise i and enterprise j, based on 

peer relation, in a defined time interval. It has a value over the interval 0, ∞ .  

ijPRIC  - Intensity of contacts between enterprise i and enterprise j, based on peer 

relation. It has a value over the interval 0,1 . 
ijVS - Value systems alignment between enterprise i and enterprise j, in a defined 

time interval. It has a value over the interval 0,1 . 
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However, the main difficulty is naturally the determination of each of the five 
components mentioned above. To collect and record those values without being 
intrusive in the network members’ “life” requires further research and development.   

• Map of enterprises' assets - a graph that shows the assets held by each enterprise 
and how they are shared. In this case, there are two sets of nodes:  enterprises and 
assets. The nodes are connected by ownership/access relations.  

 

The aggregate-maps show how an enterprise may have access to assets held by 
another enterprise. It results from the aggregation of the map of business contacts and 
the map of enterprises’ assets. Based on this map, it is now possible to analyze the 
social capital of each enterprise through a visual representation of the assets that are 
held by an enterprise. 
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Fig. 1. Simple model to analyze Social Capital in CNs 

Combining these concepts with elements from the Social Network Analysis area, a set 
of basic indicators tailored to collaborative networks is proposed as shown in Table 1 
and Table 2.  Table 1 includes a list of indicators to analyze in detail the level of 
relationships between enterprises and Table 2 shows a set of indicators to evaluate the 
level of expertise of an enterprise and how the assets are shared in the network. 
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Table 1. Indicators for relationship analysis 

Indicator Short Description Expression 

 
Individual 
Business 
Contacts 

(IBCi) 

Definition 
This indicator measures the number of distinct business contacts / 
“collaborative processes” that an enterprise has established with 
other enterprises. In terms of social network analysis, it corresponds 
to the node degree. 
Potential Use 
• Assessment of the level of collaboration  
• Assessment the prestige/popularity of an enterprise 

IBCi = Number of 
contacts connected to 

node  ie   

ei - enterprise i 

Apparent 
Individual 
Business 

Contacts Index 

(AIBCIi) 

Definition 
This index represents the ratio between the individual business 
contacts of an enterprise and the total of enterprises involved in the 
network. 
Potential Use 
This index gives an apparent and simple to compute measure of 
accessibility of an enterprise to the assets that can be mobilized 
through the network. An enterprise with an AIBCI close to zero 
means that such enterprise might not have access to the assets 
available within the network. 

N

IBC
AIBCI i

i =  

 

N –Number of nodes 
involved in the network 

Individual 

Business 
Contacts Index 

(IBCIi) 

 

 

Definition 
This index measures the ratio between the individual business 
contacts of an enterprise and the sum of the individual business 
contacts of all enterprises involved in the network. 
Potential Use 
• Normalization of the level of involvement of an enterprise in 

relation to other members of the network.  
• Benchmarking with enterprises involved in other networks.  


=

=
N

j
j

i
i

IBC

IBC
IBCI

1

 

N – Number of nodes 
involved in the network 

Individual Level 
of Relationship  

(ILRi) 

Definition 
The sum of the level of the relationships that an enterprise achieved 
as a result of its performance in collaborative process. 
Potential Use 
• Evaluate the behaviour of an enterprise. An enterprise with a low 

level of ILR means that such enterprise might exhibit a non-
collaborative behaviour.   

• Evaluate the prominence level of an enterprise, assuming that 
prominent enterprises are those that are extensively involved in 
relationships with other enterprises. 


=

=
N

j
iji LRILR

1  
LRij – Level of 
relationship between actor 
i and actor j. 
N – Number of nodes 
involved in the network

Individual Level 
Relationship 

index 

(ILRIi) 

Definition 
This index represents the ratio between the individual level of 
relationship of an enterprise and the sum of the individual level of 
relationship of all enterprises involved in the network. 
Potential Use 
• Normalization of the level of relationships of an enterprise in 

relation to other members of the network.  
• Benchmarking with enterprises involved in other networks. 


=

= N

j
j

i
i

ILR

ILR
ILRI

1

 

N – Number of nodes 
involved in the network 

Individual Level 
of Accessibility  

(ILAi) 

Definition 
This indicator measures for each enterprise the ratio between the 
individual level of relationship and the individual business contacts. 
Potential Use 
This indicator measures the level of accessibility or ability of an 
enterprise to access the assets that can be mobilized through the 
network. 

i

i
i IBC

ILR
ILA =  

Individual 
Accessibility 

Index  

(IAIi) 

Definition 
This indicator measures, for each enterprise, the ratio between the 
individual level of accessibility of an enterprise and the sum of the 
individual levels of accessibility of all enterprises involved in the 
network.  
Potential Use 
• Normalization of the level of accessibility of an enterprise in 

relation to other members of the network.  
• Benchmarking with enterprises involved in other networks. 


=

=
N

j
j

i
i

ILA

ILA
IAI

1

 

N – Number of nodes 
involved in the network 
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 Table 2. Indicators for assets analysis 

Indicator Short Description Expression 

Total of Assets 

(M) 

Definition 
This indicator counts the number of distinct assets held by the 
network. 
Potential Use 
This indicator measures the level of versatility/polyvalence of 
the network. 
 

 
A – Number of distinct 
assets involved in the 
network 
mj – asset j 

Total of 
enterprise 

Owned Assets 

(TOAi) 

Definition 
This indicator measures the number of distinct assets held by an 
enterprise. In terms of social network analysis, it corresponds to 
the enterprise’s node degree. 
Potential Use 
This indicator measures the level of expertise or capacity of an 
enterprise. 

TOAi = Number of 
ownership relations 

connected to enterprise   

Apparent 
Owned Assets 

Index 

(AOAIi) 

Definition 
This index represents the ratio between the number of assets that 
belong to an enterprise and the number of the assets that can be 
mobilized through the network. 
Potential Use 
This indicator measures the potential level of dependence that 
an enterprise might have in relation to the assets that can be 
mobilized through the network. An enterprise with an AOAI 
close to one means that this enterprise is the owner of nearly all 
assets available within the network.  

 

 

M – Number of assets held 
by the network 

Owned Assets 
Index 

 (OAIi) 

 

 

Definition 
This index represents the ratio between the number of assets that 
belong to an enterprise and the sum of the number of distinct 
assets held by all enterprises involved in the network.  
Potential Use 
• Normalization of the number of assets held by an enterprise 

in relation to other members of the network.  
• Benchmarking with enterprises involved in other networks. 

 

N – Number of enterprises 
involved in the network 

Partial Owned 
Assets 

(POAik) 

Definition 
This indicator accounts for the number of distinct assets held by 
an enterprise according to perspective k for instance: innovation, 
capacity and market. In terms of social network analysis, it 
corresponds to the enterprise’s node degree for perspective k. 
 Potential Use 
This indicator measures the level of expertise of each enterprise 
according to perspective k. 

POAik = number of 
ownership relations 

according to perspective k 

connected to enterprise   

Apparent 
Partial 

Specialization 
Index 

(APSIik) 

Definition 
This index measures the ratio between the number of assets 
according to perspective k that belong to an enterprise and the 
total of the assets according to perspective k that can be 
mobilized through the network. 
Potential Use 
This indicator gives an indication of the level of specialization 
of an enterprise according to perspective k. An enterprise with 
an APSI close to one means that such enterprise within the 
network is specialized in this perspective k.  

 

Mk – Number of assets held 
by the network according to 
perspective k. 

Partial 
Specialization 

Index 

 (PSIik) 

 

 

Definition 
This indicator measures, for each enterprise, the ratio between 
the Apparent Partial Specialization of an enterprise and the sum 
of the Apparent Partial Specialization of all enterprises involved 
in the network. 
Potential Use 
• Normalization of the level of specialization of an enterprise 

according to perspective k in relation to other members of the 
network.  

• Benchmarking with enterprises involved in other networks. 

 

N – Number of enterprises 
involved in the network 
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Table 2. (Continued) 

Assets  
Abundance   

(AAi) 

Definition 
This indicator counts the number of distinct ownership relations 
of an asset. In terms of social network analysis, it corresponds to 
the node´s degree. 
Potential Use 
This indicator measures the level of abundance of an asset inside 
the network.  An asset with an AA close to one means that it is 
exclusive because it is owned by few enterprises of the network. 

AAi = Number of ownership 
relations connected to asset  

 

Apparent Assets 
Exclusivity 

Index 

(AAEIi) 

Definition 
This index measures the ratio between the level of proliferation 
of an asset and the number of enterprises involved in the 
network.  
Potential Use 
This index gives a simple to compute measure of exclusivity of 
an asset. An asset with an AAEI near to zero means that such 
asset belongs to few enterprises. On the other hand, an asset 
with an AAEI close to one means that such asset is owned by all 
enterprises in the network. 

 

N –Number of enterprises 
involved in the network 

Assets 
Exclusivity 

Index  

(AEIi) 

 

 

Definition 
This index measures the ratio between the level of proliferation 
of an asset and  the sum of the number of distinct assets held by 
all enterprises involved in the network  
Potential Use 
• Normalization of the level of exclusivity of an asset in the 

network.  
• Benchmarking with other networks. 

 

M – Number of assets held 
by the network 

Partial Owned 
Assets Worth 

(POAWik)  

Definition 
The sum of the worth of the assets that are held by an enterprise 
according to perspective k.  
Potential Use 
The purpose of this indicator is to measure the worth of the 
assets that are held by an enterprise according to perspective k.  

 

M – Number of assets held 
by the network

 

- Value assigned 

to asset Am held by 
enterprise i according to 
perspective k. 

Total of Owned 
Assets Worth 

(TOAWi) 

Definition 
The sum of the worth of the assets that are held by an enterprise.  
Potential Use 
The purpose of this indicator is to measure the total worth of the 
assets that are held by an enterprise.  
 

K – number of distinct 
perspectives 

Partial Owned 
Assets Worth 

Index 

(POAWIik) 

Definition 
This index measures, for each enterprise, the ratio between the 
worth of the assets that are held by an enterprise according to 
perspective k, and the sum of the worth of the assets that are 
held by all enterprises involved in the network according to 
perspective k. 
Potential Use 
• Normalization of the assets worth of an enterprise according 

to perspective k in relation to other members of the network.  
• Benchmarking with enterprises involved in other networks. 

N –Number of enterprises 
involved in the network 

Total of Owned 
Assets Worth 

Index 

(TOAWIi) 

Definition 
This index measures, for each enterprise, the ratio between the 
worth of the assets that are held by an enterprise, and the sum of 
the worth of the assets that are held by all enterprises involved 
in the network.  
Potential Use 
• Normalization of the assets worth of an enterprise in relation 

to other members of the network.  
• Benchmarking with enterprises involved in other networks. 

 

N –Number of enterprises 
involved in the network 
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4   Example Application 

In order to analyze and measure the social capital of members of a collaborative 
network, the following example illustrates how the proposed indicators can be used. 

For this scenario, the existence of a VBE is considered, which contains seven 
enterprises identified as E1 to E7. Let us suppose that at the VBE management level 
there are records of the enterprises’ past involvement in collaboration activities, 
which makes it possible to quantify the level of relationships between enterprises  
(

ijLR ) as illustrated in Table 3.A, and there are also records of the type of assets, 

value of each one of those assets that can be mobilized through the network, and how 
the assets are held by each enterprise, as illustrated in Table 3.B. 

Table 3. a) Record of the level of relationships. b) Record of the assets worth 

E1 E2 E3 E4 E5 E6 E7
E1 0 0 0 0 0 0 30
E2 0 0 90 50 50 50 0
E3 0 90 0 0 0 90 0
E4 0 50 0 0 20 0 0
E5 0 50 0 20 0 10 10
E6 0 50 90 0 10 0 0
E7 30 0 0 0 10 0 0

K1 K2 K3 K4 M1 M2 M3 R1 R2 R3 R4
E1 10 0 0 0 20 0 0 0 0 0 0
E2 0 20 20 0 20 0 0 30 0 0 0
E3 10 20 20 0 20 0 0 30 0 0 0
E4 0 0 0 0 0 10 0 0 40 0 0
E5 0 20 20 0 0 10 0 0 0 50 0
E6 10 0 0 0 0 10 0 0 0 50 0
E7 0 0 0 50 0 10 50 0 40 0 50

Knowledge Market Resources

 

Table 4. Indicators for relationships analysis  

IBC AIBCI IBCI ILR ILRI ILA ILAI
E1 1 14% 6% 30 4% 30 10%
E2 4 57% 22% 240 30% 60 20%
E3 2 29% 11% 180 23% 90 29%
E4 2 29% 11% 70 9% 35 11%
E5 4 57% 22% 90 11% 23 7%
E6 3 43% 17% 150 19% 50 16%
E7 2 29% 11% 40 5% 20 7%

 
 
Based on the data of the level of relationships presented in Table 3.A, and applying 
the equations defined in Table 1, the Table 4 shows some examples of indicators for 
this network. 

Analysing the value of the indicators in Table 4, it is possible to verify, for instance, 
according to the apparent individual business contact index (AIBCI), that enterprises E2 
and E5 are the most involved in collaboration with other enterprises and both have 
relationships with 57% of the members of this network. However, in terms of individual 
level of accessibility (ILA), the highest value belongs to enterprise E3.   
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Table 5. Indicators for assets analysis 

 
 
Taking into account this example, let us now suppose that enterprises E3 and E5 

need to have access to some assets in order to accomplish a business opportunity. In 
this case, if the assets are held by enterprises with which both have business contacts, 
the enterprise that has more chances of being successful is the enterprise E3.    

Based on the data on the type of assets, value of each asset, and how the assets are 
held by each member, presented in Table 3.B, and applying the equations defined in 
Table 2, the Table 5 shows some examples of indicators to evaluate the level of 
expertise of an enterprise and how the assets might be shared within this network. 

Based on these data, it is possible to verify, for instance, that according to the 
knowledge perspective (see Table 5.A), in terms of assets worth (see POAW), 
enterprises E3 and E7 have identical values despite the enterprise E3 having more 
assets than the enterprise E7 (see POA).  

Using graphs to analyze social capital. The adoption of quantified indicators 
combined with a graphical visualization provides a tool to analyse in detail the ‘sub-
structures’ that may be present in a collaborative network. Divisions of members into 
cliques, i.e. sub-structures of a network in which the members are more closely and 
intensely linked to one another than they are to other members of the network, can be 
important to understand how social capital flows within the network. 

On the other hand, at micro level the knowledge of how a member is embedded in 
a sub-structure within a network may be important to understand how it can increase 
its social capital. For instance, some members can act as ‘bridges’ between groups. In 
Fig. 2, the enterprise E5 acts as a bridge between the sub-structure made by enterprise 
E7 and enterprise E1 and the other enterprises of the network. Furthermore, the 
node’s size in Fig. 2 represents the proportion of assets that are held by each 

POA APSI PSI POAW POAWI
E1 1 33% 13% 20 14%
E2 1 33% 13% 20 14%
E3 1 33% 13% 20 14%
E4 1 33% 13% 10 7%
E5 1 33% 13% 10 7%
E6 1 33% 13% 10 7%
E7 2 67% 25% 50 36%

Total 3 140

Market

POA APSI PSI POAW POAWI
E1 0 0% 0% 0 0
E2 1 25% 14% 30 10%
E3 1 25% 14% 30 10%
E4 1 25% 14% 40 14%
E5 1 25% 14% 50 17%
E6 1 25% 14% 50 17%
E7 2 50% 29% 90 31%

Total 4 290

Resources

TOA AOAI OAI TOAW TOAWI
E1 2 18% 8% 30 5%
E2 4 16% 16% 90 14%
E3 5 20% 20% 100 16%
E4 2 8% 8% 50 8%
E5 4 16% 16% 100 16%
E6 3 12% 12% 70 11%
E7 5 20% 20% 190 30%

Global



38 A. Abreu and L.M. Camarinha-Matos 

enterprise, and the link’s width represents the value of the level of relationship 
between enterprises. Hence, the enterprises that hold more assets are enterprises E7 
and E3. On the other hand, if we look at the links between enterprises, we can easily 
identify a clique, for instance, among enterprises E2, E3 and E6 with a high level of 
accessibility among them. 

 

Fig. 2. Owner Assets Index Fig. 3. Total of Owner Assets Worth  
 

The nodes’ size in Fig. 3 represents the worth of the assets hold by each enterprise, 
and the link’s width represents the value of the level of the relationship between them. 
Hence, in this network, the enterprise that holds more social capital is enterprise E7. 
However, as enterprise E7 has a low level of accessibility, the links around enterprise 
E7 are narrow, which can act as an obstacle to increase the social capital of this 
network. 

 

 

Fig. 4. Individual Level of Accessibility 
and assets worth 

 

Fig. 5. Apparent Assets Exclusivity index and “level 
of health” of the relationships 

Fig. 4 illustrates the advantage of this model in the use of multiple indicators. In 
this example, the nodes’ size of the enterprises represents the individual level of 
accessibility (ILA) of each enterprise. The link’s width between enterprises represents 
the value of the level of relationship among them, and the link’s width between an 
enterprise and an asset represents the worth of that asset. In this case, the nodes’ size 
of the assets is identical because they have no associated metrics. 

Hence, according to the knowledge perspective, it is possible to verify that the 
most valuable asset is K4, and it is an exclusive asset that is hold by enterprise E7. 
Furthermore, the enterprise E7 has the lowest level of accessibility. In this context, 
despite the asset K4 belongs to the bag of network’s assets, only a small group of 
enterprises is likely to be successful in accessing to this asset through the network of 
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business contacts. For instance, in this case, although enterprise E3 holds the highest 
value in terms of individual level of accessibility, based on this analysis it hardly can 
access to the asset K4.        

On the other hand, Fig. 5 illustrates an example of analysis of the abundance of 
the assets by the members of the network. In this case, the nodes’ size of the assets 
represents the level of abundance of each asset in this network. The link’s width 
between enterprises represents the value of the level of relationship among them, and 
the link’s width between an enterprise and an asset represents the worth of that asset. 
The nodes’ size of the enterprises is identical because they have no associated 
metrics. In this case, the most common asset is the asset M2, and the asset M3 is the 
most valuable one, which is also an exclusive asset that is hold by enterprise E7.  

5   Conclusions  

Reaching a better characterization and understanding of the role of social capital in 
collaborative processes is an important element for a better understanding of the 
behavioral aspects in the collaborative networks paradigm in its various manifestation 
forms. 

The definition of a set of indicators to capture and measure the social capital can be 
a useful instrument to support the promotion of collaborative behaviours, and for a 
VBE member a way to extract the advantages of belonging to a network.  

Using simple calculations as illustrated above, it is possible to extract some 
indicators. Some preliminary steps in this direction, inspired by the Social Networks 
Analysis, were presented, although it is necessary to do a more extensive 
experimental validation. The main difficulty is naturally the determination of the 
“level of health” of the relationships and the worth corresponding to each asset. In 
order to collect and record those values without being intrusive in the network 
member’s ‘life’ requires further research and development. It is also important to rank 
the indicators according to their practical usefulness. Such ranking should encompass 
the vision and strategy defined for the collaborative network.  

The proposed model, although simplistic, has the advantage of providing a 
visual/graphical representation which is easy to understand. The development of a 
system to monitor and keep track of the changes over time is particularly useful here. 
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Abstract. This work presents a revision of the main definition and significances 
of the term Intellectual Capital, as it is an important issue of study. Once the 
main scientific works related to Intellectual Capital are presented and their main 
contributions highlighted, this work shows how it has been attempted to 
measure the Intellectual Capital at both individual enterprises and collaborative 
networks, as a source of meaningful information to make decisions. The paper 
evidences the lack of works that have successfully dealt with measuring 
Intellectual Capital at the collaborative networks level, highlighting the main 
barriers and what a proper measuring framework should address at this level. 

Keywords: Intellectual capital, collaborative networks, measurement. 

1   Introduction 

A company’s capability to create value depends on its ability to implement strategies 
that respond to market opportunities by exploiting their internal resources and 
capabilities [1]. Therefore, managers need to understand what the key internal 
resources and drivers of performance in their organisations are. Traditionally, those 
resources were physical, such as machines and equipments, and financial capital. In 
today’s economy traditional tangible assets seem to become increasingly transient and 
rarely provide a long-term competitive advantage. This reflects the belief that 
intangibles assets are a fundamental resource of corporate growth and organizations 
need to put into work procedures for managing their intangible assets. In the last 
years, the concept of Intellectual Capital (IC) has emerged as a key to analyse and 
evaluate the intangible assets of organizations.  

2   Literature Review 

In the last two decades, several models have been developed for managing the IC. All 
of them attempt to identify, classify, measure and manage the company’s IC. Some 
models are focused on the global IC of the company such as the Skandia Navigator 
[2], the Intangible Assets Monitor [3]. On the other hand, other frameworks are 
focused on the intangibles related to the defined strategies such as [4] or the 
Intellectual Capital Management System. However, none of these models implement 
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or suggest the integration within a performance measurement system, which would 
contribute the advantages of its use. 

In the literature, the concept of IC has been defined from different management 
perspectives as shown in Table 1. For instance, accounts prefer to talk about 
intangibles and according to [5], define them as “non-financial fixed assets that do not 
have physical substance but are identifiable and controlled by the entity through 
custody and legal rights”. From a human resource (HR) perspective, IC refers to 
skills, knowledge, and attitudes of employees. From a marketing perspective, 
intangibles such as brand recognition and customer satisfaction are at the heart of 
business success, whereas from at the information technology (IT) perspective, 
intangibles are seen as being software applications and network capabilities (for an in-
depth discussion of the different perspectives on IC please refer to [6]). As shown by 
the above definitions, there is no agreement upon what constitutes a good or sufficient 
definition of IC. Finally, IC is an important theme in different disciplines and is 
looked at from different perspectives such as economics, strategic management, 
finance, accounting, reporting and disclosure, human resources, and marketing and 
communication. However, there are few works developed related to the IC in the field 
of performance measurement. 

Table 1. Main definitions of Intellectual Capital 

References Definition 
[7] It is set up by intangible property and intangible resources. 
[8] It is knowledge that can be converted into value. 
[9] It is the result of four main components, which are the 

market assets, human-centred assets, intellectual property 
assets and infrastructure assets. 

[3] It is related to three categories of intangible assets: internal 
structure, external structure and human competence. 

[10] It is composed of (and generated by) a thinking part, i.e. the 
human capital, and a non-thinking part, i.e. the structural 
capital. 

[11] It is an intellectual material that has been formalised, 
captured and leveraged to produce a higher-valued asset. 

[2] It is the sum of human and structural capital. In more detail it 
involves applied experience, organizational technology, 
customer relationships and professional skills that provide an 
organization with a competitive advantage in the market. 

[12] It is a concept under which are classified all organization 
intangible resources as well their interconnections 

 
The Intellectual Capital Management Models are focused on the establishment of one 
definition of IC, the components or dimensions of its structure, the intangible assets 
that belong to each component or dimension, and the indicator used to measure the 
identified intangible assets. Some models, as result of their activities, elaborate one 
report with two proposals, one as internal management tool and the second as external 
spreading tool of information for informing to the stakeholders about the real value of 
the company and not only about its financial value. Only some of the recently 
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developed models of IC identify the need of linking the intangible assets with the 
strategy of the company, such as [4]. Such a project was the first model that proposed 
the identification of the strategic objectives of the company and the critical intangible 
assets related to each of these strategic objectives as one of the main steps of this 
project. Moreover, the RICARDA project establishes that the first step to create a 
report of Intellectual Capital for Regional Networks o Clusters is the definition of the 
regional network or cluster’s objectives in medium and long term and the second step 
is concerning to the identification of each intangible assets that affect them. 

3   Measuring Intellectual Capital  

3.1   Enterprise Level 

Nowadays, IC has become a determinant resource for enterprise to retain and improve 
competitive advantages. Because of its abstract nature, the IC is very difficult to 
measure, having become a challenge for business managers to evaluate the 
performance of IC effectively. 

[13] identified as benefits of IC measurement firstly the identification and mapping 
of intangible assets, which allows the company knowing its resources of competitive 
advantages on the future. Secondly, the recognition of knowledge flow patterns within 
the company. The last two benefits drive to the prioritization of critical knowledge 
issues, which allow the acceleration of learning patterns within the company thanks to 
the best practice identification and diffusion across the company, by presenting a 
strong business case for the best practice. Besides, the measurement of the IC permits 
a constant monitoring of asset value as well as to find ways of increasing the value of 
the company and the understanding of how knowledge creates interrelationships and 
increases innovation. From the point of view of the employees, the benefits are with 
regard to the increasing of collaborative activities and a knowledge sharing culture as 
a result of increased awareness of the benefits of knowledge management. Also the 
employee self-perception of the organization and their motivation are increased. 
Finally, it creates a performance-oriented culture. 

Measurement of IC will result in significant benefits to the organization that will 
help to determine business strategy, process design as well providing competitive 
advantage. 

Additionally, [12] carried out an exhaustive literature review in which he 
highlighted the following main limitations in the existing measurement systems:  

- The existing approaches relate to the organization as a whole and do not account 
for individual departments or knowledge workers. 

- They do not balance past-orientation with future predictions, or quantitative 
financial measures with qualitative perceptual and process measures. 

- Behavioural dynamics and its impact on organizational economics are not 
measured. 

- There is no system for measuring process effectiveness in capturing tacit 
knowledge transfer. 
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At present, measuring a company’s Intellectual Capital is quite common. 
According to Nordic survey, two thirds of Finnish companies measure their 
Intellectual Capital regularly. Despite the fact that measuring Intellectual Capital is 
considered important, only 35 percent of the companies know how Intellectual 
Capital should be measured and reported [14]. Although different measurement 
systems for measuring Intellectual Capital have been developed, none of them has 
been accepted for common use. According to [3] the approaches for measuring 
intellectual capital fall into four categories: Direct Intellectual Capital Methods (DIC), 
Market Capitalization Methods (MCM), Return on Assets Methods (ROA) and 
Scorecard Methods (SC). The methods offer different advantages and disadvantages.  

Scorecard Methods in particular have been developed as a tool for management 
and although all the scorecard methods have many similarities, they can be 
categorized into two different types: the (traditional) balanced performance 
measurement methods and Intellectual Capital measurement methods. The balanced 
performance measurement frameworks, e.g. the Balanced Scorecard [15] and the 
Performance Pyramid [16], have been developed for measuring and managing an 
organization’s performance from several perspectives. IC is often related to one or 
more of these perspectives. However, in the IC measurement methods, e.g. the 
Skandia Navigator [2] and the Intangible Assets Monitor [3], the main rationale is the 
measurement of IC. Financial and other physical assets are not paid as much attention 
as the Intellectual-Capital-related factors.  

Kaplan y Norton [17] indicated that the intangible assets are hard for competitors 
to imitate, which makes them a powerful source of sustainable competitive advantage. 
The Learning and Growth Perspective of the Balances Scorecard has long been 
considered its weakest link, and Kaplan and Norton admitted it . To improve this the 
authors included in this perspective the intangibles assets essentials for implementing 
any strategy, which are classified in three categories: Human Capital (the skills, talent 
and knowledge that a company’s employees possess), Information Capital (the 
company’s database, information systems, networks and technology infrastructure) 
and Organizational Capital (the company’s culture, its leadership, how aligned its 
people are with its strategic goals and employee’s ability to share knowledge). 
Additionally, and to link these intangible assets to the company’s strategy and 
performance, these authors developed a tool called “strategic map”.  

Although the terminology used to describe and categorize intangible assets is far 
from being cohesive at the detailed level, there has recently been a general 
convergence towards a three-pronged framework consisting of Human Capital, 
Organizational (or Structural) Capital and Relational Capital [4]. Therefore, it is not 
clear why Information Capital is considered by Kaplan and Norton separated from 
Organizational Capital as most of the researches on this field agree. 

As well, the concept of Relational Capital is completely missing from Kaplan and 
Norton’s definition of intangible assets. The Balanced Scorecard includes a Customer 
Perspective and it could be argued that customer relationships could be included into 
this perspective. In fact, Kaplan and Norton [17] argue that this perspective should 
contain the customer value proposition. Even if relationships might be included the 
issue remains that according to Kaplan and Norton’s definition of intangibles assets, 
Relational Capital is not included, which defies the views of most researchers 
working in this field. 
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At this point, several gaps have been identified in the above literature review such 
as the lack of consensus among the researchers and the practitioners about the 
definitions of IC, the IC components and the IC indicators. Many and various have 
been the attempts to measure the intangible assets of the companies through different 
IC models. Kaplan and Norton, instead of creating a new model to measure the 
intangible assets, have integrated the measurement of the intangible assets within their 
Balanced Scorecard. Several researchers have criticized this attempt, having being 
identified several gaps in the way they have done such a merge.  

3.2   Collaborative Network Level 

On the other hand, and looking at the collaborative networks ambit, all these research 
gaps are present, among others. Collaboration implies factors such as trust, equity, 
coherence, visibility, contradictory objectives, or communication issues that are 
beyond the individual enterprise’s problems [18]. This fact makes much more 
difficult to measure performance of collaborative networks from both a tangible and 
intangible point of view. Measuring intellectual capital is still in its early steps, as 
highlighted above and, at the collaborative ambit, even more.  

Some authors have recently dealt with the issue of measuring performance at 
collaborative contexts [18, 19, 20, 21, 22]. However, none of these works have deeply 
stated how to measure IC at collaborative networks levels. However, by bringing up 
the main conclusions together, it is possible to affirm that it is still lacked a method 
that should: 

- Establish the linkage between the tangible and the intangible assets of the CN. 
This is such a difficult task but it needs to be done in order that CN decision-
makers will be able to clearly know to what extent the achievement of a 
certain degree of IC within the CN is impacting over the fulfillment of the 
CN’s strategic objectives. This could be done by applying either subjective 
(surveys, Multi-Criteria Decision-Aid Techniques) or objective techniques 
(statistical techniques analyzing historical data from the CN).   

- Consider the specific requirements of IC in CN as compared to individual 
enterprises. Nowadays, individual enterprises take part in several supply 
chains/CNs and, therefore, it is very likely that some of these CNs will have 
contradictory objectives. Then, the decision-making mechanisms of each 
individual enterprise are internal and not known to a single CN. Such a lack of 
knowledge of how the individual enterprise is going to decide can be a serious 
barrier. Besides, contradictory objectives will lead to discussions within the 
CN and ways that will lead to consensus should be waved. Some collaborative 
factors have been mentioned above and these are of particular relevance to 
CN. How to deal with them in different scenarios and regarding IC is still 
lacked.  

- From the last one, it would be desirable to find out to what extent are linked 
together both different IC intensity degrees and the achievement of one or 
more important collaborative factors. For instance, to study how different 
levels of IC in two enterprises of a CN affects to their cycles of trust-distrust. 
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To sum up, it is possible to affirm that, as result of the analysis of the identified 
gaps on the measurement of the intangible assets, a new approach is necessary at both 
the individual enterprise and the collaborative network context with the aim of 
improving this research field. 

4   Conclusions 

Recently, the thematic of Intellectual Capital has emerged as a key issue to analyse 
and evaluate the intangible assets of organizations. Both practitioners and academics 
agree on the fact that before to measure Intellectual Capital, it is necessary to find a 
common definition of what Intellectual Capital is. Then, this paper firstly presents the 
main Intellectual Capital definitions. Then, it highlights the main advantages of 
measuring Intellectual Capital in organisations and, extensively, in collaborative 
networks, concluding that there is still a huge research field to be filled in on this area.  

References 

1. Penrose, E.T.: The theory of the growth of the firm. John Wiley, New York (1959) 
2. Edvinsson, L., Malone, M.S.: IC: the Proven Way to Establish Your Company’s Real Value 

by Measuring Its Hidden Values. Piatkus, London (1997) 
3. Sveiby, K.E.: The New Organizational Wealth: Managing & Measuring Knowledge-Based 

Assets. Berrett-Koehler Publishers, Inc., San Francisco (1997) 
4. MERITUM Guidelines. Guidelines for Managing and Reporting on Intangibles, Madrid 

(2002) 
5. International Accounting Standards Board (IASB). Intangible Assets, International 

Accounting Standards No. 38 revised. IASB, London (2004) 
6. Marr, B.: Perspectives on IC: Multidisciplinary Insights into Management, Measurement, 

and Reporting. Elsevier, Boston (2005) 
7. Hall, R.: The strategic analysis of intangible resources. Strategic Management Journal 2, 

135–137 (1992) 
8. Edvinsson, L., Sullivan, P.H.: Developing a model for managing intellectual capital. 

European Management Journal 14, 356–365 (1996) 
9. Brooking, A.: IC: Core Assets for the Third Millennium Enterprise. Thompson Business 

Press, London (1996) 
10. Roos, J., Roos, G., Dragonetti, N.C., Edvinsson, L.: IC: Navigating the New Business 

Landscape. Macmillan, London (1997) 
11. Stewart, T.A.: IC: The New Wealth of Organisations. Doubleday/Currency, New York 

(1997) 
12. Bontis, N., Dragonetti, N.C., Jacobson, K., Roos, G.: The knowledge toolbox: a review of 

the tools available to measure and manage intangible resources. European Management 
Journal 17, 391–402 (1999) 

13. Kannan, G., Aulbur, W.G.: IC: Measurement effectiveness. Journal of IC 5, 389–413 
(2004) 

14. Nordika Project. Measuring and Reporting IC: Experiences, Issues, and Prospects. OECD, 
Paris (2002) 

15. Kaplan, R.S., Norton, D.P.: The Balanced Scorecard – Measures that Drive Performance. 
Harvard Business Review, 71–79 (January/February 1992) 



 A Review on Intellectual Capital Concepts 47 

16. Lynch, R.L., Cross, K.F.: Measure Up! The Essential Guide to Measuring Business 
Performance. Mandarin, London (1991) 

17. Kaplan, R.S., Norton, D.P.: Measuring the Strategic Readiness of Intangible Assets. 
Harvard Business Review 82, 167–176 (2004) 

18. Alfaro Saiz, J.J., Rodriguez-Rodriguez, R., Ortiz Bas, A., Verdecho, M.J.: An information 
architecture for a performance management framework by collaborating SMEs. Computers 
in Industry 61, 676–685 (2010) 

19. Busi, M., Bititci, U.S.: Collaborative performance management: present gaps and future 
research. International Journal of Productivity and Performance Management 55, 7–25 
(2006) 

20. Angerhofer, B.J., Angelides, M.C.: A model and a performance measurement system for 
collaborative supply chains. Decision Support Systems 42, 283–301 (2006) 

21. Gaiardelli, P., Saccani, N., Songini, L.: Performance measurement of the after-sales service 
network – Evidence from the automotive industry. Computers in Industry 58, 698–708 
(2007) 

22. Gruat, F.A., La Forme, V., Campagne, J.P.: A Framework to analyse Collaborative 
Performance. Computers in Industry 58, 687–697 (2007) 

 
 
 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 48–57, 2011. 
© IFIP International Federation for Information Processing 2011 

Social Capital and Knowledge Sharing – Lessons Learned 

Gunilla Widén 

Information Studies, School of Business and Economics at Åbo Akademi  
University, Fänriksgatan 3 B, 20500 Åbo, Finland 

gunilla.widen@abo.fi  

Abstract. Social capital is put forward as a suitable theoretical framework to 
explain knowledge sharing mechanisms in organizations. The aim of this paper is 
to summarize lessons learned from different contexts where the social capital 
dimensions have been used to explain information and knowledge sharing. The 
contexts studied are mainly within business organizations, virtual worlds, and 
higher education. The dimensions of social capital have been found useful when 
exploring knowledge sharing practices. The studies illuminate important aspects 
on how the combination of structures, relations and contents support sharing. The 
different cases also underline the importance of the contextual dimension, the role 
of the social capital dimensions are focused differently depending on context. 
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1   Introduction 

Social capital has been put forward to explain knowledge sharing and has been used as 
a theoretical framework to illuminate motives and enablers of information and 
knowledge sharing [1, 2, 3, 4]. Social capital provides a framework explaining 
knowledge sharing mechanisms through the dimensions of structures, relations, and 
contents. This perspective illuminates how social and information phenomena are 
anchored in each other [4]. A larger research project at Åbo Akademi University has 
focused social capital and information behaviour [5] and has resulted in a number of 
empirical studies where social capital dimensions have been used to study knowledge 
sharing from an information science perspective.  

The aim of this paper is to summarize lessons learned so far from the project and in 
collaboration with other researchers in the field. Also other relevant studies and 
literature on social capital and knowledge sharing is included. The contexts studied 
are mainly within business organizations, virtual worlds, and higher education. The 
dimensions of social capital have been found useful when exploring knowledge 
sharing practices. The studies bring important aspects to our attention on how the 
combination of structures, relations and contents support sharing.  

2   The Social Capital Framework 

Social capital is associated with benefits coming from and changing with social 
relations and networks [6]. According to a often cited definition by Nahapiet and 
Ghoshal [7, p 243] social capital is 
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“The sum of actual and potential resources embedded within, available through, 
and derived from the network of relationships possessed by an individual or social 
unit. Social capital thus comprises both the network and the assets that may be 
mobilized through that network”.  

 
Social capital is mainly studied on a society level [8] and refers to enablers like 

networks, norms, and trust that help individuals to act together more effectively 
towards common aims [9]. In the organizational context social capital focuses on 
information as a resource and e.g. inter-unit resource exchange [10]. Social capital is 
also studied on an individual level, underlining what individuals gain from networks 
like status and opportunities [11]. Connected to information and knowledge sharing 
social capital is relevant while information behaviour patterns are anchored in the 
individual and organisational structures where people interact. Information seeking 
takes often place in collaborative settings and therefore the social aspects play an 
important role. Contextual and social factors affect group members’ physical activities 
and their cognitive and emotional experiences with relevance to information sharing 
[12]. Therefore, empirical studies on information seekers within their social context 
focus on practices rather than on the individuals’ information behaviour. The analysis 
shift from cognitive to social, looking at the information seekers within their social 
context where connections and interacting with sources are underlined [13, 14]. The 
social capital perspective helps us to explore the context in which information sharing 
takes place. It provides us with a framework for the hidden motives of information 
sharing, giving information behaviour its social context. In order to manage multiple 
aspects on knowledge sharing mechanisms the dimensions of social capital are 
suitable tools while they describe structures, relations, and contents (see table 1).  

Table 1. Dimensions of social capital according to the definition by Nahapiet and Ghoshal [7] 

 

Dimensions of social capital and aspects focused in the different dimensions 
 
 

Structural dimension 
 

 

Cognitive (content) 
dimension 

 

Relational dimension 
 

Network ties 
Network configuration 
Appropriable 
organization 

Shared codes, language 
Shared narratives 
 

Norms 
Trust 
Obligations 
Identification 

 
The structure dimension is about the access to other actors, individual and 

corporate  [15]. This structure is necessary for information sharing and development 
and use of social capital in an organization. The structure influences the two other 
dimensions of social capital [7, 15]. Social interaction in structures are channels for 
information and resource flows [10]. This dimension reflects the impersonal 
properties of the network relations and a network tie is the fundamental structural 
concept, the basic element of communication networks [16].  

The relational dimension is about expectations and obligations where trust is the 
most important relational feature [15]. Trust is needed in order to share what you 
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know. This dimension influences access to other parties in the structure, it underlines 
the expected value through exchange, and the motivation of parties to engage in 
knowledge creation [7, 15]. Trust is the most studied concept of social capital [17]. As 
trusting relationships develop inside a network, actors build up reputations of 
trustworthiness. There are different levels of trustworthiness which result in different 
levels of resource exchange and combination [10]. 

Finally, the cognitive (or content) dimension is both the foundation for social 
capital as well as a key mechanism in generating further organizational goals like 
intellectual capital [15]. This dimension is a visible condition necessary for formation 
and utilization of social capital. Communication is the mechanism whereby the 
available stock of social capital can be accessed and utilized to further organizational 
goals and objectives [15]. 

In the following the dimensions of social capital are studied in three different 
contexts; business, virtual, and higher education in order to illuminate information 
and knowledge sharing mechanisms. 

3   Social Capital and Knowledge Sharing in Business 
Organizations 

There is a wide repertoire of studies on social capital in corporate research. The 
interest in social capital lies in the rise of the knowledge-based organization [18]. 
Social capital and social networks are seen as giving financial advantage. Firms 
benefit from social capital because it facilitates cooperation and coordination, which 
minimize transaction costs [19]. Social capital unifies shared resources which are 
accessed based on relationships [20]. This is the main aspect of research concerned 
with social capital in the business organisation literature.  

Social capital affects business organizations internally, promoting greater 
coordination among people and collaboration between units. Further, trust is the 
foundation for cooperation internally as well as externally. Companies that are 
working together in a joint effort and that have established trustful relationships are 
able to develop deeper relationships with one another, which can be accessed in the 
future for other business projects. However, managing social capital explicitly is 
complicated while social capital formation is more a local process and involves social 
practices [2].  

In a study in two Finnish companies [21] it is shown how the structural and 
relational dimensions of social capital interplay supporting knowledge sharing for 
common aims. The studied companies are different where one case is a claims 
handling department in insurance business involving routine-based work and the other 
case is a biotechnology firm defined as an expert organization. Studying the social 
capital dimensions in these cases show that building a common knowledge base is 
better realised in the claims handling unit where the personal knowledge and expertise 
is brought to the group systematically through weekly meetings and a functioning 
personal network structure. The group has a high level of trust within their structures 
and information and knowledge has become a collective resource. This group has 
however better circumstances to develop the structures that are needed. The 
biotechnology field is a hectic environment and the importance of communicative 
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ability and trust is more highlighted. Trust has another role where information and 
knowledge are typically personal resources that are brought to a collective attention on 
demand. The individuals must trust that they get crucial information from each other 
whenever needed.  

This is also shown in business online environments. In a case study by Hall and 
Widén-Wulff [22] it was clear that the exchange of information in online 
environments is highly dependent on social relationships. Effective sharing of 
information contents is not happening without trusting relationships although there are 
technical infrastructure and financial rewards on offer. 

Knowledge Management initiatives must be brought to the local context where the 
human and social processes underpin the formal structures enabling information 
sharing. These are important insights in the management of organisations and 
especially in the management of expert organisations where the individual knowledge 
base is important to bring into the common awareness. The online perspective put 
additional challenges to Knowledge Management and underlines the importance of the 
relational dimension of social capital even more.  

4   Social Capital and Knowledge Sharing in Virtual Worlds 

Using the social capital framework to study information and knowledge sharing in 
virtual communities and contexts is useful while social capital is the basis for 
collective action and it helps to understand what the motivations are to participate in 
the community and what it is that people get for their participation. Social capital has 
been studied in different kinds of virtual communities, such as virtual learning 
communities [23, 24] and social networking sites [25]. According to Blanchard and 
Horan [26] social capital can increase in virtual communities that are based on 
existing physical communities. Boundaries that have separated real and virtual are 
fading and the social actors move more and more within and among different 
domains, converting forms of capital into one another [27].  

Södergård [24] has studied young people’s use of the Internet during their free time 
and participation in virtual community (Lunarstorm). In this case possible tools for 
developing social capital in that context were studied. It was shown that the virtual 
community is of importance for young people’s social capital. The structural 
dimension describes the pattern of interaction between the players. Social structures 
are more obvious in virtual context than in real life. Trust was developed through 
entries in the so called guestbooks in the community and had an impact on 
relationships between friends in reality. The young persons interacted with their 
friends in real life also in the virtual community. In the content/cognitive dimension 
the common language was underlined. Here the young persons experienced that they 
could use their own language. The knowledge base created in the virtual community is 
of value in that it is embedded in a social structure and accessible to those who are 
members of the structure. The virtual community offered additional aspects to all 
three dimensions of social capital that is not available in real life. Based on this study 
it can be concluded that a virtual community can be seen as a complement and tool for 
developing social capital among young people [24]. 



52 G. Widén 

In a study by Huvila et al. [28] it was shown that the virtual world Second Life 
clearly had key elements for generating and fostering social capital although the 
existence of social capital in Second Life and real life respectively do not completely 
match. Socialising is an important motivation for participating in Second Life and 
Second Life is an environment, which fosters the accumulation of social capital. Most 
of the activities the respondents mentioned were meetings, get-togethers, conferences 
or informal meetings with people and colleagues. Individuals in Second Life form 
networks and have friends they meet in the virtual world and the more they engage in 
‘production’, the more they have social capital. There are clear codes of conduct and 
behaviour expressed in form of positive and negative experiences of behaviour. The 
mechanisms of trust are mostly based on judgments made on social behaviour rather 
than on Second Life specific indicators such as the type of the account of the other 
resident. Second Life gives access to extended social networks beyond the real life 
and as the findings indicate, increases both the amount and quality of these 
connections. Any further conclusions may not be done based on this study [28] while 
it is limited by the relatively small sample with an unknown bias. A larger study and 
case studies on considerably different samples of Second Life residents are needed to 
get a deeper understanding of the nature of social capital in Second Life.  

In an interview study of players in the multiplayer online game (World of Warcraft) 
it was shown how players formed different kinds of social networks in the game 
where rules, boundaries, and norms were formed. It was clear that social capital was 
created in the process where the players formed these social networks with different 
kinds of goals in mind (a wide range of practical benefits for accomplishing game 
goals). For players who knew each other from before the online game was an 
important way to maintain and pursue their relationships. For others it was also an 
possibility to bridging social capital [29].   

In summary, the research conducted so far shows that virtual communities and 
virtual worlds foster social capital among the members of the world or community. 
The emergence of social capital in virtual communities has implications from the 
information sharing point of view. Social capital has been shown to be important in 
engaging users to make significant contributions in virtual communities. Existence of 
social capital can be seen as an indicator of a success of information sharing online, 
and simultaneously the understanding of social capital and its formation can be used 
to understand why some collaborative efforts of sharing information and constructing 
common knowledge resources succeed and other fail. Again the relational dimension 
is heavily defined through trust, identity, and roles. In the relational dimension the 
underlying motives for sharing are stressed. In earlier studies it has been shown that 
exchange of information in online environments is highly dependent on social 
relationships. Although social infrastructure often starts in the face-to-face 
environment, online techniques and Web platforms support the development of 
relational ties through structures and shared codes [22].  

5   Social Capital and Knowledge Sharing in Higher Education 

Social capital in the context of higher education has not been studied very much. The 
studies are mainly looking at social aspects of learning which of course touches upon 
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the same interest. How students interact in their networks and how social capital can 
be beneficial in students work has been of interest lately especially in online 
environments. There are a number of studies looking at blogs, wikis and social 
networks as important tools of support for learning in different environments [30]. 

Hall and Widén-Wulff [22] have studied social aspects of information sharing in 
two cases in the context of higher education. They underline that it is clear that the 
exchange of information in online environments is highly dependent on social 
relationships. Studying a group of undergraduate students it was shown that time 
spent in shared classes accounted for friendship ties (social capital). These, in turn, 
yielded the highest levels of online information exchange. In the other case, master 
students attending a distance course, showed that trust between the students in the 
online environment was first established and grew from face-to-face interactions. In 
addition, students were unwilling to share the benefit of their strong relationships with 
group outsiders. Further evidence of the importance of social factors is underlined in 
the power of social incentives to information share, as opposed to hard rewards, such 
as the expectation of the straightforward award of a mark in the case of undergraduate 
students. Social factors affecting information sharing behaviour in online 
environments in higher education depends on a complex mix of factors. These include 
the social capital shared amongst actors, the level of trust on which this is based, the 
potential for reciprocal transactions, and the management of incentives structures. In a 
later study on university students in blogging communities where blogs were used as 
a tool to encourage the interaction between students Hall et al. [31] showed that social 
reward is a key to sharing, a kind of gift economy, and therefore an important part of 
how the social network structures are built among students. Blogs increased the 
reflective engagement with teaching material and there was also a higher level of 
shared peer support between class members [32].  

Tötterman [33, 34] has studied social capital and information sharing on an 
organizational level in a university context (Finnish university faculty). In this study, 
the main focus was on the interdepartmental information sharing, i.e. the interviewees' 
communication with their faculty colleagues from other departments. The university 
system - both internationally and in Finland - is undergoing some rather great changes 
(e.g. educational, financial, and organizational), and the effects from social capital, 
e.g. synergy, reduced transaction costs and intellectual capital, could be seen as 
crucial to handling these changes efficiently. In the study it was shown that a lack of 
organizational social capital within the faculty's interdepartmental relations had 
effects on the faculty's information sharing climate. The findings from this study 
indicated that information sharing tends to work more efficiently within the 
departments, the local bounded networks and the faculty external networks. The 
interviewees themselves stressed some important incentives for a successful 
information sharing climate, such as working in the same building, personal 
friendship and scholarly closeness. Most interviewees tended to underline the 
existence of formal and informal network structures, trust and an open 
communication climate within one's own department and in some cases with one's 
closest neighboring departments. In these environments, the signs of active 
collaborative information sharing are most obvious. 

Lessons learned from the context of higher education show that social capital is a 
useful framework to gain insights into information sharing mechanisms. The 
framework of social capital sheds light and characterizes the incentives for 
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information sharing in a very distinct manner. The findings show that in the studied 
university faculty that there existed many different forms of cultures with their own 
kinds of social capital, which in turn affects their information sharing activities. The 
relational dimension is highlighted in this context. 

6   Discussion and Lessons Learned 

The role of social capital in knowledge sharing is clear. Social construction of 
knowledge is crucial and is depending on the environment. The organizational 
environment is a combination of structures, relations, and contents supporting 
knowledge sharing in different ways. How these dimensions interplay and support 
sharing is illuminated through three main contexts studied through several cases, that 
is business organizations, virtual communities and virtual worlds, and higher 
education and university context. This overview underlines that the contextual 
perspective in information and knowledge sharing is very important. The dimensions 
of social capital put forward especially the roles of structures and relations which are 
promoted differently depending on context.  

In table 2 we can see that different dimensions of social capital are underlined and a 
challenge depending on the studied contexts.  

Studying cases of business organizations it was clear that depending on the nature of 
work and work tasks different dimensions of social capital are promoted and therefore 
affecting information and knowledge sharing. Knowledge on an organizational level is 
created in conversations, collaboration, and different social contexts [35]. One of the 
problems of knowledge work and knowledge management is the content dimension, that 
is the difficulty in getting people to share their tacit knowledge. The awareness of the 
importance of functioning network structures and relational factors is an important 
prerequisite for sharing also tacit knowledge. Accessibility and common language also 
motivates people to contribute. In this context new social and interactive tools can 
support sharing, enabling people to create ideas, accumulate knowledge, create 
networks, share and manage information [36, 37]. 

The virtual community context offered additional aspects to all three dimensions of 
social capital that is not available in real life. This is a complement and tool for developing 
social capital. Open source technologies give the sharing visible structures, underlining the 
structural dimension in this context. The content dimension is defined as shared goals, 
common experience, language and knowledge. Shared meaning and collective knowledge 
are key aspects. The relational dimension is seen as a challenge where interaction between 
virtual and real life seems important for the development of trust. 

Table 2. Social capital dimensions in the studied contexts 

Studied context Most focused dimension Challenge 

Business 
Virtual 
Higher education 

Relational and Structural 
Structural 
Relational 

Content dimension 
Relational 
Structural 
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In the higher education context the findings show that in the studied university 
faculty that there existed many different forms of cultures with their own kinds of 
social capital, which in turn affects their information sharing activities. Local contexts 
and local networks are stronger places for knowledge sharing. Social factors affecting 
information sharing behaviour among students in online environments in higher 
education depends on a complex mix of factors. These include the social capital 
shared amongst actors, the level of trust on which this is based, the potential for 
reciprocal transactions, and the management of incentives structures. In a later study 
on university students in blogging communities where blogs were used as a tool to 
encourage the interaction between students Hall et al. [31] showed that social reward 
is a key to sharing, a kind of gift economy, and therefore an important part of how the 
social network structures are built among students which is a challenging task. 

Understanding how social capital works is crucial when creating new intellectual 
capital in an organization. Social capital refers to both norms and networks as 
facilitating collective action and encouraging cooperative behaviour. Especially the 
relational and structural dimensions interplay with emphasis on relation dimension as 
a key enabler of sharing. Structures give access but relations are needed to actually 
share. This is also underlined by Wilson [38] who points out that sharing happens 
more likely where the individual experience benefits from sharing and trusts the 
person sharing with. It is crucial to be aware of the contextual perspective, how social 
capital is nurtured, while it directly affects how information and knowledge is 
accessed and shared. For effective information and knowledge sharing to happen there 
is a need to know the network, how to access it and what kinds of benefits there are 
within the network.  KM initiatives must be brought to the local context where the 
human and social processes underpin the formal structures enabling information 
sharing. These are important insights in the management of organisations and 
especially in the management of expert organisations where the individual knowledge 
base is important to bring into the common awareness. These insights are further 
discussed in combination of suitable tools for supporting information and knowledge 
sharing in a business organisation. 

7   Conclusions 

Social capital has been suggested as a suitable theoretical framework to explain 
knowledge sharing mechanisms in organizations. This paper has summarized lessons 
learned from different contexts where the social capital dimensions have been used to 
explain information and knowledge sharing. The studies illuminate important aspects 
on how the combination of structures, relations and contents support sharing. The 
different cases also underline the importance of the contextual perspective, the role of 
the social capital dimensions are focused differently depending on context. Especially 
the relational dimension is underlined in all three contexts, both as a prerequisite and a 
challenge. The importance of trust can’t be neglected when discussing knowledge 
sharing. Also the aspects of benefits and social rewards have been pointed out in 
several cases underlining that knowledge sharing is a kind of gift economy. Managing 
social capital and knowledge sharing is a complex task but the awareness of the 
different dimensions of social capital underpinning information sharing is prerequisite 
for effective knowledge management. 
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Abstract. Collaborative Networked Organizations are being considered a 
response to the economic market pressures. Some research projects try to 
identify the key factors that enable the growth and survival of these 
collaborative networks. One strategy is to create Virtual Organization Breeding 
Environments in order to prepare organizations and persons to rapidly respond 
to a collaboration opportunity. In those breeding environments is possible to 
develop endogenous resources that permit collaborative practices, like social 
capital. The present paper discusses the importance of Social Capital and its 
relationship with Knowledge Management for Virtual Organization Breeding 
Environments. Knowledge is created during the processes of collaborative 
networks that rarely are documented and reused. Implementing an effective 
Knowledge Management method will motivate to increase Social Capital. The 
present work points out that knowledge sharing is important to develop Social 
Capital in three Brazilian collaborative networks called VIRFEBRAS, 
APROVALE and APROBELO. 

Keywords: Collaborative Networked Organization, Virtual Organization 
Breeding Environment, Social Capital, Knowledge Management. 

1   Introduction 

Collaborative Networked Organizations (CNOs) are considered a key issue for 
economic growth. CNOs are new organizational forms of collaboration such as 
Virtual Organizations, Virtual Enterprises, Professional Virtual Communities and 
other emergent forms of collaboration, which are regarded as the answer to the 
increasing need of strong adaptability to a constantly changing economic context. 

In recent years, many international projects have contributed to this scientific 
discipline. In one of these international projects, called ECOLEAD, the Virtual 
Organization (VO) creation process is considered to happen in the context of a VO 
Breeding Environment (VBE). A VBE is a long-term collaborative network 
composed of organizations and specialists prepared to collaborate and thus rapidly 
respond to a collaboration opportunity or necessity. Camarinha-Matos and 
Afsarmanesh [1] affirm that VBE creation and VO creation are different processes, 
triggered by different motivations. A VBE is created as a long-term association and 
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its members are recruited from the universe of organizations according to certain 
criteria. According with Romero et al. [2], a VBE is a long-term strategic alliance of 
organizations aimed at offering the necessary conditions to support the rapid 
configuration of a VO. For that reason, VBE focuses on creating an adequate 
environment for the establishment of cooperation agreements, common operation 
principles, common interoperable infrastructures, common ontologies, and mutual 
trust among others. 

This paper presents a proposal to focus the implementation of Knowledge 
Management as a strategic action to form and consolidate a VBE. A Knowledge 
Management method will create an environment to develop Social Capital between 
the VBE members. That affirmation is the result of two research projects developed 
by the Social Theory Research Group (TSO) of the University of Caxias do Sul. In 
both research projects the objective was to analyze the influence of Social Capital in 
CNOs. One project studied a mould and die CNO called VIRFEBRAS, and the other 
project studied a Brazilian wine cluster, two CNOs called APROVALE and 
APROBELO. 

2   Collaborative Networked Organizations 

The concept of networked organizations is not new, but its use has been influenced by 
changes in politics, economy and society. Some strong arguments may explain the 
dissemination of the use of the network concept. In an economical perspective, a 
networked organization may be an answer because of the intense competition caused 
by a globalized economy [3], [4]. In a political perspective, a networked organization 
seems to be an answer to the fiscal crisis and to the erosion of the contemporaneous 
Government supremacy [3]. 

In the last two decades a special attention has been given to Collaborative 
Networked Organization (CNO), considered as one of the emergent models of 
networked organizations. A CNO is constituted by several entities (e.g., organizations 
and specialists) that are autonomous, geographically distributed, and heterogeneous in 
terms of their operating environment, culture, social capital, and goals. These entities 
collaborate to achieve common goals, and their interactions are supported by 
Information and Communication Technologies. Unlike other networked 
organizations, in CNOs collaboration is an intentional property that derives from the 
shared belief that together the network members can achieve goals that would not be 
possible or would have a higher cost if attempted by them individually [5]. 

Some examples of CNOs are Virtual Organizations, Virtual Enterprises, and 
Professional Virtual Communities. Camarinha-Matos and Afsarmanesh [1] state that 
the Virtual Organization (VO) creation process is considered to happen in the context 
of a VO Breeding Environment (VBE). For the authors a VBE is a long-term 
collaborative association that is composed of organizations prepared to collaborate 
and thus rapidly respond to an opportunity or necessity. VBE creation and VO 
creation are different processes, triggered by different motivations. A VBE is created 
as a long-term association and its members belong to the universe of organizations 
according to certain established criteria. A VO is a temporary organization triggered 
by a specific business/collaboration opportunity and its members are primarily 
selected from the VBE. 
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Collaborative environments are traditionally established within a geographic 
region, as industrial districts, with the advantage of having a common business culture 
and a sense of community, but this restriction may be overcome by VBEs. VBEs 
incorporate the involvement of geographically distributed organizations, and this 
assumption overlooks some important obstacles as: How to quickly establish an inter-
operable collaboration infrastructure? How to build trust among organizations, which 
is the base for any collaboration? How to develop and agree on the common 
principles of sharing and working together? [5]. Noticeably, most of these obstacles 
are related to human behaviour. 

A large number of research projects in CNOs are carried out worldwide, and a 
growing number of practical cases have been reported. CNOs are complex systems, 
emerging in many forms in different application domains, and require the contribution 
from multiple disciplines. Camarinha-Matos and Afsarmanesh [6] have raised the 
need of modelling for understanding, managing, simulating/ predicting the behaviour 
of CNOs. As a first attempt to reach a comprehensive modelling framework for CNO, 
the authors propose four dimensions, which are: structural, componential, functional 
and behavioural. 

The structural dimension addresses the CNO composition considering its 
constituting elements (participants and their relationships), the roles performed by 
those elements. The componential dimension focuses on the individual 
tangible/intangible elements in the CNO’s network, e.g. the resource composition 
such as human elements, software and hardware resources, information and 
knowledge repositories. The functional dimension addresses the execution of time-
sequenced flows of operations (processes and procedures) related to the operational 
phase of the CNO’s life cycle. The behavioural dimension addresses the principles, 
policies, and governance rules that drive or constrain the behaviour of the CNO 
members. 

Following the same line of work, Romero and collaborators [2] propose a VBE 
reference model and its instantiation methodology considering two sub-spaces: 
endogenous elements (VBE inside) and exogenous interactions (VBE outside). The 
authors identify the key business processes required to support and facilitate the VBE 
management activities needed to be performed during the VBE lifecycle, considering 
VBE fundamental processes and VBE background processes. One of these VBE 
fundamental processes is “Trust Management”, which refers to Social Capital. 

3   Social Capital as a Key Factor for VBE 

Social Capital is a component of the Social Theory that is being considered as a key 
element for the development of human and economic communities. Social Capital can 
be understood as a set of informal norms and values, common to the members of a 
specific group, which allows cooperation among them. 

Social Capital produces socio-cultural goods in the form of emotions, feelings and 
relationships [7]. High levels of Social Capital enable better use of development 
opportunities, due to increased information flows that facilitate the action [8], [9]. 
Thus, confidence, stability, durability of relationships and the network density are key 
elements to high levels of trust and cooperation. These qualities also influence the 
clarity and visibility of mutual obligations [10], [8]. 
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Fig. 1. Social Capital dimensions and their elements [13] 

Studying Social Capital and its importance in the creation of intellectual capital, 
Nahapiet and Ghoshal [11] proposed three Social Capital dimensions, which are: 
structural, relational and cognitive. The structural dimension analyzes the presence or 
not of relationships between the actors, the configuration or morphology of the 
network, describing the standards of connections, through variables as density, 
connectivity network configuration, stability and ties. The relational dimension 
describes the kind of personal relationship, developed through a history of 
interactions [12]. This dimension focuses on aspects that influence behaviour, such as 
respect and friendship, which are crucial for sociability, acceptance and prestige. Two 
actors can occupy similar positions in a network, however if their emotional and 
personal attitudes differ, their actions will be different in many aspects. Therefore it 
involves a behavioural component, which is revealed through facets as trust and 
distrust, norms, obligations and expectations, participation and diversity tolerance 
[10], [11], [9]. The cognitive dimension of Social Capital refers to the resources that 
emanate shared visions, interpretations and systems of meaning, mainly codes and 
narratives, shared values and other cultural elements. Figure 1 represents these three 
Social Capital dimensions and their essential elements. 

For Macke and collaborators [13], increasing the Social Capital level in a CNO 
will facilitate member’s access to opportunities, and initiatives for collaborative 
action. Therefore, Social Capital can be considered the basic resource for a 
competitive strategy based on cooperation. For the Social Capital flow between 
organizations, four main conditions are necessary, which are: time, interaction, 
interdependence and closure [11]. 

A CNO can be more competitive and have success when investing in two key 
elements, which are organizational culture and relationship among persons. Elements 
as trust, networks of relationship and sharing norms are topics that have been 
discussed by researchers from different areas. The concept became known from 
Robert Putnam’s studies of two decades ago. Putnam relates the results of more than 
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twenty years study about Italian society, in which the initial topic was to understand 
the differences of development of north and south Italy. The author concludes that the 
disparities between institutional performance and development of the regions result 
from a major presence of Social Capital. The author’s conclusion had a strong impact 
on the scientific community, and was later corroborated by other studies [9], [14]. 

4   Research Projects Evaluating Social Capital in CNOs 

The Social Theory Research Group (TSO) of the University of Caxias do Sul, Brazil 
developed two research projects analyzing the influence of Social Capital in CNOs. 
One project studied a mould and die CNO called VIRFEBRAS, and the other studied 
a Brazilian wine cluster, two CNOs called APROVALE and APROBELO. 

In both research projects were developed instruments (surveys) to evaluate the inter-
organizational Social Capital within a CNO. In order to develop those instruments, in an 
exploratory phase, semi-structured interviews, direct observation and document analysis 
of the CNO’s members were carried out. Thus, Social Capital elements that influence 
the dynamics of the network were analyzed, and local aspects related to the network 
competitiveness, considering the Social Capital classification of Nahapiet and Ghoshal 
[11] were identified, which are cognitive, relational and structural. 

The VIRFEBRAS CNO is a group of small and medium enterprises that work in 
the mould and die sector. The idea to form the CNO started in 1998, supported by the 
University of Caxias do Sul, with the objective to join competencies in combination 
with common goals, keeping the members’ own identities, in order to raise more 
competitiveness and new business opportunities. 

The results of the research project were published by Macke and collaborators [13], 
and one important contribution was the identification and classification of competitive 
CNOs variables related to the Capital Social dimensions, which is showed in Table 1. 

In the second research project, the Serra Gaúcha wine cluster was studied, 
specifically two CNOs called APROVALE and APROBELO. Although the Serra 
Gaúcha cluster's production is responsible for 80% of the national wine production, 
the Brazilian wine industry is going through some difficulties, and for that reason 
collaborative networks are being created. 

In order to evaluate the inter-organizational Social Capital and its relations with 
competitiveness of those CNOs, it was applied the survey developed in the first 
research project. The information was submitted to factor analysis using PCA 
(Principal Component Analysis), with varimax rotation and pairwise treatment (all 
valid observations of each variable considered) for the missing data [15].  

In the case of the Brazilian wine cluster, the Social Capital is represented mainly 
by the relational dimension, which explains 25.60% of the total variance; the 
structural dimension represents 25.28% and, the cognitive dimension explains 16.48% 
of it [15]. The results show that the Social Capital levels are very similar, ranging 
from 2.40 to 3.74. Similarly, average factors were close: for the cognitive dimension, 
3.37; for the structural dimension, 3.33, and for the relational one, 3.41. Therefore, we 
concluded that there is a high level of Social Capital in the APROVALE and 
APROBELO CNOs, and thus a general balance among the three dimensions. 
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Table 1. Inter-Organizational Social Capital items of VIRFEBRAS 

 
Based on these results, Macke and collaborators [15] established and measured the 

relationship between Social Capital level and competitiveness. The Relational Social 
Capital showed higher correlation with Endogenous Resources Appropriation. This 
indicates that a better use of local characteristics comes from the existence of ties 
among network participants. These results confirm the initial thesis that Social Capital 
is closely linked to competitiveness improvement, and the resource-based view 
defends that resources clearly provide competitive opportunities and high returns. 

Something relevant that appears in both research projects was the relationship 
between knowledge creation and Social Capital. As detected by Macke and 
collaborators [15], the continuous and dynamic process of knowledge exchange 
enhances to increase the level of Social Capital in CNOs. Noticeably, all three 
dimensions of Social Capital (cognitive, structural and relational) are based on 
information and knowledge sharing as a mediator for use of resources that generate 
improvements. This is why we understand that the implementation of a Knowledge 
 

Dimension Items 

R
el

at
io

na
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When I need help, I can count on other members of the network. 
Within the network you need to be aware that no one takes advantage of the 
situation. 
In the formal activities of the network, I do feel part of a group. 
I feel a member of the network. 
Similarities between participants facilitate the dynamics of the network. 
Differences within the group do not affect the network. 
The members of the network always seek to work together through ideas, 
resources and information. 
Within the network, the members think and act in accordance with the interests of 
all. 
Most members of the network participate on events proposed (meetings, 
exhibitions, lectures, seminars, trips, etc.). 
Even if my opinion is contrary to that of most of the other members of the 
network, I feel comfortable to discuss it. 
The more different ideas within the network, the better. 

S
tr

uc
tu

ra
l 

If I need some information to take a decision, I know where to find it on the 
network. 
Within the network there are several opportunities to exchange information. 
The network is connected to other entities, as other networks of businesses, 
unions, government agencies, among others. 
The network has a hierarchical structure (president, directors and other members). 
I have contact with members of the network at least once a week. 
I also have contact with members of the network outside formal activities. 
I consider the members of the network my friends. 

C
og

ni
ti

ve
 Most members know and agree with the objective of the network. 

The objective of the network is also clear to those not participating in the network. 
I participate in the network because I agree with the purpose for which it was 
created. 
The members of the network always share information among themselves. 
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Management method is one of the most important actions for the success of a CNO. 
During the different processes of a CNO relevant knowledge is created, especially 
tacit knowledge. The idea is to transform tacit into explicit knowledge in order to 
maximize the capitalization and dissemination of it. 

5   Conclusions 

The research projects results support the theoretical foundations that information and 
knowledge sharing is one of the key benefits of Social Capital, because that 
information and knowledge sharing contributes to the increase of CNOs’ business 
performance. The knowledge combination contributes to Social Capital creation 
through incremental or radical changes. We agree with Macke and collaborators [15] 
when they point out four conditions for the combination and exchange processes: (i) 
the opportunity to make the combination or exchange; (ii) the worthwhile 
interactions; (iii) the motivation (receptivity to learning and new knowledge creation); 
and (iv) the combination capabilities (capacity to combine knowledge and best 
practices). 

Based on the research projects results, we conclude that: 
i) developing Social Capital is fundamental for the CNOs success; 
ii) in order to have higher levels of Social Capital in CNOs, it is recommended to 

set up VBEs; 
iii) in the CNOs’ four dimensions of the framework proposed by Camarinha-

Matos and Afsarmanesh [6] (structural, componential, functional and 
behavioural), the presence of Social Capital is transversal. Observe that 
most of the examples of the endogenous elements in the four dimensions 
concern to Knowledge Management (Figure 2). The effectiveness of the 
CNO life cycle is going to be powered with Knowledge Management. 

For that reason, we conclude that Knowledge Management is an important factor 
to increase the Social Capital level in CNOs. By increasing the Social Capital in a 
VBE, the effectiveness of the VO/VE life cycle will be more efficient. 

 

Fig. 2. The presence of Knowledge Management in the proposed framework considering the 
crossing of CNO life cycle and the endogenous elements perspective [6] 
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Abstract. The design, production and distribution of small series of health 
fashionable goods for specific target groups of wide impact in terms of market 
for the European industry as elderly, disables, diabetics and obese people 
represents a challenging opportunity for European companies which are asked 
to supply the demand with affordable price and eco-compatible products. 
Added to this challenge, textile, clothing and footwear manufactures seek for 
innovative collaborative networking solutions that could provide an entire 
digital life-cycle for the products and services required by the market. Aligned 
with this need, the EU CoReNet project aims to design and develop a new smart 
collaborative consumer-driven framework with the related services and 
components. This paper addresses the multidisciplinary complexity of 
customer-oriented and eco-friendly networks for health fashionable goods in 
particular addressing business requirements analysis, value chain issues, co-
planning production and co-design topics in collaborative business processes 
tailored for high variability of the consumers demand and expectations. 

Keywords: Collaborative Networks, Value Chain, Business Intelligence, 
Collaborative Framework. 

1   Introduction 

In recent years it is emerging at industrial level an adoption of collaborative strategies 
addressing the small series production of high-customized complex products. This is 
particularly relevant for health fashionable goods for specific target groups. In fact, 
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consumer needs and expectations of specific target groups - such as elderly, obese, 
disabled, or diabetic persons- are arising as challenging opportunities for European 
companies which are asked to supply small series of innovative and fashionable 
goods of high quality, affordable price and eco-compatible. In order to design, 
develop, produce and distribute such products, a new framework and related 
components of collaborative networking are need to be developed, enabling the 
product to stay as long as possible digital to produce on-demand.  

Research is necessary in many topics like: a) consumer integrated collaborative 
eco-oriented design, b) a radical renewal by the adoption of Rapid Manufacturing and 
Business Intelligence technologies; and c) the overall integration and co-ordination of 
business processes and information exchange by a set of new (web)services for 
network design and ad-hoc (re-)configuration, for real-time planning, forecasting and 
replenishment, and for tracking and tracing of ecology and quality. 

This paper addresses the multidisciplinary complexity of customer-oriented and 
eco-friendly networks for health fashionable goods in particular concerning main 
collaborative business processes tailored on customized environment as well as able 
to respond to the high variability of the consumers demand and expectations. 

2   Foundations and Research Topics 

The emergence of global markets has forced the European Manufacturing Industry, 
SMEs in particular, to adapt to a new competitive environment in order to proactively 
respond to challenging market requirements with increased responsiveness and 
flexibility. This reality is intensified by the fact that consumer goods, in particular 
fashion products as clothing and footwear have in the last years been facing an 
increased number of seasonal collections. Moreover the mass customization paradigm 
requires that companies are ready to produce small batches (till one-of-a-kind product 
for mass market) to satisfy customer requirements.  

Other related aspects are not only connected with social phenomena’s such as 
ageing, increased obesity and disabled people but also with the growing sensitivity 
towards eco-friendly products. All these issues pose a challenge for TCFI (textile, 
clothing and footwear industry) manufacturers: how they can address consumers 
demand for personalization and value adding of harmonized products not only in 
terms of aesthetics, but also in terms of health, innovative functionalities and 
environmental impact?  

Nowadays there is a clear need for health fashionable consumer goods, since 
customers want to be fully satisfied both under the point of view of their look and 
their health. This need generates a very distinctive type of demand, based on small lot 
series and fast delivery, forcing companies to change their manufacturing philosophy. 
It is no longer possible to deal with long transportation times of materials and 
components or extended lead times in manufacturing services to face this new 
demand paradigm.  

Indeed, addressing this new type of customer demand groups  as main target, it is 
necessary to develop new collaborative supply chain solutions based on cost effective, 
social compliant and eco-efficient design and production of customized products that 
fully satisfy the customers considering their health issues as well as their desire for 
fashionable products. 
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2.1   Value Chain Issues 

As previously underlined, once products are becoming less standardized as customers 
are demanding custom-tailored options, one of the major challenges faced by TCFI 
organizations is the demand for increasingly levels of value in terms of 
responsiveness and shorter cycle times for production and delivery of newly 
developed products at lower prices. This calls for a supply chain that is quick, 
accurate, and provides top-quality products and customer support at different levels 
and steps. 

As a consequence products are becoming more complex, presenting a greater 
variety of configurable options and must be tailored to a greater number of smaller 
market “niches”. Therefore, in many market segments, only those firms that present 
the ability to “mass-customize” are able to success.   

The traditional view of the customer as a passive actor in the value chain is rapidly 
changing. The continuous transfer of power in the supply chain, from the producer to 
the consumer, is forcing the conventional approach to become less and less 
appropriate. As Christopher argues: “in the present, instead of designing supply 
chains from the ‘factory outwards’ the challenge is to design them from the ‘customer 
backwards’” [1]. With this new reality, the consumer should not be at the end of the 
supply chain but at its start, forcing to a change of philosophy from supply chain 
management to demand chain management. In this new vision, there is a 
philosophical difference between supply chain management and what Christopher call 
‘demand chain management’. This new concept is focused in creating a market-driven 
supply chain and starts by fully understanding the value that customers seek in the 
market in which the firm competes. This customer perception will enable the 
identification of the market segments and subsequently the value proposition by 
translating customer requirements into an offer of customized product and services. 
The final step is to integrate the customer value with an effective supply chain 
network strategy that addresses the demand with intelligent approaches. 

2.2   Business Intelligence in Collaborative Networks 

To be able to quickly respond to changes in the demand, companies must be able to 
continuously monitor the behavior of their customers. This can be done with Business 
Intelligence tools [2]. These tools use data that represent the behavior and preferences 
of customers obtained not only from transactional systems (e.g., orders) but also from 
other sources where they express their opinions (e.g., social networks).  

These data are then stored in a Data Warehouse (DW) [3], which is a database 
designed for decision support and not for operational purposes. From these 
technologies, designers can automatically extract patterns from the behavior of 
customers using OLAP (OnLine Analytical Processing) tools, dashboards as well as 
Data Mining (DM) techniques [4].  From the DM methods, that can be useful for 
designers, two main approaches can be identified: clustering, to identify subgroups of 
customers with homogeneous behavior, and association, to identify emerging trends 
(e.g. recently, shirts with classic design typically also have single cuffs). 

Models supported by these methods can be applied to improve production planning 
and supply chain management (e.g., anticipating trends in product demand and, 
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consequently, in raw material needs), to design new products (e.g., anticipating what 
product features may be most successful in the coming seasons) as well as sales and 
marketing (e.g., customizing catalogs and websites for different customer profiles). 

2.3   Co-planning Production in Collaborative Networks 

Small series and customized products require totally different supply networks 
structures, where each company is specialized in a specific manufacturing phase of a 
product or a market segment. In this context, and following the approach described, a 
supply network should be configured for each customer order and tend to include a 
small number of skilled companies. The key selection criteria should be the ability to 
perform the required operations for the desired delivery date, with the expected cost. 
In practice these scenarios will be characterized by a very large number of small 
orders, each of them having different partner companies, based on their availability 
and capabilities. In this context co-planning and control will be required to optimize 
the production plans that result, on a first iteration, from the configuration (or set up) 
of the supply network for each order. 

For those companies, at the end of the design and development process, where all 
the items belonging to a specific collection and the related basic elements have been 
defined (for example, 2D/3D models, Part Programs for cutting, printing and any 
other automation step), the products are ready to be proposed for sales.   

For the addressed consumer categories, a “configuration space” may be provided to 
define the final version of product, without including the “critical” components (for 
example the fabrics and yarns for garments, the last and sole for the shoes, etc.) that 
must be kept absolutely standard for the higher number of different models, since this 
level of personalization would imply costs not acceptable for small series. 

Beside the early phases for the design and development of the collection, once the 
sales have been closed and the product completely defined and configured, along with 
the measures, quantities and due dates, all the complete set of information required for 
the actual production can be finally defined (final BOM, accessories, etc.) and the 
production orders (PO) can be generated for a specific customer order. During this 
phase it is possible to identify the Supply Chain specification (design and formation) 
for a specific customer order, that implies to have identified all the suppliers and 
partners in charge of carry out all the external activities, assigned the whole set of 
operations associated to a specific product and finally obtained all the information and 
data needed for the planning activities. 

One of the most critical aspects during the PO execution is the management of the 
external activities that may be strongly different for each product. Therefore, during 
the PO execution is strongly required that manufacturer and partners could interact 
and share information, exchange documents and take decisions.  

For this specific purpose, this paper addresses the importance of flexible IT 
services supporting collaborative planning that should engage the manufacturer and 
any partner to be involved on specific order basis. The main objective is to enable the 
planning of POs assigned to any partner and support the related info and document 
management. 
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2.4   Co-design and Sustainability  

Collaborative design tools empowers the consumers to design their own products by 
providing them the ability to collaborate in an informed design process not only 
regarding aesthetics, prices and delivery times, but also resources consumption and 
social responsibility. In line with this, to implement sustainability parameters in the 
design phase rely on the synchronization of the design along the supply chain. In 
product (co-)design commercial tools, the product design stage is seen as a unique 
phase to be performed by designer, eventually based on some indications/sketches 
defined by the consumer and the consumer interaction always take place only in terms 
of product configuration. However due to the change of power from companies to 
customers, co-design should not only be supported through the usual consumer-
designer interaction, providing the consumer with dedicated mechanisms for 
indications on product style and for simplified direct modification of product design, 
but also through co-design  collaborative mechanisms along the supply chain.  

Indeed, nowadays stakeholders collaborating to product definition (especially 
shoes) are today acting in a fragmented supply chain, counting more than 20 steps 
including materials and components subcontractors. In such a context, product 
engineering is spread between different actors and interoperability is still an open 
issue. Therefore, in this paper it will be addressed such a gap by providing 
interoperability mechanisms to collect internal CAD data, orientate them and 
exchange product design information with PDM systems of component suppliers 
along the chain and recollect then intermediate part engineering in the central CAD. 

Concerning sustainability aspect, first of all it has to be underlined that garments 
and shoes are complex products in terms of their environmental impacts. Therefore a 
pressing matter related with this issue involves the track and trace retrieval of 
information related to each product and its production process (to any level of depth 
along the supply chain) by relevant stakeholders, along the whole product life cycle to 
enable products and related components traceability. 

3   CoReNet Approach 

The proposed CoReNet (Customer-Oriented and Eco-friendly Networks for Health 
Fashionable Goods) approach [5], intends to support textile, clothing and footwear 
companies in the implementation of new models for small series production for health 
and fashionable goods following the Competitive Sustainable Manufacturing (CSM) 
paradigm [6] and current initiatives of European Technological Platforms like 
Manufuture [7] and Footwear. The project intends to support the whole value chain to 
get and manage consumer data to investigate its needs; involve consumer into design 
and product configuration phases; exchange consumer data through adequate data 
models and secure systems; manage the collaboration with suppliers in order to plan 
and distribute on time; implement innovative manufacturing technologies; deliver 
timely the product to customer; and monitor the quality and sustainability of products. 

Sustainability issues will be assured by the exploitation and implementation of 
technologies able to exploit the emergent and pervasive infrastructure of the Semantic 
Web, joined to an effective adoption of state of the art RFID and sensor technologies. 
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With this approach, consumers and the whole distribution system will be able to 
verify the quality of products before their purchase and during their utilization. On the 
other side, designers will be allowed to model their product after a precise 
connotation of all the chosen product's components and producers will be able to 
verify such characteristics along each step of production and supply. 

3.1   Consumer Target Group Analysis 

In the case of CoReNet project the target is mainly on specific market segments 
where it is necessary to find the right trade-off between healthy and fashionable 
features of products for disabled, diabetic, obese and elderly people. As previously 
underlined, products should be based not only on fashion trends but may cover 
different kind of requirements coming from customers, both based on aesthetic and on 
functional and on health needs. 

The analysis of the target groups’ requirements which is part of this work is based 
on existing literature and on field questionnaires made to European people belonging 
to these categories. What turned out is that these target groups represent a share of the 
market which is getting larger and larger, asking for products to fulfill their 
requirements in terms of improved comfort and wearability, like to protect the body 
from regular environmental impact (e.g. heat, cold, water, humidity) in a high comfort 
and high quality. This means for TCFI companies to refocus design and production of 
their clothing and shoe models based not only on fashion requirements but also on 
other features which need to be taken into consideration from the design phase 
changing the approach to product conception.  

3.2   Business Requirements Analysis  

The CoReNet project aims at enterprise interoperability with a special focus on the 
development of a new holistic framework, consisting of a set of methods, tools and 
technologies to support collaborative networks addressing consumer-oriented market 
segments demand for sustainable small series of fashionable products. In order to 
identify the functional requirements for this framework, a set of business 
requirements analysis was performed in key industrial players of TCFI supply chain. 
This comprehensive analysis allowed the identification of functional requirements 
(see fig. 1) and use case scenarios (overlapping both the footwear and clothing 
scenarios) relevant to the definition of the CoReNet proposed reference model. 

  

Fig. 1. Business Requirements gathering 
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The proposed Reference Model will be applicable both to companies producing 
customized goods according to the traditional framework where most of the 
production is kept internally (i.e. only minor processes are externalized like 
production of components) and to companies doing their business on online sales, 
externalizing most of the other processes. This requires different levels and means of 
collaboration in the three different perspectives (organizational, ICT and knowledge) 
which need to be investigated. 

4   Conclusions and Further Research 

The ongoing European project “Customer-oriented and eco-friendly networks for 
healthy fashionable goods (CoReNet)” aims to provide TCFI companies with the 
tools and methods to face the challenge of working in demand-driven and customer 
oriented collaborative networks. 

Until now the project research work allowed the definition of a Reference Model 
that set up the foundations for the development of future technologies and tools that 
support network operation. The following phases include the instantiation to specific 
companies’ requirements of the reference model according to their business model in 
order to support them in the path to small series production of healthy products. The 
model will be evaluated and improved in the CoReNet project together with the 
industry partners and the customers. 
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Abstract. The Non Timber Forest Products (NTFP) value chains are viewed as 
an alternative for the forest conservation and for the improvement of life 
conditions of Traditional Communities. These products are part of different 
chemical, cosmetic, food and pharmaceutical industries, which are trying to 
improve the sustainability of their supply chains. For the improvement of inter-
organizational NTFP network in the Amazon region, an adapted value chain 
map was structured to map the Value Network and foster the strategic planning 
process. The mapping tool brought the whole scenario view for planning 
process, helping to integrate knowledge, values and perspectives, resulting in a 
common view for the NTFP Value Network future. 

Keywords: Value Chain Mapping, Inter-organizational Network, Collaborative 
Network, Value Network Mapping, Non Timber Forest Products, Rural and 
Forest SMEs. 

1   Introduction 

The market demand for organic products and for social-environmental safe products 
is increasing worldwide and companies are no longer ignoring these issues [1]. To 
deliver the quality demanded for those products the companies must take deeply care 
of their value chain, with a good traceability process implemented and, in some cases, 
to work closely with suppliers. That is especially relevant in the Non Timber Forest 
Products (NTFP) scenario. 

In Brazil, mainly in the Amazon Forest, the NTFP are usually not domesticated 
species, collected directly from the forest by Traditional Population/Communities1 
(Indigenous, Riverside, Maroons) [3]. The harvesting of these products demands a 
huge effort from the population, being made in a rudimentary/low technology mean 
and commercialized to different levels of middlemen [4]. Due to the dispersion in the 
                                                           
1 According to the Brazilian government law for Traditional Population / Community, 

Traditional Population are: culturally diverse groups that are recognized as such, with their 
own forms of social organization, which occupy and use lands and natural resources as a 
condition to its cultural, social, religious, ancestral and economic, knowledge, innovations 
and practices, generated and transmitted by tradition [2]. 
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Amazon territory, the seasonality, the infrastructure issues and low volume of 
production it is difficult for companies to have only one supplier, requiring a network 
of suppliers. This process requires a great coordination effort from companies that 
usually prefer to purchase their forest raw material from middlemen. 

After the ECO 92 conference the attentions for the NTFP value chains and for the 
Traditional Communities start to grow, increasing the government investments in the 
creation of new sustainable use protected areas, increasing, also, the number of Non 
Governmental Organizations (NGO), international agencies and government 
environmental institutions [5]. That has promoted a strong socio-environmental 
network, with many inter-dependent institutions, generally with a low coordination 
level in different regions. Usually these institutions participate directly or indirectly in 
the promotion of NTFP value chains, but with low contact with market reality, 
technology, and enterprises demand. 

The Brazilian Amazon Forest is a traditional source of raw materials for food, 
cosmetics and pharmaceutical enterprises, which have usually two possibilities: i) buy 
NTFP from the “exploiting” supply chain [4, 6]; or, ii) promote specific agreements 
and partnerships with Traditional Communities [6, 7]. The agreement between The 
Body Shop Company and Kayapó Indigenous Communities in Brazilian Pará State, 
for purchasing Brazilian Nut Oil, is an example of a dyadic relationship between a 
cosmetic enterprise and a Traditional Community [6, 7]. The agreement was 
continuously supported by The Body Shop and FUNAI (the Brazilian government 
indigenous agency), but it did not work properly for a number of not well considered 
factors, specially: i) the Kaypó traditional way of life (social organization, subsistence 
agriculture, volumes, forest multiple use) and, ii) the involvement of important 
regional institutions, that could have provided support, added value and transparency 
to the partnership. To escape from those simple dyadic “business” relationships the 
companies, institutions and Traditional Communities must start to see the Product 
Value Chain as a Product Value Network, which sees more than just the chain 
relations but specially add value through the horizontal network perspective. 

The value added in the product network may appear to the market in terms of a 
better communication between the chain “direct/productive” actors (Traditional 
Communities, traders, enterprises),  and the “indirect” actors (government agencies, 
NGOs, sponsors), increasing knowledge, trust, trade transparency, quality, traceability 
for the whole network and consumers. 

The organization and visualization of the Value Network data for a regional NTFP 
strategic planning process - involving different actors (some analphabets) - is a 
complex and challenge activity. The paper brings the adaptation made in two value 
chain mapping process to structure a Value Network Map (VNM), and a case 
description of a NTFP Value Network strategic planning process at Altamira region in 
the Brazilian Amazon.  

This specific tool provides a simple graphical display of the vertical network 
(between the value chain links), also presenting information about the horizontal 
network (Traditional Communities networks and support institutions networks). A 
scenario analysis combining the mapping tool with network and planning methods 
were used for the strategic planning process. The methods used, its adaptation for the 
local reality, the process and the results obtained are described. 
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This paper is organized as follows: section 2 presents a review of Value Stream 
Mapping, Value Links and describes the adaptation in the methods to satisfy the 
Network demand; section 3 presents and discuss the application of the tool for a 
specific Network Strategic Plan in the Amazon region; section 4 conclude this  
work. 

2   Value Chain Mapping and Analysis 

Different processes mapping tools can be used for mapping the value chain of a 
product. The Value Stream Mapping (VSM) was developed and is being used for 
improvement of internal and external streams or chains of industries (mainly auto-
parts) [8, 9]. Its visual characteristics were designed to be easily understandable for 
the whole company, from the shop floor employees to the company CEOs. This 
specific aspect of the VSM is particularly appropriated to NTFP chains context that 
involves: Traditional Communities (high illiteracy rate), social institutions, 
government and enterprises.  

Because of the original use, oriented for manufacture enterprises, the VSM is able 
to well organize productive, logistics, market and production methods data and 
indicators [8, 9]. This tool competence provides a well structured mean to organize 
and see the chain in detail, with different information and comparing one process or 
chain operator with the others. The VSM is oriented for the improvement of selected 
product chains, not being able to provide the visualization of the Network as a whole 
(value chain operators, stakeholders and support actors).  

This Stakeholders complementation is better organized in the ValueLinks Mapping 
(VLM) tool, developed by GTZ (German Agency for Technical Cooperation) to 
promote specific micro and small-sized enterprises, small farmers, agribusiness, 
handicraft or manufacturing sub-sectors by promoting the value chains they are 
operating in [10]. But, nevertheless, the methodology focus continues in the analysis 
of a specific chain. 

The ValueLinks method is oriented to promote diverse kinds of rural value chains, 
considering the Micro level (the value chain operators and the operational service 
providers) and the Meso level (includes all chain-specific actors providing regular 
support services or representing the common interest of the value chain actors) [10]. 
The analysis is grouped in three main tasks, being the mapping of the value chain the 
most essential one: i) Value chain mapping; ii) Quantifying and describing value 
chains in detail; iii) Economic analysis of value chains and benchmarking. 

The organization and visualization of the VLM is done mainly by boxes structures, 
linked by arrows and oriented by the value chain processes. The graphical standard is 
basically the same for the different operators, not providing a clear picture for 
logistics issues and the processes itself. The Meso level visualization of the VLM 
(inferior part of the map - Fig. 1) and the participative methodology brings a good 
complementation to the VSM.  

An integration of both methods (Fig. 1) allows a good graphic quality of the chain, 
with easy understandability, a participative analysis of the process and the 
visualization of the stakeholders. This integration can be strengthened with the vision 
of the inter-organizational network as a whole, which reinforce the necessity of a 
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perspective change: from a value chain to a value network, defined as a set of 
relatively autonomous units, managed independently, operating together in a 
framework of common principles and service level agreements [11, 12], including the 
chain operators, the support institutions and stakeholders.  

 

Fig. 1. Brazilian Nuts Value Network Map 
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For the Amazon NTFP, the perspective change from value chain to value network 
is a gain of quality in action, due to different regional bottlenecks, like: the disperse 
and informal network of Traditional Communities; the lack of communication forms 
in the region; the bad logistics infrastructure; the “preference” for “exploratory” 
commercialization chains to reduce purchasing costs; and, the lack of coordination 
between governmental agencies, enterprises and NGOs. 

Other tools should be used concomitantly to support the VNM, the planning 
process and the common future statement, specially: market, logistics, infrastructure 
and statistics data, Wenn diagram, SWOT analysis, World Café and Appreciative 
Inquiry. The last two methods are centered in the persons (experiences and 
perspectives), searching individual and common group goals/visions for cooperation 
in the specific work environment (enterprise, network, etc.).  

3   NTFP Collaborative Network Strategic Planning 

The Altamira municipality is located in the Pará state, inside the Brazilian Amazon. 
Most of the region is surrounded by protected areas, created mainly in the last decade 
(2000 – 2010) to protect the forest and the Traditional Communities of the region 
(mainly riverside communities and indigenous communities) as a result of different 
inter-organizational work. The use of these areas are restricted, some of which are full 
protected areas (only scientific research is allowed) and some are intended for living 
and for sustainable use. That directs the regional potential for forest entrepreneurship, 
specifically NTFPs for the Traditional Communities. 

There are different kinds and levels of networks in the region, structuring, sharing 
knowledge and labor force in different scenarios. Inside the sustainable use protected 
areas the social organization are structured in familiar and social networks, that 
change knowledge about the best practices of managing the forest, change work force 
for the bottlenecks activities and provides assistance for emergency issues. These 
networks are connected to a formal organization that represents the protected area 
population. Usually these formal organizational standards do not represent the 
population organizational forms, which complicate its management. 

The regional institutions, including the Traditional Communities ones, are 
organized in an informal network, to dialog, plan and act in a more coordinated way. 
This network was formed in 2008 to organize the diverse organizations in the regions 
to face the social, environmental and economics regional challenges. The network has 
specific cliques or sub-networks of institutions that are focused in their specific goals, 
being the NTFPs clique an important part of it.  

The Wenn Diagram in Fig. 2 illustrates the organizational scenario of the region 
regarding the NTFPs. The proximity to the center illustrates the activeness and 
importance of the player, classifying actors as: i) with Veto power (V); ii) first, 
second and third layer player; and, iii) Enterprise, Government and NGO player. The 
lines qualifies the kind of relationship between the actors: i) continuous line - stable 
relationship; ii) dashed line - weak relationship; iii) double line - strong relationship; 
iv) lightning – conflict; and, v) continues line with stroke - relationship stopped. 
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Fig. 2. Wenn Diagram for NTFP in the studied region 

 

Fig. 3. Planning process and results 

This NTFP clique is improving the network organization, promoting a strategic 
planning process to guide the clique actions and influencing the regional political 
scenario. The process were structured in four planning phases, mainly focused in: i) 
knowledge sharing and structuring; ii) scenario and SWOT analysis and common 
values, principles and goals statement; iii) information and documentation structuring; 
and iv) detailed planning (Fig. 3). 

The whole strategic plan process was oriented by the Value Network Map 
structured as showed in section 2 of this paper. The map promoted a better 
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understanding of the whole network (vertical and horizontal actors), facilitating the 
dialog between Traditional Communities, supporting institutions and partner 
enterprises. The production, logistics and commercialization data (gathered in the first 
phase) was structured in the map and additional support worksheets and maps was 
prepared. The tool brings a better understanding of the current scenario of NTFPs in 
the region, helping to answer some questions about cooperation and improvement of 
value networks: how are the relationships between the actors of the chain (producers, 
middlemen, local retailers, industrial partner)? What public polices could be accessed 
and what is missing for that happens? What are the fair prices for NTFP in different 
situations? How does the commercialization processes works for the communities and 
for the industrial partners? What arrangements should be done for improvements? 
How to improve the Traditional Communities networks exchanges (knowledge, 
process standards, processing tools and equipments)? What strategy should be 
followed to add value to the NTFP and when (outsource production? attract 
companies to the region? organize business partnerships? Etc.)? 

The SWOT analysis was developed just after the map construction and 
explanation, resulting in different evaluations of the current scenario. A scenario 
analysis using the Value Network Map and the SWOT results was performed 
thereafter, revealing the cooperation necessity within the different actors, resulting in 
different collective actions such as: common data base of materials; common plan for 
NTFPs; land regularization processes; institutions technicians join training process; 
NTFPs quality processes standards; regional socio-environmental quality label for 
NTFPs; public policies for production and commercialization shared actions; and, 
mapping of the existing Traditional Communities networks and relationships. 

An important result and input for the process was the creation of common values, 
principles and goals for the network clique. This perspective arrives to solve dialog 
issues between the actors, which were too much focused in their own institutions 
goals, creating barriers for the planning processes. The common values were 
important to align the perspectives of the participants/organizations and foster 
productive and shared dialogs.  

Aiming the improvement of the relationships and the commitment with the plan, the 
final workshop was structured with the combination of two common future statement 
methodologies: Appreciative Inquiry and World Café. These methodologies improved the 
understanding of the proposals, reinforced the common goals, values and principles of the 
clique and fostered the individual commitment with the collective plan. The final workshop 
reviewed the decisions taken in the scenario analysis, prioritized the actions, and 
determined the responsible parties, resources and deadlines. 

4   Conclusion 

The combination of the VSM and ValueLinks tools to map the Value Network 
provided good results for the NTFPs planning process, providing in terms of 
representation: a structured data organization, especially for the chain operators in the 
dialog box; a better understanding of the connection and ties between the chain 
operators; the position of the stakeholders (support, credits, technical and regulatory 
institutions in the chain). Concerning the planning  process the tool provided: 
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knowledge exchange; the whole network understanding; a better analysis of the 
current and future scenarios; commitment; and, a clearer definition of bottlenecks, 
roles, common goals, collective actions and future vision. 

The improvement/adaptation of the mapping tool, a reorganization of the process 
and the utilization of complementary planning tools are recommended, according to 
the inter-organizational network context. For the specific case of NTFPs it is strongly 
recommended to adopt a Value Chain and/or Value Network Mapping Tool to 
organize the vertical and horizontal cooperation data, allowing actors to see the whole 
instead of their limited organizational scope. 

Future research may be conducted especially concerning: i) Full Development/ 
Improvement of the Value Network Mapping Tool and detailed framework; ii) 
research over inter-organizational collaborative meetings methodologies for common 
future statement, like World Café and Appreciative Inquiry; and,  iii) research over 
network planning frameworks. 
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Abstract. A new conceptual design for service procurement networks may 
surpass existing limitations and bottlenecks. Thereby efficiency can be 
improved and transaction costs be reduced. To overcome existing limitations a 
design approach is presented that supports enterprise application integration 
based on master data and company-wide business process integration. Master 
data is harmonized with standardized data types and service-oriented 
architectures (SOA). eBuS-XML is introduced, in the proposed solution it 
serves as service-specific XML-based library for transaction data types, storage 
and integration of service e-procurement order processing.  

Keywords: Collaborative Procurement Networks, Service Procurement, B2B 
Integration, Service-Oriented Architecture (SOA), eBuS-XML. 

1   Introduction 

Service e-procurement is an important subject in the field of e-business. Service 
suppliers and service supplicants cooperate in collaborative networks [1] [2] as part of 
service supply chains. In service supply chains, the major characteristics of services – 
intangibility, interaction and individuality - have most influence on service e-
procurement practice. E-business solutions and standards today merely reflect specific 
elements and variables of services. Despite of recent advancements and innovations in 
ICT, electronic service procurement solutions are often lacking efficiency. Typical 
observations are [3]:  

i) service procurement processes are not fully integrated in current IT systems 
ii) electronic data exchange is only supported partially and  
iii) integration solutions are often not adequately aligned with peculiarities of 

service processes and logic being tailored primarily to the needs of material 
procurement.  

Consequently, collaborative service processes suffer from various media breaks and 
are thus source of increasing costs, occurring failures and manual error handling. 
Service procurement is a niche market of specialized IT vendors offering 
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individualized, highly specialized IT tools supporting service-related business logic 
and transactions [4]. In this paper, we conceptualize the design and flexible solutions 
based on flexible service-oriented architectures.  

2   Service Procurement and Collaborative Networks 

Service procurement processes are still a source of high costs to companies due to its 
perceived complex and heterogeneous purchasing processes. Service procurement 
networks consist of service consumers, service producers and intermediate parties. 
Service producers (contractors) are mostly small and medium-sized companies. 
Service consumers (ordering party) are bigger companies while intermediate parties 
are supporting medium-sized companies for service consumers and producers. 
Standards are seen as “[…] valuable basis for networking within individual industry 
sectors” [5]. A companies’ value is more and more determined through its ecosystem 
and ability to interact with business partners on the basis of electronic services or 
machine-to-machine transactions [5]. Companies trading with each other use often 
similar software, or vendors determine formats and often industry sector standards. 
Service procurement requires specific collaborative services which are not adequately 
supported by IT applications and electronic services yet. Large companies typically 
support up to now service-related business processes through individually customized 
web-based information systems [6]. 

2.1   Collaborative Business Processes 

Collaborative business processes have a major influence on the conceptual design of 
service e-procurement.  

Service procurement processes seem to have the same phases as material 
processes. But a major difference of service procurement processes is in process  
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Fig. 1. Interaction Cycles of Service Procurement 
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phases offer and measurement, which are characterized by a differing logic through 
more interactions between actors that result in process cycles [3] (see fig. 1). Process 
cycles derive from the interaction of service consumers and service producers during 
the offer phase: both actors have to agree on the specification of the service provision. 
In the measurement phase, the service consumer and the service producer negotiate 
the bill of quantities for the accounting. The degree of business process integration 
influences significantly effectiveness and efficiency of service-related procurement 
transactions. The effective integration of company-wide business processes along the 
service value chain is still immature. This motivates the development of a flexible 
enterprise application integration solution. Large enterprises have started to 
standardize collaborative business processes with their suppliers, often using 
purchasing platforms (Supplier Self Services) which are highly integrated in their 
ERP systems [5]. 

3   Solution and Evaluation Approach 

In order to surpass the described problems and challenges for service e-procurement, 
service procurement networks were evaluated by looking at a set of real life use cases 
(18 in total). Internal and company-wide processes were analyzed with regard to 
document and data flow, as well as used IT-systems. For the conceptual design of 
electronic services for service procurement networks, two essential elements were 
identified: (1) service business processes (supporting required interaction phases) and 
(2) flexible IT systems. The designed solutions support service-oriented transactions 
through standardized interfaces, data integration and harmonized service master data. 
Master data is seen to “[…] bring a strong competitive advantage” [5]. The analyzed 
use case scenarios represent typical sector-specific value chain constellations from the 
area of industrial maintenance services and are related to facility management, 
industry waste disposal, asset management, cleaning and renewable energies 
(photovoltaic plants). For analysis of the selection of use cases a systematic approach 
was applied (see fig. 2).  

  

Fig. 2. Systematic Analysis Approach 
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A detailed analysis of the business processes starts with reference process modeling 
(1) in order to realize mayor differences and discrepancies of process instances of 
selected use cases. The reference process model was presented in [4]. The reference 
process model defines typical collaborative interfaces between contractors and 
ordering parties. In a detailed analysis of use cases (2), the business processes are 
analyzed, media breaks are marked and scrutinized, redundant activities like repeated 
manual input of business data in company’s IT-system. An analysis of documents (3) 
aims at better understanding of information flows in the service network. Existing 
interfaces (4) connecting the various IT-systems were looked at and data flows were 
analyzed in depth. Internal and company-wide processes were assessed to measure 
processing time of transactions and processes, total cycle time for processing service 
orders and required amount of man-hours and days (5). Finally, the results of analysis 
of realized measurement leads to re-engineering of value or business processes (6) 
which need to be accompanied by an appropriate change management to achieve 
required sustainability (7). As a major result yielding from our analysis, a tool box 
was developed including universal e-business formats and features to be considered 
and implemented by service procurement systems. The following elements are 
contained in the tool box: reference modeling of service-related procurement 
processes, standardized e-business interfaces and transaction formats [3], service 
classification system [4] and universal service master data (data types in typical 
transactions) in electronic document exchange and data flow. In the remainder, the 
support of business process by EAI and SOA are in focus.  

4   Support of Company-Wide Business Processes by EAI and SOA 

Service-oriented Computing (SoC) is emerging as a promising paradigm for enabling 
flexible interconnection of autonomously developed and operated components within 
and across organizational boundaries [7]. SoC is a distributed application integration 
paradigm in which the functionality of existing components is described in a 
declarative way, new applications can be built by reuse of given functionality. The 
latter does allow an improved support of changed business processes. Main associated 
enabling technologies are currently the so called WS-technologies such as SOAP, 
WSDL, WS-Security and WS-BPEL. These technologies enable declarative service 
descriptions, publication of these descriptions, description-based service discovery 
and service reuse. Integration of services can foster the execution of distributed 
business processes and enhanced business-to-business integration. Major business-to-
business integration types are point-to-point integration, process based integration 
and mature B2B integration. Process based integration support process management 
functionality by use of management systems to broke message exchange. The mature 
B2B integration provides connectivity to trading partner networks, examples are 
RosettaNet [8], EDI [9] or ebXML [10]. Collaborative networks of services suppliers 
and services consumers lack the support of flexible company–wide business processes 
for the planning, specification and the e-procurement of services. A service-
specification support for the company’s application integration and service-
specification support of business processes is not support by today’s solutions 
Especially the specification of interaction cycles (see fig. 2) is not supported. 
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4.1   Service Master Data Management 

In procurement networks, a high flexibility in terms of business processes and 
changing market conditions are decisive for successful trading. IT-Solutions strive 
concurrently for advanced flexibility and a high level of integration to reduce 
transaction costs. The service oriented paradigm (SOA) fulfills both criteria. The 
loosely coupling replaces complex interfaces of individual technologies. Web services 
offer business functions of applications and hide system specific specifications. SOA 
defines network-based applications by describing their offered functions with WSDL 
and using XML for the exchange of XML documents. To enable harmonized 
document exchange and data flow, the description and specification of industrial 
services and transaction types need standardization. eBuS-XML was developed, an 
XML-based format facilitating standardized transaction data to overcome ambiguous 
semantics and heterogeneous data type definitions.  

Table 1. Requirements for implementing Electronic Procurement Solutions, Business Process 
Integration and Standardization 

Requirements Description a b c d e f 
modularity modularity of service position 

definitions 
x     x 

hierarchy support hierarchy of service positions x   x  x 
linking linking of service positions  x  x  x 
hybrid structure linkage between service positions 

and material 
     x 

order sequence free order sequence of service 
positions 

   x  x 

classification classification of material and 
services 

 x x   x 

position types service position and material 
position 

 x x   x 

contracting contract references x     x 
service identifiers service identifier concept for 

different roles 
(x)     x 

external factor description and specification of 
external factor 

     x 

document types specific document types for 
document exchange 

(x) (x)  (x)  x 

electronic product 
catalogue 

service positions specification in 
electronic product catalogues 

  x   x 

service specifications service specification format support x     x 
interfaces definition of interfaces between 

procurement systems 
     x 

message types and 
interfaces 

binding of flexible architectures      x 

 
eBuS-XML can be understood as an XML-based library of service transaction 

specific data types for the definition and description of order processing elements 
especially data transactions, service description and data and application integration. 
Data transaction elements are transaction documents, service description elements are 
definitions of service specifications. Electronic catalogues and enterprise application 
integration is supported through WSDL-based interfaces and message types. 
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eBuStrans defines the specific document types for the document exchange between 
business partners in the ecosystem. Service specifications contain all data required for 
describing and specifying service positions. The service specification data format 
enables interoperable and portable service specifications. eBuScat specifies data 
structures in conformity with existing standards such as BMEcat [11]. eBuSWSDL 
specifies interfaces and message types for a service-oriented interaction and 
integration of software packages and IT systems. The format allows and supports 
interactions of various business scenarios. New product-based services can be offered 
through third party service suppliers such as condition monitoring, preventive 
maintenance, spare parts management, etc. based on frame contracts and standardized 
service catalogues [5]. We analyzed existing standards like GAEB 90, 2000 and 
GAEB DA XML (a) [12], openTRANS (b) [13], BMEcat (c) [11], (d) UBL [14], 
ebXML (e) [9]. eBuS-XML (f) tends to overcome existing gaps and weaknesses. In 
table 1, requirements are defined for relevant data exchange in the context of 
industrial services. Differences of underlying business data and exchange standards 
were analyzed for electronic procurement solutions like e-catalogue standards and 
transaction standards. Based on our defined requirements, eBuS-XML defines all data 
types to fulfill derived requirements. eBuS-XML focuses on two parts of business 
communication: harmonized data exchange of service procurement data for 
transactions and integration of application systems.  

5   Flexible Integration of Supplier and Customers in Collaborative 
Added Value Networks 

For a flexible integration of suppliers and customers, different integration scenarios 
can be applied. In a buy side solution scenario, the ordering party provides a portal 
solution for the interaction and communication for the order processing. Contractors 
are enabled for login and interact with the ordering party by submitting order 
processing data and business documents. In most cases, after submitting data, the 
contractor receives a pdf-document as confirmation. Business processes are 
characterized by repetitive manual data input into respective IT systems. Electronic 
market places can be seen as further alternative solution scenario, these are often 
implemented by portal solutions that offer capabilities for distributive trading. In 
contrast to buy side solution scenarios, contractors offer their services with sell side 
solution systems. Based on a buy side solution we developed a service oriented 
approach to support and improve the integration and interaction with contractors. 
Based on our reference process model [3], five different services were identified. Four 
services are directly derived from the reference process and cover different process 
phases (see table 2). eBuSWSDL is presented as a defined part of the data type library 
of eBuS-XML and is partially covered by eBuStrans. It also inherits from 
eBuScommontypes. eBuSWSDL defines message types based on the transaction-
oriented document types. The eBuS-XML library is shown in figure 4.  

In a next step, WSDL specifications for Web Services and the exchange of 
message types have been defined. Service interfaces and message types are described. 
Interfaces define portTypes, binding, ports and services. Message types are based on 
our service specific XML library eBuS-XML. 
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Table 2. Web Service types for supporting the Reference Process Model  

Web Service  Reference Process Phase Description 
Service Specification Specification of services 

Requisition definition 
Configuration and specification of 
services and aggregated services 

Request for Quotation Offer request 
Offer creation 
Offer comparison 
Offer negotiation 

The specification is used for an 
offer request and creation of an 
offer. Offers can be compared and 
negotiated between parties. 

Purchase Order Order creation 
Order confirmation 
Order Measurement 
Order acceptance 

Orders can be created and 
confirmed. Measurement data can 
be defined, created and accepted. 

Invoicing Invoice and debit note 
creation 
Payment confirmation 

Invoice or debit note can be 
defined and exchanged. Payment 
to be confirmed. 

Information Supporting all phases Defines additional service 
operations for continuous and 
complete data exchange 

eBuScommontypes

eBuSxchange eBuStrans

eBuSWSDL

<<import>> <<import>>

<<import>>
<<import>>

eBuS-XML

 

Fig. 3. eBuS-XML library 

6   Conclusion and Outlook 

In this paper, we presented a systematic approach for service procurement in 
collaborative service procurement networks. In total we analyzed 18 use cases which 
allowed us to validate the achieved results. Conceptual design for service e-
procurement networks with two essential elements could be developed: service 
business processes and flexible IT systems which adequately support service-oriented 
transactions through standardized interfaces, data integration and harmonized service 
master data. A flexible web service architecture designed on basis of specific service 
business documents for message exchange was proposed. The integration of business 
processes and master data results in increased efficiency and effectiveness of service-
related transactions such as order processing. Derived new features of enterprise 
application solutions fitting requirements of service procurement networks were 
introduced. We presented XML-based data types called eBuS-XML aiming at 
standardization of service-related business transactions as well as flows of data and 
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documents. Furthermore, sell side scenario was presented and validated. The paper 
introduced eBuSWSDL and described WSDL document types and services. Next steps 
will foresee evaluating the different integration scenarios in real life procurement 
networks. Yielded results from our research need further validation and will be 
implemented in pilot applications. Several industry partners indicated their interest to 
evaluate and validate proposed solution approach and data format based on real life 
uses cases. 
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Abstract. The development and support of highly customized and service-
enhanced products requires new organizational structures, involving the 
manufacturers, customers and local suppliers in a process of co-creation. This 
requires the implementation of the glocal enterprise notion with value creation 
from global networked operations and involving global supply chain 
management, product-service linkage, and management of distributed 
manufacturing units. An approach based on cloud-computing and advanced 
collaboration spaces is proposed for such contexts. As application scenario the 
manufacturing and life cycle support of solar parks is considered. 

Keywords: Collaborative networks, Service-enhanced products, Collaborative 
Ecosystems, Cloud computing. 

1   Introduction 

There is a growing trend in manufacturing to move towards highly customized 
products, ultimately one-of-a-kind, which is reflected in the term mass customization. 
In fact, mass customization refers to a customer co-design process of products and 
services which meet the needs/choices of each individual customer with regard to the 
variety of different product features [2], [4]. Important challenges in such 
manufacturing contexts can be elicited from the requirements of complex technical 
infrastructures, like security infrastructures, alternative energy, or illumination 
systems in large public buildings or urban equipments, but also in more traditional 
complex products such as customized kitchens:  

 These products typically require a variety of competencies and resources, hardly 
available in a single enterprise, which calls for collaboration among several 
companies and individuals. 

 In many cases operations are performed within a fixed solution space, 
characterized by stable but still flexible and responsive processes, which can 
highly benefit from ICT support. As a result, the costs associated with 
customization allow for a price level that does not imply a switch in an upper 
market segment. 
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 A complex multi-supplier product with a high degree of customization would 
benefit from associated services (e.g. maintenance support, assistance wizard, 
etc.) leading to the notion of service-enhanced products, which are more difficult 
to plan and arrange than with standardized mass products. 

 Customization demands that the recipients of the customized goods transfer their 
specific needs and desires into a concrete product specification. This calls for 
customers’ integration into the value creation process to detailed defining, 
configuring, matching, and/or modifying an individual solution. Different from a 
do-it-yourself setting this is done in close interaction between the manufacturers 
and the customer, who will contribute to co-creating the product/service with the 
manufacturer (or provider) responsible for providing the customized solution. 

From a strategic management perspective, mass customization is a differentiated 
strategy. Customers gain from the customization of the increment of utility and 
variation of a good that better fits to their needs than the best standard product 
attainable. The larger the heterogeneity of all customers' preferences, the larger is this 
gain in utility and variation. From a managerial point of view, customization can be 
carried out with regard to fit, style, functionality, etc. Matching the level of 
customization offered by a manufacturer with the customers' needs becomes a major 
success factor. Providing European SMEs with adequate ICT support environments 
for mass customization therefore gives them a leading edge over other competitors 
from others regions that are more competitive in mass production of standardized 
products.  

Overcoming the economic crisis requires companies to focus on exporting, 
namely to act in emerging markets such as the BRIC (Brazil, Russia, India, China), 
which is difficult for SMEs to compete in, if working alone. In this context, many 
enterprises are struggling to survive in the currently turbulent markets, whilst some 
become leaders in gaining new markets and effectiveness by targeting their future in 
terms of new products and services, or some other emerging technologies, having 
their focus already on technical innovation and strong customer-orientation. When 
focusing on customizable complex products, a domain where European companies 
might have an opportunity, it is important to be aware of the socio-economic, 
traditional, cultural, and perhaps even religious context surrounding the customer. A 
collaborative network involving not only a network of European manufacturers, but 
also the customer and some local suppliers is thus beneficial and necessary. Since the 
main customers of complex products and technical infrastructures are public entities, 
it is even frequently the case that the collaboration with local suppliers is a contractual 
requirement.  

This paper introduces the base concepts and preliminary results of the GloNet 
project which aims the development of the required support platforms interlinked with 
the development of adequate organizational and governance models to facilitate the 
rapid formation and effective operation of the described partnerships. 

2   A Motivating Case 

The industry-driving use case in GloNet is in the Solar Park construction sector. The 
norm of operation in this industry is that of one-of-a-kind production and delivery of 
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products (e.g. infrastructure, photovoltaic panels, and control systems). The results 
(products and services) are typically delivered through complementary competences 
sharing between different project participants. Such operational modes naturally have 
implications on the way the Product Lifecycle Management (PLM) is organized 
between the participating organizations. 

As energy costs continue to rise, businesses need smarter energy management 
strategies. Advances in control technology give the benefits of energy management 
and control systems in a single, sustainable, and flexible networked infrastructure. 
During a product development process, it is essential to identify the critical 
components, critical suppliers and also the proportion of commodities to be 
outsourced to each supplier, thereby deciding on the structure of a virtual enterprise of 
involved companies. 

The Infranet Partners is a network of SMEs specializing in the control technology 
solutions based on production and provision of advanced control technologies. This 
network was established in 1999 with 4 founding members and today there are some 
20 partners in this network. In photovoltaic solutions around the world, products from 
the Infranet Partners are used to monitor and control solar park units and their related 
processes.  

Solar parks include a number of subsystems — security, lighting, elevators, 
power, safety, and HVAC (Heating, Ventilating, and Air Conditioning) — that are 
crucial to a well-run system. But most of them operate separately or, at best, are 
connected through a series of costly, hard-to-maintain gateways to a single human-
machine interface. The Infranet Partners invested on the concept of open control 
systems, where manufacturers follow independently maintained interoperability 
guidelines that create a single, unified automation system. Embedded technology and 
infrastructure products are at the heart of these open systems. 

Aiming at a new generation of systems, integrating remote support services, and in 
order to better serve customers, the Infranet Partners aim to improve their current 
operation as a collaborative network, through: 

 Creating a comprehensive pool of Technology and Application resources. 
 Serving the customers as a single organization, offering locally adapted solutions 

from this shared pool. 
 Answer the demand for holistic user-centered solutions (customers demand 

„complete‟ solutions out of one hand).  
 Focusing on core competencies of each partner in the virtual enterprise: 

delegating the process of value generation into the supply chain. 
 Combining their products range under the Infranet Partners brand and providing 

services associated to the products along their life cycle. 
 Providing a comprehensive product range and support backed by frequent cross 

training. 
 Sharing technical support and knowledge of different markets to provide 

solutions for customers. 
 Sharing marketing information using an advanced dynamic groupware 

marketing tool to enable them to act faster to meet customer requirements. 
 Reaching a smooth collaboration environment involving customers and local 

suppliers in their target market locations (e.g. India). 
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Example services associated to the product life cycle include: 

- Remote monitoring and diagnosis 
- Remote supervision 
- Predictive maintenance 
- Product usage: training, assistance, interaction. 

Market drivers in complex industrial infrastructures like solar plants come with 
increased usage of controlling software and electronics as a distinguishing feature, 
coupled with changes in manufacturing such as globalization, increased competition, 
higher safety needs and faster serviceability. This has led to challenging new 
requirements for content-rich and price-competitive products. In this domain, the 
latest product developments incorporate new intelligent features with increasing 
complexity and the use of services, electronics and software as differentiators in the 
marketplace. These features require added manufacturing know-how along the value 
chain to drive the next level of operational efficiency and performance. The 
development of these complex interlaced systems over the entire product lifecycle 
represents an increasing challenge for all manufacturers and their suppliers.  

As such, the following are some challenges faced by the manufacturers within the 
planned GloNet Virtual Enterprise: 

 Mechanical, construction, electrical, and software product development have 
traditionally grown up as separate silos of expertise and technology that need to be 
brought together early in the development lifecycle of the product. Furthermore 
clients of such one-of-a-kind production industry demand user-centred customised 
products and services that a single organisation may not be able to deliver. GloNet 
is developing a platform, tools and governance principles to support effective 
creation and operation of the virtual enterprise and its interaction with the 
customer. 
 There is no single management system for capturing product data at network level. 

Mechanical, electrical, and software data are often handled in separate document 
management systems with no automated sharing of data between the systems or 
links between data. With GloNet, all relevant documents can be stored centrally 
and called upon via web-service APIs, providing a single source of all product-
related information along its life cycle. 
 There is no commercial system design environment currently available for this 

application field. At the moment home-grown systems are patched together, which 
are expensive to develop and maintain. GloNet allows for a suitable extension. 
 Due to the growing number of product variants and increasingly short lifecycles, 

costs for developing physical prototypes have become increasingly prohibitive, 
therefore the knowledge of the engineers have to distributed within projects, but 
limited to one project. GloNet provides role-based and differentiated 
authentication mechanisms to support this requirement. Furthermore, all requests 
are tracked.  
 The Infranet partners are realizing embedded software in an area of competitive 

differentiation and are investigating how to improve and streamline their software 
processes along the value chain. There are no commercially available systems for 
keeping the software version synchronized with the mechanical and electrical 
product data. GloNet allows for a suitable extension. 
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 Due to the increased electronic content and provision of value added services like 
services associated to the product (solar park) along its life cycle (i.e. service 
design, decentralised support, proactive maintenance). Managing the supply chain 
without the basic Virtual Enterprise and tying to deal with as-shipped product 
structure is a growing challenge. GloNet provides a collaborative solution.  

Within GloNet we envision a best practice in Virtual Enterprise management for 
complex industrial units like solar plants that will address these challenges. 

3   The Conceptual Approach 

GloNet adopts a cloud-based approach [5] for the development of such support 
environment so that its supporting services can dynamically upgrade without 
influencing the nodes and stakeholders in the environment. As such the environment 
stakeholders procure the use of upgraded services, which are always available through 
the cloud, rather than buying static products which typically need to be installed and 
maintained by the stakeholders on adequately supporting computing facilities. 
Specifically, over the cloud two virtual spaces are considered (Fig. 1): 

 Collaborative solution space – where manufacturers, local suppliers and 
customers meet to co-design the product (and associated services). 

 Service provision space – a “registry” of the products, along their life-cycle, 
where the customer can have access to the specific services associated to the 
customized product. 

Fig. 2 illustrates the key concepts involved in GloNet and main relationships among 
these concepts. 

Pool of 
European Manufacturers

Local 
supplier

Customer

Collaborative 
solution space

(co-creation playground)

Service provision 
space

(along PLM)

Cloud-based 
pool of resources

Deploy

Product
design

Product model
+ support services

Geo-region A

Geo-region B

 

Fig. 1. Virtual spaces in GloNet 
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Organizational structures. Taking into account the possibilities offered by emerging 
technologies for collaboration support, including adaptive business process and 
business services modelling, participative environments, and social software, GloNet 
envisions a dynamic business ecosystem where interconnections between players and 
their roles are dynamically adjusted to the business opportunities. Therefore the 
project considers: 
 

 Inter-play of long-term and short-term networks, i.e. Virtual enterprise Breeding 
Environments (VBE) and dynamic goal-oriented virtual enterprises (VE) [1]. 

 Interplay of manufacturers’ network with customers and local suppliers 
(implementing the glocal enterprise and co-creation notions).  

 Development phase network and PLM support network, in other words, a virtual 
enterprise might be organized for the product development and dissolve after the 
product is delivered, while another virtual enterprise, eventually sharing some 
members with the first one, might be organized to support the product along its 
life cycle. 

 

In order to properly design the organizational structures, GloNet is starting with 
matching needs (analysis of current practices) with state of the art and emerging 
organizational models as identified in the disciplines of collaborative networks and 
organizational ecology and also briefly pointed out in the FInES roadmap [6]. 

Particularly in what concerns the involvement of the customers (and local 
suppliers) in an open innovation process, GloNet goes beyond the traditional process 
in which customer inputs are collected at the end of the process. Through the 
proposed collaboration space, GloNet exploits the synergies created by the 
involvement of the customer and local suppliers in all phases of the product 
development and life cycle support. 
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Fig. 2. Main supporting concepts 
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Technological platform. Regarding the base platform the following main 
characteristics are planned: 
 

 Cloud-based infrastructure, based on open-source technologies, adopting 
relevant standards and based on OSGi. 

 Incremental pool of services, knowledge, and other resources (scalability 
characteristic). 

 Supporting the notion of extended product - combination of physical product 
with a set of linked support services (e.g. maintenance, remote diagnosis, remote 
user assistance, training, ...). A product model will become available in the 
Service Provision Space as a single entry point for product-related information 
and services along its life cycle. The product support virtual enterprise will 
naturally be linked to this product model. 

 Besides the cloud-based platform, the environment includes two main (virtual) 
spaces: (i) Collaborative solution space - where new products are developed / 
customized (co-creation/mass customization) through the interplay of the 
various stakeholders (product development virtual enterprise); (ii) Service 
provision space - where models of products and associated services are kept 
along the product life cycle, supported by the product support virtual enterprise. 

 
Governance models. Under this pillar the following main concepts and support 
functionalities are developed: 
 

 Competencies management and competencies gap analysis (business 
intelligence). 

 IPR & business models for co-created products. 
 VE creation & negotiation principles, including readiness assessment and value 

systems alignment analysis. 
 Performance monitoring and risk assessment, including aspects of “collaboration 

emotional health”. 
 Customer relationship management ("who owns the customer", brokerage 

services, etc.). 
 VE inheritance - transition from product development VE to PLM support VE. 

 
 

The chosen real industry pilot scenario, on the other hand, serves not only the 
demonstration and validation purposes, but also helps focusing on the requirements 
elicitation and system design and development. 

4   Cloud Based Platform 

GloNet base platform is based on the Cloud Development Stack model CAS OPEN 
[3], which is a standardized objective framework for cloud-offerings. CAS OPEN has 
a set of broad-based and deep capabilities that enable cost-effective development in 
the Cloud. The main objective that is addressed by the base GloNet architecture is the 
provision of a platform that allows for extensive customization and extensibility of 
SaaS for virtual enterprise functionalities offerings without compromising reliability 
and security. The architecture is intended not only to guide the software development 
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but also to provide a technology-independent model of the platform. A base 
framework is assumed, providing the basis for interoperability, incremental service 
addition, security, and privacy mechanisms.  

In order to increase the interoperability and consistency of engineering and 
manufacturing solutions with efficient collaboration approaches, the GloNet System 
will be built on top of an open service platform compliant with the OSGi framework.  

The system will 
consist of two major 
components: The Glo 
Net-Server, conceived 
as a central open cloud 
service infrastructure, 
consisting of basic 
functions and compo-
nents, which are 
responsible for the 
business logic, the 
virtualization of "on 
premise solutions" as 
well as for interlinking 
and aggregating infor-
mation sources of 
software services run-
ning on the platform. 
As a consequence of 
the SaaS customization 

scenario, development tools consist of two parts: (i) a backend, which is an integral part of 
the corresponding layer (data, logic, or presentation) and is available not only during the 
development of a solution, but also during runtime of a GloNet platform instance, (ii) a 
designer (design-time tool), which is used to create the configuration specifications that 
are accepted by the corresponding backend. Because a layer's behavior must be adaptable 
during runtime of a GloNet platform instance, the truly challenging part of the 
customization mechanism is actually the backend. Since almost all concepts and logic that 
are needed to support a SaaS customization are part of the backend, the latter will be the 
focus of the customization tools being developed in the course of the GloNet project.  

The ability to use Web services enables the developers of solutions and 
customizations to leverage already existing (and tested) solutions for particular 
highly-specialized tasks within their apps, instead of having to reinvent the wheel. For 
example, an app or app extension for collaborative contact management could invoke 
an external service to perform a check if a pre-product is available within the value 
chain. This will be also the approach for integration with legacy systems found within 
some tenant’s organization. An example would be to use a Web service to integrate a 
tenant’s legacy ERP system. Naturally external services are expected to come with a 
variety of programming interface design conventions (atomic invocations, complex 
protocol-based conversations, etc), and different implementation technologies 
(SOAP-based and REST-based). For reasons of completeness and flexibility, the 
GloNet platform must support the integration of apps with any type of external 

Fig. 3 - GloNet base platform architecture

            Fig. 3. GloNet base platform architecture
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service. On the other hand, for reasons of facilitating configuration-based integration 
of external services as an alternative (but not replacement) to programming-based 
integration, which should still be possible to do, the GloNet platform also needs to set 
some constraints on service design conventions and implementation technologies. 

The ubiquity of the cloud helps overcome the previous need to house all the 
members of the team under one roof. The cloud places communications and 
coordination within the affordable reach of every SME.  

5   Advanced Functionalities 

On top of the cloud-based platform a set of advanced functionalities are designed: 
 

Customized service-enhanced product specification. GloNet addresses ordering 
complex multi-supplier products which require high degree of customization, and 
tailoring to varied set of customer’s criteria. One of the aims is thus to facilitate 
detailed specification of such complex customized products, when also enhanced with 
their required business services, e.g. to support their maintenance, insurance, etc. To 
achieve this, the development of the following supporting tools and intelligent user-
based interfaces is going on: 

- Services for customers/local suppliers to iteratively specify product details - 
starting with the semi-open data platform of all sub-product alternatives, the 
system will facilitate the iterative process of achieving the exact specific final 
selection of required sub-products, agreed by the customer to be ordered. 

- Dynamically customizable set of business services enhancing the product - 
based on the customer profile established dynamically in the previous services, 
here we focus on the development of a recommendation tree for offering to 
customer all alternatives of enhancing services around the ordered product. An 
adaptive dialogue structure is also designed on top of the recommendation tree 
that uses service reputation for promoting the services to the customer.  

Consortia formation and operation support. These functionalities are intended to 
support the networked multi-stakeholder organizational structures involved in the 
service-enhanced product development and support. Thus they include the elaboration 
of models, development of support tools (services) and governance principles 
regarding: (i) Long-term base networks (manufacturers), (ii) Dynamic goal-oriented 
virtual enterprises (also involving the customer and local suppliers), (iii) Virtual 
enterprises for product life cycle support. Furthermore, process monitoring, risk 
forecasting, and management are also included. Thus the main services here include: 

- Services for management of long-term base network - to support the 
management of long-term alliances of manufacturers, which typically assume 
the form of a VBE (Virtual organizations breeding environment) with flexible 
boundaries (different levels of membership). Support services include partners’ 
profiling and competency management, competencies gap analysis, 
collaboration readiness assessment, value systems alignment assessment, trust 
management, incentives and assets management. 

- Services for dynamic consortia formation and order work plan - a collection of 
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software services for dynamic consortia formation and monitoring involvement 
of customers and local suppliers. 

- Services for consortium risk forecasting and management - concerned with 
identification and characterization of risks in a collaborative context as well as 
their forecasting, monitoring and launching of preventive / corrective actions. 
The relationships between risks and competencies and expectations are 
analyzed. Since emotional / affective aspects play a critical role in the levels of 
commitment and performance of network members, attention is also devoted to 
monitoring and promotion of the collaboration “health” at network level. 

6   Conclusions and Further Work 

In support of complex service-enhanced products along their life cycle, the approach 
followed in GloNet aims to: (i) develop a novel way to commonly represent/provide 
information and knowledge which needs to be shared/exchanged among different 
stakeholders in the collaborative environment as dynamic software services that may 
upgrade in time; (ii) generate user-customized interfaces which dynamically adjust to 
different stakeholders, supporting their access and visualization needs; (iii) provide 
these services through the cloud, to be available to anybody, at any time, from 
anywhere,  (iv) demonstrate how a broker in very close contact with the customer 
who gives an order, can iteratively retrieve all needed information to step by step 
design the customer order and finally presenting the solution that is accepted by the 
customer, (v) support the negotiation among all involved parties, (vi) generate a 
workflow from the accepted/negotiated solution, which will then be automatically 
monitored, while also available for monitoring by the involved stakeholders, during 
its execution, (vii) the automatic monitoring aims will forecast potential risks, and 
will suggest  prevention measures to the broker during the execution of the order. 

A preliminary system and exemplary services have been designed based on the 
needs identified in the context of solar plants. Next phases involve the field validation 
of the approach and tools as well as the assessment of their potential applicability to 
other contexts. 
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Abstract. To compete in globalized business environments, manufacturing 
firms, especially small and medium enterprises (SMEs), need to be 
collaborative with respect to their total product life cycle. In this research, a 
focus on complex products is proposed and a new approach to structure 
collaboration in design and operational activities is suggested. A complete 
framework and guidelines for collaborative product design, development and 
manufacturing is proposed with respect to two product development scenarios: 
Engineer-to-Order (ETO) and Customize-to-Order (CTO). The ETO scenario, 
which is project-based, and the CTO scenario, which is platform-based, are 
employed to respond to individualized and market driven production strategies 
respectively. The CTO scenario is developed using the platform-based product 
family concept, following a new approach that uses a product configurator and 
white boxes to assure sustainable customization. The research also explains 
how the transition from ETO to CTO can be implemented, aiming at improving 
the customization level and profitability of SMEs. The overall results, lessons 
learned and future research directions conclude the paper.  

Keywords: Business collaboration, product design and engineering, 
collaborative bill-of-materials (BOM), engineer-to-order (ETO), customize-to-
order (CTO). 

1   Introduction 

The business potential resulting from collaborative environments is receiving more 
attention from industrial organizations than ever before [1]. Today’s market 
competition is forcing companies, especially small and medium enterprises (SMEs), 
to be collaborative in order to differentiate their products and gain advantage over 
larger firms globally. The increasing level of product variety, shorter product life 
cycle, unpredictable demand levels, unprecedented number of features and user-
selected preferences are exerting extra pressure on SMEs. To cope with this situation, 
geographically scattered design teams are needed to work collaboratively on a virtual 
basis [2]. This collaboration can be enhanced by intra and inter-enterprise participants 
to work together from any geographic location.  
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Collaboration can start early in finding the immediate business opportunities and 
end up with taking advantage of those opportunities successfully. The business 
opportunities are ultimately the demand for specific products or product families 
which need to be designed and manufactured according to the customers’ 
specifications and required features. In a networked business environment, the 
partners collaborate in the early conceptual phase of product development, where the 
necessary design and engineering are done with the objective of manufacturing the 
target product. During the conceptual design phase, the business partners 
communicate with each other and iterate various design options before choosing the 
best one. The conceptual design phase is followed by the detailed design and 
engineering stages, where the required design features are reviewed in terms of 
capacity, lead-time and costs. 

The presented research defines the basic steps in developing both the ETO and 
CTO production scenarios in a collaborative business environment and also proposes 
a new approach to the customization of complex products based on transition strategy 
from ETO to CTO scenarios. In the ETO scenario, the customer suggests an 
idea/concept, time frame and budget, which are not just an updating of an existing 
solution but require specific functionalities. For complex products, the most 
challenging activity in this approach is to manage the long lead time. In ETO, detailed 
cost calculation and order specific engineering services are required.  

On the other hand, in a CTO scenario, the development of a platform-based 
product family (PBPF) creates the possibility to offer the customer a wide variety of 
products with competitive costs. In this scenario, the product platform concept and a 
detailed business plan are needed to allow the business partners to comfortably decide 
the investment in such project. This research work proposes a CTO strategy, 
including all the methodological aspects, to manage the life cycle for such a PBPF 
and makes clear the differences and evolution paths from ETO to CTO strategies.  

The rest of the paper is organized as follows: Section 2 presents a review of the 
existing literature on business collaboration with respect to product design and 
engineering, while Section 3 highlights the collaborative definition of BOM, which is 
necessary to structure the planning and control of operations. Section 4 and Section 5 
present the scope of business collaboration in ETO and CTO production scenarios 
respectively. The transition of business scenario from ETO to CTO according to 
market opportunity is illustrated in Section 6. The basic outcomes from this research 
are discussed and concluded with future research directions in Section 7.  

2   Literature Review 

The growing concern with customer-tailored products creates tremendous challenges 
for product manufacturers in terms of costing and profitability. To achieve the 
solution for such challenges, manufacturing firms are focused on the joint 
development of product and process strategies for specific market needs [3]. This 
business strategy allows the identifying of ways to reduce the development cost and 
time for target products through sharing knowledge and resources. Distributed design, 
engineering and manufacturing provide the expected value chain integration among 
business partners, which opens new opportunities for collaborative work 
improvement [4]. 
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Collaborative product development supports design innovation and increased 
productivity [5]. Moreover, design collaboration facilitates complicated interactions 
among multidisciplinary and globally distributed design teams through cooperation, 
coordination and communication [6]. Enhanced customization is enabled by business 
collaboration, where partners share their valuable knowledge and resources to be 
competitive in the market segment [7]. This strategic vision requires a distributed 
information network among partner organizations in order to facilitate up-to-date 
product and process architecture throughout the product’s lifecycle.    

In the complex product development process collaborative design and 
manufacturing also have influence over the customer order decoupling point, in the 
case of both ETO and CTO scenarios [8]. It provides practical benefit for achieving 
true customization through individualized product and/or offering product variants 
[9]. The demand for more personalized products forces manufacturing companies to 
evolve from an ETO to CTO production scenario to gain wider market segments. In 
order to be successful in collaboration for both ETO and CTO scenarios, the network 
partners need to ensure integration among engineering data management (EDM), 
product data management (PDM), product information management (PIM), technical 
document management (TDM), and technical information management (TIM) [10]. 

3 Collaborative Definition of BOM 

In collaborative product design, engineering and manufacturing in the network, the 
most critical aspect is to create a BOM of the target product. The development of the 
BOM can be started as soon as the conceptual design is done and can be expanded or 
updated according to further design improvement. Usually, in the early stages of a 
new product design and engineering, the network partners’ design teams create the 
first BOM, which is also known as product structure or engineering BOM.  

The detailed level of the final BOM is confirmed after securitizing the multiple 
BOMs created and iterated within the partner organizations. Along with the component 
hierarchy, the detailed BOM usually contains a component hierarchy along with the 
required interfacing and materials. This BOM helps to allocate essential tooling, and 
defines the manufacturing processes that include routing, scheduling, and resource 
planning. This ensures an identical view of the target product and process definition 
among the cross-functional design teams of the network partners. It also contributes to 
promoting true collaborative engineering in the early stages of design, and optimizing 
the work between design and manufacturing. 

The definition of the BOM is critical for all operations after the product design, 
including collaborative budgeting, operations planning and control. During the BOM 
definition, component suppliers can be searched for by browsing partners or giving 
search criteria and comparing with potential partners. In such an environment, the 
collaborative partners might develop their own substructures, thus maintaining their 
own BOM data in the same context.  

The definition of collaborative BOM (CBOM) can be stated as the structure of 
components that are designed and developed among distributed partner organizations 
with the objective to assemble to the end product. This CBOM guides the individual 
partners in essential planning in terms of operational routings, parts sequences, 
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product coding, selection of potential supplier, etc., as presented in Figure 1. The 
ICT-based CBOM also supports the required modification of the operational 
sequences and/or production routings in real time according to the production 
requirements. This real time information update is made visible to the other partners 
with a view to adjusting their production processes if needed. The semantic model for 
CBOM as displayed in Figure 1 saves on production quantity and cost along with the 
description of the product/operation/part, too. This information management approach 
to the product structure enables the defining and creating of high level production 
batches comfortably within the collaborative business network.  

 

Fig. 1. Display of manufacturing operations of an example collaborative BOM 

4 Business Collaboration in the ETO Scenario  

The basic concept of the ETO production scenario is to develop and manufacture one-
of-a-kind products, where the customer expectations for an individual product are 
fulfilled. The motivation behind the ETO scenario is to develop and manufacture a 
custom-made product collaboratively, where Virtual Organization (VO) partners 
participate in the complete product development process starting from the conceptual 
design phase to the final product design and development phase. The collaboration 
enables partners to fulfill more challenging business opportunities such as sharing 
costly resources, time consuming workloads, fatal risks and replying faster to 
customer requests. This approach is project-based, where the individual customer 
order is initiated after consulting with the customer in terms of his/her desires, 
emotional needs and requirements of the end product.  
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Fig. 2. High level operational sequence of collaborative ETO scenario 

In this approach, the partners collaborate to define the product concept and 
quotation and form a VO after the customer order confirmation. After forming the 
VO, the VO enters the operation phase, where the customer order is deployed to the 
involved partners, followed by detailed product engineering and detailed collaborative 
planning. The required product specification, drawings and BOM are done at the 
product engineering sub-phase, while in detailed collaborative planning essential 
routings for the production processes are defined in order to achieve the confirmed 
delivery date of the final product. In this sub-phase, required calculation for the 
delivery lead time is performed. After confirming the delivery date, the process 
continues with the production execution and monitoring. In the production execution 
process, any abnormality or unforeseen events in the operational processes are 
monitored and managed in order to avoid unnecessary problems or risks.   

Figure 2 presents the high level phases of the ETO VO Operation. In this phase, 
the VO partners monitor the production process and update the operational activities. 
A communication infrastructure is established in order to manage the entire VO. 
During this phase, possible causes for dissolving the VO are identified and a time 
frame is confirmed for dissolution. When the objective of developing collaboratively 
a one-of-a-kind product is achieved, the next stage is dissolving the VO as it was 
developed temporarily within a predefined timeframe. Before dissolving the VO, 
overall evaluation reports are sent to the collaborative partners.  

5 Business Collaboration in the CTO Scenario  

The result of the CTO production scenario is the collaborative development of a 
product platform, from where a stream of product variants can be specified and 
manufactured efficiently and economically, as required to meet customers’ 
expectations. The main idea is to create a family based product platform, defining the 
common sets of components or modules to be used for delivering different product 
variants [11]. The platform offers cost efficient and enhanced customization features 
by adding and/or replacing customized components and/or modules within it. The 
variants created on the platform should be optimized from the manufacturing and 
logistics point of view and it should not be possible to generate incompatible 
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combinations of parameters. The possibility to define special requirements for some 
components or functionalities (white spots) provides enlarged customization 
possibilities. 

During the formation of the collaborative VO, the platform concept is developed 
and the high level design and the main rules are agreed. The role of the VO partners 
is to support the agreed interfaces and propose features and options that will fulfill 
the market needs. The product platform can be considered ready when the price, 
lead-time, high-level BOM and routing list can be generated automatically from the 
model. The business model of the platform is also agreed during the VO formation 
phase. The high level structure of the collaborative CTO VO operation is presented 
in Figure 3.   

From Figure 3, it can be seen that the CTO scenario starts with the detailed 
development of a product platform, which is the prerequisite to successfully configure 
a product variant in accordance with a customer enquiry. The second phase of the 
CTO life cycle is to identify the platform architecture. This phase starts with the 
generic concept of the product platform architecture. The most important and time-
consuming phase during the platform architecture definition is the interface 
management among the modules. The interfaces may have technical (dimensions), 
feature-based (material or color) or non-tangible relations (drivers). The platform can 
be initially designed as feature or component-based.  

The consecutive stage after indentifying the platform architecture is to make a 
product variant. This phase starts with the identification of specific customer 
requirements to create a customized product variant.  

The last phase of the CTO life cycle is the specification of special requirements 
(white spots). In this phase, special requirements from the prospective customers are 
collected. In order to fulfill such special requirements, the VO broker (initiating 
partner) consults with the collaborative partners for developing a specific module or  
component termed as ‘white spot’ that could satisfy such unique customer 
requirements. If there is a possibility to produce the specific module or white spot, the 
broker proceeds by defining the necessary price, lead-time, etc., with a view to 
preparing the updated quotation.  

 

Fig. 3. High level operational sequences of collaborative CTO scenario 
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The proposed approach is revealed to be very powerful, as it can be implemented 
from an IT point of view with a product configurator, with the capability to manage 
white spot.  

6 Transition from ETO to CTO Scenario  

In this section, the scope and usability of the transition from ETO to CTO scenarios is 
demonstrated with respect to business potential and fulfilling customers’ needs. In 
general, the ETO scenario is customer-driven or project-based, where a specific type 
of product or product group is developed in terms of unique design and specification. 
The CTO scenario is market-driven, as it responds to a broad business opportunity 
and customers are given the possibility to customize an existing solution and the 
output is a stream of products resulting from a configuration process with optional 
white spots. 

Most SMEs do not have a strong product strategy and structured approach to 
product customization. Inconsequence, they become dependent on subcontracting and 
often are forced to compete on price. European SMEs have strong technical skills and 
are able to follow an ETO strategy more easily than a CTO one. It is therefore 
considered an important need to make a transition from ETO to CTO scenarios, which 
allows SMEs to enable and to manage overall competitiveness and sustainability. The 
detailed transition from ETO to CTO is presented in Figure 4.  

In Figure 4, it can be observed that when a business opportunity is identified, the 
business partners need to check out its possible consequences. If the identified 
opportunity is highly customized, the business partners need to follow the ETO 
production scenario. In this approach, the collaborative partners form a specific VO 
 

 

Fig. 4. Generic scope of the VO life cycle in a collaborative business environment 
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with the objective of developing and delivering a custom-made or one-of-a-kind 
product. After forming the VO the next available step is to operate the VO in terms of 
detailed designing, engineering, scheduling, routing and manufacturing the expected 
product. When the specific customer requirements are fulfilled through VO operation 
the last step is to dissolving the VO. At this stage, the partners are evaluated with 
respect to fulfilling the business targets as set during the VO formation.  

Also in Figure 4 it can be noted that when the business opportunity is assessed to 
be market-driven the business partners move forward to accept the CTO production 
scenario. The objective of adopting this scenario is to develop a platform-based 
product family from where a stream of product variants can be customized. To adopt 
the CTO approach according to market demand, the collaborative partners form the 
necessary VO with the view to defining the product platform. In the operational phase 
of the VO the necessary detailed design and engineering of the platform is done. At 
this stage, the possibility of the individual customer’s need for a variant is checked 
out for configuration purposes. When there is a possibility to configure an 
individualized product within the CTO scenario, the ETO operational steps are 
followed. 

This ETO operational strategy within the CTO environment requires partners 
experienced in the ETO scenario, which in any case is the most common for SMEs. 
This operating environment develops the possibility to define a new module or 
component (known as white spot) according to the customer needs. If the new 
module or component (white spot) attracts an increasing level of interest from 
potential customers it can be merged to the platform for future use. During the VO 
operational phase, the developed platform is evaluated with respect to its outcomes 
and might be dissolved when it is considered obsolete over time. After fulfilling the 
objective of platform-based product family (PBPF), the necessary steps are taken to 
dissolve the previously formed VO. During the VO dissolution process, generic 
assessment is done in terms of performance evaluation of the partners, assessing the 
general liabilities of the partners and terminating the contractual agreements. The 
performance evaluation and the knowledge achieved from forming and operating 
the VO is stored for future use that will allow the enrichment of the business 
community. 

The presented transition scenario from ETO to CTO supports the collaborative 
partners in designing and developing their products according to market demands. 
From the analysis, it is clear that the product development strategy can be changed 
according to customers’ requirements. If the customer asks for an individualized (one-
of-a-kind) product, then the developmental strategy should be ETO-based. On the 
other hand, if the products are developed for the mass customized market, it has to be 
then the CTO approach, where the product variants are created from the basic 
platform. In business collaboration, the partners decide whether the production 
scenario is market-driven (CTO) or customer order-driven (ETO) depending on the 
future business opportunities. However, on some occasions, the CTO approach can be 
merged with the ETO scenario when there are options for the customer to tailor 
his/her choice of product. This combined approach supports business organizations in 
adjusting their production processes according to the level of customization offered 
by them.  
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7 Conclusions  

Business collaboration creates ample opportunities for manufacturing firms to survive 
healthily in today’s competitive markets. This collaboration can emerge by forming 
virtual organizations that might be shorter or longer term. The VO duration depends 
on the business opportunity type and the commitment from the partner organizations. 
These networked businesses are especially important for SMEs, where there are often 
shortages of available and valuable resources and knowledge, which are the deciding 
factors for business sustainability. There is also a lack of proper communication 
infrastructures among SMEs which might allow them to be collaborative and enjoy 
the benefits of collaboration. The success of business collaboration depends not only 
on suitable qualified partners but also on the proper selection of the right ICT tools 
necessary for seamless information processing and to act in dynamic business 
environments [12].  

In this research the fundamental requirements for collaborative business 
environments are presented with respect to product design and development, starting 
from the conceptual design phase and ending with manufacturing and control 
processes. The collaborative definition of the BOM is presented as a key step in this 
business collaboration.  

To enable the long-term sustainability of SMEs two scenarios for the development 
and delivery of custom-made and customized products were developed, namely the 
ETO and CTO scenarios. The transition from an ETO to a CTO scenario was 
developed in this study, to allow the competitive delivery of customized products by 
SMEs. The very common situation with developing customized products is that the 
number of final products with an individual BOM will increase dramatically. The 
proposed concept makes the component commonality higher and the manufacturing 
of the customized final product more cost efficient. 

The presented approach was validated with pilot companies from the textile and 
footwear sectors. An extension of these research results can be implemented in other 
real life industrial case networks in order to verify and validate the approach. The 
outcomes from such case applications might reduce the limitations of the presented 
approach and can be useful to fine tune these research results.  
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Abstract. In the last recent years the globalized world has experienced its most 
amazing and rapid technological evolution. The repercussions and 
consequences of this (re-)evolution are many and can be seen and felt in the 
behavior of the enterprises and the consumers. For enterprises, new 
organizational structures are taking place contributing even for the emergence 
of the scientific discipline called Collaborative Networks. For consumers, a 
more active - and less reactive - role is gaining evidence and being directly 
influenced by the advances on information and communications technologies. 
The new web generation is participating in a silent movement of creation of 
prosumers1. As a consequence of this change in the behaviour of the enterprises 
and the consumers, a new space comes up with a high potential to be exploited. 
This space is seen as: products co-design or co-development environment. 
However, to lead the organizations in this collaborative relationship is 
necessary a fit coordination with specific competences to each case.  

Keywords: Co-development, Competences, Fit coordination. 

1   Introduction 

Nowadays, consumers are dominating the Information and Communicate 
Technologies (ICT) advances, where, through them, their wishes became more 
transparent and available.  

This is possible because their wishes are also discussed in the social nets, like 
communities, where producers can also participate to recognize these wishes of these 
(future) customers. In some cases, it is possible to observe in this kind of 
communities, discussion about a specific product that the consumers use or what they 
would like to use. 

This scenario persuades towards a production addressed to these communities and, 
in some cases, in an individual form.  

But is not enough to know what the market wishes, it is necessary to recognize the 
adequate organizations those will work together to attend the market.  

The discipline Collaborative Network appears like a fundamental part to support 
this new evolutionary relationship among consumers and the organizations facilitating 
the joint of competences through new organizational structures, putting together 
appropriate organizations to attend the wishes of the consumers that arise by social 
nets of communities. 
                                                           
1 Prosumer is the result of the contraction of the words: producer + consumer, Toffler [1] 
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Authors like Thomas Friedman and John Gattorna take account the value related to 
the new globalization and the persons. 

Successful companies agree that the person behind the transaction must also be 
considered. Such customer-focused and more flexible configurations are actually 
fundamental components of different supply chains. We are foreshadowing a new 
understanding of the way enterprises will work in the future [2]. Based on revolutions 
like the internet, cell phone, optic fiber, and so on, not just enterprises but also the 
individuals can act in an extended environment [3]. 

Is growing in this moment, a large volunteer business net shaping the prosumer 
concept also seen like talent pools. The smart enterprises have been using this 
potential to develop new and strong business models and systems [4]. 

This scenario (Figure 1) based on ICT is then composed by: 1) Customers or future 
customers creating social nets of communities that exchange ideas among them about 
new products or about improvements of products that already are in the market (i.e. 
Prosumer Communities). 2) Organizations supported by Collaborative Network 
always interested to know the wishes of the market. 3) The interaction between these 
parts that will facilitate the ideas exchange among producer and consumers to better 
know the market wishes and will also facilitate the choice of organizations that will 
work together (i.e. Virtual Organizations-VO) to attend the market more accurately 
(Toward Production). This ideas exchange environment will be here called Co-
development Environment. 

To complete this scenario is necessary an adequate management, an adequate 
coordinator. This person should be prepared to work with this market evolution 
related to the technological development of the production systems as well as of the 
information technology. The coordinator search & suggestion methodology proposed 
for this scenario is here called fit coordination. 

 

Fig. 1. The Scenario  
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2   The Co-development Environment 

The fact is that functional organization, which have served us so well for so long, 
together with matrix and partnership variants, are being rapidly marginalized. This is 
happening as increasing competitive intensity in many industry-market combinations 
drives customers towards more aggressive and demanding buying behaviors [2]. 
These new organizational structures are been shaped in the last years based on the 
Collaborative Networked Organizations concepts [5]. 

In the case of the consumers a more active role ─ and less reactive ─ can be 
observed in the last years, where this behavior change is directly influenced by the 
facility of the access of new tools based on ICTs (Fig. 1). Environments, where there 
are ideas changes about a product or service (available on the market) support the 
mass collaboration.  

The prosumers potentiate the co-development process in a very effective way 
mainly about their suggestions of design and usability. This is possible nowadays with 
a “home technology” ─ like the available in a social relationship ─ where is also 
possible to be applied with more details through the use of free CAD systems 
available on the internet, i. e. Google SketchUp [6]. 

The enterprises can now be integrated in this social net to find out new business 
opportunities. Some collaborative networked structures can help this interaction  
in a more organized form, i.e. Virtual Breeding Environment (VBE) and Virtual 
Teams (VT). 

The VBE, that represents an association of organizations that share resources and 
skills to achieve a goal [7], has now the possibility to acquire new opportunities 
through this near contact with the prosumer communities. The ideas exchange with 
these future customers give a more detailed way to the wishes/necessities of the 
market providing a co-design and/or co-development environment.  

The VT is a temporary group of professionals that work together towards a 
common goal such as realizing a consultancy job, a joint project, etc, and that use 
computer networks as their main interaction environment [8]. VT could be created 
with some personal competences to know and to evaluate the ideas/necessities/wishes 
in different viability aspects (technological, economics, social, etc). Professionals 
from different enterprises previously prepared to develop new ideas of new products 
can now work together just to evaluate these ideas coming direct from consumers or 
group of consumers. Moreover, the VT could also help the VBE administration staff 
to select the more appropriated enterprises ─ in a Virtual Organization (VO) structure 
─ to attend a selected idea.  

The VO would be a similar structure like the VT but, in this case, shaped with 
organizations/enterprises. The definitions of a VO often assume that it behaves and 
can be managed in some way like a single organization [9] 

This co-design and/or co-development environment enables a “toward production”, 
in other words, a product would come to the market incorporating strong feelings of a 
large group of persons with more chance to be a success in the market. In a virtuoso 
cycle this product would be continuously analyzed by this kind of consumers to other 
improvements enabling a long life in the market. 
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3   Fit Coordination 

A good idea and an appropriate infrastructure are very important to the production of 
a new product but, to the work with collaborative structures – with different 
organizations with different visions, technologies, cultures, and so on, – a competent 
coordination of this structure is also essential.  

Many organizations use the concept of competence to both measure and improve 
employee development as well as during their recruitment process. 

The terminology of “competence” can be confusing because each organization 
normally has its own interpretation and understanding for the term. 

Along the time many researchers have been studying competence. One of the well-
established definitions on competence is provided by Durand [10] who states that 
competence is the ability to coordinate activities to the standards and rules required in 
the organization using an appropriate mix of knowledge, skill and attitude. According 
to him, these three dimensions must be present if someone wants to be effective in the 
coordination place. This understanding of competence is the one that will be used in 
this work.  

As the VO coordinator has to deal with a distributed, dynamic and – sometimes - 
complex organizational environment one of his/her main attributes should be to 
adequately balance these dimensions of knowledge, skill and attitude in order to 
contribute to the achievement of the VO goals. As a direct consequence for all 
competences, Individual Competences - based on individual needs-, should always 
have a special attention. 

Some essential Competencies of a VO Coordinator can be selected, extended and 
detailed according to the interest of a VT (composed, i.e, by experts from the VBE 
members) with the supervision of the VO Planner and the VBE Administrator for 
instance.  

These competencies data can be gathered in a Competence Map where the data can 
be classified in the three dimension in an integrated form (Knowledge, Skill and 
Attitude) (Fig. 2), aiming to facilitate the recognition of an adequate candidate in the 
search and suggestion process. 

 

 

Fig. 2. Competence Cycle 



 Integrating Co-development and Fit Coordination 119 

 

A very crucial issue for the elaboration of the Competence Map is the use of an 
adequate Competence Common Ontology as well as the proposition of mechanisms 
necessary for using and evolving this ontology during the VBE/VO management. It is 
not the scope of this work to go deeper on this subject. However, given its relevance 
for the accuracy of this work, the scenario here presented (Fig. 3) is considered 
deterministic i.e. it is assumed that an ontology exits and is in use. 

This competence cycle integrates three complementary competencies types: 
Individual Competences (the ones related to each individual person), Functional 
Competences (the ones required by the role to be performed – in this case the VO 
coordinator) and Organizational Competences (the ones necessary to achieve the 
objectives of the VO). The synergy among these competences potentializes the latent 
capacity of the individuals and contributes to leverage the results that can be achieved 
for the identified needs. The competences serve to fulfil the needs; and the needs 
serve to instigate competences. 

3.1   A Methodology for a Coordinator Search and Suggestion 

The coordinator(s) search and suggestion is a very important step in the VO life cycle, 
occurring normally in the Creation phase and – sometimes – in the Evolution phase. 
This step can be taken making use of the human resources available in the VO 
environment. The VBE can be an inexhaustible source for this kind of resources. Its 
members are organizations that have the knowledge of how to work in a Collaborative 
Network and, in some cases, already have persons with the required competences to 
manage a VO. Besides tangible goods or the traditional support services offered in the 
VBE, it is also possible to find this specific service for VO coordination. In some 
cases organizations may be elected/selected to act in a business “just” as VO 
coordinator. Furthermore the trust environment in force in the VBE cares for the 
quality and the accuracy of the information provided by the VO candidates. 

This new “role” of VO Coordinator will most probably require in the near future 
specific training and educational programmes focusing on the VO management 
requirements. This will enlarge the universe of choices and will certainly contribute to 
a more sustainable VO management. This coordination should not be done essentially 
by a member belonging in the production process but must be a person with adequate 
competence for this specific VO and also has the acceptance of the VO members. 

Based on Klen [11] an appropriated VO coordinator it is suggested the use of a 
methodology for searching and suggesting like the detail in Figure 3 that works with 
the 3-Steps:  

• STEP 1 - would be the register of VO Coordinator candidates where, these 
potential candidates, belong to the VBE or belong to a related PVC (Professional 
Virtual Communities) or are professionals outside of the VBE but indicated by 
VBE members. Organizations belonging to a VBE may be represented by more 
than one candidate. In this case the candidates must respect the non-conflict of 
interest agreement with its own employer. 

• STEP 2 - would be the Information Management where the VO candidates’ 
Competence Maps are stored in a Data Base for future use by the VT (supported 
by VBE Administrator and/or by the VO Planner). 
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• STEP 3 - would be the VO Coordinator search (and suggestion). This 
methodology normally takes place during the Creation (or Evolution) phase. For 
each business opportunity a different VO is created. Consequently each VO has its 
own specific needs and requirements which are identified and analysed by VT, 
always supported by the VBE Administrator and the VO Planner. Based on the 
VO needs some organizational competences are mapped. These ones constitute 
the basis for the VBE Administrator/VO Planner to search for specific VO 
Coordinator competences. In this methodology this step is a human-based one but 
it can also be performed in an automatic or semi-automatic way provided by an 
applied intelligence technique. Additionally the VBE Administrator/VO Planner 
can also set some preferences and/or constraints (e.g. they can apply filters and 
look for candidates from just a given organization).  

 

Fig. 3. Methodology for a Coordinator Search & Suggestion 

4   Integrating Co-development and Fit Coordination 

In a summarized vision, when a good idea is observed during the ideas exchange, the 
VBE can quickly form a VO, with adequate organizations, to produce i.e. a new 
product. With the methodology for a coordinator search & suggestion a coordinator 
can be also quickly selected based on the best competencies to lead this specifically 
VO to the success.   

These different collaborative environments could be put together to facilitate the 
relation between the market and the producers (Fig. 4). 

The market wishes/necessities would be appreciated by experts (VT) in different 
areas (technical, marketing, economy, etc.). Based on this analysis, the VT would 
indicate the best enterprises to compose the VO to produce the selected idea(s) and, 
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based on the VO coordination needs, could also select an appropriated VO 
coordinator through the search&suggestion tool/methodology. This selection could, 
again, be analyzed by the VT based on the competencies of a person related on the 
VO coordination needs. This fit coordination would support the collaborative 
environments to make viable towards a production enabling for these new products 
(or services) a longer live and more success in the market. 

 

Fig. 4. Collaborative design/development environment supported by a fit coordination 

5   Conclusion  

The new mass collaboration is changing the way how enterprises and societies use the 
knowledge and the innovation capacity to create value [4]. 

The quick and close contact with the prosumers’ necessities and wishes will 
demand changes in the work style of the enterprises in the production chain (i.e. VO) 
pressing them to an expressive collaborative work mainly in the information aspects.  

All business areas should be prepared to attend this new market based on 
customers that want to collaborate. Information previously handled just by members 
from a production chain (i.e. marketing, production, logistics, development, etc.) can 
be also influenced by customer. In this new scenario, customers want collaborate not 
just about a specific product but, more beyond, expressing opinion about the hole 
product life cycle.  

VBE members can, in this case, use this potential to develop new and stronger 
business models. 

The customer evolution has a tendency to be amplified in future mainly in 
sustainability and in innovation aspects but, to better observe the customer necessities 
and wishes, proceedings should also be implemented in the VBE to guarantee the 
information quality. 
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If we are sensitive to customer needs and buying preferences, it will be obvious 
what we have to do, we won´t have to worry so much about our competitors – they´ll 
be worrying about us [2]. 

A good idea isn´t qualified just by its creativity and engineering but also by the 
viability, in other words, an adequate coordination is an essential part of the success 
of a product in the market and for the collaborative work. 

The scenario presented in this paper, is based on the knowledge of the authors on the 
Collaborative Network area and on the work of the project Ecolead [12]. As a second 
step, this scenario will be adequate to be used in a new project, in the area of “Design 
for All”, understood as an intervention on environments, products and services with the 
aim that everyone, including future generations, regardless of age, gender, capabilities 
or cultural background, can enjoy participating in the construction of our society, with 
equal opportunities participating in economic, social, cultural, recreational and 
entertainment activities while also being able to access, use and understand whatever 
part of the environment with as much independence as possible [13]. 
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Abstract. Enterprises today face many challenges related to lack of 
interoperability. But several business and technical solutions are available to 
bridge this gap. This paper presents a structured and tooled methodology to help 
decision-makers to quantitatively assess interoperability solutions for their 
networked enterprise. Practically, this research work proposes an a priori 
performance measurement system that is able to model and simulate different 
interoperability solutions. Through a bi-dimensional analysis (stakes and 
accessibility), the system allows comparing all the potential solutions in order 
to choose the best one for the network. This scientific proposition is finally 
implemented on a real application case extracted from the French ISTA3 
research project.  

Keywords: Collaborative Network, Interoperability, Performance Measurement 
System, Decision Support System, Modelling and Simulation.  

1   Introduction 

There is a growing interest in solutions enabling companies to work together more 
effectively. A wide variety of collaborative systems exists and addresses different 
aspects of this complex problem while providing different benefits to networked 
enterprises. Thus, enterprise interoperability is crucial for companies and especially in 
decentralized, flexible and networked manufacturing system environment [1]. 

Enterprise applications and software systems need to be interoperable in order to 
achieve seamless business across organizational boundaries and thus realize virtual 
networked organizations. But interoperability should not only be considered a 
property of informatics systems. The diversity, heterogeneity, and autonomy of 
software components, application solutions, business processes, and the business 
context of an enterprise must also be considered [2].  

But in practice, networked business encounters recurrent difficulties and only very 
limited success has been made due to the ongoing evolution of systems, the speed of 
market changes and growing complexity [1], [3]. Facing this huge complexity, 
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decision-makers are confronted to the difficulty of choosing an accurate and relevant 
interoperability solution for their networked enterprises.  

As for any decision-making, such a choice depends on the capacity of the decision 
maker to assess: (i) the current situation – What happened until today? What is the 
current progression (in a broader sense)? – and (ii) the possible evolution of the 
interoperability solution (information systems, business processes, organizational…) 
– What will happen and what are the consequences for the network?  

Performance evaluation appears as a natural tool to design/modify/improve the 
interoperable solution of a networked enterprise. But judging an interoperability 
solution's performance in practice is very situation-specific and so complicated.  

In accordance with the above, a complete and systemic methodology is proposed in 
this research work in order to help decision-makers for the selection of the best 
interoperability solution for their businesses at the scale of the network. Concretely, 
the purpose of this paper consists in designing a novel Performance Measurement 
System (PMS) able to evaluate and compare the performance of different 
interoperability solutions in a networked enterprise. This research work is a part of the 
French ISTA3 project (3rd generation Interoperability for Aeronautics Sub-
contracTors). This is a research-oriented project, meaning it produces and uses 
research results, which target is to produce prototypes; industrially tested, for which 
one or several companies showed some interests to obtain a competitive advantage. It 
tries to integer the best of current research in Enterprise Interoperability: EM/ BPM 
(Enterprise Modeling / Business Process Modeling), Performance Evaluation, MDI 
(Model-Driven Interoperability), SOA (Service-Oriented Architecture) and Ontology. 

The paper is divided into three main parts. First, literatures related to performance 
measurement systems in general and to performance for interoperability are 
discussed. From this background, our research statement is explained. Then we 
develop our scientific contributions in order to evaluate and compare interoperability 
solutions in a networked enterprise by exposing a performance-analyzing framework 
in one hand, and a modeling and simulation approach on the other hand. Next, a real 
case application relating to an aerospace network is presented.  

2   Literature Selection 

Interoperability is a keyword in many of the last decade’s articles. It is defined by 
European projects INTEROP and ATHENA as “property referring to the ability of 
diverse systems and organizations to work together (inter-operate)” (www.interop-
vlab.eu). This property should be obtained following four complementary dimensions: 
Business, Knowledge, Applications and Communications. In this paper we focus on 
the Business dimension. 

Panetto and Molina [1] have identified five research challenges for enterprise 
integration and interoperability: (i) Collaborative Networked Organizations; (ii) 
Enterprise Modelling and Reference Models; (iii) Enterprise and Processes Models 
Interoperability; (iv) Validation, Verification, Qualification and Accreditation of 
Enterprise Models; (v) Model Reuse and Repositories.  

About the second challenge, the authors pointed out the need for the community 
and practitioners to develop accurate and relevant performance measurement 
approaches able to support decision-making in interoperable environment. However, 
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Finally, this literature selection on interoperability highlights that several levels of 
interoperability exist [2], [10], and should be considered:  

- Independent: these are organizations that would normally work without any 
interaction other than that provided by personal contact; 

- Collaborative: these are organizations where recognized frameworks are in place 
to support interoperability and shared goals are recognized and roles and 
responsibilities are allocated as part of on-going responsibilities however the 
organizations are still distinct; 

- Combined or Integrated: these are organizations where there are shared value 
systems and shared goals, a common understanding and a preparedness to 
interoperate; 

- Unified: these are organizations in which the organizational goals, value systems, 
command structure/style, and knowledge bases are shared across the system. 

Of course, each level requires different technologies, different skills and different 
level of maturity in terms of collaboration. But all the networks do not need the same 
level of interoperability to be competitive.  

Consequently, a PMS dedicated to interoperability should be able to evaluate the 
ratio between the investments (costs, skills, technical…) needed to reach one level of 
interoperability and the expected potential performance results.  

3   Scientific Proposition 

Our proposition is based on two main assumptions. First, all partners of the network 
are considered to have already get their own dashboards or at least, they have KPI 
able to measure their local performance. Otherwise, they can use specific methods to 
define and to implement PMS such as ECOGRAI [12] or Balanced Score Card [13]. 
Second, decision-makers are able to define and model several options to support their 
interoperability needs. For instance, they could envisage and describe a collaborative 
solution, a combined solution and a unified solution (see. section 2). In order to 
compare the different solutions and to support decision-making, we propose a three 
steps methodology based on the results of the literature review: 

1. Modelling the collaborative processes and the different interoperability options 
(this is the Innovation part); 

2. Evaluating the accessibility of each option (this is the Implementation part); 
3. Simulating each option in order to measure the associated performance (this is 

the Observation part). 

Concerning the first step, a business process modelling language enabling to describe 
the different interoperability solutions is selected. Based on surveys done by [11], the 
Business Process Modelling Notation (BPMN) standard (www.bpmi.org) has been 
chosen. This standard presents two major interests for our research work: 

- This modelling language allows describing clearly all the interfaces between 
partners of the network.  

- BPMN is a language that is relatively easy to simulate by classical tools of 
Discrete Event Simulation (native in the majority of simulation software) (see. 
Figure 3). 
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Management... These tools must be interoperable in a flexible (fast adaptation to new 
cooperation) and economical way. In this application we focus on informational 
system interoperability.  

In this application, extracted and voluntarily simplified from the ISTA3 French 
project, relationships between level 2 and 3 subcontractors are studied. In the purpose 
of this article, the illustration is done on a process dedicated to the validation of an 
estimate given by STR3 in an order at STR2 level and shown in Figure 3.  It can be 
viewed from Figure 3 that the simulation model is based on BPMN concepts (pools, 
activities, message flows…). Indeed, this model is the only presented here.  

In this process, a STR1 subcontractor sends a CAD model of a part to be 
manufactured by STR2. STR2 needs STR3 in order to create the necessary tools and 
thus, requests an estimate from STR3. Then STR3 writes (i.e. elaborates) the estimate 
that is sent back to STR2. The following steps are internal to STR2 and consist of an 
evaluation of the estimate and, if the estimate is correct, it is converted into an order 
sent to STR3 that finally receive the order. The elaboration of the tool concerns 
another process that is not described in this paper. The resources needed at STR2 are 
finally the Commercial Service, The Technical Service and the Project Leader. At 
STR3, the needed resource is the Project Leader.  

Both internal and external performance linked to interoperable activities for each 
company needs to be assessed. Both internal activities (i.e. request estimate, write 
estimate, estimate evaluation…) and external activities (i.e. estimate request send, 
estimate send, …) are modelled through lead times. The STR2 and STR3 experts of 
the concerned process have validated all these dimensions as representative of the 
interoperability performance. But, in this study, we focus only on a KPI that is 
representative of the global impact of each interoperability solutions. Experts and 
authors have chosen the “average lead-time”.  

 

Fig. 3. Caption of Witness® model for process simulation 



 Towards a More Effective Interoperable Solution 131 

Three scenarii (interoperability solutions) are evaluated: 

1. As-is simulation; 
2. Improvement of STR2 internal activities through the use of an estimate 

management system; 
3. Improvement of information transfer through the use of a collaborative 

platform such as Mediation Information System: this stimulates an 
improvement of interactions.  

The stake of each scenario is given according relatively to the scenario 1 results, (i.e. 
the existing performances) and the results of the considered scenario, (i.e. future 
performances). Accessibility is given for each scenario according to the difficulty to 
set up such a scenario over a scale from 0 (very low accessibility) to 5 (very high 
accessibility). Obviously, an accessibility of 5 is given to the first scenario as it is the 
current situation. The results of the simulation are given in Table 1.  

Obviously, these results are only available considering data given in the 
simulation. An extraction of real temporal values for each activity will be assessed in 
the frame of the ISTA3 project. Nevertheless this example shows clearly how our 
proposition can help decision-makers to compare objectively different interoperability 
levels for their network.  In this example, the recommendation could consist in 
privileging the second scenario if the objective is to obtain a good compromise 
between accessibility (not too many efforts to produce) and stake (almost 20 % of 
lead-time reduction). But if the objective is to divide the lead-time by two then the 
decision-makers have to assume an important effort to upgrade their interoperability 
solution (IT, skills, project costs, collaborative protocols…) and could select the third 
scenario. The figure 4 shows the scenarios positions according to the matrix presented 
in previous part. 

Table 1. Performance assessment for each scenario 

Scenario Average lead time Stake Accessibility 

1 27,28 0 5 

2 22,34 4,94 (18%) 3 

3 15 12,28 (45%) 0 
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5   Conclusion and Future Works 

This research work aims at designing a Performance Measurement System (PMS) 
able to evaluate and compare the performance of different interoperability solutions in 
a networked enterprise using a three steps approach: (i) Modelling the collaborative 
processes and the different interoperability options; (ii) evaluating the accessibility of 
each option; (iii) simulating each option in order to measure the associated 
performance. This proposition is implemented on a real case study (aerospace 
industry) extracted from the French ISTA3 research project. 

Though our proposition constitutes a significant step towards more effective 
interoperable solutions, several perspectives arise. Particularly, some complementary 
works are in progress to aggregate properly on a unique dimension on one hand the 
performance of all interoperability stakes (adaptability, integrity, security, time saving and 
flexibility) and, on the other hand, of all interoperability accessibility dimensions. Other 
studies should also be developed in order to define concretely the accessibility dimensions 
for an interoperability solution. Finally, further research should also include more practical 
insights on how managers can adjust and adapt the model to their own strategies. 
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Abstract. Global competitiveness obliges to enterprises to collaborate in many 
processes such as new product and services development in order to shorten the 
lifecycle, development and commercialization. Therefore, the competence has 
drifted from an individual focus to a supply chain management one and, from 
some years, to a collaborative enterprises network approach. It is common to 
find frameworks for measuring/managing the performance within extended 
enterprises, supply chains, virtual enterprises, etc. However, few authors deal 
with a higher level: the collaborative networks one. This concept of enterprises 
management set up bigger difficulties regarding not only from a conceptual and 
structural point of view but also considering both the design and posterior 
development of systems capable of managing the performance achieved in this 
type of organizations. This work describes both the main difficulties and 
barriers when trying to apply performance management concepts to 
collaborative networks. In this sense, it is highlighted the weaknesses of the 
existing intra-organizational frameworks that cannot be projected, as they are 
conceived, to manage performance within collaborative networks. 

Keywords: Performance management system, Collaborative enterprise 
networks. 

1   Introduction 

One of the strategies used to compete and adapt to global market needs is cooperation 
among organizations. Thus, searching for new business opportunities reaches a 
dimension of shared effort and responsibility in order to improve the quality of the 
products and services. Competitiveness has shifted from an individual factor to be 
dependent on the whole value chain of the product and/or service offered. Several 
authors affirm the importance of this thematic, [1] affirms, “the battleground of the 
next decade will be Supply Chain versus Supply Chain. Are you measuring the right 
things to win this battle?”. 

Nevertheless, today, it is not even enough to deal with the complexity of supply 
chains but more complex environments such as collaborative enterprise networks, 
which may embed to one or more supply chains. Thus, complex inter-organizational 
environments are composed of enterprises that are not only sharing flows of 
information, materials, etc. upstream and downstream (concept of supply chain) but 
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these flows may also be without a lineal reference of products under a more or less 
common strategy. In this type of contexts, various enterprises and/or supply chains 
participate in the development of products where the customer differs that is to say 
the same enterprise is involved in several supply chains with different objectives, 
strategies, etc. 

This type of inter-organizational contexts has a higher level of complexity that the 
one of the supply chains, and then, their performance management should be dealt 
with management systems able to integrate all the necessary elements to measure-
manage them efficiently and effectively. Although a few years ago the interest of 
different forums (managers, researchers, etc.) was focused on performance 
measurement related to the Supply Chain, it is possible in the coming years will see a 
clear trend regarding Collaborative Enterprise Networks (CEN).  

However, it is observed a lack of works regarding elements for measuring and 
managing relevant factors of the Collaborative Enterprise Networks, such as 
collaborative activities, inter-organizational relationships, common or global 
objectives of the Supply Chain, etc. Collaborative relationships will require suppliers 
and consumers to support multiple simultaneous business models and communication 
media in order to fully realise the benefits of collaborative business. 

The research followed a constructivist approach, based on the following activities: 
recompilation, analysis and study of scientific knowledge, acquisition of main 
postulates and construction of initial classification [2]. The initial elements considered 
in the present constructivist approach were the following: 

• The performance measurement/management evolution. 
• The difficulties/barriers to performance management in CEN. 
• The analysis of performance management systems within collaborative networks 

domain. 

After this introduction, this paper describes the evolution of the performance 
measurement-management from individual contexts to Collaborative Enterprise 
Networks contexts. Then, difficulties and barriers to performance management in 
Collaborative Enterprise Networks are enumerated. Next, performance management 
systems in this context are analyzed. Finally, conclusions are exposed. 

2   Performance Measurement/Management Evolution: 
Frameworks 

Performance measurement-management systems have evolved in order to adapt to 
complexity of organizations. Initially, they were developed for intra-organizational 
contexts (individual level). Then, systems for dealing with supply chains (inter-
organizational level) appeared. Recently, systems that try to manage CEN under an 
integrated approach have been developed. The intra-organizational domain has been 
widely studied in the literature, with various classifications and different models and 
frameworks such as the works by [3], [4], [5] and [6]. Later, at the end of 1990’s, many 
concepts developed for intra-organizational performance measurement-management 
domain were adapted to inter-organizational domains in order to deal with supply 
chains. In this sense, in the literature, many works were developed; some of them from a 
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theoretical point of view due to the difficulty of apply them in real contexts. Finally, 
some works have appeared that try to deal with domains that are more complex that 
supply chains. Thus, the works developed define complex frameworks to amplify 
performance measurement-management to enterprise networks that are more 
sophisticated. It is important to note the works by [7], [8], [9] and [10].   

In addition, there are other types of works that describe performance measurement 
systems to measure some collaboration aspects ([11], [12], [13]) or virtual 
organizations ([14] and [15]) that may be included with some nuances in the domain 
of CEN.  

3   Difficulties/Barriers to Performance Management in CEN  

Performance management in CENs is not an easy task. As it cannot be managed what 
has not been measured before, the first aspect that has to be done is measuring its 
performance so that it can be managed. 

CEN present a set of special characteristics that are difficulties for performance 
measurement systems that were not developed for this type of structures. After the 
analysis of the different works in the literature ([7], [16], [17], [18], [19], etc.) initially 
focused on structures more simple than CENs, a summary has been performed of the 
main difficulties/barriers that come up to this type of organization. In the next 
paragraphs, it is exposed the main difficulties/barriers to performance management in 
CENs distinguishing into four groups: A) Dynamicity and flexibility, B) Global vision, 
C) Broadness and D) Information systems role: intra-inter-organizational interface. 

A) Dynamicity and Flexibility: enterprises have to adapt to all types of changes that 
occur (technological, organisational, economical, social, commercial, etc.). This 
circumstance affects production and organisational structures from both intra and 
inter-organisational points of view. This is a highly sensitive factor for CEN as 
any change in an enterprise may influence the global performance of the whole 
CEN without evidence of its appearing. From a point of view of CEN performance 
management, it is very important an adequate adaptation of each enterprise 
belonging to the CEN. There are many implications to consider: 

• The CEN global performance management has to be flexible and sensitive to 
detect dysfunctionalities that these changes may involve and has to have 
mechanisms that allow modifying easily the performance measurement elements 
if necessary (it is usually necessary). In this sense, it is a common situation to re-
define objectives and/or strategies and their corresponding performance 
indicators. Modifying the performance measurement-management elements is 
quite delicate (it has to be taken into account the priorities of the CEN, a perfect 
coherence among elements and maintain equity within the CEN) due to the high 
interaction among enterprises. 

• The possibility of being affected any member of the CEN without the knowledge of 
its existence may oblige to re-make a part of the performance measurement system 
which involves time, effort and loss of control of the organization during that period. 

• The incorporation or disappearance of members within the CEN also affects 
performance measurement systems in the same way as previously stated. In 
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addition, this circumstance may obligate to establish new equity and trust 
relationships among their members and, consequently, reaching of consensus 
which involves new mechanisms of coordination and organization. If equity 
does not exist among the enterprises participating within the CEN, it is 
practically impossible to create an environment of trust that enables the 
information exchange necessary to reach an adequate degree of efficiency from a 
global point of view. Performance measurement systems may include structured 
mechanisms highly automated to deal with these situations. 

B) Global vision: CEN performance management also means to provide a global 
vision. This vision is related to the use of performance measurement-management 
elements (objectives, strategies, key performance indicators, etc.) that aid to 
measure and manage not only dyad inter-enterprise efficiency and effectiveness 
but also the whole CEN. This is complex requirement due to CEN dimensions.  

This implies that global indicators are to be defined and those indicators should 
correspond to global CEN objectives and strategies. The use of global indicators 
should be a consequence of a clear structure of relationships that give response to 
various basic questions: 

• What measurement elements have been specifically defined to measure-manage 
the global vision of the CEN? 

• Are the global measurement-management elements related to partial 
measurement-management elements (intra-organizational level)? How do they 
influence each other? 

• What has been each KPI defined at the global level for? 
• What is improved in the CEN through its measurement-management?  

CEN competitiveness is not only dependent on the interaction of the processes within 
enterprises. It is also needed to design and implement mechanisms that allow 
managing the whole CEN within performance measurement-management systems. 
This circumstance affects the phase of the design as well as the phase of 
implementation and management of the indicators and the rest of performance 
measurement elements used. 

C) Broadness: The concept of CEN broadness makes reference to the number of 
partners that belongs to the CEN. The bigger the number of partners, the higher 
effort is needed to manage the global performance and obviously, the scalability 
requirements should be taken into account. This fact may be translated into the 
following consequences: 

• Higher difficulty to establish common objectives and strategies for all the 
organizations that participate in the CEN. If enterprises are to be competitive and 
its relationship is to be sustainable, it is needed that all the members focus on 
strategic aspects of the business and that they have been established by 
consensus. 

• Higher difficulty to select partial and global indicators. 
• Increase in the quantity of information to be managed from a global point of 

view and higher difficulty in maintaining trust among the partners so that 
information is shared with the rest of partners. 
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• Higher difficulty in establishing linkages and equity relationships that sustain 
trust in order to collaborate and distribute benefits proportionally among all CEN 
partners. This element (equity) is very important to create a conscious and trust 
climate that provides the necessary information to manage CEN from a global 
perspective with an adequate degree of efficiency. 

 
D) Information Systems role: intra and inter-organizational interface: Another 

important element for CEN performance management is the use of integrated 
management tools that support CEN members.  

It is usual that when defining performance measurement-management elements (that 
derivate from the performance measurement system) needed to CEN management, it 
is also defined the data needed to compute them and the source of that information, 
that is: who will provide each piece of information? How is he/she going to provide 
it? And at what time he/she will do it? Precisely, in this moment, discrepancies among 
the CEN members may appear as some of them may have difficulties to provide such 
data due to several reasons: information treatment (lack of resources), being unable to 
provide it in the right time (lack of resources) or not being able to obtain the data 
(lack of resources). The quantity of needed information to manage CEN is large and 
demands that the performance management system used provide a structure 
(information architecture) able to support all the data. This circumstance is vital as if 
common platforms are not used for uploading, transmitting and managing the data, it 
is practically unfeasible, from a practical point of view, that the system survives.  

Currently, the use of internal information systems (based on ERs and other tools) 
and Web Services facilitates information management but also data homogenization 
and standardization mechanisms are needed. In addition, privacy policies should be 
established through controlled access, especially on that information sensitive to third 
party. 

4   Analysis of Performance Management Systems within 
Collaborative Networks Domain  

In this section, the most relevant performance management systems for CENs are 
reviewed. As explained en section two, there are four systems that stand out: [7], [8], 
[9] and [10].  Then, those systems are analyzed (see Table 1) regarding to the degree 
of consideration of the difficulties/barriers identified in section 3.  

Table 1. Analysis of PMS for CEN 

 Difficulty / Barrier 
PMS Dynamicity - Flexibility Global vision Broadness I.S. role 
Bititci et al. (2005) [7] ** *** *** * 
Folan & Browne. (2005) [8] * ** *** * 
Gaiardelli et al. (2007) [9] * * *  
Alfaro et al. (2005) [10] ** *** *** * 
• If the PMS does not deal with the barrier/difficulty, it is represented by ( ). 
• If the PMS deals with the barrier/difficulty weakly, it is represented by (*). 
• If the PMS deals with the barrier/difficulty moderately, it is represented by (**). 
• If the PMS deals with the barrier/difficulty widely, it is represented by (***). 
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The main strengths of the EE PM model [7] are: that it makes explicit within the 
structure of the PMS the definition of performance indicators for measuring 
coordination through the interorganisational processes at both strategic and 
operational levels; makes explicit coordination measurement within the whole inter-
organisational processes that take part in the PMS structure. Folan & Browne [8] 
developed a PMS for Extended Enterprise including mechanisms that measure the 
degree of contribution of each partner to the partnership (common interorganisational 
strategy), moreover, CEN broadness is very well treated. Gaiardelli et al. [9] develop 
a PMS (for the automotive after-sales service network) that is composed of four 
functional levels: business, process, activity and organisational unit, and development 
and innovation. Its strength lies in the connection made on interorganisational 
processes, although not seen a common strategy for the global network. Finally, 
Alfaro et al. (2007) provide a PMS that follows a top-down methododology from 
strategy to core process decomposition and ends with the stage of follow-up and 
monitoring. Emphasized in the ability to measure intra and inter-aspects and defining 
common performance measurement elements for all CEN. On the other hand, has an 
acceptable architecture to address certain dynamism in the CEN. 

As can be observed in Table 1, none of the relevant PMS is a soundness system 
that deals with the main difficulties/barriers of CEN. The aspects that are less 
considered are those related to dynamicity-flexibility as well as the role of 
Information Systems and its integration. 

5   Conclusions 

Collaborative enterprise networks are a typology of organizational structure that 
currently is used to deal with the competitive requirements of global market. Thus, 
this structure has to be analyzed and studied broadly in order its reaches efficiency. 
One of the challenges is the development of performance management systems able 
to meet the complexity associated to this type of structure which can be observed 
under various perspectives. The existence of this complexity presents a set of 
difficulties/barriers that prevent current PMS deal with its tasks properly. In this 
work, the main difficulties/barriers and their implications in performance 
measurement-management have been described by grouping them into four types: A) 
Dynamicity/Flexibility, B) Global vision, C) Broadness and D) Information systems 
role: intra and inter-organizational interface. 

In addition, it has been provided a brief review of PMS evolution from the 
individual enterprise domain to CEN domain in order to perform later an analysis of 
the PMS within CEN domain regarding the four difficulties/barriers. After the 
analysis, it is observed that it is still necessary to study further this type of structures 
in order to define PMS able to adapt to these contexts. 

References 

1. Hausman, W.H.: Supply chain performance metrics. The practice of supply chain 
management: Where theory and application converge. Kluwer Academic Publishers, 
Dordrecht (2003) 



 Performance Management in Collaborative Networks: Difficulties and Barriers 139 

2. Coughlan, P., Coughlan, D.: Action research: action research for operations management. 
International Journal of Operation and Productions Management 22(2), 220–240 (2002) 

3. Kaplan, R.S., Norton, D.P.: The balanced scorecard. Measures that drive performance. 
Harvard Business Review, 71–79 (January/February 1992) 

4. Bourne, M.: Designing and implementing a balanced performance measurement system. 
Control - Official Journal of the Institute of Operations Management, 21–24 (July/August 
1999) 

5. Neely, A., Adams, C.: Perspectives on Performance. The Performance Prism’ Web Site of 
Neely A (2001), http://www.som.cranfield.ac.uk/som/cbp/adn.htm 

6. Hronec, S.M.: Vital Signs. Amacom, New York (1993) 
7. Bititci, U.S., Mendibil, K., Martinez, V., Albores, P.: Measuring and managing 

performance in extended enterprises. International Journal of Operations & Production 
Management 25(4), 333–353 (2005) 

8. Folan, P., Browne, J.: Development of an extended enterprise performance measurement 
system”. Production Planning & Control 16(6), 531–544 (2005) 

9. Gaiardelli, P., Saccani, N., Songini, L.: Performance measurement systems in the after-sales 
service: an integrated framework. International Journal of Business Performance 
Management 9(2), 145–171 (2007) 

10. Alfaro, J.J., Ortiz, A., Rodríguez, R.: Performance measurement system for Enterprise 
Networks. International Journal of Productivity and Performance Management 56(4), 305–
334 (2007) 

11. Romero, D., Galeano, N., Molina, A.: A conceptual Model for Virtual Breeding 
Environments Value System. In: Camarinha-Matos, L., Afsarmanesh, H., Novais, P., 
Analide, C. (eds.) Establishing the Foundation of Collaborative Networks. Springer, 
Heidelberg (2007) 

12. Msanjila, S.S., Afsarmanesh, H.: Trust analysis and assessment in virtual organization 
breeding environments. International Journal of Production Research 46(5), 1253–1295 
(2008) 

13. Bititci, U., Turner, T., Mackay, D., Kearney, D., Parung, J., Walters, D.: Managing synergy 
in collaborative enterprises. Production Planning & Control 18(6), 454–465 (2007) 

14. Chalmeta, R., Grangel, R.: Performance Measurement Systems for Virtual Enterprise 
Integration. International Journal of Computer Integrated Manufacturing 18(1), 73–84 
(2005) 

15. Francisco, R.D., Azevedo, A.: Dynamic Performance Management In Business Networks 
Environment. In: Digital Enterprise Technology. Springer, US (2007) 

16. Busi, M., Bititci, U.S.: Collaborative performance management: Present gaps and future 
research. International Journal of Productivity and Performance Management 55(1), 7–25 
(2006) 

17. Rodriguez, R., Ortiz, A., Alfaro, J.: Fostering collaborative meta-value chain practices. 
International Journal of Computer Integrated Manufacturing 22(5), 385–394 (2009) 

18. Rodriguez, R.R., Gomez, P., Franco, D., Ortiz, A.: Establishing and keeping inter-
organisational collaboration: Some lessons learned. International Federation for 
Information Processing 1, 214–222 (2007) 

19. Leseure, M., Shaw, N., Chapman, G.: Performance measurement in organisational 
networks: an exploratory case study. International Journal of Business Performance 
Management 3(1), 30–46 (2001) 

 
 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 140–147, 2011. 
© IFIP International Federation for Information Processing 2011 

An Approach to Performance Management in 
Collaborative Networks Based on Stakeholders’ Key 

Success Factors 

Pedro S. Ferreira1, Pedro F. Cunha1,2, Luís Carneiro3, and André Sá3 

1 CENI – Centro de Integração e Inovação de Processos, Portugal 
{psf,pcunha}@ceni.pt 

2 EST/IPS – Escola Superior Tecnologia / Inst.Politécnico Setúbal, Portugal 
3 INESC Porto, Portugal 

{luis.carneiro,andre.sa}@inescporto.pt  

Abstract. Performance management in collaborative networks requires 
approaches suitable to deal with a larger domain than in traditional 
organisations, including new processes, new stakeholders and a less clear 
border between internal and external. The proposed approach addresses 
objectives and strategies setting, performance measurement and evaluation, 
monitoring, learning and improvement. It relies on the identification of key 
stakeholders and on their key success factors which provide the external 
perspective driving the performance evaluation and improvement. The work 
starts from the consideration of different natures and life times of Business 
Communities and Virtual Organisations, analyses the stakeholders’ relations 
and emphasises the clear identification of value creation for stakeholders as an 
essential component to align organisations. 
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1   Introduction 

As new forms of organisation emerge and develop to cope with the new challenges, 
companies lack the support to fully understand them, their implications and their 
benefits and to make the path towards them. That path is mostly a continuous process 
of adjustment concerning trust, sharing, collaboration, agility and competency. 

Through collaborative networks (CN), participating organisations aim at delivering 
higher value and higher performance to their stakeholders and at sustaining 
competitive advantage, by sharing knowledge and resources. Performance 
management, essential to the success of collaborative networks, requires approaches 
suitable to the type and objectives of this type of networks. The change of previous 
organisational models, e.g. companies with sharp boundaries, formal relationships 
with other companies and a focus on internal efficiency and effectiveness, to networks 
has a profound impact upon performance management practices [1]. Though the 
single organisation performance management concepts and recommendations have 
been applied to networks and are to great extent valid, the new challenges require 



 An Approach to Performance Management in Collaborative Networks 141 

dealing with a larger domain, including new processes, new stakeholders and a less 
clear concept of internal and external to virtual and real organisations. Other specific 
issues of networks to deal with are the duration of their life and their virtual nature. 

The concepts of virtual organization (VO) and virtual organization breading 
environment (VBE) [2] were used by the Net-Challenge project [3]. A Business 
Community (BC), according to the Net-Challenge project, is similar to a VBE, mainly 
composed of SME in the same industry, usually in a geographic proximity, that may 
be open or closed, depending on the restrictions to membership. 

Performance management is very important also in CN to assure the delivery of 
value to its stakeholders and to strive to beat the competition. Moreover, performance 
management should contribute to trust development in CN, which is a fundamental 
enabler of collaboration, by delivering objective information on performance of CN 
and of their members. In this context, several contributions can be found for 
performance measurement considering it a way to demonstrate the benefits of 
participating in CN and to promote the acceptance of these organisational forms [4] 
and aiming at achieving equity among partners [5]. 

In the CN, performance management calls for suitable approaches and processes to 
identify critical factors and indicators, to formulate actions to take advantage of 
opportunities or overcome weaknesses and improve the system’s performance as it 
defined by the stakeholders [6]. Performance management covers objectives, strategies, 
performance measurement and evaluation, monitoring, learning and improvement [7]. 
The following activities are part of a performance management process: 

1. Definition of objectives and strategy formulation; 
2. Definition of what to measure and targets setting; 
3. Setup of a measurement system; 
4. Measurement and analysis of performance; 
5. Decision and carrying out of actions in order to achieve the targets. 

Activity 1 of the previous list is concerned with what the organisation wants to be 
good at and what strategy it chooses to get there. The activities 2 to 4, which are part 
of the performance measurement process, receive inputs from the first one and deliver 
outputs to the last one. In the current context, performance measurement is about 
collecting data about the past so that a projection into the future can be done and 
improvement actions can be decided. 

Performance management is tightly integrated with process design. Processes are 
designed and tuned for specific objectives, related to the organisation’s strategy. A 
challenge is the alignment of processes and organisations and the development of 
suitable performance indicators that provide objective and explicit representation of 
performance and benefits within a collaborative network. Approaches like the Supply 
Chain Operations Reference (SCOR) model developed by Supply Chain Council that 
proposes performance indicators for supply chains are not oriented towards 
collaborative processes throughout the supply network [8], cannot cope with the 
dynamics of CN and cannot measure performance on soft factors related to the 
collaboration [9]. 

In the following sections of this paper the Net-Challenge approach to performance 
management based on stakeholders’ key success factors is presented. This approach is 
part of the framework for performance management developed in the Net-Challenge 
project. 
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2   CN’s Stakeholders and Their Key Success Factors 

Performance cannot be objectively defined and it can only have a clear definition 
within each specific context [10]. In fact, the definition of performance lacks knowing 
to whom is performance delivered [7]. The base principle in this approach is that 
performance is determined by the stakeholders. 

A key stakeholder is an entity with an interest in the organisation's activity or in its 
outcomes, which has the power to influence them considerably. Knowing who the key 
stakeholders are and what they are expecting from the organisation is the starting 
point to fulfil their expectations. The key stakeholders of the BC are BC Member, 
VO, Customer and Society. The VO’s key stakeholders are Broker, Partner, 
Customer, BC and Society. Fig. 1 represents the stakeholders and their relations. 

It is considered that the broker is the organisation holding the business opportunity 
and that it represents the customer at the same time it is a partner in the VO. However, 
taken into consideration the importance of having the VO oriented to the creation of 
value and to the customer, and with the purpose to emphasise its KSF and to keep the 
specific role of the broker clear, the customer is considered a VO’s stakeholder. 

The Business Community is a VO’s stakeholder since it only fulfils its potential 
and its mission through the VO. The VO is a BC’s stakeholder by definition, since the 
BC must provide the conditions for the formation and success of VO. The society is a 
key stakeholder of both BC and VO but with different perspectives related with their 
different time horizons and purposes. 

Stakeholders are the ones who ultimately evaluate the performance of an 
organisation. So, it is fundamental to know what are the attributes they value most (in 
the product, service, job or whatever kind of deliverable) and that they expect the 
organisation and its competitors can provide them i.e., the success factors. The key 
success factors (KSF) are the most important success factors for the key stakeholders, 
the ones the organisation will concentrate on. The difficulty about determining the 
KSF lies in identifying the few things that will drive the organisation’s strategy and 
its success [11]. 

The distinction of success factors (stakeholder centred) from factors internal to the 
organisation (organisation or process centred), which are the factors that drive or 
affect the success factors and that will be called performance factors, is important. 
The key success factors have to be known by asking the stakeholders. The way an 
organisation satisfies the KSF will determine its competitive advantage and for that 
reason they are in the base of a strategy formulation. 

 

Fig. 1. BC’s and VO’s stakeholders 

BC

BC 
member

VO

VO 
broker

VO 
partner

Customer

Society



 An Approach to Performance Management in Collaborative Networks 143 

There is no consensus concerning this terminology. The concept of KSF is used 
with this name [8] and is also named key strategic factor [12]. A related concept in the 
SCOR model is the value proposition statement which identifies the KSF for types of 
customer in segmented markets [13]. Many authors do not distinguish the external 
and internal perspectives, using the names critical success factor [14] and key 
performance factor [11], among others. 

The benefit concept is central in the approach to performance measurement of 
ECOLEAD project [4], since it is the driver of the collaborative network (CN) 
behaviour. The goal in a CN is the maximization of a benefit which is an attribute of 
its specific value system. 

Since the KSF are related with competitiveness, it should be noted that competition 
and the possibility to choose alternatives exist both in BC and in VO and the choice 
will be determined by the performance on the KSF. As an example, an organisation 
may decide to participate or not in a BC and may be or not allowed to participate. 

3 Performance Management in Collaborative Networks 

The proposed approach to performance management aims at guaranteeing the 
alignment and achievement of strategic and operational business objectives in the 
Virtual Organisation and in its supporting Business Community environments. It 
relies on establishing a strategy based on key success factors (KSF) and on identifying 
and cascading them internally in alignment with the strategy. Fig. 2 depicts the Net-
Challenge performance management framework. 

The main components of the Net-Challenge framework for performance 
management are: 

• a stakeholder’s perspective of value which defines what performance is (external 
environment); 

• the interlinked factors in the CN which can be acted upon in order to change 
performance (internal environment); 

• the reference performance management processes aiming at making the strategy 
succeed; 

• the information system; 
• the process’ resources; 
• the communication processes (internal and with stakeholders). 

Performance can be acted upon in the two environments, which means in two time 
horizons. In the VO, depending on its lifetime and in the BC, where members develop 
their capabilities, sharing knowledge whenever possible and try to know each other. 
In the BC, a management process can improve the instruments related to membership 
and those made available to VO to support their formation and operation, such as the 
standard processes, templates and specific ICT tools. Also a BC management process 
for strategy revision ponders the actual performance and the environment changes and 
adjusts strategy if necessary. 

Two reference processes for performance management in the BC and in the VO are 
part of the Net-Challenge framework, which interface with the reference collaboration 
processes as briefly explained. In order to expedite the processes, particularly in VO, 
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Fig. 2. Components and interactions in the Net-Challenge framework for performance 
management 

some resources are provided – scenario templates which characterise typical business 
scenarios and propose sets of KSF and lists of success factors, the corresponding KPI 
and the definitions. 

The information system collects data from VO partners and BC members for KPI, 
conveys evaluation of performance and feeds a central repository of information (BC 
member and VO profiles). Aggregated and disaggregated data allows analysing 
performance of VO, VO partners and of the whole BC. This system supports search 
of partners based on claimed capabilities, qualified processes and actual performance.  

Internal and external communication of performance is essential to mobilise 
organisations to improvement, to convey the BC strategy and to reward the members. 

In order to speed up and guide organisations in the analysis process and in the 
identification of KSF and also to clarify the concepts of the performance management 
framework, the framework contains examples of KSF to BC’s and VO’s stakeholders 
which are presented in Table 1 and Table 2, respectively. To find the KSF the key 
question is “what are most important requirements that the stakeholder wants from the 
organisation (and from other competing organisations) that will determine his 
evaluation or ultimately that will make him decide for one organisation?”. Since it is 
important that a clear and common understanding of the meaning of each KSF exists, 
a KSF glossary is a required process resource. 

The BC’s KSF to the VO consider both the formation of the VO and its operation. 
During the formation, the VO does not exist formally but the KSF demanded are 
specific and distinct from those asked by a member to the BC. 

The KSF listed are potential KSF and only some of them will apply in each 
scenario. It should also be noted that the BC also wants some of the VO’s KSF to 
customer, meaning that those KSF are related with its mission statement and main 
goals (such as supporting the supply of complex, high added value products for 
demanding customers). By analysing the performance of all VO formed, the BC can 
determine its own success. 
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Table 1. List of some examples of BC's KSF to its stakeholders 

Stakeholder KSF  
BC member • Business opportunities 

• Knowledge 
• Reputation in the market 
• Economies of scale and scope 

Virtual 
Organisation 

• Preparedness of members 
• Information about members 
• Capacity 

• Supporting instruments 
• Complementary capabilities 

Customer • Suppliers development • Suppliers selection effort 
Society • Social responsibility • Ethical behaviour 

Table 2. List of some examples of VO's KSF to its stakeholders 

Stakeholder KSF   
Partner (not 
broker) 

• Sales 
• Margin 

• Payment terms 
• Capacity utilisation 

• Knowledge 
• Reputation in the 

BC and in the 
market 

Broker • Cost and risk 
sharing 

• Responsiveness 
• Expertise 

• KSF for Partner (not 
Broker) 

• KSF for Customer 
(when the Broker 
represents the 
Customer) 

Customer • Price 
• Quality of the 

product 
• Innovative solutions 

/ differentiation 

• Location of partners 
• Technical support 
• Delivery time 

reliability  
• Delivery time 

• Technical features 
• Confidentiality 
• Turnkey solutions 
• Customer service 
•  Product mix 

BC • VO Sales 
• Margin 
• Turnkey solutions 

• Delivery time 
• Quality of products  
• Technical features 

• Knowledge 
• BC rules 

compliance  
• Reputation in the 

market 
Society • Ethical behaviour • Tax compliance • Environmental 

compliance 

 
The identification of the most important factors that affect the key success factors – 

the key performance factors (KPF) – enables to act on the processes and measure 
them in alignment with the strategy. The process of identification and definition of 
KSF and KPF contribute to create a common language in the Business Community. 

Key performance indicators (KPI) allow monitoring the performance of the 
organisations on the selected key factors (success and performance factors). However 
a performance factor may require more than one performance indicator to be fully 
measured. KPI are the (few) selected ones to measure the overall performance of a 
system or organisation. Some KPI are proposed with the main objective to speed up 
the analysis during formation of BC and VO. 

Although quantitative indicators were preferred, for some factors only qualitative 
indicators could be found. Some are measured periodically others are measured once, 
which is the case of qualitative measures obtained at the VO’s dissolution phase in a 
review of performance. 
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4 Validation 

The Net-Challenge framework for performance management will be tested in a pilot 
application led by one industrial partner, in the textile and garment sector. In this 
sector, supply chains are hierarchical; many companies are very small and have a very 
informal approach to performance management. It will be mostly focused the 
validation of the process resources (KSF, KPF, KPI and business scenarios) and of the 
sub-processes to negotiate them and setup the performance management processes. 

Interviews with key people in the participating organisations will enable an initial 
validation and adjustment and to determine the needs and requirements for training 
and assistance. Information will be acquired through inquiries about the initial 
conditions and the effectiveness of process execution. It will also be examined the 
contribution of the performance management processes to the alignment of strategies 
and to customer orientation. Both the validation and the specific requirements will 
enrich the framework. 

5 Conclusions 

The identification of CN’s key stakeholders, of their relations and roles and the 
identification of their key success factors enables a comprehensive approach to 
performance management, from strategy setting to improvement decisions and 
monitoring. The paper focus the identification and definition of key success factors, 
i.e., of value creation for stakeholders as an essential component for the analysis and 
control of performance factors and thus to support the collaboration processes in CN. 

As argued in this paper, performance measurement and particularly the selection of 
KPI require the existence of the sound base provided by the analysis of KSF or 
otherwise may be arbitrary and generate confusion, resources waste and lack of 
confidence on CN potential. The practical approach and the KSF presented can guide 
CN to develop their performance management systems in a logic way, contribute to 
fill the gaps found in this area and may stimulate organisations to get involved in CN. 
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Abstract. Collaboration is one of the most commonly used strategies in the 
business environment. Enterprises that collaborate need reliable and efficient 
performance information. However, many collaborative enterprises fail to 
implement a common performance measurement system in an adequate manner 
due to the lack of sound mechanisms that connect all the elements within a 
performance measurement system. The purpose of this paper is to provide a 
methodology based on a multi-criteria decision method that aids to implement 
the different elements that compose a performance measurement system for 
collaborative networks. With this methodology enterprises have a tool to define 
all the aspects involved in the performance measurement system and to 
implement it. This approach has been applied to a collaborative enterprise 
network belonging to the automotive sector.  

Keywords: performance measurement systems, collaborative networks, 
performance management. 

1   Introduction 

Collaboration is one of the business models that enterprises adopt to remain 
competitive. Companies collaborating share the responsibility of exchanging common 
planning, management, execution, and performance measurement information [1]. In 
addition, collaboration requires the commitment of human, financial or technical 
resources to build and sustain a more competitive business model [2]. For that reason, 
it is necessary to manage the evolution of the collaborative relationship by defining 
performance measurement systems (PMS) that aid to collect the necessary 
information in order to manage the activities of the collaborative association. In the 
literature, there has been an increasing interest in the development of PMS for inter-
organizational contexts [3-6] and recently some PMS were developed for specific 
collaborative contexts [7-9]. This is because, as collaborative relationships present 
specific characteristics that need to be managed such as trust, commitment, 
cooperation, etc. [10-11]. Then, PMS developed for inter-organizational contexts 
should present specific characteristics to be useful for these contexts. One of this 
characteristic is related to the need that the design and implementation phases of PMS 
are coordinated in order to build them adequately. In this sense, decision makers 
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usually deal with other important issues such as the prioritization of performance 
objectives in order to know which the most strategic objectives are and, therefore, in 
which aspects enterprises should be focused and allocate resources. Despite the 
importance of these activities, the inter-organizational PMS developed in the literature 
present some limitations for providing weights [12]. Then, PMS should incorporate 
methods for solving these issues in order to get an adequate PMS design and 
implementation.  

In order to prioritize objectives, it is useful to define weights for the different 
objectives which can be stated as a multi-criteria problem involving different actors. 
In the same vein, structuring and consolidating data may also be solved as a multi-
criteria problem. Therefore, multi-criteria methods can contribute to the elaboration 
and establishment of the performance measurement systems. The main goal of this 
paper is to propose a novel methodology to design and implement PMS in 
collaborative networks by using a multi-criteria decision-making approach. With this 
methodology, enterprises will have a tool that describes the steps to be followed by all 
the collaborating enterprises in order to define, reach agreement and manage the 
evolution of the collaborative enterprise network. Then, this methodology is 
developed to manage the performance of the association of enterprises instead of the 
individual enterprises. Evolution is managed by analyzing the performance reached 
by the whole association at the different periods and deriving, defining and 
implementing actions plans when performance is not achieved. 

The structure of this paper is as follows. First, a literature review of inter-
organizational PMS and multi-criteria decision analysis methods are presented 
focusing attention on the Analytic Hierarchy Process (AHP) method. Then, the 
methodology proposed to implement performance measurement systems is presented. 
Next, a case study of a collaborative enterprise network belonging to the automotive 
sector is described. Finally, conclusions are exposed.   

2   Literature Review 

Collaborative enterprise networks involve that different partners are working together 
for mutual benefits. Therefore, the definition of PMS for managing its activity is a 
task that has to be made by all the collaborative partners. There are several PMS 
developed in the literature for inter-organizational contexts such as the works [3-9]. 
These PMS are useful structures for defining and structuring performance 
measurement information from the strategic level to the process level by deploying 
linkages among the performance elements. However, they lack of mechanisms to 
prioritize the performance measurement elements data so that performance can be 
analyzed under an assessment making preference to those aspects that are more 
relevant for the sustainability of the collaborative enterprise network.  

On the other side, there are many multi-criteria methods. In fact, multi-criteria 
methods are classified into two groups [13]: Multiple Objective Decision Methods 
(MODM) and Multiple Attribute Decision Methods (MADM). The main difference 
between both methods is that in MODM, decision makers need to reach multiple 
objectives that are in conflict of interest and the number of alternatives is elevated. 
However, MADM problems focus on obtaining a preference ranking on the 
alternatives characterized by multiple attributes that are in conflict and the number of 
alternatives is limited. In our problem, the number of performance objectives is 
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limited and discrete so that MADM techniques are to be used. There are several 
MADM methods such as Multiple Attribute Utility Theory, (MAUT) [14], ELECTRE 
(ELimination Et Choix Traduisant la REalité) [15], PROMETHEE (Preference 
Ranking Organization METhod for Enrichment Evaluations) [16] and the Analytic 
Hierarchy Process, AHP [17].  

AHP aims at integrating different measures into a single assessment for ranking 
decision alternatives which is the case of our problem. Also, ranking of objectives 
involves both tangible and intangible aspects and AHP deals with both types of aspects. 
This is because overall assessment should not only consider quantitative performance 
data but also some other criteria that are critical for successful parnerships and are not 
directly quantifiable, e.g. trust and commitment [18]. In addition, AHP has been used 
for many applications involving performance measurement criteria such as selecting a 
supplier [19-21], selecting performance indicators for supply chain management [22], 
evaluating performance of IT department in the manufacturing industry in Taiwan [23], 
and selecting ERP systems in textile industry [24]. However, there is not an application 
of AHP for supporting PMS design and implementation within inter-organizational 
contexts. For this reason, the purpose of the remaining of this paper is to present a 
methodology that uses AHP method to support the prioritization of the objectives within 
a PMS and the composition of an assessment for the whole collaborative network that 
fills this research gap. 

3   The Proposed Methodology to Support the Implementation of 
PMS in Collaborative Contexts 

In [19], the COL-PMS framework for managing performance within collaborative 
contexts is presented. The COL-PMS framework integrates the social side of 
collaboration within an integrated and solid PMS structure. The main purpose of this 
PMS is to support the decision-making process of the enterprises and entities that 
collaborate. For that reason, it is necessary that the PMS considers two levels: inter-
organizational level (where collaboration takes place) and individual enterprise level. 
Fig. 1 shows the phases of the methodology proposed to implement the COL-PMS 
framework by using AHP which is composed of seven phases. In the phase 1, the 
performance elements of the PMS are defined. In this work, the PMS structure used is 
the COL-PMS but other PMS structures may be used. Then, the AHP method is applied 
to build a model (phase 2). The AHP method structures the decision problem in a 
hierarchy of levels. These levels are linked by unidirectional dependence relationships. 
In the upper level of the hierarchy, it is defined the ultimate goal of the decision 
problem. Then, the criteria that contribute to achieve the goal stand in the second level. 
In the next levels, intermediate sub-criteria and attributes that compose the hierarchical 
structure are located. Finally, in the last level, the decision alternatives are established. 
Using levels allows decision makers to focus on a small set of decisions [17]. The AHP 
method provides relative weights to each element within a level depending on its 
contribution to an element linked to it that is located on the immediate upper level. In 
our case, as we use the AHP model to obtain the weights of the performance objectives, 
we will have three levels (see Fig. 2): PMS vision (main goal), perspectives (criteria) 
and, finally, performance objectives (alternatives). 
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Fig. 1. Methodology for implementing a PMS by using AHP 

 

Fig. 2. AHP model 

Once the model is built, it is needed to make pairwise comparisons in each level 
using the fundamental scale of Saaty [17], in order to obtain the pairwise comparison 
matrices (phase 3). After pairwise comparisons matrices are completed, the local 
priorities of the compared elements (priority vector) are calculated and consistency of 
judgements checked following the procedure described in [17]. Once all priority 
vectors are obtained and consistency verified, the final weights for the alternatives are 
calculated (phase 4). For that purpose, priorities of decision alternatives are combined 
together with the sets of priorities of the criteria. Then, in phase 5, it is performed a 
sensitive analysis to check how changes in the local weights of one of the criteria or 
alternatives affect the final priorities previously obtained. The purpose of this phase is 
to verify that the solution obtained as the preferred alternative is robust enough. In 
case that the solution is not robust, it is needed to go back into the phase 3 to analyze 
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the pairwise comparison matrices defined. In phase 6, the data regarding the 
performance indicators is collected. Finally, phase 7, it is obtained the overall 
performance evaluation by multiplying the priority of every performance objective 
(given by the normalized priority) and the value reached in its corresponding 
performance indicator.  

4   Case Study 

The methodology has been applied to a collaborative enterprise network belonging to 
the automotive industry in Spain which is composed raw material suppliers, design 
centres and manufacturing plants (of a plastic injection-moulding leading group) 
working for main OEMs. Due to the success of a new product launched, and the new 
market needs regarding this new product, the corporation pursued to change the 
policy and orientation towards collaborative working in order to agree the terms, 
commitment, money investments and resource and information sharing. One of the 
components of this product is critical as the technology and know-how required to 
design it and manufacture it is not a core capability of the manufacturer therefore 
collaborative working seem reasonable.  

The first phase of the methodology consists of the definition of the PMS elements. 
Managing directors of the different enterprises assessed were in charge of the decision 
making of the different phases of the methodology. It took several meetings to reach 
an agreement on the strategic aspects of the relationship as the enterprises come with 
different backgrounds and understand in a different way the main components for the 
business vision. Once the global performance elements were defined, the different 
enterprises performed some adjustments into their performance indicators at the local 
level to accommodate all the relevant performance information coherently. Table 1 
shows the performance elements (objectives and KPIs) defined for the collaborative 
enterprise network level. It consists of fourteen objectives and KPIs (divided into the 
five performance perspectives) which seems a reasonable number. These KPIs have 
been defined by the enterprises based on the objectives that they want to reach. It took 
two meetings to define these KPIs. 

In the phase 3, in order to fill in the pairwise comparison matrices it was necessary 
to establish an initial meeting for explaining the AHP method. As this phase involves 
decision makers of all the enterprises, several possibilities can be used to obtain a 
final solution such as voting, aggregation methods on individual preferences or 
reaching consensus [17]. The companies agreed to use the aggregation on individual 
preferences if the initial judgement was equal or similar for all of them. However, if 
there was a large difference of judgement, this point needed to be dealt with in 
meetings for reaching consensus or a closer point of view. In order to reach 
consensus, the managing directors discuss the preferences until a better understanding 
is achieved. Therefore, a combined solution was applied in order to get an 
approximate common view of the problem. Then, enterprises meet several times in 
order to fill in the pairwise comparison matrices. In other cases, if consensus is not 
reached, other methods can be used such as voting. 
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Table 1. Performance elements of the collaborative enterprise network 

Perspect. Objectives KPIs 

Financial FO1 Increase sales 
FO2 Increase high quality product 
margins 

KPI1 = sales (monthly) 
KPI2 = average of high quality products 
margin variation (monthly) 

Customer CPO1 Increase market share  
 
CPO2 Increase customer loyalty  
 
CPO3 Increase customer satisfaction 

KPI3 = market share variation 
(quarterly) 
KPI4 = number of old customer 
purchases/ total purchases (quarterly) 
KPI5 =  number of claims/complaints 
(weekly) 

Process PO1 Decrease production lead time 
PO2 Decrease new product 
development lead time 
 
PO3 Implement initiatives for 
production performance improvement 
 
PO4 Decrease non-conforming parts 
 

KPI6 = production lead time variation 
(monthly) 
KPI7 = new product development lead 
time variation (per project) 
KPI8 = number of performance 
improvement initiatives implemented 
(semester) 
KPI9 = number of non-conformance 
parts send to customer (weekly) (by 
customer) 

Learning 
& Growth 

LGO1 Increase innovation capability 
 
LGO2 Improve engineering 
knowledge   
 

KPI10 = Number of innovative 
products proposed (annual) 
KPI11 = number of common 
engineering development training 
sessions performed (semester) 

Collabo-
ration 

CO1 Increase commitment 
 
CO2 Increase coordination 
 
CO3 Maintain equity 
 

KPI12 = Number of agreements failed 
(monthly) 
KPI13 = number of times that 
information is sent delayed (monthly) 
KPI14 = meetings to discuss perception 
of equity after agreement (quarterly) 

 
In the phase 4, the weights of the objectives are obtained. Results showed that the 

most important objectives representing more than 70% of the total weight were: FO1 
Increase sales (with normalized weight of 0,16), CPO1 Increase market share (0,12), 
FO2 Increase high quality product margins (0,11), CPO3 Increase customer 
satisfaction (0.09), PO4 Decrease non-conforming parts (0,09), LGO1 Increase 
innovation capability (0.08) and CO3 Maintain equity (0,08). It can be observed that 
the relevant objectives belong to all the performance perspectives but the importance 
of the perspectives differ, being the financial perspective the most relevant followed 
by the customer perspective. It is to be noted that the objective CO3 Maintain equity 
reaches a weight of 0,08. This fact notes the importance of social climate aspects for 
sustaining collaboration in the long time.  

In the last phase it is obtained the final results. The analysis showed that 
performance was mainly achieved by some of the most relevant objectives (those 
objectives with highest weight). However, financial objectives were not accomplished 
in the desired level (accomplished around 20%) and decision makers have to reassess 
what is expected in current market conditions. Another objective that is not achieved 
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is the decreasing of non-conforming parts (accomplished around 50%). For those 
objectives that have not reached the expected results, actions plans are to be 
developed which allows reassessing the current targets or reaching them properly. It 
has to be noted that performance achievement was only reached at the 60% what was 
under the initial expectations (70%). However, results showed that performance 
measurement implementation has provided performance knowledge to the 
collaborative network as well as a tool for monitoring performance from now on.  

From an information systems point of view, it has to be said that a web-based tool 
is being built in order to make possible to implement the system. Some of the next 
steps involve completing the tool and testing it, training further the people that are 
going to use it, move the data into the application and feed the system with updated 
data in order to analyze how the performance of the collaborative enterprise network 
evolves. 

5   Conclusions 

The literature counts with inter-organizational PMS that are useful structures for 
defining performance measurement systems. However, they lack of mechanism to 
prioritize the performance measurement elements data. This paper introduces a 
structured methodology supported by a multi-criteria method to aids to implement 
PMS for collaborative networks aiming to fill this research gap. Adaptations of this 
methodology can be made to manage other inter-enterprise relationships such as 
supply chains, etc. Further research work will involve the full development of the web 
tool in order to not only provide the storage of data and calculation of the results but 
also deals with the report analysis settings. In addition, it is needed to further testing 
the web tool and observe its evolution as well as the evolution of the PMS and the 
performance of the collaborative enterprise network in the long time. Other 
interesting research line is the validation of the proposed methodology in other 
contexts as well as the adaptation of other PMS and MADM techniques. 
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Abstract. This paper aims to explore the performance alignment in 
collaborative network environments. It has been stated that performance 
management based on data collection and the evaluation of key performance 
indicators (KPIs) may not be effective due to the different indicators and 
measurement systems in place for the various participants in a collaborative 
network (CN). Therefore, measuring the strategic and inter-organizational 
alignment based on key alignment indicators (KAIs) can be an excellent 
alternative to improve performance evaluation systems. This approach has led 
to the exploration of the performance prediction paradigm and develops tools to 
estimate a performance and evaluate the degree of alignment by creating 
instances of a future performance in collaborative networks.  

Keywords: Collaborative networks, performance management, alignment 
measurement. 

1   Introduction 

Constant changes in business environments force organizations to address the 
challenge of the growing demands of increasingly mature and saturated markets. This 
then obliges organizations to focus on achieving high levels of responsiveness  
and flexibility in the development, production and delivery of their products or 
services [1].  

Performance evaluation in collaborative networks (CN) is a significant 
management function for supporting a successful business [2]. The different systems 
and performance indicators used by each partner can present difficulties when 
standardizing measurements. Therefore, an alignment measure is proposed to 
instantiate the overall performance of a CN.  

This paper aims to highlight the relevant aspects of performance management and 
promote inter-organizational alignment in CNs, which is explained in the second 
section. The third section introduces theory, focusing on the performance prediction 
paradigm. This is followed by an outline of the alignment measurement in CNs, the 
related conceptual framework and the supporting mathematical tools are presented in 
section four and conclusions are outlined in section five. 
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2   Performance Management and Alignment in Collaborative 
Networks 

Performance measuring and management are crucial in order to improve processes 
and implement solutions that will improve the efficiency and effectiveness of 
organizational processes [3]. Furthermore, Seifert [4] has argued that “performance is 
the degree of target achievement of a process regarding pre-determined and 
application-dependent criteria”. Complementing this definition, Seifert [4] also 
explains that performance measurement can be “understood as the measuring, 
analyzing and communication of the performance of business processes” and yet, if 
implemented efficiently it can have a significant and positive impact on organizations 
[5]. However, Taticchi [6] states that a performance measurement and management 
system is a broader system which is developed to collect, integrate and analyze 
performance measures to enhance decision-making processes while also evaluating 
strategies and promoting alignment. 

Furthermore, Camarinha-Matos and Abreu [7] state that if the CN is able to 
simultaneously measure the individual performance of each member and the overall 
CN performance, then this will encourage participants to understand the benefits of 
this new paradigm. 

The term alignment, although it has other connotations, is usually defined as 
an arrangement of groups or forces in relation to one another [8]. Thus, in order to 
contextualize this concept within the scope of collaborative networks it is possible to 
generalize that this term can be applied as a fit relationship between the participants 
of a CN. If an organization's strategy does not coincide with the targets, organizations 
should be aware of the need for adaptive systems in order to improve their level of 
effectiveness [9]. Kathuria, Joshi and Porth [10] state that alignment is important for 
formulating strategies, defining processes, supporting decision-making and, in 
particular, fitting key processes. 

However, significant factors can have a negative or positive impact on 
alignment within a CN, for instance: trust, reliability, competence (skill level) 
and experience (know how). For example, according to Msanjila and 
Afsarmanesh [11], inter-organizational trust is not subjective like interpersonal 
trust and it is not always possible to know the values or past actions of potential 
partners in a collaborative relationship, particularly in the formation phase of a 
CN. Furthermore, the level of technological and commercial maturity of each 
participant could alter reliability which may lead to the exclusion of participants 
or the dissolution of the CN. Therefore, competence can be seen as the 
combination of knowledge, skills, technologies, physical systems, management 
and values and it gives organizations a competitive advantage in creating 
distinctive value that is recognized by customers [12]. 

It is therefore possible to determine that measuring and evaluating the behavior of 
the alignment factors is relevant in order to assess the overall network arrangement 
[13]. Furthermore, it is important to measure this alignment in the agreement moment 
and during the operation of the CN in order to verify whether a large gap in the 
alignment between partners appears. 
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3   A Predictive Approach in Performance Management 

This new model of collaborative management can help organizations follow strategies 
that enable them to be more flexible and agile. The interval between analysis and 
evaluation and the time taken to react to process failures and develop solutions must 
be reduced in order to improve organizations’ responsiveness. 

Therefore, due to constant changes in organizational processes and their 
requirements, this work recommends a conceptual framework supported by a practical 
tool for performance estimation in order to support a proactive approach. Indeed, with 
a proactive performance prediction approach it is possible to foresee that the 
performance model will be based on the current status. Therefore, contrary to the 
reactive approach, that is not able predict what the module will become unless a 
trigger is detected, this approach will proactively react once a system concept/model 
change has been identified [14]. Consequently, this paper proposes a tool that learns 
the behavior of the system in order to anticipate the performance reaction to the 
changes made, and not only using data history analysis. 

3.1   Feedforward Alignment  

Having established that alignment can be measured using key alignment indicators 
(KAIs) estimation and performance classification tools were then developed and 
implemented in order to materialize this concept. In this innovative approach, a 
combination of feedfoward and feedback analysis, supported by leading and lagging 
performance measures, respectively, can establish a predictive approach to measuring 
alignment in collaborative networks (Figure 1).  

Inter-Firm  
System 

FeedFoward 
Analysis 

Feedback Analysis 

Output: System 
Performance 

Expected System 
Performance (lagging indicators) 

Input: System 
Variables 

Leading  
Indicators 

 

Fig. 1. Feedfoward and Feedback Control System 

Thus, according to Busi and Bititci [15], 
 

“Feedforward control involves the development and deployment of plans and objectives 
based on leading measures of real-time performance, while feedback control involves the 
measurement of performance against those objectives through historical lagging measures. 
Proactive performance management based on both feedforward and feedback control is based 
on the premise that a balanced set of leading and lagging performance measures should 
anticipate and not only correct bad performance.” 

The proposed approach will be crucial to supporting the subsequent development 
of the alignment and measuring toolset proposed in this research. 
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3.2   Decreasing Reaction Time 

Since the success and effectiveness of performance measurement depends on the time 
taken by organizations to react and make improvements, it is critical not only to 
reduce the reaction time but, more importantly, anticipate it [4]. Therefore, modeling 
complex manufacturing systems, using a predictive tool through data fusion, which is 
not only concerned with statistical data, but also with factors that may influence the 
future of the CN, can present real benefits for industry nowadays.  

With this in mind, it is important to extract knowledge on statistical analysis and 
data mining tools that are collecting information and knowledge from data in order to 
use this to predict future patterns of behavior. A predictive model consists of a series 
of predictive indicators and variables that are likely to influence future behavior. 

According to Seifert [4], reaction time consists of two stages: the feedback time 
and the implementation time (Figure 2). The first stage is represented by the "time 
span between the evaluated period and the calculation of the KPIs" during the 
performance measurement process. The second stage is represented by the "time span 
between detection and elimination of the performance deficit" closing the cycle of 
performance management. 

 

Fig. 2. Performance prediction benefits (adapted from Seifert [4]) 

Another important aspect related to the performance prediction concept is the 
definition of appropriate and relevant performance indicators. This is critical for the 
success of the organization, both individually and in a network environment. 
Performance measurement and performance management systems should be designed 
to support proactive management based on both feedback and feedforward operation 
control. 

4   Proposed Alignment Measurement Framework 

As part of the research conducted, an explanatory and exploratory investigation was 
developed within a set of SMEs in collaborative networks in Brazil. During this 
research, a conceptual framework called CNPMS [16] was adopted for performance 
management in collaborative networks and an estimation tool was applied to provide 
predictive measures. Thus, developments were performed to verify if the fit between 
the CN’s strategy and inter-organizational processes could be measured using an 
alignment measure. 
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4.1   Key Alignment Indicators 

Important questions regarding the ‘fit’ concept were raised by Venkatraman [17] within 
the scope of strategic management. Indeed, this is a process geared to deducing not only 
whether the business environment and organizational structure are aligned (external fit) 
but also whether the structure and processes of the organization are aligned (internal fit). 
The ‘fit’ concept, as outlined in the literature, represents the alignment or configuration 
of the organizational strategy and takes contingencies faced by the organization within 
its business environment into account [17]. The internal fit is usually related to the 
performance improvements [18], to ensure a higher level of alignment, and once 
calculated it can represent the state of internal fit of a CN. 

Since alignment can be measured using KAIs, this led to the exploration of the 
performance prediction paradigm and the development of tools to estimate and 
evaluate the performance of the future degree of alignment or fit. The KAIs were then 
chosen from the predictive KPIs that best represent the effectiveness of inter-
organizational processes (Figure 3). Subsequently, the KAIs were used to evaluate the 
degree of compliance with the established goals. Thus the KAI values are compared 
with their target values and then each participant is classified. Using these individual 
values it calculates the Fit Degree where the overall alignment is classified by a fuzzy 
logic in order to outline future alignment for the period stipulated. 

 

The criteria for selecting the KAIs are derived from the CN decision makers’ 
expectations based on the strategy and the inter-organizational scope. Therefore, 
initially it is important to perform a survey on each of the participants with the main 
KPIs used as well as linking each of them following an independent axis: cost, time 
and quality. Depending on the complexity of the expected KAIs, the CN manager 
must not only select the independent axis that must be included in the KAI 
calculation, but also the corresponding KPIs, as each KAI can only be composed of 
one specific KPI or a combination of KPI’s. Subsequently, it is possible to define 
measurable alignment indicators that are capable of instantiating the overall CN 
performance state, according to the strategy defined for the entire network.  

 

Fig. 3. Using KAIs for performance evaluation in collaborative networks 
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4.2   Fit Degree Supporting Tools 

Since this research aims to develop tools that improve the reaction time in CNs, it is 
crucial to develop a tool to predict and estimate the performance of nonlinear systems. 
This approach is based on the leading and lagging factors that can influence the 
system’s behavior. In order to fulfill these requirements, the so-called Performance 
Value Estimator (PVE) tool was used as a predictive control to monitor, learn and 
imitate the behavior of complex nonlinear systems that do not require profound 
knowledge of mathematics [19]. This tool, however, does require a thorough 
knowledge of the system that it will monitor and emulate. Indeed, this tool consists of 
Neural Networks and a Kalman Filter, two well-known mathematical tools that are 
currently used in the areas of automation and robotics.  

The fact that Neural Networks (NN) is a non-linear tool with data-driven self-
adaptive capabilities makes it a powerful tool for supporting the system’s modeling 
tasks since it allows for the approximation of any continuous function with the desired 
accuracy. In reality, because the NN tool is able to model non-linear systems without 
prior knowledge of the relationship between the input and output variables, it can 
support companies with limited resources and emulate the system’s behavior using 
non-complex past examples. Hence, it is easier to predict future performance using 
this modeling approach and considering the factors that can be anticipated and 
envisaged. 

Indeed, with the NN modeling approach it is possible to emulate and anticipate the 
expected performance of a complex system. Nevertheless, one must be cautious with 
the use of the NN tool since there are a lot of causes and factors that can affect its 
performance. Therefore, the Kalman Filter was used in order to eliminate possibility 
of non-controllable errors (where possible) that can originate from the modeling 
system or from the leading and lagging factors measure. Due to the fact that this filter 
is capable of supporting estimations for past, present and future states even when the 
system modeling accuracy is unknown, this tool is normally applied to optimize the 
estimation of state models. In a higher mathematical layer of abstraction, the Kalman 
Filter can be seen as a tool that is used to estimate the instantaneous “state” of a 
dynamic system perturbed by white noise (random factors). Consequently, by 
incorporating these two significant approaches it was possible to develop a tool that is 
able to predict the evolution of the behavior of complex systems, minimizing the 
different errors and noises that can disturb the normal assessment of the performance 
of the system as presented by Azevedo and Almeida [19]. 

The PVE tool assumes an important role in this area in predicting the KPI values 
for the short and medium-term. Nevertheless, since alignment evaluation can be seen 
as a subjective exercise, in order to calculate and evaluate the inter-organizational 
alignment it was necessary to use a fuzzy approach. This approach informs the 
manager of the system’s overall performance and takes the key alignment indicators 
into account and how these indicators will affect the overall performance of the 
collaborative network. As a result, a Fuzzy Logic System capable of evaluating the 
inter-organizational performance was included within the framework. The Fuzzy 
Logic was mainly developed to help decision makers solve classification problems 
when there is little knowledge and certainty about the system that will be controlled.  
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Fig. 4. 3D fuzzy decision surface 

Therefore, in a Brazilian industrial supply chain collaborative network called G3, it 
was possible to define the 3D fuzzy decision surface based on the following KAIs: the 
delay in the delivery time (DDT), and the percentage of orders delivered with non-
conformities (NON). It is then possible to visualize the 3D graph that represents the 
non-linearity desired for this system (Figure 4). For example, as the KAI values 
increase, the reliability of the partner decreases, as expected.  The dark blue color in 
this figure represents “fits very well” and the yellow color represents “fits very 
badly”. 

Therefore, based on the methodologies explored in the previous section it is 
possible to integrate the PVE tool and the Fuzzy expert system, in order to build a 
framework capable of grasping and learning the normal behavior of the non-linear 
system in study. This framework predicts the future CN performance, using the KAIs 
as global performance indicators and, finally, evaluates the alignment measure 
according to the priorities and requirements of the collaborative network in analysis. 

5   Discussion and Conclusions 

This paper presents a new approach to performance management in collaborative 
networks (CNs) by measuring the inter-organizational alignment. A collaborative 
performance forecasting framework was developed and implemented to verify this 
approach. This alignment evaluation toolset presents both merits and potential 
advantages for CNs. A major benefit comes from its simplicity and robustness in 
providing managers with relevant information with regard to network alignment 
assessment in present and future states to support decisions. Another benefit comes 
from the fact that prediction results are provided more quickly and in a more 
proactive way than in other approaches, providing the manager with relevant 
information to make decisions and manage situations effectively. 

In the practical application of the G3 collaborative network, the expert manager 
reported that the gains obtained by using the tool to predict the future performance of 
the CN included: being able to specify the sales and production goals with higher 
accuracy and being able to implement improvement solutions using priority criteria. 
Therefore, it encourages the CNs to implement solutions to promote alignment in the 
inter-organizational processes. 
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Abstract. The dissolution of Virtual Organizations is not just a stage where the 
commitments between the partners take to an end, but an issue that is worth 
considering through all the life cycle in Virtual Organizations. This paper gives 
further light to the model of Virtual Organizations split in several phases, 
detailing their roles and significance, and explaining from previous experiences 
why the dissolution has to be carefully planned fairly in advance. The key 
elements for managing the dissolution of virtual organizations are described, 
and further evidence on how they can have positive influence to the 
performance of Virtual Organizations, are contributed highlighting the phase's 
significance. 

Keywords: Virtual Organization, Dissolution, Business Communities, Business 
Networks. 

1   Introduction 

Business Communities (BC) as non-hierarchical collaborative environments allow 
companies to create new Virtual Organizations (VO) as new business opportunities 
arise, providing tools for knowledge and resources sharing, a trusted network of 
companies and means for collaboration among the BC members in order to respond 
the market needs for competing with larger companies. Collaboration and knowledge 
sharing is of high added value that is key in these collaborative environments as 
companies can benefit from the knowledge and lessons learned from past experiences 
when creating new VOs. 

In the state of the art, typically three main different phases have been defined in  
the VOs’ lifecycle: Form, Operate and Dissolve [1], with a fourth additional one, 
Evolve [2] where the VO can modify its infrastructure and cooperation agreements in 
order to better respond to environmental changes or performance issues. The 
formation and operation phases have been extensively studied among the current 
literature, but the dissolution phase has been addressed in a superficial way. 
Dissolution is a phase that is performed only during the last steps of the VO lifecycle, 
but its significance ranges the whole lifecycle in different ways yet to be understood 
that deserve further study. 



168 N. Hormazábal and J.L. de la Rosa 

Part of this work is included in the methodology design created for the Net-
Challenge European project1 [Ref.: FP7-CP-FP229278-2]. The paper is organized as 
follows: Section 2 focuses on the dissolution phase’s significance by itself, section 3 
emphasizes the significance of the dissolution among the other phases and section 4 
concludes and explains the future work. 

2   Dissolution Phase 

During the dissolution phase, some issues must be addressed such as the management 
of results from the collaboration process made through the VO lifecycle like the 
intellectual property rights over the production, liabilities towards the customer 
(warranties), and financial results. Most of this should have been already defined and 
regulated in the cooperation agreement made during the formation phase, but within a 
BC environment, there should be also some other issues to be considered for the 
dissolution. 

The dissolution phase represents a unique opportunity to retrieve, store and share 
the lessons learned from the cooperation and interaction between the different 
companies that participated in the VO, providing valuable information for future VO 
creation and operation. 

2.1   Information Sharing during Dissolution 

When creating a new collaboration network for VOs such as a Business Community 
(BC), one of the basic concepts that must be considered to assure collaboration and 
knowledge sharing is a common information and data structure properly modeled and 
organized [4] for facilitating the access to the information. One of the most valuable 
pieces of information is the one retrieved at the moment of reviewing past performed 
activities (it is usually named “post-mortem” in software projects), as a way to learn 
lessons from the experience. The lessons learned the hard way (by empirical failures), 
can be opportunities in future projects [5]. Creating a context that makes 
organizational learning possible from the past experiences represents a powerful tool 
for better future decision making. 

The information stored during the VO dissolution as a way for future reference can 
be divided into two groups: Performance Review and Dissolution Cause Review. 

Performance Review: Some of the information that should be modeled when 
creating a Business Community is the Key Performance Indicators (KPI), which must 
be defined before any VO should be created to allow comparing performance 
indicators from different organizations. The assessment of the KPIs is certifying the 
status of a VO, whether it is on the right track or not. The possible KPIs for a VO can 
be varied from the one VO to another VO but some are commonly used as lead-time, 
time-to-market, resource utilization, annual turnover, customer satisfaction level, 
business growth, etc. The KPI can have different values in respect to business strategy 
such as KPI for BC, VO, marketing, manufacturing, supply chain management, etc. 

 

                                                           
1 http://www.netchallenge.org/ 
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Fig. 1. KPI Evaluations: KPIs are evaluated and compared against the target value 

Most of the KPI should have been evaluated during the VO operation as part of a 
VO performance monitoring process, but there are others that can only be evaluated 
after the collaboration has finished. These indicators are related to the individual 
assessment of the VO made by each partner, and may be subjective depending on 
their expectations, such as the partners’ commitment evaluation, collaboration level or 
communication. This information should help to better define the success or failure of 
the overall VO, as it goes beyond of the fact whether the VO has achieved its main 
objectives or not. A VO that has achieved its goals but has gone through major 
internal problems and has needed many corrective actions should not be considered as 
equally successful as a VO that has achieved its goals without significant issues. 

The KPI’s historical data should be compiled along the stream of corrective actions 
executed, if any. This will help for future reference about the efficiency on the actions 
taken on the VO based on its impact to the performance indicators. 

Each action should be documented as it will be useful for the future VOs in case 
they find similar cases; it is an important asset regarding the lessons learned point of 
view. So the evaluation for each KPI should contain a timestamp of the evaluation, 
the value and the desired target defined by the initial VO commitments and goals. The 
corrective actions (if any) should also include a timestamp to help establishing a 
connection among the actions and the KPIs performance changes. From Figure 1, it is 
observed that the performance level for each KPI can be measured by its deviation 
from its target value: If a VO has failed to achieve target product delivery deadline 
(KPI) corrective actions can be to revise the production strategy collaboratively in 
terms of resource reallocation, possible penalty for delayed partner(s), increasing the 
level of trust and networking among VO partners, improve partners’ capability, etc. 

Dissolution Cause Review: Usually, the dissolution is triggered when the VO has 
fulfilled its goals, or the business opportunity the VO was created for, no longer 
exists. But there are other causes that could make a VO dissolve, such as performance 
problems, environmental changes, internal VO members’ decisions or resources 
shortage [3]. 

As additional information to the performance review, the dissolution cause should 
be included. It is expected that it puts in context the dissolution cause (why this cause 
was triggered, in case there were related KPIs), helping to detect in the future what 
consequences could be derived from performance deviations. 



170 N. Hormazábal and J.L. de la Rosa 

2.2   Product Support After Dissolution 

VOs usually are created having a product or service development as an objective 
(after a business opportunity has been detected). The support tasks like after-sales 
actions, warranties and liabilities over components or process are not always part of 
the main VO goals. In the cooperation agreement the liabilities over the VO results 
should be defined, and these have to be assigned once the VO starts its dissolution 
process for assuring support towards the customers once the VO has been dissolved.  

Some approaches suggest that the liabilities of each component of a product should 
be related to the component’s suppliers [2], but the problem here is that the 
connection between the customer and the support organization goes from a one to one 
relation (the customer and the VO) to a one to many (the customer and each one of the 
suppliers). This could be a problem in terms of information management and 
product/technical support tracking as the support actions and liabilities are scattered 
among the different suppliers. 

Another approach would be to provide support during the VO lifespan (mainly in 
the operation phase), and thus the VO should be kept active until no support is any 
longer needed. But this means to keep active a VO even if the business opportunity no 
longer exists and no production or activity of any kind is being performed besides the 
occasional support tasks, having members and resources assigned that wouldn’t be 
needed, as not every partner should have been involved in production operations that 
would need further support. 

Finally, as a way to keep the relation between the customer and the support team as 
a one to one relationship, allowing to each former VO member to be in knowledge of 
the support actions, the partners can create a new organization only focused on 
providing after-sales and technical support. Some approaches suggest having a 
specific virtual organization for after-sale services which should also provide quick 
services activities [6]. 

 

Fig. 2. Example of a support organization 

Using this last approach as reference, the VO can define a “contact” company 
which will be the one who will be facing the customer inquiries and support requests, 
and will then delegate them to the respective partners (Fig 2); we will name this 
structure “support organization”. This way, the relationship towards the customer 
remains almost equal than when the VO was active. This support organization should 
have less resources assigned, allowing the BC to count on more free resources to face 
new business opportunities and the components liabilities are still remaining with 
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their suppliers (only there is a proxy between the customer and the companies now). 
The support organization’s structure and activities should be simpler than a VO, as no 
production is needed but only coordination between its members for the support 
actions, and the resources committed from every company towards the support tasks 
should be significantly lower than the committed towards the dissolved VO. 

This support organization should be kept active until no longer support is needed 
(for example, when warranties periods have expired). 

2.3   Additional Dissolution Tasks 

Additional tasks, more related to the initial commitments made during the VO 
formation should be performed during the dissolution. These tasks include sharing out 
the assets and financial results, intellectual property rights assignment and 
formalization, and the identification and performing of additional pending tasks that 
could be left from the operate phase (in case the VO has been dissolved unexpectedly 
and commitments towards external entities, such as suppliers, are left open). 

During VO dissolution, the information access rights must be defined, specifying 
which information each partner can access to, and the security measures that will be 
used for protecting this information (encryption, passwords, etc.). The access rights 
level should specify if partners could use this information for forming and operating 
future VO in case a third party is involved. 

3 Dissolution and the Other VO Life-Cycle Phases 

The dissolution phase has an important role on the other VO life-cycle’s phases, 
mainly from the knowledge acquired during the dissolution phase, but also as an issue 
to be considered when performing the task related to each of these phases. 

The dissolution phase should provide information that could be used during the 
other life-cycle phases, but also is a key phase that needs to be considered from the 
beginning of a VO for avoiding further difficulties when reaching the final life-
cycle’s phase. The VO’s cooperation agreement must include some key elements that 
are needed for the dissolution, which mainly are: 

• Conditions and guidelines for the final financial statement: Detailing the 
initial assets, agreed liabilities, share out conditions, etc. 

• Intellectual property rights: When creating the VO, the IPR of each partner 
must be decided over the results from the organization. 

• Dissolution conditions: If a VO is created with a fixed lifespan (e.g. if it 
provides a service for a limited season), it must be defined at the initial 
cooperation agreement. The needed votes for VO dissolution (in case there is 
no dissolution agreement) and other dissolution conditions must be detailed. 

• Privacy over the shared information: The members must decide at which 
level of detail the information will be shared with the BC (e.g. in the case of 
the performance evaluations some VOs would prefer to detail only the 
percentage over the target KPI value, instead of absolute values). 
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• Dissolution process agreement: Any other needed step, which depends on 
each VO’s scope, for the dissolution must be detailed, creating the partners’ 
agreement for dissolution. 

Most of these elements depend on the BC, which could restrict them or provide a 
template for the cooperation agreement including standard dissolution elements. 
These elements could change if the VO is modified with the agreement of the VO 
partners. On the other side, the dissolution’s results (performance reports, dissolution 
cause identification), support in different ways the other VO life-cycle phases. 

3.1   Form Phase 

When creating a new VO, at the form phase companies select partners that fit better 
the needs of the business opportunity using mainly the information each company 
gives about itself, its capabilities such as resources, availability or knowledge and 
expertise. One of the main benefits of a BC as an environment for creating new VOs, 
is that the companies that belong to it usually have already been profiled and their 
competencies identified at the moment of joining the community [7] (i.e. within a 
qualification process). A qualification process verifies the capabilities of the 
companies before joining a BC, but the information obtained from this process does 
not necessarily reflect the cooperation capacities of a company in a real performing 
VO. In cases that the BC has been active for a large period of time, it is likely that 
companies already had previous interactions with other BC members (and thus they 
have empirical knowledge about their performance in different situations). 

The performance reports made during the dissolution phase provide information 
from real interaction within a VO. This information represents not only quantitative 
information about the member’s performance, but also qualitative information that 
should be able to generate a list of trusted candidate partners in different ways, ranked 
by trust, reliability and other information from previous interactions. In order to take 
advantage of this information, BC members should have a set of visibility rights to the 
information related the other members’ capacities when creating a new VO [4]. 

3.2   Operate Phase 

One critical task related to the dissolution during the operate phase, is the 
identification of a dissolution cause. Dissolution not always happens when a business 
opportunity does not exist anymore, but other causes must be considered, such as 
unexpected events based on environmental changes, or internal problems in the VO: 
A key VO member could leave the VO and thus reducing the resources to a point that 
maybe the objectives could not be achieved, or unexpected environmental changes 
that affect the business opportunity could happen among other situations. Any 
unexpected cause that could lead the VO to its dissolution should be considered for 
future reference in order to better respond to future events or observed performance 
decreases [3]. If a dissolution cause is not properly detected, it could end in an 
underperforming VO that maybe wouldn’t be available to achieve its goals. In this 
case, the VO should decide if it needs a reconfiguration (or evolution) to better 
respond, or in the worst case, dissolve itself. 
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BCs have an overall capacity that should be enough to respond to the market 
demands and position itself in the desired market position, based on the total 
capabilities of each of its members. When new business opportunities arise, new VOs 
are created and their members’ resources are committed to it, reducing the BC 
available resources. Properly timed dissolution causes identification could free 
valuable resources for the whole BC that in other cases could be committed to an 
underperforming VO [8]. 

The knowledge acquired during the dissolution phase should also support the 
evolution of the VO. Once performance issues are detected in the different measured 
KPIs, the knowledge base should be able to provide information from past 
performance reports and the actions taken back then with their results. The 
identification of similar past cases is out of the scope of this paper, and please refer to 
tools using methodologies like case based reasoning [3] which is a good example of 
an automated tool for recommending actions for performance issues based on past 
experiences, or even recommending the dissolution if the results show that probably 
none of the VO objectives can be achieved given its current status. The dissolution 
phase should be able to provide enough information to support these kinds of tools. 

4   Conclusions and Future Work 

Dissolution represents a phase in the VO life-cycle and other collaboration forms that 
usually is overlooked, being for a long time mentioned as the least studied phase of 
the life-cycle [9], [10]. 

In this paper we tried to give arguments  to show the dissolution phase as an 
opportunity to create better VOs in the future, which should be prepared to better 
respond to unexpected issues and situations in the future by providing past 
experiences knowledge. Plus, at a higher level, a dissolution cause identified at the 
right time, could help the whole BC by freeing inactive resources assigned in low 
performing VOs. The dissolution phase then, besides finishing the formal actions for 
closing the commitments between the VO partners, must collect and store information 
about the VO performance in a reusable, structured way in order to have it available 
for future reference. 

In this paper we have identified the contributions of the dissolution phase such as: 

• Support for VO partners search and selection. 
• Support for VO performance improvement. 
• Reference for past VO actions for performance improvement. 

Plus, we identified where the dissolution must be considered and planned: 

• During the formation phase for the definition of the dissolution conditions. 
• VO evolution, in case the VO has changed its initial commitments, or added 

new partners. 

And what should be considered during the dissolution phase: 

• VO dissolution causes identification for future reference. 
• Support organizations creation after VO dissolution. 
• Creation of Performance Reports. 
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Future work is focused mainly on the complete formalization of the dissolution 
process and its steps (as well the formalization of a support organization creation and 
structure), and detailing further the significance of this phase by providing more 
proofs through experimentation and simulation environments. 
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Abstract. New integrated and technology-supported services are needed to face 
the challenges of rapidly ageing societies.  Collaborative networks provide a 
promising framework for the development of such services, which require the 
involvement of multiple stakeholders. In this direction, a roadmapping initiative 
is addressing the implementation of a new vision for technological support to 
ageing. To support this vision, a strategic research plan focused  on four life 
settings - independent living, healthy living, occupation in life, and recreation in 
life - is introduced. A large number of stakeholders coming from different 
backgrounds contributed to the design and validation of this roadmap. 

Keywords: Collaborative networks, ICT and Ageing, Collaborative 
Ecosystems, Roadmap. 

1   Introduction 

The rapidly increasing proportion of the elderly in western societies is creating a 
demographic unbalance, which raises serious social and economic concerns. It is thus 
timely to reassess the understanding of such terms as ageing and retirement, and 
questioning the common assumptions associated with work, personal fulfillment, 
leisure, community involvement etc. with respect to old age. 

The current common association of senior citizens with a dependent stage of life 
does no longer match the way the European society is developing. The adoption of the 
concept of “active ageing” provides a more appropriate understanding of the later 
phases of life, given both the social and technological trends and outlook for the 
future [1]. Furthermore, the notion of “productive ageing” [2] has opened new 
perspectives for a change in the way society often perceives older people. 

At present, most elderly citizens, following retirement, quickly become 
marginalized as they feel discarded by the society which often fails to even recognize 
their worth, instead of appreciating it and benefiting from it. Elderly is often seen as a 
cost burden rather than a resource, capable of value creation. This feeling of exclusion 
creates a vacuum in the life of the elderly citizens which can affect their health and 
well being. Even when remaining active at work, nowadays when a person gets older, 
his/her position becomes increasingly fragile in society, especially in moments of 
economic crisis when the competition for jobs intensifies.  A critical challenge for 
society in respect to active ageing process is to create an environment in which the 
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elderly citizens do not feel excluded, rather have a chance to use their knowledge and 
expertise in a fruitful way, by making a valued contribution to the communities in 
which they live [3], [4], [5].  

ICT, and particularly high-speed pervasive broadband connectivity and web-based 
technologies, combined with intelligent robotics, smart homes, intelligent sensor 
networks and related technologies, offer new opportunities to provide care and 
assistance, create new ways of working, facilitate social interaction, and reduce 
limitations imposed by physical and mental conditions, location and time, thus 
increasing personal control. Nevertheless the sensitivity of the area, the dependency 
on the interplay between the introduction of new organizational and service models 
and creation of a new culture in society, the lessons learned with the limited success 
of past experiences, the risk of continuously developing technology that is not taken-
up by target users, among others suggest the need for a careful analysis and a better 
planned approach towards what concerns new developments.  

The creation of adequate support environments for the ageing citizens requires the 
involvement and effective coordination of multiple stakeholders. The concept of 
collaborative ecosystem, which can be seen as a particular case of a VBE and gets 
some inspiration on the principles and mechanisms of biological ecosystems, provides 
a promising conceptual framework to guide new conceptual and technological 
developments. Such support environments can also be seen as a materialization of the 
notion of Services Society, i.e. going beyond the concept of service ecology by 
considering not only the services and the actors affected by them, but also the context, 
organizational structures, and their governance principles, namely constituting the 
logical part of a service oriented architecture. 

Nevertheless, such notions have emerged in enterprise-related business contexts 
and have not yet been explored in this domain. As such, roadmapping needs to play a 
fundamental role in the identification of a strategic research agenda and prioritization 
of needed actions. This paper introduces first results of the ongoing European 
roadmapping initiative BRAID. 

2   Towards a Strategic Research Agenda 

Realizing the critical issues of our ageing society, the European Commission has 
made a considerable investment in e-inclusion, ICT and ageing in its Framework 
Programmes. A number of related initiatives and experimental approaches have also 
emerged in other geographical regions, e.g., Australia, Canada, Japan and the United 
States. As a result, good progress has been made in various aspects of e-inclusion and 
particularly with regard to assistive technologies. A set of good practices and 
identified gaps is also available. Further research needs to build on these results and 
be guided by a strategic roadmap which provides an extended look at the future of 
active ageing and ageing well as a result of the knowledge and imagination of 
stakeholders, including experts, visionaries and drivers of change in this field. A well 
conceived roadmap needs to be drawn on the basis of an inspiring vision of what 
society wants to achieve in future [6], [7]. Vision-building is a mechanism to define 
the future that we wish to reach.   
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In addition to a number of RTD projects, particularly in FP7, four recently 
finished roadmapping projects – AALIANCE, CAPSIL, ePAL, SENIOR – have 
addressed different and complementary perspectives of ICT and ageing. Collectively, 
they covered major aspects of care and assistance, health care, extension of 
professional life and active ageing, and the related socio-economic and ethical issues. 
Furthermore, each one of these four projects developed efforts to organize 
communities of stakeholders. It is now urgent to proceed to the next level of 
ambition, towards a comprehensive vision and strategic roadmap, through the 
integration of these partial results and combination of perspectives, thus overcoming 
the fragmentation that has plagued the previous era of ICT and ageing. In addition to 
integration and consolidation of recent results, BRAID is exploring new synergies 
resulting from a holistic consideration of ageing, analyzing the trends and potential 
impacts of new disruptive technologies, and investigating a number of plausible 
scenarios of socio-economic crisis that might have a profound impact on the life of 
senior citizens. 

 

Perspectives of analysis. ICT and Ageing represents indeed a complex area that can 
be analyzed from multiple perspectives and requires the contribution of multiple 
disciplines. In this work four perspectives or life settings are considered particularly 
relevant and selected as the basis for focused consideration in the various phases of 
the roadmapping process: 

 Independent living - how technology can assist in normal daily life activities e.g. 
tasks at home, mobility, safety, agenda management (memory help), etc. 

 Healthy living - how technology can assist in health monitoring, disease 
prevention, and compensation for disabilities. 

 Occupation in life - how technology can support the continuation of professional 
activities along the ageing process. 

 Recreation in life - how technology can facilitate socialization and participation 
in leisure activities. 

The next sections introduce the vision and plan of actions for each setting. 

3   Independent Living 

This life setting addresses how technology can assist in normal daily life activities e.g. 
tasks at home, mobility, safety, agenda (memory help), etc. Main developments under 
this perspective are focused on assistance at home, namely for elderly living alone, 
which goes hand-in-hand with developments on smart homes. It includes services 
such as living status monitoring, with connection to care providers in case of any 
emergency, agenda manager to compensate for memory losses, companion and 
service robots, integration of intelligent home appliances, etc. Support outside home, 
namely in terms of mobility assistance, shopping assistance, and other daily life 
activities, is also considered. 

Taking into account the current baseline, identified driving forces (technological, 
societal, organizational, economic, and regulatory driver), and major trends, as well as 
ideas emerging in numerous future scenarios developed in various research projects, 
the following vision (Table 1) is proposed for the independent living setting. 
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Table 1. Vision for Independent Living 

 
 

Gap Analysis: Independent Living
+

Technological 
infrastructure & 

networks as base for 
AAL

Assistive technology 
and services

Monitoring devices 
and technologies for 
ambient intelligence

Tools and 
environments fostering 
new developments for 

independent living

Advance services to  
enhance diminishing 

disabilities 

Tools for security, 
ethics, rights, and 

privacy 

Knowledge 
dissemination, training 
and learning through 

sharing 

-

Broadband Internet 
&Mobile computing

Smart homes & 
Internet of Things

Mechanisms & tools 
for safe 

communications
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Fig. 1. Gap analysis – independent living example 

Comparing this vision with the current situation, a systematic gap analysis was 
conducted, as illustrated in Fig. 1. As a result of an extensive brainstorming, group 
discussion and consensus building among a variety of stakeholders, a set of strategic 
research actions (AI1-AI6 in Table 2) are proposed. These actions are chosen in order 
to cover all stated facets of the vision (not necessarily a one-to-one correspondence 
between facets and actions), while being feasible considering the current 
situation(baseline) and trends, and taking into account the results of the gap analysis.  
 

In the coming decade, senior citizens will be empowered to live long, fulfilling, and independent 
lives through support from technological, societal, organizational, economic, and regulatory 
mechanisms. This includes ensuring security, safety, mobility and transport, facilitating access to 
relatives, carers and the community, and assisting with daily life activities, such as house-
keeping, buying food, and personal hygiene care among others, to be equipped to live 
independently. 
Main desired facets:  
VI1. Established infrastructure and networks as the base for the support of independent living by 

technology 
VI2. Assistive technology and support services that facilitate independent living 
VI3. Monitoring devices and technologies supporting ambient intelligence solutions 
VI4. Supporting tools and environment that foster the development of technologies for 

independent living 
VI5. Advanced set of organized and commercial services aiming to enhance diminishing abilities 

of seniors and caring for seniors so that they can live independently 
VI6. Tools to ensure security, ethics, rights, and privacy on data and used services 
VI7. Mechanisms to increase knowledge dissemination, training and learning through sharing, 

both for seniors and all other stakeholders.
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Table 2. Strategic research actions for Independent Living 

 
 

further to the research actions, policy recommendations or socio-economic research 
actions are also included (RI1-RI2 in Table 2). 

 

Collaborative aspects. As it can be observed in the proposed action plan, there is an aim 
to evolve towards more integrated services, involving multiple stakeholders, through 
well coordinated collaborative communities / ecosystems. As such, and beyond the 
"traditional" approaches followed in ICT and Ageing, the discipline of collaborative 
networks is likely to bring an important contribution to the development of future 
ageing support systems. This can be addressed at community level - social networking, 
re-enforcing community links, reducing loneliness, exchanging support through time 
banks, etc. - or at the specialized care provision level through collaboration among 
diverse stakeholders - care providers, health care centers, ambulance services, social 
security departments, NGOs, etc. 

At the mobility assistance level, and in alignment with current trends in advanced 
transport infrastructures, collaboration among multiple stakeholders is also needed - e.g. 
transport operators, traffic management entities, toll operators, parking lot operators, 
and other service providers. Finally, at the home infrastructure level, and as we progress 
towards more intelligent appliances and subsystems, collaborative networks principles 
and mechanisms can provide a better framework for systems integration (a new 
perspective for systems of systems).  

4   Healthy Living 

This life setting addresses how technology can assist in health-related activities 
(remote health monitoring, emergency assistance, sensing environments, exercise 
assistance, prescription reminding, etc). Similarly to the previous case, the following 
vision (Table 3) and plan of actions (Table 4) are proposed. 

 

AI1 Monitor well-being. Design, develop and integrate open and scalable sensor network 
environments both home-centered and human-centered, with intelligent monitoring, 
including new levels of security, safety, and privacy.  

AI2 Extend capabilities. Investigate, develop and integrate intelligent functionalities to 
compensate diminishing cognitive and physical capabilities and to design and develop 
intelligent, context-aware and self-adapting tools for personal assistance in planning and 
performing daily activities and facilitating societal participation.  

AI3 Build supportive environments. Design, develop, and validate preventive and responsive 
interventions based on situational awareness.  

AI4 Establish collaborative environments. Design and develop novel collaborative 
environments, combining social networking and collaborative networks of care provision 
stakeholders to facilitate support, companionship, and community participation.  

AI5 Assist mobility. Integrate and customize methods and tools to assist mobility, including 
services for localization, trip planning, navigation, orientation in complex environments, 
driving assistance, and inter-modal transportation, focusing elderly needs.  

AI6 Align independent and sustainable living. Explore the alignment of ICT for Independent 
Living with smart grid and sustainable development technologies.  

RI1 Assess impacts. Promote integrative studies on the sociological, economic, ethical, and 
quality of life impacts of introducing services and technologies for independent living.  

RI Training for new environments. Define new community-based training programs 
leveraging the potential of new technology-based assistive environments.  
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Table 3. Vision for Healthy Living 

 

Table 4. Strategic research actions for Healthy Living 

 

In the coming decade, as a part of the ageing well paradigm, support for healthy living will 
become a high priority strategy across Europe. The emerging health care technologies and 
services will be used in new ways in the society, across a distributed infrastructure focusing on 
decentralized models, while sensible to the ethical consequences of the introduced innovations 
and providing mechanisms for the protection of individual rights. Both business-based and 
societal organizations supporting healthcare will adapt to this new environment. 
Main desired facets:  
VH1. Regulatory and technological infrastructure to support consumer driven healthcare 

(supporting data privacy, standards) 
VH2. Advanced devices, robots, and tools supporting interventions for monitoring and provision 

of health care 
VH3. Information based assistive services supporting the health care of seniors and involvement 

of other stakeholders 
VH4. Appropriately designed home based interventions and support systems, based on seniors’ 

cognitive and emotional status, which adapt whilst they age 
VH5. Mechanisms to raise awareness on the formation of values, ethics, rights, and privacy on 

health related data and advanced ICT tools to ensure data security 
VH6. Organized logistics and commercial networks of health care providers in the society, 

adapted to demographic change 
VH7. Sensor based technologies, which are context aware, for healthcare support. 

 

AH1 Develop health monitoring systems. Design, develop and integrate sensorial systems for 
health conditions monitoring, combined with intelligent diagnosis functionalities, 
understanding of the environment and other context factors, and smoothly adaptable to the 
needs of each senior individual.  

AH2 Establish safe infrastructure. Develop a safe and adaptable infrastructure, aligned with 
relevant standards in e-health, to support the provision of consumer-driven healthcare 
services.   

AH3 Design integrated assistive services. Create a multi-stakeholder framework for the 
emergence of integrated information-based assistive health care services, with particular 
emphasis on quality of service, recipient’s quality of life.  

AH4 Develop interventions. Design, develop and assess advanced devices, intelligent robots, and 
intelligent tools to support home-based interventions and associated support systems, which 
are self-adapting to the cognitive, emotional, and physical status of the senior and respect the 
established safety and ethical principles.  

AH5 Establish healthcare ecosystem. Define new organizational and business models and 
develop support tools for the establishment of collaborative healthcare ecosystems involving 
healthcare providers, social security and regulatory authorities, forming the backbone for the 
emergence of new services for healthy living support.  

AH6 Introduce innovative therapeutic approaches. Exploring ICT to create novel therapeutic 
environments and support palliative care.    

RH1 Develop regulatory framework. Promote studies to elaborate and assess new 
organizational forms, legal structures and business models for healthcare provision to ageing 
population from a multi-sectoral collaboration perspective.  

RH2 Establish organizational and business models. Identify critical elements in ICT-based 
support services for healthy living.  

RH3 Raise ICT awareness and skills in health and care. Launch actions and develop 
mechanisms to increase the potential of ICT support for “healthy living environments” and to 
form a consensus on values, ethical principles, rights, safety, and privacy issues.  
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Collaborative aspects. Also for this life setting, the role of collaborative networks can 
be identified in some of the proposed actions: 

- Actions AH3 and AH5 clearly indentify the need for collaborative healthcare 
ecosystems as enablers for the emergence of novel integrated healthy living 
support services. This should be complemented with appropriate regulatory 
frameworks and business models (RH1 and RH2). 

- Principles and mechanisms developed in the collaborative networks area can 
also bring important contributions to the safe infrastructures supporting health 
monitoring (AH1 and AH2). 

5   Occupation in Life 

This life setting addresses how technology can support the continuation of 
professional activities. The life setting of occupation in life can look very different for 
individuals, depending on the background work structure, sector, individual goals, 
capabilities, flexibility, opportunities, and functional ability. It covers both pre-
retirement and post-retirement activities. In fact, in face of economic crisis and the 
growing pressure on the pension systems, it is likely that the notion of retirement as 
an abrupt even will change in the coming years. This setting includes both voluntary 
and paid work. 

The following vision (Table 5) and plan of actions (Table 6) are proposed for this 
life setting. 

Table 5. Vision for Occupation in Life 

 

In the coming decade, due to the ageing population in Europe, an opportunity will arise to create 
a new framework for a model of work selected by seniors and adapted as they age, enabling them 
to earn a living through continued employment or have some form of continued work 
engagement. This framework will require support for its technological, socio-organizational, 
legal and political aspects.  The aimed vision capitalises on the talents and expertise of senior 
workers, facilitating value creation through the use of ICT for the benefit of the individual, the 
economy and European society as a whole.  
Main desired facets:  
VO1. Established technological infrastructure (including support for connectivity, mobility and 

cloud computing) as the base for senior professionals’ activities  
VO2. Mechanisms to build associations of senior professionals and actively engage them, and 

support services for formation / management of teams of professionals  
VO3. Advanced software environments to support seniors with adaptive personalized interfaces 

and affective interactions (within a context-aware and configure-yourself enriched 
environment) 

VO4. Organized support for training and continued life-long learning for seniors   
VO5. Increased social awareness about the value of senior professionals and their social cohesion 

and knowledge transfer (facilitating active involvement through networking, with emphasis on 
cross-generational and gender issues) 

VO6. New business models for involvement of seniors within existing economical system 
VO7. New policies and regulations for employment and protection of rights of senior 

professionals, particularly those who fall into other vulnerable groups (e.g. as a result of 
ethnicity, sexual orientation, gender, etc). 
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Table 6. Strategic research actions for Occupation in Life 

 
 

Collaborative aspects. The creation of collaborative networks to facilitate the 
continuation of the involvement of seniors in the socio-economic system and to 
leverage their value creation potential is explicitly addressed in actions AO1, AO5, 
and AO6. In particular, the integration of existing communities of senior professionals 
with other existing networks (e.g. SME networks) constituting some novel forms of 
hybrid collaborative networks need to be explored. The lack of such integration has 
led to some ghettization of associations of senior professionals. 

Furthermore, new working practices, policy and legislation facilitating and 
promoting flexible continuation of professional life and inter-generational 
collaboration are needed. 

 

 

AO1 Build collaboration platforms and systems. Design and develop open ICT 
collaboration platforms, support, and systems aimed at facilitating value creation, 
addressing the specific needs of communities of senior professionals, and which promote 
inter-generational interaction and socialization, which are enhanced by affective 
computing, context awareness, and trust establishment. 

AO2 Generate adaptive solutions and services. Develop and integrate self-adaptive and 
configurable technology solutions and services in ICT environments, applying principles 
of e-accessibility, design for all, and usability in order to facilitate technology acceptance 
and enable customization for/by seniors.  

AO3 Leverage legacy. Develop environments that empower and enable seniors to create a 
legacy capitalizing on their invaluable and transferable personal / professional 
knowledge and experience.  

AO4 Create a model framework. Develop approaches, models, and reasoning methods 
related to older people’s occupation life cycle and their participation in the economic 
system, including value systems, behaviors, and issues of physical, cultural and emotional 
health.  

AO5 Create trusted knowledge network. Create a trusted knowledge network that provides 
an integrative framework to enable seniors within their occupation in life, whether 
professional or voluntary. 

AO6 Join online and offline collaboration. Develop integrative framework for identity 
management which effectively and seamlessly joins online and offline collaboration, for 
seniors, to create invaluable connections between virtual and real-world aspects of their 
occupation in life. 

RO1 Improve working practices. Investigate new models of working practices and related 
reward and taxation models for seniors, taking account of work-life balance, aging well 
and gender, and promote the findings to positively influence societal perception of older 
workers. 

RO2 Enhance policy and legislation. Identify and assess current national and European 
policy, legislation and incentives relevant to active participation of seniors in the socio-
economic system and recommend new approaches that lower barriers and promote and 
support active aging. 

RO3 Guide career transition. Define new life-long training programmes and realistic 
practices that prepare for and guide the successful transition of senior knowledge holders 
from full employment to occupation in life.  
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6   Recreation in Life 

This life setting addresses how technology can facilitate socialization and 
participation of ageing citizens in social, leisure, learning, and even religious, cultural 
and political activities. 

The following vision (Table 7) and plan of actions (Table 8) are proposed for this 
life setting. 

Table 7. Vision for Recreation in Life 

 
 

Collaborative aspects. Although many elderly social networks, focused on their 
socialization, have emerged in the last years, the proposed action plan (Table 8) aims 
at promoting the development of participatory, and thus collaborative, communities. 
Through these networks senior citizens can actively engage in community activities, 
inter-generational interactions and joint recreation initiatives.  

Collaborative gaming is another relevant direction, focused both on novel games 
for seniors - aiming at stimulating and preserving their cognitive capabilities - and 
games designed for inter-generational interaction and re-enforcement of family links. 

These actions require both novel models and technology development, as well as 
new policies and regulatory frameworks. 
 
 

In the coming decade, ageing citizens will increase their pursuit of active recreational lifestyles 
that suit their abilities and preferences, which creates new opportunities for innovative 
supporting products and services. Recreation is seen as a broad set of activities involving 
peoples’ participation and enjoyment in cultural life, craft, hobbies, sport and physical activity, 
entertainment, socialising, travel & leisure, political engagement, spiritual and faith groups, life-
long learning, passing on personal wisdom, history and experience, keeping pets, and playing 
games.  Active recreational interests and lifestyles may improve mental well-being, and have a 
positive effect on the physical health and well-being of seniors. New technology solutions can 
support communications between seniors, families, friends, and peers, strengthening community 
participation and forming new communities and social networks with similar interests.  

Main desired facets:  
VR1. Infrastructure and required technological platforms (connectivity, communications and 

networking infrastructures and pervasive applications and services that are universally 
accessible) 

VR2. Adequate features and training support to enable seniors to access and use ICT safely (free 
from harm) and with security (free from threat or intrusion) 

VR3. Appropriately designed software services to support seniors with personalized interfaces 
and affection-based interactions, that can adapt to users’ sensory, cognitive and physical 
capabilities (within a context-aware and configure-yourself enriched environment) 

VR4. Mechanisms to increase social cohesion, access to community and networking of seniors 
(including support for transport and mobility) 

VR5. Growth and development mechanisms to increase knowledge dissemination and learning 
through sharing  

VR6. Established associations of seniors and communities of interest, allowing active 
engagement (physically and virtually). 
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Table 8. Strategic research actions for Recreation in Life 

 

7   Roadmap Validation 

The proposed vision statements and strategic actions plan resulted from a multi-stage 
construction and validation process. An initial formulation was prepared by the 
BRAID consortium following a series of consultation workshops and brainstorming 
sessions. Once a set of strategic actions emerged as a result of the brainstorming 
exercise, it was then necessary to proceed with a verification of those actions. The 
adopted verification process, at the early stages of the roadmapping process, 
comprised two main activities [6], [7]:  (i)  Verify that the proposed actions 
adequately cover all facets of the vision. (ii)  Assess the feasibility of each action 
considering the results of the gap analysis. Fig. 2 illustrates the first step of validating 
the roadmap results for the action AI4 under the independent living perspective. 

Regarding the second step of validation, related to feasibility, the adopted 
approach was to consider how the supporting and limiting elements at European level 
identified in the gap analysis facilitate or make difficult the implementation of each 
action. Fig. 3 illustrates the assessment of the feasibility of action AI4 under the 
Independent Living perspective. This verification needed to be conducted by experts 
and depends on the perception of each individual according to his/her background 
knowledge. Therefore a qualitative scale (scale: Moderate, Hard, Very Hard) was 
adopted. 

 

 

AR1 Build recreational platforms, solutions and services. Design and develop open, 
secure, interoperable, flexible, customizable and affordable ICT recreational platforms, 
solutions and services for senior citizens.  

AR2 Build novel interfaces. Develop novel human-machine interfaces with high quality of 
usability and applying design for all principles, oriented towards seniors’ active 
engagement in recreational activities, considering their cognitive and physical 
capabilities, and including augmented reality, affective computing, companion artifacts, 
pervasiveness, etc.  

AR3 Find new recreational channels. Elaborate innovation portfolio of new ICT-supported 
recreational activities for seniors, exploring tele-presence, remote participation in 
cultural events,  collaborative gaming, intelligent urban environments, etc.  

AR4 Build participatory communities. Design, develop and implement local and regional 
participatory communities that combine online and offline participation through social 
networking, inter-generational interaction, and local government involvement, focusing 
participatory recreational life and wellbeing.  

AR5 Create and promote gaming. Design, develop and promote novel physical, recreational 
and cognitive games for seniors, with a holistic focus on recreation, wellbeing, 
socialization, and inter-generational collaboration.  

RR1 Assess recreation impact. Promote multi-disciplinary studies on the impact of physical 
and cognitive recreational activities for seniors.  

RR2 Train for digital lifestyle. Create and deploy training programs and mechanisms 
oriented to help senior citizens enter and explore new lifestyles in the digital age, with 
particular attention to rural areas.  

RR3 Promote studies in recreation. Promote studies on all aspects of ICT-enabled/induced 
social innovation oriented to participatory involvement of elderly in recreational, cultural 
and social life.  
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Fig. 2. Covering the vision facets – an example 
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Fig. 3. Assessing feasibility – an example 

The current phase of the project is focused on the refinement and consensus-
building among relevant stakeholders. For this purpose, a number of Consensus 
Building Events are organized in different regions of Europe. This is a ongoing 
activity and until the current phase more than 60 stakeholders and experts have been 
involved in the validation process.  

After the validation phase, and once a wider consensus is achieved on the 
appropriateness of the proposed vision and list of actions for each life setting, a more 
detailed description of the actions and the involved research challenges will be 
prepared. Furthermore, and in order to allow the development of an implementation 
plan, each strategic action will be decomposed into a number of more focused sub-
actions. The last phase of the roadmapping process will focus on the development of 
the implementation plan for the proposed research agenda. Three modalities of 
implementation are considered: 

- R&D – focusing on fundamental research and prototype development / proof of 
concept, aimed at addressing longer term challenges. 

- Trials – oriented towards the development of pilots and validation scenarios that 
allow verification and refinement of the results of previous phase with the 
objective of facilitating the development of innovative products and services. 

- Broad deployment and continuous improvement – aiming at large scale 
validation – large pilots – of new technologies and services, as a mechanism to 
facilitate their take-up by society. 

The implementation schedule and inter-dependencies among actions will be 
established at this stage. Finally the main stakeholders, their roles in the 
implementation plan, and suitable organizational structures will be identified.  
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Since a roadmap is not a static plan, principles for implementation monitoring and 
roadmap revision / updating need to be included in the implementation plan. 

8   Conclusions and Further Work 

The increase in the percentage of aged population is a critical issue in most Western 
countries. Together with a number of other big changes in society, this creates large 
challenges, such as the need for society to care for a much bigger number of elder 
people than before, but also many new opportunities, as e.g. the possibility to make 
use of a bigger accumulation of wisdom and knowledge than before. 

ICT can play an important role in the provision of support services, and many 
research projects have developed partial solutions. It is now time to pursue more 
integrated solutions, combining contributions from multiple stakeholders, an area 
where collaborative networks can provide an encompassing framework. In order to 
support further developments in this area, a strategic research roadmap is being 
developed, which covers the perspectives of independent living, healthy living, 
occupation in life, and recreation in life. Interim results in the form of a vision and 
research agenda are now available and going through a consensus building process. 

The systematic roadmapping process behind the proposed roadmap as well as the 
extensive validation process involving a large community of stakeholders, are 
important factors for providing confidence in the adequacy of the proposed roadmap. 
Nevertheless, as normal in any “futures planning” initiative, a roadmap is a dynamic 
construct that needs to be periodically revised alongside its implementation, taking 
into account new trends as they inevitably emerge. 
 

Acknowledgments. This work was funded in part be the European Commission 
through the BRAID project. The authors also thank the contribution of their partners 
as well as the multiple stakeholders involved in the consensus building workshops. 

References 

1. Active Aging: A Shift in the Paradigm – Denver Summit of Eight (Industrial Countries) 
(May 1997)  

2. Hank, K.: Societal Determinants of Productive Aging: A Multilevel Analysis Across 11 
European Countries. European Sociological Review (May 2010) 

3. Garlick, S., Soar, J.: Human capital, innovation and the productive ageing: Growth and 
senior aged health in the regional community through engaged higher education. In: Annual 
AUCEA Conference, Alice Springs, Australia, July 2-4 (2007) 

4. Aging and Work Life Balance in the EU, Llmarinen, Juhani (June 2006) 
5. HSBC Insurance. The future of retirement – The new old age (May 2007), 
http://www.hsbc.com/1/PA_1_1_S5/content/assets/retirement/gen
der_perspective_eurasia_africa_1.pdf 

6. Camarinha-Matos, L.M., Afsarmanesh, H.: A roadmapping methodology for strategic 
research on VO. In: Collaborative Networked Organizations – A Research Agenda for 
Emerging Business Models, ch. 7.1. Springer, Heidelberg (2004) 

7. Camarinha-Matos, L.M., Afsarmanesh, H.: Active Ageing Roadmap – A Collaborative 
Networks Contribution to Demographic Sustainability. In: Camarinha-Matos, L.M., 
Boucher, X., Afsarmanesh, H. (eds.) PRO-VE 2010. IFIP AICT, vol. 336, pp. 46–59. 
Springer, Heidelberg (2010) 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 189–196, 2011. 
© IFIP International Federation for Information Processing 2011 

Active Ageing: Using an ARCON Framework to Study 
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Abstract. There are more than 200 U3A groups in Australia where senior 
citizens collaborate to provide recreational learning opportunities to more than 
60,000 other senior citizens. The movement continues to grow through the 
efforts of thousands of volunteers with very limited government support. We 
chose to use a collaborative network organisation modelling framework, 
ARCON, to both guide questions we asked in our research and to represent data 
from different instances in a consistent way. This provided a coherent view of 
the status quo, but supplementary questions were needed to consider the future 
viability of U3A groups. Spinoff network activities associated with some U3A 
groups were noted, suggesting the U3A model might be adapted for a variety of 
purposes. In such cases, it is hoped that the structured view provided by the 
ARCON framework might inform their design. 

Keywords: Active Ageing, Collaborative Networks, ARCON, U3A, 
Volunteering.  

1   Introduction 

Many governments are supporting notions of active ageing in both the physical and 
intellectual sense to keep older members of the population healthy and stimulated. 
Individual intellectual stimulation may come from problem-solving, game-playing 
and lifelong learning. Community benefits [3] can be realised by accessing the 
collective experience of this older demographic, known as of the Third Age 
population, and providing stimulating learning opportunities [7]. In Australia, the 
primary government focus is on physical wellbeing, but large numbers of people 
(around 60,000) are engaged in local learning activities embracing an international 
initiative known as the University of the Third Age (U3A). These U3As operate with 
minimal, if any resources, yet they still achieve their stated goals. A question thus 
arises: how do they do it? Can an operating model be discerned? A recognised 
framework – ARCON – is used to characterise the U3A operations. This research 
extends a coherent understanding of how this arrangement works. We aim to see if the 
U3A example provides a substantive model for extension into other initiatives.  
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2   Background on the University of the Third Age (U3A)  

The University of the Third Age (U3A) began in 1973 when Professor Pierre Vellas 
organized a summer program for retired persons at the Universite des Sciences 
Socialies, Toulouse, France. The French model centred on a weekly public lecture on 
a major topic of concern for older persons. Supporting these were discussion groups, 
seminars, and recreational facilities, each taking advantage of the university facilities. 
Since 1973, the U3A concept has been implemented in many countries around the 
world [10]. China has the largest group. In 2002 there were reported to be 19,300 
U3As and 1.81 million members [14].  

Some countries have followed the French model. Others, including Australian 
U3A’s, have followed a model that Midwinter [5] calls Tutorial Cooperatives of the 
Elderly. This latter derivative emerged in the UK in 1981 with 20 U3A’s having 
2,500 members being established in the first year. In this model, ‘university’ is given 
its original and intended meaning “… of people coming together to share and pursue 
learning in all its forms” [9]. The British model was first adapted by Peter Laslett – an 
academic from Cambridge University [15]. In 1981 he wrote the objects and 
principles of the British U3A [16]:  

The pleasure of learning is a driving force in the work of U3As. U3As neither 
require nor award any qualifications.  By sharing their learning, U3A 
members help one another to develop their knowledge, skills and 
experience. U3As arrange and support their own programmes as 
appropriate to their chosen learning activities. U3A members regard 
themselves as both learners and teachers. 

3   The Research Approach 

Data were collected from interviews with some Australian U3A group leaders and 
from web pages plus some site visits. One Australian researcher, Rick Swindell [14], 
has been engaged with Australian U3A initiatives for around twenty years. We have 
been able to draw heavily on his documented work and on interactions with him.  

We have used a collaborative organisation model framework (ARCON) that 
emerged from a large European study [1, 2] to try and characterise the U3As in 
Australia. The ARCON framework assumes that both internal and external 
interactions influence the operation of a Collaborative Network Organisation (CNO). 
Each of these is characterised at three levels of detail as follows: 

• Internal (endogenous) elements having structural (who is involved and how), 
componential (tangible/intangible assets utilized), functional (processes and 
procedures) and behavioural (governance rules and values) dimensions. Each of 
these dimensions has four subsidiary categories: the active entity, passive entities, 
action and concepts.  
• External (exogenous) elements having market (who are the customers or 
potential beneficiaries), support (services provided by third parties), societal (the 
broader community) and constituency (potential new participants and supporters) 
dimensions. Each of these dimensions has three subsidiary categories: network 
identity, interaction parties and interaction types 
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We developed four top-level questions related to each part of the model, with 
subsidiary questions stimulating discussion of further detail, again based on the 
model. These questions were: 

 How can we broadly categorize this Cooperative? (Extent of collaboration, 
duration and focus)  

 Why did the cooperative start and why are you involved? (Strategic intent 
and participant expectations) 

 Tell us how this Cooperative works. Endogenous elements 
 Tell us where this Cooperative fits in to the bigger picture. (Exogenous 

elements) 

We found that whilst this provided information about the status quo, two 
supplementary questions were needed to explore the future prospects of the U3As:  

 What helps this Cooperative to prosper and grow? 
 What do you see as the potential risks to the continuing operation of the 

Cooperative? 

4  About U3A in Australia 

Australia adopted the British model, opening first in Melbourne in 1984, and then 
expanding throughout Australia. There are now over 211 U3A groups in Australia 
with 64,535 members [13]. According to a review by Swindell et al [8], the U3A 
groups in Australia range in size from a low of 24 members to a high of 5500 
members (Sydney U3A). Nine groups have more than 1000 members. The median 
U3A Australian membership is 414. Australian U3As do not appear to limit 
membership numbers. The number of males participating has increased in recent 
years. The female/male ratio is now about 3:1. Providing intellectually stimulating 
opportunities and social networking are seen as the two major accomplishments of 
U3As. There is reported to be strong support for continuation of a laissez faire 
approach to teaching and learning in which course leaders come from any walk in life 
and teach in their preferred style. There was little enthusiasm for academic courses. 
Teaching takes place in any suitable community venue like rented premises, free or 
subsidized community facilities or private homes. Favoured ways of maintaining 
course quality were feedback from participants and “market forces”.  

4.1   The Local U3A Groups 

Local U3A groups are set up as self-standing entities, generally registered as 
unincorporated not-for-profit associations with a volunteer governing board and 
administrative staff. Most office bearers have a professional or business background. 
Volunteers may be teachers on one occasion and learners on another, but the focus is 
on sharing knowledge. Drawing on experience gained over many years, course 
delivery is commonly via a series of two-hour face-to-face sessions. Teaching 
facilities may be provided by other charitable organisations or by local government. 
Some U3As ask members to commit to a few hours of voluntary work each month on 
joining. One large U3A (ACT) reported attracting a healthy flow of recent retirees as 
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well as retaining a relatively high proportion of old members. One quarter of its 3700 
members were aged 65 or less; 14% were aged 80 and older. The success or failure 
of a U3A group is strongly related to the skills and energy of its leadership [13]. 

Our interviews suggested that whilst many seniors groups tend towards the social 
rather than the intellectual needs of older people, U3A attracts people who want more 
and who in many instances can give more, because of their past experience as 
teachers, lecturers, historians, lawyers etc, as well as other walks of life.  Its members 
have an enthusiasm for lifelong learning, and can share experience and knowledge as 
well as learn new things themselves. ---- Put simply, U3A is an educational 
movement, not just a senior’s organization (a regional U3A leader). A scan of contact 
data of 160 local groups in two States indicated about 60% of U3A groups maintain a 
website. Swindell et al [13] report the following: more than a third of U3As use the 
Internet as a teaching/learning resource.   

4.2   Regional Coordination Groups 

The largest regional group, U3A Network Victoria, represents 97 U3As having about 
25,000 members. It is recognized by the Adult, Community and Further Education 
Board of Victoria as an education Peak Body. This makes it eligible for some funding 
consideration. Such funds are used to help engage a small number of paid employees. 
Governance is through a council of nominated representatives from members and an 
elected executive committee. Further sub-committees are instituted in the areas of 
finance, publicity and promotion. Its role is to promote the U3A movement, fostering 
the creation of new U3As and the further development of existing U3As; serving as a 
reference body, acting as a central resource facility, providing publicity, promotion 
and profile to the general public and to government and other public bodies. 
Information is disseminated through a Quarterly newsletter, a website and meetings of 
member representatives. The newsletter also presents opportunities available across 
local groups, such as special interest study tours. 

4.3   U3A on Line 

The Following observations have been provided by Rick Swindell [14]: U3A Online, 
was set up in 1998 with a global focus from the outset. The administration and 
teaching in U3A Online is carried out by about 100 volunteers. Governance and 
administration occurs through regular virtual meetings. Discussion and voting takes 
place by electronic forum, email and Skype. It is commonplace for the majority of 
volunteers to work closely together for many years but never physically meet.  

Since 2002, Griffith University in Brisbane, Australia has hosted the entire 
operation free of charge on university servers, as part of its service to the wider 
community. In 2011 39 courses were available to U3A Online members with others in 
various stages of completion. For an additional fee, a further 13 courses are available 
to members through a cooperative arrangement with the Third Age Trust in the UK, 
which has provided online courses for its UK members since 2000. Depending on the 
availability of volunteer tutors, members may opt to pay an additional fee to join 
tutor-led discussions, during which participants interact with the leader and with 
others in the course by online forum and email.  Site licenses are an additional service 
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available to any U3A-style organization in any country. The course notes have all 
been written and illustrated by expert volunteers in their fields and in some cases 
these run to more than 100 pages when printed. All courses and resources are in 
English. In 2008, about 35% of Australian U3As were using on-line courses. 

5 Discussion  

We now consider the characteristics of the U3As studied in relation to attributes of 
the ARCON reference framework. The on-line and local Australian U3As are 
coalitions of individuals with a common interest in learning. They regard themselves 
as both learners and teachers with an emphasis on collaboration. In the ARCON 
framework this extent of collaboration implies - communication & exchange for 
mutual benefit plus a complementarity of goals - aligning activities for mutual benefit, 
plus compatible goals with individuals working apart (with some coordination) plus 
having joint goals, joint identities and joint responsibilities (creating together) and 
(participant) teams. This describes U3A working arrangements quite well. The 
regional U3A’s are coalitions of organisations that deliver services with an emphasis 
on cooperation. In the ARCON model, this implies - communication & exchange for 
mutual benefit plus a complementarity of goals - aligning activities for mutual benefit, 
plus compatible goals with individuals working apart (with some coordination). 
Again a good description. The common themes are communications, exchange for 
mutual benefit and complementarity of goals. The primary communication tools are 
newsletters and word-of-mouth, but internet use is increasing. U3As are long-term 
strategic networks consistent with the ARCON definition of a professional virtual 
community: is an alliance of professional individuals, and provides an environment 
to facilitate the agile and fluid formation of virtual teams. This describes the local 
U3A arrangements for establishing and running courses quite well. Virtual teams are 
established at the regional level for a variety of purposes.  

The ARCON framework requirements for collaboration include a number of 
things. A clear purpose – This is well enunciated in the British U3A model that is 
incorporated in the individual Australian U3A formation documents, as are some 
basic requirements like processes for defining structures and policies. At the personal 
level, the primary interest is in recreational learning (as compared with vocational 
learning). However, some individuals participate in courses for a specific purpose, 
such as learning a language prior to visiting a foreign country or learning about IT to 
be able to use e-commerce or to communicate with grandchildren. One of the 
preconditions for collaboration in the ARCON model is that parties must know each 
other’s competencies. In the U3A case, this seems to have been established by social 
networking prior to formation and subsequently during operation as people volunteer 
to undertake different tasks. Another ARCON requirement is for a collaboration 
space. For most U3As this is a physical space, but both the U3A NSW regional group 
and the on-line U3A group seem to function quite well in a virtual space. Other 
ARCON requirements are concerned with ownership and sharing of resources and of 
equitable distributions of commitments and rewards. The U3As own almost no 
resources except for modest member funds, as they hire facilities or have them 
provided by external supporters. Most of the work is done by volunteers, where doing 
a job well is its own reward. However Mitchell et al [11] reported other benefits from 
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a survey of 975 members - that members of U3A had better-than-average general, 
physical and mental health, and that membership of U3A can, even in the very 
elderly, assist in conferring a much more positive perception of well-being. 

The ARCON framework provides a tructural view that helps us understand how 
Australian U3As work, but not why they are sustainable or why they continue to 
grow. It has been observed that the individual U3As value their independence. A 
survey of 122 U3As [13] reported that most would prefer to decline external 
assistance due to potential loss of autonomy (60%), increased bureaucracy (30%) and 
contrary to self-help ethos (25%). Important considerations for the immediate future 
were seen as maintaining or increasing membership, offering a wider range of 
courses, and seeking more permanent accommodation. When asked about the longer-
term future, the most strongly supported suggestions were: 1) technical demands on 
the Third Age population will increase, 2) there is an expectation that retirees will 
need to do more to support themselves, and 3) a national communication network will 
assist local U3As to better meet the needs of a changing society. Anecdotal evidence 
also suggests that U3As need to become far more professional and organised to 
attract baby boomers or they could slip into quiescence.  

Most data used in developing the ARCON framework related to collaboration 
between a modest number of enterprises, whereas the power behind the U3A network 
comes from a large number of individual volunteers. 60,000+ participants in Australia 
might sound like a lot but it represents only 0.85% of the total demographic group 
that could potentially participate, suggesting that these people have something special 
that drives them. It is suggested that this is an attribute of all successful collaborative 
network organizations – there is something special about the core participants. 

We wanted to explore U3A operations as a potential model for other activities. 
Along the way, some spinoff activities were identified, suggesting this is a practical 
proposition. Timewitnesses [12] is an example of the Internet opening up cooperative 
ventures for U3A members around the world. Timewitnesses is a “living archive” 
which allows people from any country who have childhood or adult memories of 
World War II, to preserve their stories for everyone. Many of the stories have been 
translated into German and French and in a number of cases school children assisted 
with the translations. [12]  

U3A Online has sponsored a number of research/development studies of U3A 
operations that have been carried out in association with appropriately trained 
member researchers. The fundamental strength of the constituency research approach 
is that it entails research “with” rather than research “on” older people. The 
difference between “with” and “on” may not matter too much in large scale tick-a-
box surveys. However, if much richer findings are needed, these are more likely to 
arise from interviews carried out by peers who are perceived to have primary 
empathy with the participants, rather than by younger researchers whose 
appearance, manner of dress, language, general persona, and time constraints may 
create barriers to in-depth communication [6]. “A voice worth listening to” is an 
example of a novel constituency research project undertaken exclusively by third 
agers. In this project a retired journalist visited and interviewed people aged 80 and 
older in Australia and New Zealand who were continuing to do remarkable things 
within their communities. The purpose of the research was to debunk the ageist and 
damaging mindset that advanced chronological age inevitably implies that an older 
person has become a burden on society. The lead researcher was in her mid 70s.  
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6   Concluding Remarks 

This paper makes two contributions to the literature. Firstly, it describes an instance 
of a self-supporting active ageing network driven by users for users. Secondly, it 
explores the utility of a collaborative network model, ARCON, in helping to 
understand the characteristics of the case study network.  

U3As in Australia are formed by groups of individuals in local communities, not 
organisations like many collaborative network organisations. They want a stimulating, 
participative recreational learning network for seniors, not a senior’s social network 
that may provide learning. Both conventional and on-line learning modes are 
available. The focus is on long-term collaboration. Whilst each group operates as a 
separate entity, most choose to contribute to a regional virtual or physical office to 
cooperate in acquiring services as a group, sharing information on courses, interacting 
with governments and facilitating membership growth. Some coherent structures are 
provided in that each local group is formally constituted, generally as a not-for-profit 
unincorporated association, and its constitution includes common foundation 
principles from a British model. Some spin-off activities that contribute to the broader 
community were also observed, indicating the practicality of alternative applications 
of the U3A model, which is similar to a professional virtual community arrangement. 

The ARCON framework provided a good foundation for checking that the right 
questions were asked about the extent and style of collaboration in the research phase 
and for positioning U3A operations in the very broad spectrum of Collaborative 
Network Organisation possibilities during analysis. It was found however that 
supplementary questions about the future directions and possible risks to U3A 
sustainability were needed in the case of this long-term collaboration. Parallel 
consideration of human factors (individual actor attitudes and contributions) linked to 
literature on volunteering was also necessary. The real U3A drivers are the thousands 
of volunteer administrators and tutors who share their time and knowledge in an 
environment where these contributions are valued. It is reported that both this group 
and the student group experience increased self-esteem and feelings of wellbeing. 
There is some evidence that networking within and between U3As can provide a 
foundation for knowledge capture and research activities. There is also anecdotal 
evidence of entrepreneurial behaviour in establishing courses and marketing a U3A 
that will be the subject of a follow-on study. 
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Abstract. This paper introduces the concepts related to Distributed Business 
Processes (DBPs) associated to collaborative networks when applied to tourism 
and entertainment sector. These concepts are framed by the coordination 
activities and services orchestration to be used by tourism and entertainment 
providers.  It brings to light the investigation about the needs associated to the 
tourism and entertainment areas when working collaboratively. There is a lack 
of ability for the service providers to recognize customers' wishes in order to 
address their loyalty. Tourism and entertainment services are characterized as 
temporary arrangements that are well served by the arrangements provided in 
collaborative networks. This paper presents the enablers and the uncertainties 
related to the area in order to provide alternative solutions to cover the emergent 
needs, facilitate the enablers, and mitigate the uncertainties identified so far. 

Keywords: Tourism, Entertainment, Distributed Business Process, Tourism 
Breeding Environment, Virtual Tourism Organization. 

1   Introduction 

A business process can be understood as a representation of what an organization is 
going to do in a given business, regardless of its complexity, size and quantity. It can 
involve manufacturing processes, services, shipment, storage and many other 
activities [1]. Business processes are therefore seen as a collection of activities that 
are performed daily or hourly or by the minute within an organization. Some of these 
activities are performed automatically while some require a high degree of human 
interaction. It is believed that formalizing key processes through business processes 
can support competitiveness, innovation, and allow a fast reconfiguration in order to 
react to market's changes and fluctuations. 

New ways of thinking the enterprises structures have been observed on the 
opposite of the centralized and isolated activities [2]. The organizational 
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reconfiguration has been changing since Taylor and Ford’s ideas, when organizations 
were hierarchical and bureaucratic. New approaches by which organizations work 
have evolved from an entirely competitive environment among the actors to a 
collaboration environment in order to act in response to customers' wishes.  

It is therefore possible to argue that in many organizations a shift occurs from a 
supply chain perspective where "products definitions and customer needs of 
enterprises are stable and well defined" [3] to a value network where "it is considered 
any web of relationships that generates tangible and intangible values through 
complex dynamics between two or more individuals, groups or organizations" [4]. It 
requires an evolution in the way business processes are seen and performed. Business 
processes shall not only evolve from a centralized and internal perspective, but also 
consider the increase of activities being done by other partners. As a result, the 
concept of  Distributed Business Process (DBPs) has risen. According to [1], a DBP is 
"a dynamic and temporary set of business processes which jointly gives rise to the end 
product or service".  

This paper describes how DBPs can be associated to the concepts of collaborative 
networks and be used for coordination activities and services orchestration in the 
tourism and entertainment providers. The paper is structured as follows: section 2 
brings to light the main requirements to the shift from a centralized business to a DBP 
perspective. Section 3 investigates the tourism and entertainment main needs. Section 
4 presents the enablers and uncertainties related to the tourism and entertainment 
sector while section 5 introduces how the concepts of collaborative networks 
associated to DBPs can provide alternative solutions to cover emerging needs, 
facilitate the enablers and mitigate the uncertainties identified so far. Section 6 reports 
the results with potential customers and brings the final considerations of this work. 

Table 1. Requirements to move from Business Processes to DBPs 

Requirements Moving from Business Process to DBPs 

Communication 

When joining people from two or more organizations, it is possible that 
they do not speak the same language. It may create barriers for the 
business development. There are cases in which people speak the same 
language, but there may occur problems of synonymy and polysemy. The 
former refers to different words and phrases that express the same 
concept, while the latter refers to words that can have multiple meanings. 

Data 
Interchange / 

Interoperability 

There is a necessity of structured transmission of data between 
organizations by electronic means. It requires the use of standards like 
XML, ebXML, or WS-BPEL. 

Real time 
response 

It refers to issues related to time constraints. Partners need to provide 
information about availability and resources in a strict deadline.  

Cooperation and 
collaboration 

Cooperation and collaboration involves not only information exchange 
and adjustments of activities, but also sharing resources for achieving 
compatible goals.  

Coordination Aligning and altering activities so that results can be achieved efficiently. 

Traceability 
Modifications of requirements specifications affect other partners and 
even the final customer. 

The Long Tail 
To provide strategies to sell a large number of unique items in relatively 
small quantities. 
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2   Approaching Distributed Business Process 

When moving from business processes to DBPs and collaborative approaches, 
organizations should take into account the value network perspective (Table 1). The 
business sector that benefits from the potential and the efficiency DBPs is the tourism 
and entertainment . Customers are getting more and more connected and looking for 
dynamic and easy composition offers as well as new experiences [5]. It has been 
observed that individual preferences are not fully taken into consideration by all 
actors in this sector in order to maximize customers' satisfaction. 

3   Tourism and Entertainment Needs 

According to the World Tourism Organization [5], tourism has become a popular 
global leisure activity. The tourism and entertainment service industries include a 
wide range of actors (Table 2). 

Table 2. Classification of actors in tourism and entertainment sector 

Area Actors 
Transportation 

services 
Airline companies; Cruise ships; Trains; Buses; Taxis; Car rental agencies; 
among others. 

Hospitality 
services 

Hotels; Hostels; Resorts; Guest houses; Camping; Bed & breakfast; among 
others. 

Entertainment 
venues 

Amusement parks; Casinos; Shopping malls; Music venues; Theatres; 
Cinemas; Museums; Galleries; Operas; Night clubs; Restaurants; Kart 
club; Golf club; among others. 

Others 
Tourism offices; Tourist guides; Weather forecast; Guides (on-line, paper-
based); Voyage agencies; among others. 

 
These actors are usually working either isolated or in a low level of integration 

without taking advantage of the value network which they are part of. Service 
providers do not fully investigate the potential of this market and usually do not take 
into consideration the customers' personal wishes and previous experiences when 
proposing a new offer. The few situations whenever it happens, customers have to fill 
up their profiles in different websites. There is a lack of ability for service providers 
to recognize customers' wishes in order to address their fidelity. 

Joint efforts shall provide new and innovative offers. Providing options to 
customers, and exploring the potential of a distributed approach add value to the 
network of service providers. Most of the service providers act in a reactive and not in 
a proactive fashion. It means that they wait for customers to contact them, and only 
then, trigger an action. They are still attracting customers through traditional market 
campaigns. Acting proactively implies in direct offers that fit to what customers are 
looking for or expecting. An alternative is to identify the customers' desires through 
the analysis of their profiles.  Tourism and entertainment services are characterized as 
temporary arrangements (they do not last forever). These dynamic and temporal 
characteristics are well served by the arrangements provided in collaborative 
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networks, such as Virtual Organization Breeding Environments and Virtual 
Organizations (see section 5). 

The interaction with or among customers starts earlier and earlier in the purchasing 
phase. Years ago, buying a trip meant a physical meeting in a travel agency. Travel 
agents were tour planners, as well as sales agents, for travel suppliers. This situation 
no longer exists, and the tourism and entertainment sector has been changing 
dramatically.  There is an opportunity to improve productivity by encouraging 
customers to use self-service. The structure is currently acquiring more decentralized 
market characteristics where each buyer/consumer has direct access to each 
seller/provider [6].  When a tourist "on his/her own" needs to find information from 
different providers, it is extremely difficult to know where to find the proper 
information. Besides that, customers are increasingly demanding personalized offers 
of travel products and services.  

4   Enablers and Uncertainties 

Trends affecting the tourism and entertainment industry generally include changing 
customer's demands, increased expectations in terms of value and convenience, and 
increasingly knowledgeable consumers who are themselves users of IT [6]. [7] argue 
that the widespread use of Internet and electronic market places together with 
increased competition and changing customer needs have fundamentally transformed 
the travel and entertainment service industry. Competitors have undermined their 
traditional business models. A large number of travel transactions and services have 
moved to the Internet. 

By Observing this trend, [8] coined the term "cybermediaries". They have leaner 
cost structures, by reaching a global perspective and supplying technologically 
enabled economies of scale (large volumes at low transaction costs). Service 
providers in tourism and entertainment have to reposition their value propositions and 
provide greater value-added services based on the integration of Internet technologies 
and new marketing strategies. 

There is the need not only for differentiated product strategies,  but also for service 
level strategies. One example is the provision of highly personalized product and 
service packages involving high quality information and advisory services [7]. This 
trend is also supported by the idea of prosumption (production/consumption). [9] refer 
to the creation of products and services by the same people who will ultimately use 
them.  The tourism and entertainment sector may use and get involve with end-users 
in order to adapt services to what customers are looking for. This kind of adaptation is 
then supported by good DBPs structures. 

Interaction among customers is highly valuable as well. By putting a natural 
language question to a travel community the customer not only gets relevant answers 
for a vaguely formulated need, but also obtains additional relevant information, which 
he/she had not realized as part of his/her information need before this experience [7]. 

According to [3], "Web 2.0 encompasses a seemingly unlimited range of services, 
these services do have a number of common features": a) Internet is used as a low 
cost delivery platform; b) they involve the direct participation and tap into the 
creativity of a huge community of end users; c) they "emerge" rather than being " 
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pre-defined". Moreover, there are no pointers to an integrated solution, based on Web 
2.0 to join different services. On the other hand, Internet information is fragmented. It 
takes a significant amount of time to find good information, even for experienced 
travelers. The configuration of highly personalized products is extremely time-
consuming, and the trustworthiness of many sources can still not be verified [7]. 

Nowadays customers are also looking for a better use of available technologies, 
lower costs, transparent and real-time transactions. The challenge is to develop and 
provide customers with rich experiences before and during their tourism and 
entertainment activities, so that customers can actively participate during the entire 
process (do it yourself!).  The ways of interacting with the customers may range from 
simple SMS messages, posts in blogs, social networks, e-mails and also the advent of 
the new phenomenum called micro-blogging, like Twitter.  

It is important to provide new and innovative services for tourism and 
entertainment so that each customer can be seen as unique. It means that each service 
is one-of-a-kind and fits to each specific customer's requirement or profile. In order to 
offer this kind of unique service for the customers, it is necessary to combine and 
organize multiple actors in order to add value to the service being provided. Modeling 
DBPs among multiple actors shall speed up the answers to potential customers. 

5   Framing Tourism and Entertainment into Collaborative 
Networks 

One suggestion to support the shift from a traditional business process perspective 
that is intra-organizational (centralized and isolated) to a DBPs perspective that is 
inter-organizational (distributed and collaborative) is the concept of Tourism Breeding 
Environment. A Tourism Breeding Environment is defined here as a set of 
organizations, usually service providers that agree cooperating with each other while 
adopting common operating principles and infrastructures. The Tourism Breeding 
Environment’s main goal is to provide high quality tourist and entertainment services 
in a seamless and transparent way to the customer1. The actors previously identified in 
Table 3 are the ones to potentially populate the Tourism Breeding Environment. 

Service providers organized like a Tourism Breeding Environment may easily 
achieve the basic requirements necessary in order to establish their DBPs than the 
ones that are not working in a collaborative way. Tourism Breeding Environment 
provides common communication channels, up-to-date information, coordination 
mechanisms, as well as support for the definition of distributed business to ensure that 
the customer will be satisfied with a set of service providers.  

On the other hand, in order to offer better and adapted services, customers shall 
keep their profiles and their preferences updated. Customers' profiles shall contain 
their general information, main interests, time and budget availability, and other 
additional information that may be relevant, allowing an interface with the customers 
and providing suggestions when planning a trip and/or last minute tips.  

                                                           
1 The definition of Tourism Breeding Environment is an adaptation of the Virtual Organization    

Breeding Environment definition coined by [10]. 
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Not all service providers will interact with one single customer. Only a set of 
selected (either by the customer, or by an automatic composition of service, or any 
other criteria) service providers will work together. The selection of specific service 
providers opens space to the creation of a Virtual Organization that is being called 
Virtual Tourism Organization. The Virtual Tourism Organization emerges from the 
Tourism Breeding Environment as a temporary service provider.  A Virtual Tourism 
Organization is seen as a temporary alliance among tourism and entertainment service 
providers that come together to deliver one-of-a-kind offer and value-added services. 
The Virtual Tourism Organization is set up during the customer's offer proposition 
and it is dismantled as soon as the service is provided. It is worth to highlight the 
importance of DBPs in this stage in order to harmonize interactions between service 
providers and their fast reaction to attend the customers' expectations. The Virtual 
Tourism Organization is then completely transparent to the customers. It means that 
the customer interface is always the same, but the service providers may change 
according to the customers' preferences. 

The concept of Virtual Tourism Organization matches the dynamicity and 
reactivity that customers increasingly expect especially when using mobile and 
internet when they are traveling. Table 3 presents how a Virtual Tourism 
Organization fits the tourism and entertainment needs: 

Table 3. Tourism and Entertainment Needs 

Tourism needs Virtual Tourism Organization 
Temporary They are created in order to supply a, usually short, time-frame offer. 

One-of-a-kind 
services 

A Virtual Tourism Organization allows a dynamic organization of 
service providers and resources that fits with customers' specific 
requirements. Customers do not need to adapt themselves to pre-defined 
tourism and entertainment packages. It is the Virtual Tourism 
Organization that is adapted to the customer. 

Push and Pull 
information / 

offers 

New services and suggestions can be offered to the customers. 
Information or offer of services shall be provided to the customers either 
according to their profiles or according to contextual data (weather, 
traffic, location-based services, and so on). 

Real time 
Virtual Tourism Organizations can be built and reconfigured "on the fly" 
in order to attend the customers’ wishes (supported by DBPs). 

Flexibility and 
dynamic 

arrangement 

A Virtual Tourism Organization can adapt itself in case of unforeseen 
events by providing new offers to the customers. 

Co-creation 
Customers may provide suggestions to the tourism breeding environment 
and influence in the arrangement of the Virtual Tourism Organization, as 
well as evaluate the quality of the service being provided. 

Pricing 
Most of the customers look for lower prices and better services. The 
Virtual Tourism Organization may provide a combination of services 
that allows discounts and high quality services. 

 
It is possible to cross-compare the tourism and entertainment needs to the 

requirements to move from a business process to a DBP perspective (Table 4). Many 
of the Tourism Breeding Environment needs can be supported by DBP and leveraged 
by their usage through a Virtual Tourism Organization environment. 
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Table 4. Cross-comparison: DBPs requirements vs. Tourism and Entertainment Needs 

T&E  
 Needs 
 
DBP 
Requirements 

Tempo-
ray 

One-
of-a-
kind 

Push and 
pull 
informa-
tion / 
offers 

Dyna-
micity 

Flexibi-
lity and 
dynamic 
arrange-
ments 

Co-
creation 

Pricing 

Communication √ √ √ √ √ √ √ 

Data 
Interchange / 

Interoperability
√ √ √ √ √ √  

Real-time 
response √ √  √ √   

Cooperation & 
collaboration  √ √ √ √   

Coordination  √ √ √ √ √ √ 

Traceability  √   √ √  

Long Tail  √  √ √ √  

6   General Considerations 

A preliminary study was elaborated in order to evaluate the concept behind the 
Tourism Breeding Environment and Virtual Tourism Organization concepts to 
support a value network for the tourism and entertainment sector. The main objective 
was to collect from potential end-users' their opinion. Users were requested to answer 
about the opportunity of receiving a pack of services related to tourism and 
entertainment. It was explained that services would be offered through the customer's 
mobile phone in a one-of-a-kind fashion. It was made clear that in order to avoid 
being intrusive or to disturb customers' daily life, the offers would be sent only if the 
customer had authorized them. 

The questionnaire was made available on-line during two months. During this 
period invited people provided their opinions and their comments. A close look to the 
numbers showed that 46% of the replies were provided by men and 54% of the replies 
were provided by women. When considering the age of the responders, it was 
observed that people aged between 25 and 45 years old composed most of them 
(68%). These people represent the customers that are able to spend more money in 
tourism and entertainment activities. It also shows that the questionnaire did not 
approach the so-called "Y generation" and a future study shall consider this target 
population. “Y generation" importance appears as the new consumers to come and 
their power in adapting themselves to new and innovative solutions must be kept in 
mind. The questionnaire also showed that most of the responders were married or 
living in couples. It provided a hint that couples tend to better program their tourism 
and entertainment activities in advance, while single people look for possible options 
"on-the-fly". It also demonstrated the responders´ preference to choose/pick a pack of 
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services composed by restaurants and cultural activities, like cinema, theater and so 
forth. It was observed that, when traveling, most of the people prefer staying in a 
hotel while traveling than staying in a friends' house or at their relatives´. Low-cost 
alternatives for accommodation complete the list. Most of them also book their 
accommodation by using a website, showing a tendency that privileges on-line 
services over the other traditional approaches (phone, physical). 

Other important factors include quality, price, and originality of the service. As a 
result, Tourism Breeding Environment partners aligned by DBPs can mobilize their 
efforts to offer better services (quality) by integrating their activities, while a dynamic 
service composition can also bring original alternatives with special discounts and 
promotions. Despite the fact that most of the responders stated that they prepare their 
activities 2 days in advance or more, last-minute offers were welcome to overcome 
unpredictable events like delays and/or weather changes. 

This work has provided a flavor about the potential of tourism breeding 
environment and virtual tourism organization concepts. It is important for the next 
steps to investigate the reaction of small-size service providers in tourism and 
entertainment to collect their opinions regarding collaborative work in a value 
network. Technical issues, like how to organize the payment of the pack of services, 
electronic identifiers, and a business model for the TBE are issues that shall not be 
underestimated and open new fields of research. 
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Abstract. Studies present the importance of networks for SMEs, but few of 
them show the opportunities for technology transfer. The paper systematizes the 
goals that involve innovation networks as tools for prospecting opportunities for 
technology transfer in SMEs. It was conducted a case study in a high-tech 
company located in the state of São Paulo - Brazil. The goals were organized 
based on the objective model of the EKD (Enterprise Knowledge Development) 
methodology. As a result, it was possible to identify the problems, causes, 
constraints and opportunities influencing the environment and the collaboration. 
The paper contributes to future research to improve the network management. 

Keywords: Prospecting of opportunities, Innovation networks, Technology 
transfer. 

1   Introduction 

The discussion on Collaborative Networks Organizations (CNO) has been gaining 
attention in the literature because of the importance that this phenomenon has 
presented the experiences of socioeconomic development in many countries over 
recent decades. This phenomenon is justified due to shorter development cycles, 
product research, requiring universities, research centers, businesses, government 
agencies and professionals, greater dynamism and flexibility in the production of 
goods and services. So, the term collaborative networks have been used to describe an 
alliance consisting of geographically distributed and heterogeneous agents in relation 
to their operating environments, cultural capital, but who see in collaborative work, a 
way to increase revenue, competitiveness, and share resources and knowledge [1]. 

Thus, innovation becomes a differential, which can ensure standards and rules that 
only later other companies should take in order to participate in the competitive 
environment. With innovation a key variable for achieving and sustaining competitive 
advantage, it becomes difficult development within the borders of small businesses, 
because competing directly with multinational corporations and, in most cases, has 
deficiencies such as lack of capital, scarcity of marketing, vulnerability to 
macroeconomic instability and lack of managerial training. The purpose of this paper 
therefore is to systematize the goals that involve innovation networks as tools for 
exploring opportunities to transfer technology to small and medium enterprises. 
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2   Literature Review 

2.1   Opportunities on Collaborative Networks Organizations  

The more traditional definition of opportunities concerns the chance to introduce 
products, services or processes on the market [2]. There are two types of opportunities 
in a network [3]: (a) opportunities which may arise through the company or market: 
fruit of the relationship between members of the CNO with the external environment 
the market or society; (b) opportunities which may arise within the network of 
collaboration between the entities involved, by sharing lessons learned and expertise. 

Different authors report on "Opportunities ", describing some phases: 

• Perception: involves looking at the market in relation to their needs and trends; 
Discovery: involves the selection of a promising slice of the market, through a 
critical analysis before starting a new business or expand an existing market, 
based on perceived opportunity; Creation: involves the redirection of resources 
in order to create or improve a product /service already available [4]. 

• Preparation: involves a concise effort to develop expertise in a particular field 
of interest; Incubation: involves the maturing of an idea or problem, based on 
lessons learned; Insight: when there is actually identifying the opportunity; 
Evaluation: involves checking whether the concepts developed in the 
discovery phase are feasible. It may involve feasibility analysis of the 
opportunity identified, which are put to the test through various mechanisms, 
such as test marketing or financial analysis; Development: involves the 
establishment of the business from the viable opportunities. Whereas the 
business idea is feasible after the evaluation stage, the stage of development 
includes the detailed planning of activities in order to reduce uncertainty [5]. 

• Discovery: it involves the interpretation of opportunity recognized. It is a 
dynamic phase that depends directly on the sources of opportunities and 
lessons learned; Evaluation: involves applying a set of criteria to critically 
examine the feasibility of the chance discovery; Exploration: involves the 
management of resources for achieving the goals of the chance discovery [6]. 

One must consider that some of these opportunities are the result of a process where 
the solitary entrepreneur conceives an idea and give it its proper meaning. These 
authors believe that entrepreneurs and managers who prospect opportunities, are well-
informed, strongly influenced by previous experiences and also by environmental 
conditions that surround them [7]. 

2.2   Innovation Networks 

According to the Oslo Manual, the term innovation is defined by the implementation 
of products (goods and services) and processes technologically new or significantly 
improved [8]. Is characterized by constant evolution and incorporation of knowledge 
processes and products, innovation has become the main ingredient for 
competitiveness. There are five main forms of innovation [9]: (a) introduction of a 
new asset: a well that consumers are not yet familiar with, or a new quality of a well; 
(b) introduction of a new production method, a method that has not yet been tested by 
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experience in the manufacturing industry itself, in any event must be based on a 
discovery scientifically new; (c) opening a new market: that the particular branch of 
manufacturing industry in the country concerned has not yet come, whether that 
market has existed or not; (d) gain a new source of supply of raw materials or semi-
manufactured goods; and (e) establish a new organization of any industry, such as 
creating a monopoly or fragmentation of a monopoly position. 

The innovation networks is a linkages between enterprises, research organizations, 
universities and government, working together with the common goal of creating, 
acquiring and integrating the different skills and knowledge required to develop 
complex technologies and product or process and bringing them to market [10]. This 
reduces the chaos in the innovation process and increase the likelihood of developing 
a successful innovation [10], [11]. 

Among the reasons for a network is being formed: (a) access to knowledge and 
information, (b) organizational learning, (c) reducing technological uncertainties, and 
risks of individual investments in the development of new knowledge, (d) exploitation 
of complementarities and synergy by merging of different skills, (e) seeking 
economic scales of production, (f) reducing the difficulty of market entry, (g) 
reducing the development time of new products, (h) unfamiliarity with the pace at 
which technology is considered of strategic importance for business [12]. 

Studies indicate that the collaborative networks for innovation are common in 
technologically intensive sectors, which dominates the complexity of knowledge and 
high uncertainty [13]. Recent researches are placing the topic of innovation networks 
in the context of SMEs, highlighting its importance for these firms [14], [15].  

The networks offer advantages for SMEs, such as the sharing of skills in 
technology transfer, technological expertise, know-how, on regulatory issues, reduces 
the resource constraint, limiting the ability to innovate [16].  

Sharing the same idea [17], [18] identified important relationships between inter-
firm cooperation with intermediary institutions, cooperation with research 
organizations and the innovation performance of SMEs. The study also showed that 
the vertical and horizontal cooperation with customers, suppliers and other companies 
have a distinct role in the innovation process of SMEs compared to horizontal 
cooperation with institutions research, universities and government [19]. 

2.3   Technology Transfer 

The term technology is used for various areas of knowledge, with different meanings 
[20]. In general, technology is regarded as something tangible, for example, 
machinery, equipment and intangible assets like skills and knowledge [21].  

Definitions of [22] and [23] discuss the technology as the body of knowledge, tools 
and techniques, product or process, physical equipment or method of action arising 
out of or creation science or practical experience, which are used in the development, 
design, production and application of products, processes, systems and services. 

In this work, we adopt the concept presented by [24], who consider technology as a 
technical knowledge or know-how that can be applied to a physical artifact improving 
the company's ability to offer products and services. The process of managing the 
acquisition, handling and incorporation of technology between entities is called 
technology transfer [25]. Entities can be countries, company, or individuals [26], [27]. 



210 J.S. Kurumoto, A.M. Segoria Gasparotto, and F.M. Guerrini 

This is an iterative process that not only transfers existing knowledge, but also 
facilitates the creation of new knowledge and product solutions [28]. 

Networks help to reduce insecurity in the development and use of new 
technologies. Therefore, SMEs should relate to other organizations, forming a dense 
network of innovation, possibly sharing knowledge and skills to improve their 
performance in technology transfer [29]. The transfer of network technology, the 
collaborative effort of learning seems most effective when SMEs participate [30].  

3   Research Methodology 

This research was conducted in three stages. The first, a survey was conducted in 
bibliographic databases to find articles in journals related to the objects of this study.  

The databases used were the Web of Science, Science Direct, and Emerald. The 
keywords considered to start the search were innovation networks, technology 
transfer and prospecting of opportunity. The papers were selected based on the 
analysis of the impact factor of the journals that is published in the Journal Citation 
Report (JCR) indexed by the Institute for Science Information (ISI) and the abstracts 
to identify the main articles that could contribute to this research. 

In the second stage, it was carried out a case study with a high tech firm. The use 
of this method is appropriate when seeking a greater understanding of contemporary 
facts researched [31], which in this case refers to the networks. As an instrument of 
data collection it was used the semi-structured interview with open questions. It was 
interviewed the project management office manager allocated in the department of 
research and development. The questionnaire aimed to understand the characteristics 
of the company, the difficulties and benefits of conducting collaborative activities 
which allowed the development of a model to systematize the goals that involve 
innovation networks as tools for exploring opportunities for technology transfer. 

The last stage was the development of an organizational modeling based on the 
EKD (Enterprise Knowledge Development) methodology. The EKD provides a clear 
vision of how the business functions, facilitates learning and organizational 
communication, provides a structured description of the business, allows us to 
identify changes and assess the impact of the decision making. This is possible 
because the six models that consist of this methodology, as follows: concepts model, 
goals model, business rules model, actors and resources model, business processes 
model, requirements and technical components model [32]. 

Considering the purpose of this study, it was represented only the goals model that 
describes the goals of the enterprise along with the issues associated with achieving 
these goals. This model is related to the organization and its reason to exist. The 
components of the goals model are: (a) goal: refers to the desired state of the business 
to be achieved and is expressed through visions, directions, goals, intentions, needs, 
requirements, among others; (b) problem: it expresses that the environment is or may 
be in an undesirable state that hinders the achievement of goals; (c) cause: it expresses 
explanations or reasons for the problems. Causes are usually states or situations 
outside the control of the project, process, or organization; (d) restriction: it expresses 
business constraints, laws, rules or policies of the external world; (e) opportunity: it 
expresses resources that can make certain goals easier to achieve. 
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4   Case Study 

It was carried out a case study with a technology based firm that operates in the field 
of optoelectronics in the state of Sao Paulo who is 25 years in the market. Besides the 
plant, the company has commercial and technical department in the state capital and 
laboratories in Sao Paulo, Fortaleza, Porto Alegre and Brasilia and overseas units. 

The product lines are directed to the medical, industrial and defense areas, which 
the main products are the laser for ophthalmology, camera, satellite and defense 
equipment. The firm is considered medium-sized has according to the criteria of [33] 
with 450 employees. The capital is of domestic origin and primarily serves the 
domestic market, with approximately 90% of sales destined for the Brazilian market. 

The firm has partnership with universities to develop sub-modules for software, 
research centers for technology development of materials and processes, and with 
companies that provide technologies and sometimes they are co-development partner. 
However, their relationships with other companies are to a lesser extent due to 
concerns about intellectual property. The Fig.1 presents the motivations for firm to 
collaborate represented by the goals model. 

One of the main objectives of the firm is to grow and development innovations 
(Goal 1) in order to be competitive, becoming knowledge and high technology into 
benefits for society. Thus, to achieve these objectives, the firm needs to lower costs 
(Opportunity 1), managerial qualification (Opportunity 2), and to establish 
collaborative activities (Goal 2), with Universities (Entity 1), Research Centers 
(Entity 2), and Enterprises (Entity 3). In addition, laws enacted by the government as 
the Law of good (Policy 1), the Innovation law (Policy 2), and the Informatics law 
(Policy 3) has encouraged the firm to seek partners to develop new products and 
processes because they offer tax incentives and facilitate interaction between 
universities, research institutions and industry. 
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Fig. 1. Goal model 



212 J.S. Kurumoto, A.M. Segoria Gasparotto, and F.M. Guerrini 

The company faces some difficulties with the cooperation (Goal 2) as the different 
development time (Problem 1) between universities and industry that result in delays 
in the project (Problem 4). Furthermore, it is difficult to establish the first contacts 
(Problem 2) to carry out a partnership because there is no trust between the people. 

The establishment of a collaborative relationship aims to get closer to suppliers 
(Goal 5), allowing to solve the problem of restricted supply (Problem 3). Furthermore, 
it is possible to acquire know-how (Goal 4) by means of complementary competences 
and technology transfer (Goal 3), which may be in the form of information, 
knowledge or hardware. In the case of information and knowledge, this transfer can 
be supported by software such as CATIA (Computer Aided Three-dimensional 
Interactive Application), PDM (Product data management), among others. 

The technology transfer (Goal 3) is supported by managerial qualification 
(Opportunity 2), because it allows the firm to identify and exploit opportunities to 
deepen their knowledge of science and technology when in contact with the external 
environment. With qualified staff (Opportunity 2), the firm reduces the lack of 
managerial capacity (Weakness 1) that often interferes with the progress of the project 
resulting in delays (Problem 4). 

Late projects (Problem 4) occur as a result of internal forces such as lack of 
managerial capacity (Weakness 1) and also by external forces that are beyond the 
control of the organization as dependence on government projects (Cause 1) or delays 
government (Cause 2). Two solutions to avoid delays (Problem 4) are identified. The 
first refers to the application of a tool that assists in managing projects that is known 
as a manual of good practice PMBOK (Opportunity 4). The second is the contract 
management (Opportunity 3), because if the contract is clear, accompanied by control 
procedures, record and documentation of tasks and incidents becomes an important 
tool to avoid potential problems, and become a support to establish the collaboration 
(Goal 2). 

It was noted that the firm knows the benefits of collaboration, but it has resistance 
due to intellectual property issues and problems in conducting projects. This occurs 
because of different social, cultural, organizational and economic characteristics [34]. 

To overcome these differences [35] points out the need to adapt the way of 
working with network needs, aligning different strategies to create a common vision 
of problem solving, acquiring competence in accordance with the individual 
capabilities of the partners, among others. The networks help to reduce insecurity, but 
since it is structured and managed properly. 

5   Conclusions 

Innovation is a key variable to achieve and sustain competitive advantages, its 
development is difficult within the borders of SMEs due to the scarcity of human and 
financial resources, vulnerability to macroeconomic instability and lack of managerial 
training. Thus, one of the mechanisms used to overcome these challenges is through 
the collaborative work with universities, research centers, companies and customers.  
This collaboration with various actors allows the sharing and transfer of knowledge, 
skills and information that contribute to the development of new technological 
solutions. This happens mostly when the company participates in a net horizontal and 
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vertical. This work has contributed to the companies to understand factors that 
influence and help in the process of exploring opportunities in technology transfer and 
that reflects the innovations developed in networks. As ideas for future work should 
be noted that once the economic lever of Brazil is represented by small and medium 
enterprises, an issue to be undertaken by networks of innovation might involve the 
socio-economic aspects of the country. The problems of national industrial network 
can help in the training of human resources with a more realistic view of the market 
with a clear understanding of the business itself, with the field of information 
technologies and communication and increased power to generate innovations.  
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Abstract. This paper aims at identifying the knowledge transfer processes 
developed among R&D units and the competencies that are locally created to 
earn power by knowledge within these global innovation networks. Te paper’s 
empirical section is grounded on two multinationals with R&D units in 
Portugal, one from a Norwegian electronic multinational and another from a 
Spanish automotive component multinational. Crossing the theoretical debate 
with the empirical results we expect to offer an insight on the understanding of 
knowledge transfer processes.  
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1   Introduction 

In the last few decades important transformations have been emerging in the society 
and in the economy, leading to the development of a new economic and social 
structure. The new concept of knowledge-based economy comes from the 
acknowledgement of the importance of knowledge for economic growth (Soete, 
2000). Knowledge is recognized as a crucial source of economic rent and the effective 
management of organizational knowledge has increasingly been linked to competitive 
advantage and considered critical to the success of the business firm. In this way, a 
crucial challenge for multinationals is to combine the unique location-bound 
resources found in local clusters with the global resources of the firm to generate 
valuable and rare capabilities (Lundan, 2002). In this sense, they should assure that 
competencies from the different units are diffused throughout the group (Andersson et 
al, 2002). The aim of this paper is to analyze the knowledge transfer processes in two 
multinational networks (MNC) and the transfer mechanisms created to earn power by 
knowledge within these global value chains. The paper is structured as follows: 
firstly, we review the literature on knowledge accumulation and transfer in the context 
of MNCs. Secondly, the empirical analysis is reported, including methodology and 
discussion of results considering the theoretical contributes presented above. 
Conclusions make up the latter part.   
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2   Knowledge Transfer Processes in Global Networks 

2.1   Knowledge and Competencies as Strategic Resources: The Subsidiaries 
Absorptive Capacity  

The last decade evidenced a significant concern about the study of how big 
corporations manage knowledge and, in particular, about the process in which they 
are transferred (Sölvell and Birkinshaw, 2000).  Multinationals that are able to teach, 
as well as learn, can combine the unique location-bound resources found in local 
clusters with the global resources of the firm to generate valuable and rare 
capabilities. In this way, to learn and share knowledge and competencies become 
essential mechanisms to the company (Caraça e Simões, in: Simões et al, 2002: 139). 
Therefore, a crucial challenge for multinationals is to avoid that subsidiaries become 
isolated from other parts of the multinational and assure that competencies from the 
different units of the multinational are diffused throughout the group (Andersson et al, 
2002: 116). According to Andersson, Björkman e Furu (2002), the development of 
competencies depends on the capacity of subsidiaries to recognize the value of 
external knowledge, incorporate it and apply it, in other words their absorptive 
capacity. Absorptive capacity is the organization’s current readiness and accumulated 
knowledge, which enable it to identify and grasp new valuable knowledge outside the 
organization, and to use knowledge in value-creating processes. The higher the 
subsidiary’s absorptive capacity, the more extensive its competence development, and 
consequently, the more it may contribute to the competence development of the whole 
MNC. In this manner, to recognize and absorb knowledge, subsidiaries must establish 
connections with local and external networks and be able to use the acquired 
knowledge as an important ground for the development of new competencies. 
Actually, integrating the capabilities and knowledge of the dispersed subsidiaries and 
making use of them in other MNC units represent a special advantage of the 
multinational and thus are an essential task for corporate management (Andersson, 
2003: 426). In fact, is MNC management task to try to exploit capabilities developed 
within different subsidiaries in such a way that the MNC as a whole can benefit from 
them. To accomplish this, Andersson (2003) emphasizes the importance of the 
assigned role and responsibilities given by the MNC to subsidiaries. According to the 
author, the assignation of a specific role to a subsidiary will mean that its capabilities, 
developed in the intense and deep relations with local actors (especially costumers 
and suppliers), will be used and may also be integrated into other units. Besides the 
simple diffusion of competencies and capabilities is the diffusion of "good practices" 
in MNCs. Sölvell and Birkinshaw (2000) argue that the ability to manage and transfer 
good practices on a worldwide basis is what separates the successful MNCs from the 
less successful. In this sense, MNCs will gain if the good practices of a subsidiary are 
exported to other subsidiaries of the network and, consequently, one important goal 
for a MNC is to develop successful practices, standardized them and diffuse them in 
all the subsidiaries of the multinational group. 

2.2   Knowledge Transfer Process: Barriers and Support Organizational 
Mechanisms 

There are a number of obstacles to transfer competence in the MNC, which are 
associated with the competence itself and the characteristics of the sender, the 
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recipient and the relationship between them. One of the biggest problems of 
knowledge transfer is to know how to solve the issue of transmission of tacit 
knowledge. Actually, tacit knowledge is a part of knowledge of hard appropriation 
and divulgation, because it is a non-specified, personal and contextual knowledge. 
This kind of knowledge has been considered an important component of innovation, 
having a fundamental role in the developments of science and technology. 
Accordingly, tacit knowledge can be converted in explicit knowledge trough a 
codification process, which makes the incorporation or diffusion of knowledge easier. 
However, this process evolves lost of information, due to the fact that part of the 
knowledge will stay only in the head of the people who have the knowledge. The 
other barrier is related to internal competition between subsidiaries. Subsidiaries tend 
to have different goals and often-limited incentives to transfer know-how to other 
units, particularly if it involves the time of their best people or proprietary technology 
that might leak out. By diffusing knowledge to other MNC units, the focal subsidiary 
may also lose some of its uniqueness, thus loosing bargaining power within the MNC. 
Another barrier refers to the interaction between the subsidiary and its local context. 
These competencies cannot easily be used in other corporate units’ business contexts. 
This is because the absorptive capacity required to understand and apply the 
competence is developed within the unique context-specific, or even relation-specific 
(Forsgren et al, in: Andersson et al, 2002: 117).  Once more, the local context is 
determinant, this time to understand knowledge transfer between MNCs’ units. 
Related to the previous barrier is the socio-cultural and institutional context 
emphasized by Pedersen, Petersen and Sharma (2003: 74). According to the authors, 
knowledge transfer is influenced by the socio-cultural institutional distance between 
the foreign country and the home country of the MNC. Knowledge in firms is 
contingent on their socio-cultural environment; what is appropriate knowledge in one 
country may not suit the needs of firms in other countries. In turn, this may cause 
problems to the knowledge transfer process. Nevertheless, it is responsibility of the 
multinational group to take measures that stimulate the information flows between the 
different units of the group. In this manner, a crucial task for corporate management 
will be to recognize the absorptive capacity of the subsidiaries and in particular to 
coordinate the diffusion of the learning outcomes of the subsidiaries, i.e., to establish 
integration mechanisms that engender knowledge flows from one affiliate to others. 
Pedersen, Petersen and Sharma (2003) also consider that MNCs should develop 
mechanisms to facilitate knowledge transfer between its units, but these mechanisms 
have to suit the specific knowledge characteristics. Tacit and non-codified knowledge 
is harder to transfer and requires specific organizational mechanisms. Therefore, the 
choice of transfer mechanism has to be related to the characteristics of the particular 
knowledge. 

The authors conclude that in general tacit knowledge is transferred though "rich 
communication", which comprises face-to-face communication and informal 
interaction, and explicit knowledge through "written media", which, by its turn, 
involves manuals, database, written instructions and blueprints. According to 
Pedersen, et al (2003: 69), the use of unsuitable transfer mechanisms may cause loss 
of knowledge in the process of transmission or may involve unnecessarily high 
communication costs, both with potentially negative effects on the performance of the 
MNC. 
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3   Case Studies 

3. 1   Methodology 

The empirical component of this paper is grounded on one extended case study (MNC 
A) and one local case study (MNC B). The extended case study, is based in an 
electronic multinational, involves an R&D subsidiary located in Portugal, a R&D 
subsidiary located in the Netherlands and also the headquarters, located in Norway. 
The local case study has been performed on a subsidiary of a Spanish multinational of 
the automobile industry located in Portugal.  Two techniques were combined to carry 
out the empirical research: in-locu observation of the work processes and semi-
directive interviews addressed to key actors belonging to different departments and 
hierarchical levels of the firms. 

In Trondheim, the headquarters of MNC A, 11 interviews have been conducted 
with Top Management, Operation, R&D and Sales. In the second R&D unit, located 
in Beilen (Netherlands), recently acquired by network A, 6 interviews where 
conducted and other 5 within the Portuguese subsidiary.  

In the local case study, 8 interviews were conducted with professionals of the 
product-engineering department and 4 with professionals of the processes engineering 
department. We focused our interviews on those two departments, as they are central 
in terms of R&D product and process development. 

3.2   Case Study A 

MNC A is a company from the electronics industry. The company has presently 270 
employees in 12 locations and representatives in 6 other countries. The headquarters, 
with 110 workers and the Dutch subsidiary with 28 employees are the only units with 
strong R&D departments. The other subsidiaries, like the one in Malaysia with 17 
workers, Australia with 13 and Thailand with 10, have local development activities. 
The other subsidiaries have less than 10 workers and their main activity is sales. 
However, there are subsidiaries with just a few workers, like in Portugal (with 5 
workers) and in Brazil (with 7 workers), which have engineers performing product 
development.   

Indeed, the relations established locally are crucial to the development of MNCs 
(Dunning, 2000). The contacts with the customers and the local market are essential, 
as the gathered information from theses contacts may be determinant to design the 
business future goals. As underlined by the vice-president for business development, 
the main motivation to create local units is to be closer to the customers and to the 
local market. "The main concern is to be able to understand what the customers really 
want, that’s why we have these offices around them." 

Another relevant aspect is the contribution local Universities and research centres 
could bring to firms R&D activities through researchers and high skilled workers 
interactions. According to the R&D Dutch vice-president "it is with the university that 
I have close professional relations. (...). In terms of activity, mine is more related to 
knowing what is happening in terms of research, and relate with the institutions that 
do research and to go to the conferences. Due to these relations we are members of 10 
international projects and our partners are universities, governments and all that relate 
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to this industry". The foundation of the Dutch subsidiary has been linked to the 
university as the owners come from there. Company’s relation with the academic 
world was crucial in the beginning of the firm not only providing professional training 
of employees but also in the subsequent R&D activities developed by the company. 
Currently, the position of the company towards university is different as nowadays the 
company prefers to steer away from the connection with the academic world 
projecting a more "business world" image of itself. 

Knowledge transfer: the predominance of informal mechanisms 

The knowledge internal management is a complex question because of the context of 
a small MNC, where the majority of the subsidiaries are only dedicated to commercial 
activities or to local Development activities, sometimes so specific that its diffusion 
and transfer don’t bring advantages to other multinational’s units. Besides, this 
multinational network knowing the important role of the knowledge change 
mechanisms (even more because we are talking about activities that imply high 
technology activities and high levels of innovation, where the know-how transfer is 
always an added value) doesn’t use, systematically, formal mechanisms of knowledge 
interchange. Observing the knowledge transfer mechanisms, we can say that the 
fundamental ones are the informal mechanisms. In fact, as the project manager from 
Norway says: "we don’t have a structured program of learning and share of 
knowledge. People talk to each other, personally or by e-mail. The informal network 
functions very well because we aren’t a very big company, and we don’t have yet a 
formal way to share knowledge." The director of the portuguese subsidiary tries to 
systematize the formal and informal mechanisms of knowledge transfer. The informal 
are: "meetings and workshops, which are a mean to change information"; the 
"learning actions" which are developed in the headquarters for the technicians, “who 
are there a couple of months absorbing know how and how to work"; the "learn by 
doing" in which "people learn while they work, for example, in a system or a 
programme". The formal mechanisms are “the new software tools, available only 
about 8 months ago, the new internal portal, the intranet, where we introduce 
experiences, ask questions, see the historical of the product.  And when we do specific 
developments, new software, the technical information is essential. It is a borrower 
task but is crucial so that the knowledge doesn’t stay only in people heads”.  The CEO 
of Norway emphasises other mechanisms related to the mobility and interchange of 
human resources and competencies. He states: "we try to use good people in other 
projects when they have time for that, so we try to map the competencies of people, to 
assure that people who gained experience locally can be used in other projects. (…) 
Nowadays, two engineers from Portugal are participating in the development of a 
central system, because they have the competencies". However, the CEO adds: "we 
don’t transfer knowledge in a systematic way, at least not enough.  We are trying but 
it is still everything very informal." And as the director of the portuguese subsidiary 
says, it is always difficult to make documentation, software specifications, and other 
kind of formalizations, when they are not currently done in the company. 
Nevertheless, the company is trying to grow on the knowledge transfer knowledge, 
because, as state several authors (Sölvell e Birkinshaw, 2000; Lundan, 2002; 
Pedersen, et al, 2003), an effective knowledge transfer can be an important 
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competitive advantage on a MNC and, consequently, the correct use of facilitating 
mechanisms is very important. However, the Dutch subsidiary is a peculiar example 
of knowledge management. Actually, we can’t forget that this subsidiary is more than 
an unit from a MNC. It is an R&D company with a clear strategy in what concerns its 
management and its goals, which was acquired by the MNC A. Consequently, the 
knowledge transfer process is different from the one of the rest of the MNC. In the 
Dutch company, there is, not only, a clear concern in formalizing knowledge, but also 
objective mechanisms for it, which allow keeping the knowledge in the company. The 
CEO of the company says: “in what concerns the knowledge management, what we 
do is to be sure that we keep all the knowledge inside the company. Every time 
someone discovers a new way of knowledge or a new method, we develop software 
capable to catch that new knowledge and keep it in the company”. In this manner, 
there is a clear concern on keeping the knowledge in the company, because the 
strongest value of this company is its knowledge and its innovation’s activities. This 
“knowledge keeping” is achieved by formal mechanisms of tacit knowledge 
explicitation. Concluding: with the exception of the Dutch subsidiary, the 
predominance of informal transfer mechanisms could be a result of the recent 
rearrangement of the management logics of the MNC by the actual CEO, which 
doesn’t allow yet a systematic utilization of the formal mechanisms, which, by its 
turn, only recently began to be implemented. 

The limitations of tacit and local knowledge diffusion 

In MNC A the Dutch subsidiary has a big concern in formalize knowledge in order to 
keep it inside the company. Nevertheless, the tacit knowledge explicitation is a 
complex process, as the Dutch CEO states: “the knowledge issue is always 
complicated, because it is in the researchers’ head, it is always difficult to become 
explicit the tacit knowledge. When we loose a researcher we always loose 
knowledge.” As the majority of the authors state, the tacit knowledge can be 
converted in explicit knowledge, however this process implies inevitably the 
information lost, due to the fact that part of the knowledge always stays in the head of 
the individuals that know, and also implies high costs (Oliveira, 2008: 54, Oliveira, 
2007: 278 e Lança, 2004: 39).Another problem in the knowledge transfer process is 
associated with the transfer of local, contextualized and specific knowledge. The 
relations with costumers and the local market are crucial for the local Development of 
products. As the director of the Portuguese subsidiary says: "the relations with local 
the costumer and allied are very important to figure out the local specifications which 
a product needs". Nevertheless, the local Development and the associated knowledge 
are hardly transferable to other units of the network, due to the big specificity of those 
Developments. Actually, and as Foss and Pedersen (2002) and Andersson et al. 
(2002) argue, because the more specific the knowledge is, the more difficult it is to 
transfer, since it becomes harder for other units to learn it and less useful for 
them.This barrier is related with the sociocultural and institutional context, 
emphasized by Pedersen et al. (2003). The appropriated knowledge in one country 
cannot serve the needs of the companies in other countries. This is the case of the 
Center of Excellence of Malaysia where are being done Developments for manual 
tolls, which are common in Asia, but the knowledge associated with this kind of 
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activities won’t be useful in other cultural contexts, due to the specificities, in this 
particular case, of the tolls, for example, in European countries. 

3.3   Case Study B 

The MNC B consists of a network of 40 companies from all over the world. Founded 
in 1949, the company has its headquarters in Barcelona (Spain) and relies on a team 
of 6900 people who work in 19 countries in Europe, North America, South America 
and Asia. MNC B is a multinational devoted to the research, development, production 
and commercialization of systems and parts for the automobile, as well as for both 
commercial and industrial vehicles. Portugal (Oporto) was MNC B’s first 
international expansion abroad, in the beginning of the 70’s. In Portugal the company 
has about 550 employees. 

The local relations in the development of the portuguese subsidiary 

MNCB has always developed relations with its surrounding environment, i.e., other 
companies, costumers and, mainly, suppliers. The close relations between the 
subsidiary and suppliers can be seen in the words of the process-engineering director 
as an extension of the company: "Our suppliers are an extension of this company. We 
help them to grow up, and we grow up with them as well. They are a key element for 
us, and our relations are very important." In point of fact, MNCB always tried to 
establish local contacts that could allow it to grow up and to obtain the autonomy that 
it has nowadays. Indeed, as stated Cantwell and Mudambi (2005), the relations 
established between the subsidiary and the local environment, seem to be a key factor 
in the trajectory of this R&D unit. In this sense, the history of MNCB is strongly 
linked with its privileged relations with local companies. This leads to a conclusion 
about local processes of innovation as sources of competitiveness for multinationals 
(Sölvell and Birkinshaw, 2000). Actually, the MNCB is an example of the importance 
of local costumers as sources of innovation. One can say that this subsidiary is an 
example of the innovation process development in local contexts. Innovation emerged 
from interactions between the subsidiary and local actors. MNCB is also an example 
of the Sölvell and Birkinshaw (2000) concept of "good practices" that are diffused in 
the multinational network, despite the specificity of competences of the different 
subsidiaries. As the director of product engineering says: "we have here good 
practices that were adopted by the group". As a matter of fact, and as we have seen 
above, the knowledge transfer in this firm seems to have just one direction, which is 
from the portuguese subsidiary to the others subsidiaries of the MNC. As the director 
of processes engineering points out: "the other subsidiaries come here more frequently 
to look for the information they need. There is a tendency to come here and search for 
knowledge and competencies and put them in practice in others subsidiaries of the 
group." Summing up, MNCB is an example of a subsidiary that took advantage from 
the existing resources, developed strategic relations with local agents and gained 
influence within the headquarters. 
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Knowledge and "good practices" dissemination  

In MNC B there is a concern in developing knowledge management tools, which can 
help the diffusion of the knowledge between all the units of the network. One can see 
this concern by the creation of common databases, which goal is standardization of 
information so that any subsidiary can take advantage of other subsidiaries’ 
knowledge. Nevertheless, this data base project is very recent and is starting to be 
diffused in the network and in the portuguese subsidiary. As the director of processes 
engineering says: "in these bases we can find factory problems, processes, 
standardizations, i.e. all the information that can be useful for MNC network B. And 
these bases have a lot of advantages, for example, if we are talking about common 
processes to all subsidiaries, the interest of the database will be enormous. They have 
a great potential." Actually, these databases facilitate knowledge transfer because they 
transform tacit knowledge, which is very "context specific" and hard to transfer, in 
explicit knowledge, which is easier to transfer and be used by other units (Pedersen et 
al., 2003). In this manner, MNC B through the databases, try to decontextualize and 
standardize knowledge in order to easily diffuse it in the multinational network. As 
the industrial process manager says: "we should warrant that there is a standard 
procedure in all the subsidiaries, so that everyone could follow the same procedures.  
Indeed, the Portuguese subsidiary can be considered also an example of the Sölvell 
and Birkinshaw (2000) concept of "good practices" that are diffused in the 
multinational network, through a geocentric attitude, in which good practices come 
from the success of a subsidiary and their dissemination is implemented in other 
contexts. As the director of product engineering says: "we have here good practices 
that were adopted by the group". We can conclude that the use of transfer 
mechanisms, which can facilitate knowledge transfer, is a concern in both companies. 
They are different multinational companies, which are in different stages of 
development and consequently some concerns, like the use of formal mechanisms, are 
more developed in one of them. However, both are tying to create formal 
mechanisms, essentially data bases, in order to formalize knowledge and not to keep it 
only in researcher’s heads but inside the company.  

The problem of local and specific knowledge transfer 

Considering the barriers to knowledge transfer, one can observed that subsidiary B 
has the predominant characteristics of business area division of subsidiaries, which 
means that the units are divided in business areas and each units develop a certain 
product. The MNCB’s subsidiaries have very specific roles in the network, resulting 
in specialized knowledge and competences that there are difficult to transfer. As 
stated by Foss and Pedersen (2002), the context and specificity of the knowledge 
influence the extent of its sharing interest. This is because the more specific and 
contextualized the knowledge is, the harder will be for the units to absorb it and the 
less useful the knowledge will be to them. This is an important barrier to transfer 
competences in multinationals. As a product engineer underlined: "this company is 
composed of business units each one has its own competencies”, and in this way the 
knowledge of one unit will be less useful to another unit that has different activities 
and practices and that require different competencies. Although, knowledge transfer 
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happens, as the same engineer point out: “there are knowledge and information 
transfer when there’s a problem that can be common to all units (because there are 
common problems even when we talk about different processes and products). In this 
case it is very useful to share information about the solutions for the problem." 
Another barrier emphasized by Andersson, Björkman and Furu (2002) is internal 
competition between subsidiaries. In MNC B, interviewees do not recognize that 
competition. What they emphasize is that MNC B is almost always the sender and 
rarely the receiver of knowledge and information. As the director of processes 
engineering says: "I don’t think we can talk about competition here, because what 
happens is that the others subsidiaries come here to obtain information and 
knowledge." In this manner, we believe that competition in this case, even if it exists, 
is not a barrier to knowledge transfer, for the reason our interviewee pointed out and 
for two more reasons. First, because subsidiary B has already a privileged position in 
the multinational group and by diffusing knowledge to other units will not loose 
bargaining power within the group. Second, because the multinational is divided in 
business units, each unit has its own competences that are very specific and hard to 
transfer. 

4   Conclusion 

This paper aimed at understanding the knowledge creation and diffusion processes of 
two MNC, one based on the general perspective of the multinational network (A) and 
the other based on the local perspective of a portuguese subsidiary of a MNC (B). We 
reach some common conclusions. In both MNC’s, in different ways, the competences 
of local agents are crucial. There are also some common barriers to knowledge 
transfer, like the difficulty of transfer specific and contextualize knowledge, which 
need to be passed. 

Nevertheless we should emphasize, in what concerns the directionality of 
knowledge flows, the role of the portuguese subsidiary of MNC B as a source of 
knowledge to the entire network. This subsidiary exports a lot of knowledge 
(especially in the processes area), being strong subsidiary in terms of developing 
innovations to diffuse to the multinational network. In MNC A, despite some 
exceptions, the main knowledge become from the headquarters, being then transferred 
to the network. In general, we can say that the effective dissemination throughout the 
MNC organization of valuable knowledge is seen as an important source of 
competitive advantage. For this reasons, multinational companies try to develop 
mechanisms in order to facilitate the effective dissemination of knowledge inside the 
networks. These mechanisms consist basically, in both examples, in common 
databases and internal communication networks, which, in turn, allow every unit of 
the multinational network to accede to the same information and knowledge. The 
cases presented here illustrate that concern, despite being in different stages of this 
process of creating mechanisms to formalize knowledge.  
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Abstract. Industrial clusters can be seen as a type of collaborative networks 
with a geographically limited scope, since they are environments where firms 
can collaborate to improve collective efficiency and form networks for 
knowledge creation and sharing. This paper reviews some contributions found 
in the literature concerning knowledge management in industrial clusters and 
proposes a new knowledge management framework to assist local governance 
in conducting initiatives aiming at creating and sharing knowledge among 
firms. The framework is still theoretical and future research is necessary for 
improvement and validation of its phases. 

Keywords: Collaborative networks, industrial clusters, knowledge management. 

1   Introduction 

Networks have been a central topic in the operations management field and may 
emerge in several forms, such as partnerships, strategic alliances, inter-organizational 
relationships or collaborative arrangements [1]. More specifically, a collaborative 
network (CN) is a type of network constituted by a variety of entities that collaborate 
to better achieve common or compatible goals [2]. Following this concept, there is a 
considerable amount of literature that deals with the formation of collaborative 
networks in regional clusters. The term industrial cluster is probably the most 
commonly used to refer to geographic concentrations of firms from a specific 
economic sector, as well as other entities such as supporting institutions, specialized 
suppliers and universities [3]. In this sense, regional concentrations of firms can also 
be seen as environments where collaborative networks are likely to emerge [2]. 
Recent research on clusters has emphasized the linkages between firms both for 
material and knowledge exchange, thus viewing the clusters as a multitude of network 
relationships [4]. Additionally, the topic has drawn special interest from both 
academia and regional governments, who have proposed and set out policies for 
regional development [5]. 

Given the importance of knowledge linkages between networked firms, this paper 
addresses the issue of knowledge creation and diffusion in collaborative networks that 
involve firms located in industrial clusters. These are referred to in this paper as 
regional collaborative networks due to the geographic proximity of the parts involved. 
The purpose of this paper is to propose a knowledge management (KM) framework to 
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assist local governance and CNs in the promotion of initiatives aimed at creating and 
disseminating knowledge, which may impact positively on the overall network 
performance and reduce the cognitive distance between the entities taking part in the 
network. 

This paper is organized as follows. Section 2 draws from the literature about 
knowledge management in industrial clusters to build the theoretical background for 
the framework proposed in this paper. Section 3 consists of this paper’s theoretical 
contribution by describing the knowledge management framework for CNs formed in 
industrial clusters and proposing an information and communication (ICT) 
infrastructure to facilitate the framework operation. Finally, Section 4 discusses the 
theoretical contribution, its limitations and future research opportunities. 

2   Theoretical Background 

Industrial clusters have drawn interest from several researchers, policy makers and 
practitioners due to their focus on regional development, which give way to several 
initiatives and policy interventions aiming at upgrading firms and integrating 
institutions [6]. Studies on geographical concentrations of firms began in the 19th 
century with economist Alfred Marshall, who emphasized the external economies 
obtained by businesses such as skilled workforce, specialized suppliers and training 
services, and so forth. These benefits tended to emerge naturally due to the 
concentration of firms from the same industry and required little or none inter-
organizational collaboration to occur [7]. 

More recently, the focus has shifted from mere external economies to more 
complex forms of gaining competitive advantage in clusters. Schmitz and Nadvi [8] 
argue that companies located in clusters should cooperate through joint actions, which 
are planned initiatives that enable further benefits and may boost competitive 
advantages of the firms involved. This goes beyond external economies and may 
increase the collective efficiency of firms. In light of organizational network 
literature, joint actions can be viewed as a type of CN that may emerge in industrial 
clusters, since they seek to combine common objectives and articulate activities 
among several entities so that these objectives can be achieved. 

In this regard, governance becomes a relevant issue so that joint actions can be 
coordinated and yield positive outcomes. Gilsing [9] claims that governance in 
clusters refer to the planning and conduction of joint actions that involve local actors 
and seek to upgrade the cluster as a whole. In this sense, local governance in regional 
collaborative networks become crucial in determining the strategic issues that need to 
be addressed by improvement and upgrading processes. 

Some researchers have studied the processes by which governance can upgrade the 
cluster building on the existing literature on organizational performance management. 
For example, Sölvell et al. [6] developed the Cluster Initiative Performance Model to 
assist local governance in determining common objectives and devising management 
processes for areas such as innovation, training, research and cooperation. Other 
attempts to put forward frameworks for clusters management have been made by 
authors as Carpinetti et al. [10] and Meyer-Stamer and Harmes-Liedtke [11]. 
Nevertheless, these contributions lay focus mainly on management processes and 
address superficially knowledge creation and diffusion processes. 
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In recent years, knowledge management at the cluster level has gained significant 
attention from researchers by drawing from the literature on organizational 
knowledge management. One such case is the adoption of Nonaka’s [12] knowledge 
spiral by clusters to devise knowledge management initiatives. According to 
Nonaka’s theory, knowledge is created through conversions between tacit and explicit 
knowledge, which occur by means of interactions between individuals. The processes 
of socialization, combination, internalization and externalization are used to explain 
how knowledge can be converted between its explicit and tacit forms, thus enhancing 
the organizational knowledge base. Following this theory, Evers et al. [13] argues that 
clusters may gain competitive advantage primarily through the direct transfer of tacit 
knowledge between firms. 

There seems to be a consensus that knowledge is a fundamental resource in 
industrial clusters, since they enable innovation and upgrading in local firms. For 
example, Iammarino and McCann [14] claim that regional clusters that wish to 
efficiently access and use knowledge should develop processes in three dimensions:  

(i) Absorption of new knowledge, technologies and innovations and their 
adaptation to local needs; 

(ii) Diffusion of innovations to strengthen the existing knowledge base; 
(iii) Creation of new knowledge, technologies and information. 

Moreover, some authors believe that successful innovative companies tend to join 
innovation networks that allow them to combine knowledge and competencies to 
offer not only products, but more complete solutions. Bullinger et al. [15] argue that 
innovation networks require strong links between firms, research labs, suppliers and 
customers, thus forming a dense network of knowledge sharing. Proximity of all 
actors in the network becomes fundamental, especially because of the tacit nature of 
most of the knowledge shared among them. 

There are some authors who believe that local governance should play an active 
role in implementing knowledge management practices. Bocquet and Mothe [16] 
defined three phases for external knowledge integration in clusters and discuss how 
local governance should act upon them: 

(i) Knowledge identification: local governance should identify sources of 
knowledge that are relevant for companies in the cluster; 

(ii) Knowledge acquisition: the knowledge identified needs to be acquired and 
made available for local firms; 

(iii) Knowledge use: local governance should promote initiatives to stimulate 
firms towards using and making available the new knowledge acquired. 

Finally, the authors argue that these three phases are especially suitable for smaller 
firms in the cluster, since they may not have the amount of resources and capabilities 
required to identify relevant sources of knowledge. Thus, initiatives carried out by 
local governance in any of these three phases may increase the overall level of 
knowledge in the cluster. 

3   Theoretical Contribution 

As discussed in the previous section, knowledge management in industrial clusters is 
a topic that still needs to be studied further, though some attempts have already been 
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made in the literature. Hence, this paper seeks to build on previous contributions and 
give a step forward by introducing a more detailed framework to assist local 
governance in conducting knowledge management initiatives. Section 3.1 describes 
the knowledge management framework for industrial clusters and Section 3.2 
proposes a supporting ICT architecture to facilitate the framework operation. 

3.1   Knowledge Management Framework 

The knowledge management framework for industrial clusters is shown in Figure 1. It 
tries to build on previous efforts reported in the literature by combining the three 
phases described by Bocquet and Mothe [16] with the four knowledge creation 
processes proposed by Nonaka [12]. The contribution phase complements the model 
by outlining activities through which companies can contribute to the enhancement of 
the cluster’s knowledge base. 

 

Fig. 1. Phases of the knowledge management framework and the proposed practices for both 
explicit and tacit knowledge 

The framework suggests a set of knowledge sources and practices that can be 
adopted by local governance in the promotion of knowledge management initiatives. 
Thus they should be seen more as suggestions than requirements for the framework to 
function, since each industrial cluster has its own particularities and may tailor the 
knowledge sources and practices according to its needs.  In summary, each of the four 
phases seeks to answer one specific question: 

(i) Identification: what are the relevant internal and external knowledge sources 
from which local governance can find knowledge of interest to local 
firms? 

(ii) Acquisition: how should local governance acquire and make available the 
knowledge identified in the previous phase? 
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(iii) Use: how should local governance stimulate the use of the knowledge 
available by local firms in the innovation and improvement of products 
and processes? 

(iv) Contribution: how should local governance and firms share the knowledge 
they acquired and used, thus contributing to the enhancement of the 
cluster’s knowledge base? 

The identification phase seeks to find knowledge sources from which local 
governance can extract tacit and explicit knowledge. These sources may be available 
both internally and externally. Many companies, specially the smaller ones, have little 
ability in finding knowledge sources and determining which of them are relevant [16]. 
During the acquisition phase, local governance needs to determine how the 
knowledge sources are to be made available to firms taking part in its initiatives. This 
can be achieved by means of social channels and the use of ICT. 

The use phase refers to the processes by which local governance and firms will use 
the knowledge acquired to their own needs and consequently create new knowledge. 
This can be done by applying Nonaka’s theory of knowledge creation. The sources 
made available by local governance may be either tacit or explicit. Moreover they can 
be used to generate new tacit or explicit knowledge, which is represented by the 
socialization, internalization, externalization and combination processes. After 
acquiring and using knowledge, companies and local governance can contribute to the 
enhancement of the overall cluster knowledge base by sharing the new knowledge 
they created. This needs not occur with all companies at the same time. Instead, new 
knowledge may be made available first for partners, suppliers and customers. It is 
then likely that this knowledge will flow throughout the cluster by other collaboration 
links, thus eventually covering most of the companies taking part in the governance 
knowledge management initiatives. 

3.2   ICT Architecture 

Information and communication technologies are reported in the literature as enablers 
of competitive advantage in collaborative networks, which can be achieved through 
information sharing and flow among CN participants [17]. As for CNs formed in 
industrial clusters, some authors have reported on the use of Web 2.0 applications for 
knowledge creation and sharing [18]. Hence, an ICT architecture constituted by a set 
of ICT applications can facilitate the operation of the knowledge management 
framework described in Section 3.1. The use of these technologies should not be seen 
as a requirement for the framework to function, but instead as a complement or 
facilitator that will enable local governance to create and diffuse knowledge more 
efficiently and effectively. Figure 2 shows the proposed ICT architecture, as well as 
some examples of Web 2.0 applications that can be used to support the operation of 
the knowledge management framework. The ICT architecture is organized as a 
knowledge portal in which tacit and explicit knowledge can be stored and shared [19]. 
It will thus be referred to as the cluster’s knowledge portal (CKP). 

The CKP is a theoretical ICT architecture that makes use of web technologies to 
enhance knowledge sharing and interactions between firms in the cluster. The 
applications and databases should be located in a web server at the local governance 
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Fig. 2. Set of applications that can be incorporated into the ICT solution to support the 
implementation of the knowledge management framework for industrial clusters 

agency’s facilities, in order to avoid conflicts of interest concerning the property of 
data. The governance agency may manifest as local associations of firms, which 
implies some level of collaboration and trust among them. Therefore, using the 
governance agency as the CKP host may increase the likeliness of the applications 
being effectively used by local firms. 

Because the CKP is designed as a web portal and made available using the internet, 
it becomes necessary to define two levels of access, as depicted in the upper part of 
Figure 2. Some features should be accessible only to registered users, which are the 
firms that formally participate in the initiatives promoted by local governance. This 
requires user account control to restrain access to the applications implemented in the 
CKP. Users who are not registered to use the CKP applications will only have access 
to public content that are published as an informative web portal. 

As shown in the lower part of Figure 2, the CKP features are divided in two 
groups. The first group includes a set of performance management features that can 
be made available for companies to keep track of the cluster’s overall objectives, 
performance measures and ongoing joint actions. The contents of this group are 
further divided according to their level of access. Hence, general information about 
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the cluster is publically available in the CKP, whilst benchmarking and project 
management tools are accessible only to registered users. 

The features included in the second group aim at increasing interactions and 
knowledge exchange between firms. By means of Web 2.0 technologies, firms can 
communicate and generate tacit and explicit knowledge, thus increasing the cluster’s 
overall knowledge base. Some features are accessible to all portal visitors, such as 
public discussion forums and public-domain learning materials. However, most of the 
features are targeted to firms and other actors from within the cluster. Companies, 
universities and local governance can work together in the publication of materials 
and in the stimulation of local actors towards the adoption of these technologies. 

4   Conclusions 

This paper contributes to the field of collaborative networks by proposing a 
theoretical framework that guides companies and local governance located in regional 
clusters to implement joint actions aiming at creating and disseminating knowledge. 
Though the contribution is still theoretical, it builds on previous research reported in 
the literature and creates a more comprehensive framework that integrates KM 
practices and information and communication technologies. 

Implementing the activities outlined in the KM framework requires a certain 
degree of commitment and trust from all the parties involved. Local governance 
should be an unbiased and independent agent that promotes initiatives that benefit all 
the firms willing to support such initiatives. Although the framework gives local 
governance a central role, it is also possible that joint initiatives concerning KM be 
initiated by other types of actors as local lead-firms or universities. 

Following this idea, installing the CKP applications and databases in the 
governance agency is suitable for clusters in which collaboration is still incipient, 
which requires interventions from external actors to occur. In an alternate scenario, 
where a collaborative network and its participants are mature with respect to 
collaboration and social capital, the CKP and the KM framework could be operated 
by one of the firms from the network, instead of leaving this role for local 
governance. 

Future research should aim at testing both the KM framework and the CKP 
empirically to determine their appropriateness and identify areas for improvement. 
Based on the theoretical contribution herein presented, the authors will carry out a 
series of case studies in clusters to determine the levels of importance and adoption of 
each of the activities and technologies outlined in the KM framework and ICT 
architecture. 
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1   Introduction 

The way supply networks are designed has evolved through the years in order to 
address changes in the business environment, such as increasing customer service 
requirements, shortening of product life cycles and never ending pressures for 
inventory reduction. It is thus not surprising that hundreds of supply chain and supply 
network researches have been reported since the introduction of the concepts, focused 
on designing supply chains and networks so as to concurrently minimize logistics 
costs and maximize customer service in a turbulent and competitive environment.  

Yet there are still evidences of supply network malfunctions in terms of stock 
excess, lost orders and unused facility space as the whole supply network is designed 
and planned at a strategic level long before operation time while the current business 
environment is fast changing. This urges the redesign of supply networks and their 
adaptation to real time business.  

The Physical Internet (PI or π) recently introduced by Montreuil [1] offers a vision 
that can potentially enable a fundamental rethinking of supply network design. As one 
of its thirteen key characteristics, the Physical Internet empowers a global Open 
Supply Web (OSW) enabling producers, distributors, retailers and users to realize, 
move and store their products for fast, efficient and reliable response to quickly 
evolving demand. In such an Open Supply Web, products embedded in standardized 
modular containers can be dynamically deployed through an open geographically 
dispersed web of product realization centers, distribution centers, warehouses, hubs 
and transit centers. In an open supply web, the design of a supply network shifts from 
being in a strategic long-term decision territory to an operational and tactical decision 
making territory. It can be finely attuned to market conditions, efficient through better 
facility utilization and more reliable service to customers, and robust in responding to 
distributed stochastic demand.  

This paper presents an exploratory research study aiming to assess the potential 
gains associated with moving away from the current ways of supply network design, 
expressed as Private Supply Networks and Shared Supply Webs, to the envisioned 
Physical Internet enabled Open Supply Web way. Section two proceeds with defining 
existing supply network designs and introducing further the concept of Open Supply 
Web. Section three presents the exploratory investigation, including numerical case 
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generation and design optimization. Section four analyzes the experimental results. 
Section five concludes and synthesizes the value contribution of the paper, discusses 
its limitations, and provides future research avenues. 

2   On the Evolution of Supply Network Design 

Here we divide supply network designs introduced in the literature into two major 
groups; Private Supply Networks (PSN) and Shared Supply Webs (SSW). PSN are 
single-company focused. The design decisions are made in order to provide the 
company’s products, from sourcing the required materials and components to 
producing and delivering final products to its clients in its targeted markets. When 
designing its supply network, the company is bound by a compromise between on one 
side providing better service and potentially gaining market revenues and on the other 
side requiring higher investments and incurring higher costs. This impacts its choices 
in terms of number, location and capacity of facilities in the network, and the service 
level that they are capable of offering and delivering to their clients in terms of speed 
and reliability. Illustrations of private supply network designs can be found in [2]-[6]. 

The compromise expressed above is a strong incentive for companies to engage in 
partnerships with each other, so as to share their production and logistic facilities as 
well as transportation means. Partnering companies aim to reduce both investments 
and operating costs associated with achieving their target service level. The 
synergistic coupling of their respective supply networks forms a shared network of 
supply networks, here called a shared supply web. Illustrations of shared supply web 
designs are discussed in [7,8].  

In the private supply network of a company, resources such as facilities are 
available only to that company. In shared supply webs, resources are available for 
exploitation in each partnering company’s supply network. In a Physical Internet 
enabled open supply web, companies can exploit any openly available resource and 
deploy their products dynamically within this open web.  

Open supply webs are characterized by (1) their nodes being openly accessible to 
any actor, be they producers, distributors, logistics providers, retailers or users; (2) the 
service capacity of their nodes available for contract on demand, on a per-use basis, 
be it for processing, storage or moving activities; and (3) by dynamic and interlaced 
virtual private networks created by actors to realize and deploy the products, services 
and solutions in anticipation of and response to real time business characteristics [1]. 
Table 1 contrasts the characteristics of existing private supply networks and shared 
supply webs with those of the proposed Open Supply Webs.  

Except in special contexts, strategically designed private supply networks are hard 
to efficiently adapt to the real time demand and business environment. Shared supply 
webs allow a higher adaptability, yet are still constrained to the set of partnering 
companies and their strategic configuration of their shared supply web. When 
exploiting an open supply web, companies can readily adapt their supply network to 
the real time characteristics of demand and business environment. They can 
dynamically realize and deploy their products through a globally extended open web 
of available facilities. 
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Table 1.  Contrasting characteristics of existing private supply networks and shared supply 
webs with the proposed open supply webs 

Supply 
Network 
design 

Decision 
making 

level 
Facility utilization 

Geographical 
extension 

Customer service 
level 

PSN Strategic 

Poor as facilities are utilized 
by a single company through 
long-term contracts 
 
 

Constrained to 
the single 
company’s 
network 

Compromised by 
location and 
capacity of single 
company's facilities 

SSW Strategic 

Improved relative to PSN but 
still constrained to partnering 
companies and  long-term 
commitments 
 

Constrained to 
the shared web 
of partnering 
companies 

Compromised by 
location and 
capacity of 
partnering 
companies' facilities 

OSW 
Tactical, 

Operational 

Improved by opening 
available space to other 
companies within short-term 
contracts 

Globally 
extended 

Fast and reliable by 
exploiting globally 
dispersed open 
facilities 

 
Open supply webs are currently a vision. Some parts of this vision are dependent 

on the implementation of the Physical Internet. Some parts can be readily achievable 
by actors changing their worldview, their mental model of the best way to design 
supply networks, logistics and facilities. 

3   Exploratory Investigation 

An exploratory investigation of the potential of open supply webs relative to private 
supply networks and shared supply webs is introduced in this section. The studied 
context involves a set of companies, each having to design its supply network so as to 
best serve its targeted markets. The supply networks here embed factories to make 
products, distribution centers to serve clients, factory-DC flow links and DC-client 
flow links. Transportation is limited to truck travel. Here we have simplified the 
supply network design model to a location-allocation model and assumed that 
business characteristics such as demand and cost functions are deterministic. In 
forthcoming research, we plan to extend our investigation to uncertain environments 
requiring to model adaptability and robustness in a rigorous way, such as proposed in 
[9]. In the following subsections, the numerical case generation method and the 
optimization models are described. 

3.1   Case Generation: Business, Territory, Demand and Potential Sites 

The investigation has been bounded to a maximum of fifteen businesses, each 
producing a single product in a single factory and serving its targeted markets across 
the USA and Canada. This geographical area has been divided into 13 regions, four 
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for Canada (northern territories are not considered due to their low population) and 
nine for the USA (based on US census regions). 

Generating a case first involves generating for each company the locations of its 
customers, its overall demand and the demand from each customer, and the location 
of its factory. Second, generating a case requires generating the set of potential 
locations for opening distribution centers. The set of potential customer locations 
includes the 283 cities in Canada and the USA having a population larger than 
100,000 inhabitants. Each company sells a distinct product whose price is randomly 
chosen between 200 and 400 $. Annual sales of a company are randomly generated 
between 107 and 109 $.  The number of served regions by a company is randomly 
generated. In each served region, a company has demand in a randomized number of 
cities, including those with higher population. In each served city, a randomized 
percentage of citizens are clients of a company. The annual demand in each city for 
the product of a company is computed from the company’s overall demand by 
applying the ratio of the city’s served population over the total number of clients 
served by the company. Each company’s factory is randomly located in one of its 
served cities. Potential sites for distribution centers include 273 locations at the 
intersections of intercity highways. Distances between every potential site and every 
client city as well as every factory are calculated using their road distance from 
Google Map.  

3.2   Design and Assess: PSNs, SSWs and OSW 

In this section, the location-allocation models used to respectively optimize the design 
of each company-specific private supply network, the design of the shared supply 
webs and the design of the open supply web are described. The models use well 
known network modeling and integer programming techniques to support the goal of 
this research to compare performance of different companies designed in three 
different design modes and investigate the improvement achieved by exploiting an 
open supply web. 
Here are the decision variables and parameters used across the three models. 

 : Binary variable for the implementation of a distribution center in site s  

Ascp : Binary variable for the assignment of site s for servicing city c with company    
p product 

Fs  : Non-negative continuous variable for the product flow through the distribution 

site s (one distribution center in PSN and SSW, a potential combination of 
open distribution centers in OSW) 

Fps  : Non-negative continuous variable for the flow of company’s p product through 

the distribution site s 
Fscp : Non-negative continuous variable for the product flow from distribution site s 

to client city c for company p product 
 : Throughput capacity of the distribution site s 

 : Client demand in city c for the product of company p 

Is

cs

dcp
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fps  : Present value of unitary factory-to-site transport cost for site s served from the 

factory of company p 
fscp  : Present value of unitary transport cost of products of company p flowing from 

site s to client city c 
  : Present value of distribution center implementation at site s 

 : A large number 
 : Intended number of distribution centers to exploit 

tscp  : Present value of site-to-city transport cost for serving from site s the entire 

demand for company’s p product by clients in city c  

 
First is the private supply network design model for a company with product p. 

 
Minimize ∑ ∑ ,  (1) 

Subject to  ∑ 1  (2) 

  ∑   (3) 

  ∑   (4) 

In this mixed integer programming model, the objective function (1) is minimizing 
the total cost of opening new distribution centers, transporting products to client cities 
from their assigned distribution center, and transporting products from the factory to 
the distribution centers. Through constraint (2), each client city has to be served by a 
single distribution center.  Constraint (3) insures that the flow through a distribution 
center equals the sum of the demands of all client cities assigned to it, and that no 
flow can go through it if it is not implemented. This flow is unconstrained, so that the 
distribution centers are capacitated as needed. Through constraint (4), the total 
number of implemented distribution centers is constrained to a specified number for 
experimental reasons. 

Second is the shared supply web design model given previously existing private 
supply networks. 

 
Minimize ∑ ∑ , ,,  (5) 

Subject to  ∑ 1 ,  (6) 

  ∑  ,  (7) 

  ∑   (8) 

The objective function (5) of the SSW is similar to that of PSN, except that it is 
summed over all companies’ products and that there are no installation costs, 
reflecting the fact that in the experiment the partnering companies share the 
distribution centers that they installed when designing their private supply networks. 
Assignment constraints (6) are company specified, as contrasted to constraints (2) of 

is

M
n
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the PSN. Constraints (7) compute the flow of company p product incoming each open 
distribution site s. Constraints (8) sum up the product flow of each company p in each 
open site s and insure that the open site capacity is not exceeded. In the experiment, 
the capacity of each site is set equal to the total demand of the cities assigned to it in 
the PSN, plus an additional percentage experimented with three values 20%, 50% and 
70%. The site capacity is expressed in terms of product flow, assuming unit load 
equivalence among the products. 

Third is the Supply Network Exploiting an Open Supply Web design model. 

Minimize ∑ ∑ , ,,  (9) 

Subject to constraints (8) and 

  ∑  ,  (10) 

  ∑  ,  (11) 

The objective function of OSW minimizes both distribution center feeding costs and 
client city serving costs, directly computing the flows instead of relying on 
assignment variables as in PSN and SSW since clients of each company p may be fed 
from multiple open distribution sites. Constraints (10) compute the flow of products 
form the factory of company p to each open distribution site s. Constraints (8) are 
used to insure site capacity respect. Constraints (11) ensure that the demand of each 
client for the product of each company p is satisfied form the combination of open 
distribution sites.  

In the OSW model, it is assumed that there is distribution center capacity openly 
available in each city. The capacity available in a city is considered to be a random 
number normally distributed with an average set as the total demand of all companies 
at that city plus an additional percentage (with four values 0, 10, 20 and 50%).  The 
capacity available at intersecting highway locations has been purposefully omitted. 
Companies exploit available spaces in the currently open distribution centers. To 
determine the open available capacity in the open supply web, first for each city the 
total demand over all companies is calculated. Then the closest distance between each 
site and all cities is calculated. Finally for each site a weighted summation of the 
closest cities’ demand is calculated while the larger weights are assigned to the closer 
cities. In the experiment, to fix the site capacity, this value has been enlarged by 0, 10, 
20 and 50 % and the available capacity is set equal to a normal random number with 
average equal to any of these four values boosted 10, 20 and 50 %, resulting in twelve 
capacity scenarios.  

4   Analysis of Experimental Results 

The private supply network model described above has been solved for each of the 
fifteen generated companies for four variants each, respectively with one, three, five 
and ten distribution centers to be implemented. Fig. 1(a) presents as an illustration the 
optimized private supply network of a company having three distribution centers.  
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The shared supply web model has been solved for three groups of companies, 
respectively with five, ten and fifteen partners. Again each of these has been optimized 
for four variants, respectively assuming that each partner company contributes one, 
three, five and ten distribution centers. Fig. 1(b) presents the optimized shared supply 
web for five partnering companies, each contributing three DCs.  

The open supply web model has been solved assuming that all fifteen companies 
are to concurrently exploit it, under twelve distinct randomized capacity scenarios for 
open distribution centers. Fig. 1(c) displays the resulting massively meshed web, 
taking a collective perspective displaying the interplay of all flows from all 
companies, for a given capacity scenario. From an individual perspective, Fig. 1(d) 
displays the optimized flows associated with one company in the open supply web. 
Even in this simpler view, it is clear that the individual companies exploit widely 
more distribution centers than in the other settings, adapting their supply network 
much more finely to the distributed client demand. 

 

Fig 1. Map of a single company ‘s private supply network having three DCs (a), shared supply 
web of five partnering companies having three DCs each (b), Open Supply Web from collective 
perspective (c) and Open Supply Web from individual company perspective (d) 

Table 2 provides a summary of the experimental results, based on model 
resolutions using the ILOG OPL 5.0 solver. As the three models have distinct 
objective functions, in line with the experimentation, instead of displaying them, for 
each set of designs Table 2 provides key comparable surrogate indicators extracted 
from analyzing the solutions: the scenario-based number of distribution centers 
available for exploitation as well as the number of distribution centers exploited in the 
optimal solution, the number of served cities and average delivery time offered to the 
customers. 
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The delivery time results assume that each 500 km distance shipment by truck 
corresponds to a one-day delivery time, considering loading-unloading times and 
truck speed limits. By increasing the number of companies partnering in a shared 
supply web, the service coverage attained by private supply networks can be achieved 
by exploiting a significantly lower number of DCs. For example, when companies 
each contribute five DCs, the average service coverage is 16 hours exploiting their 
private supply network while it is 13 hours, 11 and 10 hours respectively when they 
collaborate in a shared supply web of five, ten and fifteen partners. 

In the open supply web, all open distribution sites were available for usage. Out of 
these 273, 191 were indeed exploited, which is more than available in the biggest 
sharing strategic partnership in SSW scenarios. Without explicit strategic partnerships 
with other companies or significant investment, the achieved mean delivery time is 6 
hours, which was achieved in the shared supply web only when at least 10 companies 
entered in a sharing strategic partnership, each contributing 10 distribution centers, 
engaging at least 100 facilities in which the partners had invested in. is 6 hours, 
achieved when 10 or15 companies each contributed ten DCs. In the two SSW 
scenarios where the 6-hour mean delivery time was achieved, the partners did not 
even exploit all their engaged facilities, 77 out of 100 in one scenario and 114 out of 
150 in the other, thus leaving significant unused wasted space.  

Table 2. Performance of each supply network design in terms of number of required DCs, 
mean and maximum delivery time served in the network 

Supply network design 
Available

DCs 
Exploited 

DCs 

Mean 
Delivery 
time [hr] 

Number 
of served 

clients 

Private supply network 
(Total over 15 companies) 

15 15 90 

110 
45 45 25 

75 75 16 

150 150 9 

SSW-5 companies- 1 DC each 5 5 57 

573 
SSW-5 companies- 3 DC each 15 12 19 

SSW-5 companies- 5 DC each 25 22 13 

SSW-5 companies- 10 DC each 50 41 7 

SSW-10 companies- 1 DC each 10 9 54 

1087 
SSW-10 companies- 3 DC each 30 24 17 

SSW-10 companies- 5 DC each 50 40 11 

SSW-10 companies- 10 DC each 100 77 6 

SSW-15 companies- 1 DC each 15 12 51 

1645 
SSW-15 companies- 3 DC each 45 37 16 

SSW-15 companies- 5 DC each 75 63 10 

SSW-15 companies- 10 DC each 150 114 6 

Open supply web 273 191 6 1645 
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5   Conclusion and Research Perspectives  

This paper has contrasted the concepts of private supply networks, shared supply 
webs and open supply webs. It then investigated the potential of switching from the 
formers to an open supply web. The companies exploiting an open web have access to 
a wide number of open distributed facilities that they can use through short-term 
contracts without requirement to engage in large investments, long-term leasing or 
strategic partnerships. Therefore their supply networks can be redesigned in 
accordance to changes in the business environment of the operation time in an easy, 
cheap and quick way compare to the conventional supply network designs. 

In order to explore the performance potential at stake, a case including 15 
businesses serving clients in US and Canada were generated and optimized according 
to the three studied design alternatives. The results were highly conclusive. 

Even though the added synergy potential made it clear that performance 
improvements were to be incurred when switching from the more restrictive to the 
more open alternatives, the amplitude of that gain has been highly significant and 
revealing. Open supply webs allowed companies to achieve the best service coverage 
by exploiting a large number of open DCs distributed throughout the territory while 
avoiding large investments, long-term leasing or long-term partnership commitments.  

This exploratory investigation has clear limitations, with a case simplified to 
single-factory single-product companies, a low number of companies and potential 
sites, no dynamism consideration, known deterministic demand, no inter-company 
competition, only truck-based transportation, a geographical area limited to Canada 
and the USA, and performance measures limited to flow costs, investments, delivery 
time and number of sites available and exploited. Yet the obtained results confirmed 
the objectives of research, motivating further research toward investigating the 
potential of open supply webs under more comprehensive and realistic scenarios. 
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Abstract. This paper deals with the collaborative maritime transportation 
problem which can be modeled with two different approaches: System 
Dynamics (SD) and Agent Based Modeling and Simulation (ABMS). In the 
literature concerning this topic they are indicated to model systems containing 
large numbers of active objects (industries, people, vehicles, warehouses, 
products) and their applications vary according to the required level of 
abstraction, which can consider more or less involved details. In order to 
contribute with the decision-making, one important logistic problem is adopted 
as example; and in the sequence, a comparative analysis between these two 
possible techniques to examine such problem is presented. Finally, this study 
describes how to model this problem using these techniques which improve the 
analysis of the global behavior of the supply chain. For further implementation, 
some recommendations are given.  

Keywords: Manufacturing industries, System Dynamics, Maritime 
transportation, Decision taking, Collaboration. 

1   Introduction 

The understanding of logistics as the integrated planning, control, realization and 
monitoring of all information and products is becoming more and more dependent on 
technological innovations. One reason for this is the increasing complexity in 
combination with a high incidence of factors. Besides, most of people think of 
complexity in terms of number components in a system or the number of combinations 
one must consider on making decision, dynamics complexity, in contrast, can arise even 
in simple systems with low combinatorial complexity. The Beer Distribution Game 
provides an example: complex and dysfunctional behavior arises from a very simple 
system whose rules can be explained in 15 minutes [1]. Dynamics complexity arises 
from the interactions among the agents over time. 

In order to support these requirements the integration of new technologies and 
analysis tools has become necessary. The recently trend is the developments within 
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Simulation techniques which are moving beyond the classical methods, propitiating a 
better overview of the systems, such as logistic and supply chains systems. 

In these particular systems, there are numerous elements and actions involved like 
suppliers, warehouses, trucks, ships, industries, routes and customers, not to mention all.  
They have been influenced by the changes generated with the globalization which 
highlight the companies’ inability to aggregate internally all the required skills to their 
survival. Consequently, relationships among companies have become a forceful 
differential in companies’ facilities, which can contribute to their success in the market.  

Since taking decisions involves a complex system, companies need to create different 
scenarios to better analyze the behavior of the global supply chain. Thus, modeling 
logistic and supply chains scenarios are a challenging work, but it can be done with the 
use of good tools. The aim of this paper is to discuss a possible way to do it; thus, it 
contains five main topics including this brief introduction. The second topic exposes one 
real logistical problem which is difficult to optimize but with the aid of some Simulation 
techniques can be better analyzed. The third topic presents a comparative analysis 
between the two possible techniques, System Dynamics and Agent Based Modeling and 
Simulation, to examine such problem and, the fourth topic comments about how to 
interpret the mentioned logistical problem using the concept of these techniques. 
Finally, recommendations for further studies are given at the end of the work. 

2   Collaborative Maritime Transportation’s Problem 

When studying logistic problems the initial step to better understand it is recognizing 
the main system’s elements (industries, warehouses, suppliers and products) and their 
interdependences. In this topic the collaborative maritime transportation problem will 
be presented, which can be modeled based on SD and ABMS. 

2.1   Maritime Transportation in Case of Exportation 

When deciding to export, industries should observe the stages of the process, aiming 
at knowing its client market, its demands, habits and characteristics. According to [2] 
it should also define other factors like: transportation mode, specific packing for its 
product in order to maintain its integrity, freight form to be adopted in the negotiation, 
as well as the carrier to perform the transportation, besides considering the insertion 
of an intermediate agent (freight forwarder) or NVOCC (non vessel operator common 
carrier) in the negotiation. 

Since most of the exportations are performed through maritime transportation, the 
focus in this example should only discuss maritime exportation. Figure 1 shows the 
main stages of the exportation mechanism. 

In maritime transportation the most important active agents are the industries, land 
carriers maritime carriers, maritime agency, NVOCC, load freight contractor, 
multimodal transport operator and cargo broker. Upon the performance of a sale or 
purchase, a delivery destination of the products should be established, where the 
liabilities should be shared between the vendor and the purchaser. Such liabilities 
comprise costs and risks on the transaction as well as accordance in the definition of 
deadline and volume to be transported.  
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Fig. 1. Stages of exportation mechanism Source: [2] 

2.1.1   Transport Negotiation 
Normally, in case of transporting general cargo or even pallets, the export industries 
or the freight forwarder should be able to perform booking of a conventional ship in a 
regular line (trough a NVOCC or not). 

The next step is the decision of a port, as well as the terminal and 
shipowner/maritime carrier to be used. In the same time, should be evaluated 
transportation costs, traffic time and deadline for delivering the products. One 
possibility to be considered is the convenience to have a safety warehouse in another 
city, which means, to maintain an inventory in any region to solve quickly delivery 
problems. As a consequence of the planned logistics it is possible to reduce the costs 
of transportation, inventory level in industries, loss of time on traveling and, finally, 
problems in the delivery and compliance with sales contract.  

It is important to mention the real situation where frequently the maritime carriers 
decide in a Freight Conference the prices to be practiced in the maritime market. In 
these situations, industries acting alone do not have enough power to better negotiate 
with them. In situations like this, the concept of collaboration can be applied in order 
to create groups of industries with the same goal, negotiating with the maritime 
carriers in order to stop the oligopoly created by them. To a better comprehension 
about Collaborative Transportation, see [3]. 

2.1.2   How to Operate in Exportation? Individually or in Collaboration? 
After defining the general maritime exportation mechanism, it is observed that it is 
very ample, comprising several variables and requiring updates regarding volumes, 
capacity of the ships, prices, maritime fees, extras fees and law among others. One 
point to be discussed is how the export industries involved in this mechanism should 
act: individually or in collaboration? If isolated, each exporter industry should analyze 
the manner to perform the transportation of its products, considering all the stages 
showed in Figure 1. 

Adopting the collaboration concept, another possibility is searching for help from a 
freight forwarder who arranges such stages. If possible, this professional can join 
cargoes from several industries in order to achieve economies of scale in the 
transportation. It can be also performed directly through partnerships among export 
industries, without the addition of the freight forwarder.  
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Through this collaboration in the transport activity it is observed the formation of 
global logistics networks articulating productive areas, not only expanding service 
coverage but also frequency, efficiency and circulation rate of the products [4]. 

In this example, the number of involved agents and their transactions can be a 
limiting factor for optimization techniques. In such case, this problem can be modeled 
with the use of the proposed tools: SD and ABMS. 

3   Simulations Methods  

3.1   Comparative Analysis  

According to [5] problems can be generally arranged on the scale with respect to the 
level of abstraction.  Normally, supply chains can be modeled in middle to high 
abstraction range. SD is a traditional approach while ABMS is relatively new. SD 
deals with continuous processes whereas ABMS deals with discrete time. Each 
approach corresponds to an abstraction level: SD has the highest abstraction level and 
ABMS can be used in all of abstraction levels, varying the nature and scale of the 
elements. Since logistic and supply chain problems involve several elements which 
cannot be modeled with such detail (varying from medium to high level of 
abstraction), the ABMS and SD approaches fit better in their analysis. Thus, in the 
next topics both will be better presented. 

3.2   System Dynamics 

SD is a continuous modeling and simulation method. However, the method main 
differential lies in its ability to represent capacity non-linear relationships between the 
several system variables [1]. This characteristic is extremely useful to understand 
systems behavioral patterns and its long-term behavior, front the adoption of different 
management polices and scenarios [6]; [7]. 

As consequence, SD models are aggregated and have high abstraction level [5]. 
Thus, some of the methods’ limitations are: the difficulty on representing detailed 
processes as in discrete event processes; the difficulty on modeling activities with 
fixed duration time and the inability to model complex entities which possess 
characteristics of decision and heterogeny [7]. 

3.3   Agent-Based Modeling 

Agent-based Modeling and Simulation (ABMS) is a computational method widely 
used to understand and analyze systems composed of many interacting individuals 
[7]; [8].  

According to [7] the basic principle of the ABMS is: systems are larger than the 
simple sum of its components and the behavior of the system emerges from the 
interrelations between these several components. Each one these components has its 
own set of rules and behaviors, which provides them the ability to affect in greater or 
lesser degree the system’s global behavior. 

Unlike other paradigms or modeling methods discussed, there is lack of a universal 
definition for the key-concept of ABMS [9]. For the authors this deficiency occurs in 
function of the diversity of science areas that use the concept of agent. One 
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consequence of this limitation is reflected in the ABMS tools. Many of them are not 
user-friendly. This feature was very important for the popularization of SD method. 

Other important method's drawback is the high computational requirements of 
ABMS when it comes to modeling large systems. ABMS looks at a system not at the 
aggregate level but at the level of its constituent units. In this case, simulating the 
behavior of all units can be a extremely intensive computation and therefore time 
consuming [10]. 

4   Practical Application and Outlooks  

4.1   Application of System Dynamics 

When using this technique the first step is to define the system’s boundary. For this 
problem it was decided to consider the actions of the manufactured industries and the 
maritime carriers. Such consideration represents a simplification of the system 
showed in Figure 1.  

In the second step were defined the agents’ objectives and the main variables 
which influence these objectives. The exports industries’ objectives contemplate 
increase its competitiveness in the market and reduce logistics costs, while the 
maritime carriers’ objectives are the reduction of offer-demand gap and the increase 
of its profit. These objectives can be reached based on the agents’ actions like: 
increasing collaboration among the export industries and changes in the maritime 
transportation offer. 

The decisions taken by the agents in the way to reach their objectives cause actions 
and reactions as showed in Figure 2 through the Causal Loop Diagrams. The 
necessity to reduce logistics costs leads the exporter industries to increase the 
collaboration with others. As a reaction, the increase of the bargaining power occurs 
which leads to the freight price decreases and consequently, logistics costs reduction. 
This reaction is showed in the reinforcing R1 looping. 
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Fig. 2. Reinforcing and balancing loopings between exporters and maritime carriers’ 
negotiation 
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With the export industries’ logistics costs reduction, the export industries increase 
their competitiveness in the market impacting on the exported volume. Consequently 
the maritime transportation demand is affected which changes the gap transportation 
offer-demand. This influences the freight price and also the logistics costs, according 
to the balancing B1 looping. The changes in the maritime transportation demand 
affects the maritime carrier profit, impacting the number of carriers in the market, 
which changes the maritime transportation offer and consequently, the gap 
transportation offer-demand. This is showed in the reinforcing R2 looping. Finally, in 
the balancing B2 looping is showed the impact in the maritime transportation offer 
over the maritime carrier profit. 

4.2   Application of Agent Based Modeling and Simulation 

As previously mentioned, agent-based modeling does not have a set of standard for 
the model development and agent representation such as happen on SD method. 
According to [7] the general steps in building an agent model are the following: 

1. Agents: Identify the agent types and other objects (classes) along with their 
attributes. 

2. Environment: Define the environment where the agents will live in and interact 
with. 

3. Agent Methods: Specify the methods by which agent’s attributes are updated in 
response to either agent-to-agent interactions or agent’s interactions with the 
environment. 

4. Agent Interactions: Add the methods that control which agents interact, when they 
interact and how they interact during the simulation. 

5. Implementation: Implement the agent model in computational software. 

In the maritime transportation problem, the main agents consist of industry, NVOCC, 
3PL, maritime carrier, land carrier and customer. A convenient way of representing 
these agents is through a UML (Unified Modeling Language) class diagram. For 
example: the industry agent is represented by the following attributes: the agent’s 
name, shipment, deadline, costs, cargo and cargo destination.  

In the maritime model, the environment consists of the market where the agents 
negotiate the transportation. For example: an environment variable could be the 
offered routes and their related prices. The next step is to specify how the agent 
attributes are updated during the simulation in response to the agents’ interactions 
both with the environment and/or other agents. As example, an interaction can be the 
choice of a maritime carrier or the choice of the route. 

In the fourth step occurs the definition of the methods that control how the agents 
will interact. In this model, in every time period the following sequence must be 
solved: search a partner; choose a NVOCC and/or a carrier and finally, send the 
shipment. The representation of the agents (their attributes and rules) can be seen in 
the UML class diagram in Figure 3. 

Finally, the last step contemplates the implementation of the model in an 
appropriated tool. There are several available modeling tools and the selection step 
must be done in the step ahead which was not performed in this work. 
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Fig. 3. Agent UML class diagram 

5   Conclusions and Further Studies 

In this work the collaborative maritime transportation’s problem was briefly 
presented, showing how the interactions among the involved agents occur. After it, 
two simulation techniques were selected and a comparative analysis between two of 
them (SD and ABMS) were done. This analysis presents the main differences, 
drawbacks and technical limitations. 

Considering each technique has a different approach for the problem, in section 4 
was presented in a summarized way two proposals for modeling the problem in study. 
As expected, the SD model showed an aggregate view of the problem where  
the borders among the different agents of the system were blurred. In this case the 
analysis’ point of view is in the policies development, which can support the 
collaboration improvement and consequently, cause a change in the agents’ forces 
and the system long-term behavior. 

On the other hand, the ABMS model permits a better definition of the agents’ 
behaviors and rules. This characteristic allows visualizing how the collaborative 
behavior will emerge from the interactions between the agents and between the agents 
and the environment. 

For future studies these models will be implemented through the appropriated 
computational tools which will be selected after a comparative analysis between the 
several available tools.   
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Abstract. There is only one way for the maritime cluster in Finland to survive. 
It has to be ready to respond rapidly to changes from the outside world. In order 
to prepare for the future, design companies and engineering consultants in the 
marine sector have to assess their current collaboration competence and 
continuously invest in increasing their engineering capability. It is becoming 
increasingly important to manage and develop competences for future new 
business environments. This paper presents a new approach to expanding the 
use of maturity models with the assessment of innovation and engineering 
capability. The paper reports on the development work of the new Innovation 
and Engineering Maturity Model and experience of using the model to identify 
fundamental and urgent competence development needs. 

Keywords: Innovation and Engineering Maturity Model, marine industries, 
competence development, future business environment. 

1   Introduction 

The Finnish marine industry has experienced tremendous metamorphosis during the 
last two or three decades. Outsourcing of activities at all yards has resulted in 
permanent restructuring of the industry. Thirty years ago, the shipyards produced 
almost everything themselves. Today, a whole network is needed. The yards have 
outsourced much of their activities. Today, the yards’ main tasks are to manage 
customer relations from the network to 
the outside world. Project management 
and coordination of project operations 
are other important roles at the yards. 
The yards also offer facilities for 
turnkey partners to build large 
assemblies to their own internal design 
and planning. These partners have their 
own sub-networks of specialised 
partners. The restructuring has imposed 
new requirements on the partner network 
but also created new opportunities. Fig. 1 

Fig. 1. Development of outsourcing in large
ship projects 
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illustrates the development of the degree of outsourcing in outfitting work for large 
ship projects [1]. Using established terminology from the Collaborative Networked 
Organisation (CNO) research community, the Finnish marine industry can be said to 
be a Virtual Organisations Breeding Environment (VBE) or Source Network [2], [3].  

1.1   From Boom to Recession 

The past two decades saw an immense boom in the production of cruise liners in 
Europe. The project Genesis 2009, illustrated in Fig. 1, materialised in the ship MS 
Oasis of the Seas, which surpasses the biggest cruise ships in size and is now the 
world’s largest passenger vessel. Her sister ship was successfully delivered in 
November 2010. The past period was characterised by a shortage of labour, the use of 
foreign workers, engineering work overload, etc. Every company in the industry 
cluster was operating at full capacity. 

The recent economic downturn hit the shipbuilding industry with its full strength. 
Newbuilding orders dropped to almost zero and the yards and the industry now face 
major restructuring. There is some light at the end of the tunnel, however, as 
shipowners placed some new cruise ship orders with European yards in 2011. 

1.2   Research Programme 

The maritime cluster in Finland has to be agile and ready to respond rapidly to 
changes from the outside world. Engineering and design companies will operate 
globally, to an even greater extent, with international customers. To respond to the 
changed industrial and business requirements, FIMECC Ltd. [4] is working to boost 
strategic research in metals and engineering industries. The aim of FIMECC Ltd. is to 
increase and deepen cooperation between companies, universities and research 
institutes in the area of top-quality research. The FIMECC Innovations and Network 
research programme was launched in the beginning of 2009 with special focus on 
marine industries. Its main objectives are to develop new innovations, methods, 
business models and processes through basic research and industrial innovations to be 
applied to future generations of prototypes and platforms. The goal is to create a 
business environment in which product design is based on concurrent engineering, 
open innovation and the use of global development and production networks. In this 
changing business environment, competence management is becoming crucial. VTT 
is contributing to the programme by developing an Innovation and Engineering 
Maturity Model that will be used to identify urgent innovation and engineering 
capability development demands.  

2   Research Methodology 

The overall long-term objective is to develop approaches to support efficient 
operation in collaborative design project environments for marine industries. The 
objective of the research and development of the Innovation and Engineering 
Maturity Model is to deliver methods to measure and improve networked design and 
innovation competence. The scope of the work is limited to engineering design 
projects, product development and innovation activities, and collaborative and 
networked engineering activities for marine products and services, including: 
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• Physical products, possibly extended with services 
• Marine and offshore structures, subassemblies and components 
• Ship modifications, re-buildings, retrofits and modernizations 

The research methodology advances through the following steps: 

• Scoped definition 
• Review of existing maturity models 
• Definitions of requirement for the Innovation and Engineering Maturity Model 
• Collecting input for the first model based on company interviews 
• Defining the first set of process areas 
• Prototype tool development 
• Defining the marine industry domain’s first reference model 
• Positioning interviewed companies in the first model 
• Verifying the model through a web questionnaire or web testing 
• Improving the model 
• Dissemination (continuous) 

3   About Maturity Models 

A maturity model is a framework that describes a number of levels of sophistication 
at which activities can be carried out for a specific area of interest. Maturity models 
focus on different disciplines that an organization can address to improve its business 
[5]. A maturity model defines a structured collection of elements that describes the 
characteristics of effective processes. A model can show what is to be done but it does 
not specify how it is to be done. It is often used to achieve two objectives: 

• Help set process improvement objectives and priorities  
• Appraise organizations for the sake of improvement 

3.1   Previous Work on Maturity Models  

Due to the limited space available, this section only references a limited number of 
previous works in the large domain of maturity models. There are many software-
tool-supported maturity models. These models differ from each other in terms of their 
factors and characteristics: there is no standard related to these models [1].  

Pikka describes a five-level maturity model as a framework for the development 
and assessment of regional business networks. The maturity levels of a business-
enabling network are Initial, Existing, Established, Managed and Optimizing [7]. 
Essmann et al. describe an innovation capability maturity model. Now more than 
ever, organizations are required to grow and mature their innovation capability – 
rending consistent innovative outputs. The process of developing an innovation 
capability maturity model is presented in [8] and [9]. Narasimhalu also describes a 
research capability maturity model for managing technological innovations. The 
suggested maturity model has five layers: Ad-Hoc, Directed, Managed, Optimized and 
Outsourced. All research organizations are likely to operate at one of these five levels 
[10]. Turner et al. describe experimental learning practices adopted by project-based 
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organizations and consider whether they deliver improved project management 
maturity [11]. Williams states that innovation as a management practice is more 
diversified than other management methods. Innovation practices can be viewed 
within the framework of a maturity model. The dimensions and contexts of innovation 
are very wide and hard to synthesize into a single model however [12]. Stark also 
suggests a maturity model for PDM implementation with four stages of evolution: 
Traditional, Awakening, Adapting and Modern [13]. Tapia presents a two-
dimensional, five-level maturity model. It addresses five levels of maturity and four 
domains to which these levels apply to assess and improve the maturity of business IT 
alignment in collaborative networked organizations [14]. 

The COIN project is currently developing an Enterprise Collaboration Maturity 
Model (ECMM). The ECMM is a process-improvement maturity model that focuses 
on Collaboration and Interoperability capabilities. It consists of a set of best 
practices that enables the improvement of the collaboration and interoperability 
capabilities of organizations and networks [15].  

3.2   Conclusions of Analysing the Existing Maturity Models 

Levels are often used in maturity models to describe an evolutionary path 
recommended for an organization that wants to improve the processes it uses. In 
maturity models, process areas can be organized into one of two ‘representations’: a 
continuous representation or a staged representation. 

The staged representation offers a systematic, structured way to approach process 
improvement at company level, one stage at a time. Achieving each stage ensures that 
an adequate process infrastructure is laid as a foundation for the next stage. The 
continuous representation offers greater flexibility. An organization may choose to 
improve the performance of a single process-related trouble spot or to work on several 
areas that are closely aligned to the organization’s business objectives. The 
continuous representation also allows an organization to improve different processes 
at different rates. 

Many of the models use a five-level approach. The optimum level of maturity is 
recognised as being the level that delivers the organization’s strategic objectives most 
effectively and efficiently, which does not necessarily mean level five. Most of the 
software on the market is subject to a usage fee and is not open source. A continuous 
representation involving five levels was selected as the basis for the new Innovation 
and Engineering Maturity Model. 

4   Requirements of the Innovation and Engineering Maturity 
Model 

Based on the review of existing models and interaction with marine industrial 
companies, the requirements for an Innovation and Engineering Maturity Model can 
be summarized as: 

• supporting development of competences according to the needs of the future 
business environment  

• accepted by marine industrial companies 
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• flexible and configurable 
• easy to use, intuitive and self-explaining 
• web-based benchmarking 
• allowing international benchmarking 
• free of charge for the marine sector 

4.1   What is the Future Business Environment? 

The question ‘what is the future business environment?’ has been addressed in two 
different endeavours at VTT. The first was conducted with the objective of assessing 
whether a national development programme was needed to strengthen project 
management capabilities in different industrial sectors. VTT conducted a large 
number of interviews (>25) on development needs within marine industries. It must 
be noted that the research was carried out during the boom period, as described above. 
The main findings were that clustering has made it possible to build, e.g., the two 
largest passenger ships in the world. Taking care of and further developing the 
networked organization and collaboration is vital to existence in the future. Based on 
the research, three general themes emerged that require development effort: 1) 
technological competence in international and global operations, 2) networking, 
collaboration and sharing, (re) organising work in large units and 3) sustainable 
development, green values and security. These themes are by no means new or 
surprising, but they still require attention.  

A second series of company interviews was carried out with the FIMECC 
programme. The interviews conducted in the recession period also revealed 
development needs. The results of the interviews gave the first view of industrial 
companies on the drivers for change in current business operations. A common 
opinion emphasizes the importance of continuous development of innovative 
offerings to customers and their customers. Only the forerunners are capable of 
offering something new each time, and this calls for both technical and conceptual 
innovations. 

5   First Model Defined 

The first version of an Innovation and Engineering Maturity Model for Marine 
Industry Networks (IEMM) was defined based on the stat-of-the-art review and 
company interviews. A comparison of the interview findings from two different 
market situations does not show any significant change in the views on the future 
business environment. The success factors of tomorrow can be summarised and 
grouped into:  

 
1. Capability to offer solutions to new markets outside shipbuilding (Innovation 

dimension) 
2. Having the courage to act globally, being present in the market close to the 

customer (in practice, going to Asia) (Internationalisation dimension) 
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3. Networking and collaboration in 
efficient supplier relations 
(Collaboration dimension) 

4. Improving the designers’ project 
management skills and capabilities in 
supervision of work, and awareness of 
costs and consequences (Project 
Management dimension) 

5. Superior technical knowledge and 
quality of engineering, and taking 
environmental issues into consideration 
(Technology dimension) 

6. Knowledge management (PDM 
dimension) 

The six dimensions were then further divided into four to six process areas per 
dimension; see Fig. 2. For each dimension and process area, five levels of maturity have 
been defined. Fig. 3 is a partial extract from the model.  

 
Internationalisation 
dimension
Process Area: 
Customers Staff & Personnel Experience Organisation Nationality
1 Local customers only. 1 The staff & personnel have 

no international interaction. 
1 Has no international 
business experience. 

1 Has only one office or 
facility. 

2 National customers only. 2 Language skill limit 
internationalization. 

2 Has recognized the need for 
internationalization. 

2 Has more the one nationally 
located office or facility. 

3 Customers within one 
industry segment only. 

3 The staff & personnel have 
project based interaction with 
customers abroad. 

3 Has project-based 
international experience. 

3 Also has offices or facilities 
abroad. 

4 Customers world wide. 4 The staff & personnel have 
an open attitude towards 
international contacts. 

4 Capable to manage 
independently global projects. 

4 Has an international 
presence

5 Business units established 
near the main customers’ 
base. 

5 The staff & personnel are 
multicultural. 

5 Conducts only international 
business. 

5 Also has offices or facilities 
co-located with customers 
abroad.  

Fig. 3. An extract from the IEMM model 

With this model structure, a web questionnaire consisting of 59 questions was 
established. In the questionnaire, companies were asked to position themselves for each 
process area ‘Today’ and ‘Where you want to be in two years from now’. In addition, 
they were asked the relative importance of each dimension. All FIMECC partners were 
invited to participate in the questionnaire, and 23 answers were collected.  

5.1   Results of the Model Evaluation 

The graph in Fig. 4 gives a summary of the average maturity of the responders. The 
preliminary analysis reveals that most development is needed in the dimensions: 
Innovation, Technology and Project Management. 

Figs. 5 and 6 serve as examples of results from work the ‘Product and services’ 
process area in the Innovation dimension. 

Levels 

Process Areas

Dimensions

IEMM

Dimensions

Process Areas

Levels 

Dimensions
• Innovation
• Technology
• Project Management
• Collaboration
• Internationalisation
• PDM

4-6 Process Area / 
Dimension

5 Levels / Process Area
Levels 

Process Areas

Dimensions

IEMM

Dimensions

Process Areas

Levels 

Dimensions
• Innovation
• Technology
• Project Management
• Collaboration
• Internationalisation
• PDM

4-6 Process Area / 
Dimension

5 Levels / Process Area

Fig. 2. First maturity model  
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Innovation dimension
Process Area: Product and Services

My organisation id currently  delivering Within two years my organisation will provide

 

6   Conclusions and Future Work 

VTT, together with a number of industrial organizations in the marine sector, has 
defined and developed an Innovation and Engineering Maturity Model for Marine 
Industry Networks. The model has been evaluated through an online questionnaire. 
The preliminary analysis and feedback on use from the questionnaire confirm the 
usefulness of the model. In the future, effort will be put into enhancing the IEMM and 
possibly extending it with more process areas. The IEMM must be seen just as a tool, 
however, keeping in mind that the use of the tool must result in real implementation 
of competence development actions.  

Much valuable and irreplaceable experience and knowledge are already available 
in the cluster. One question that needs attention is that of how to capitalize also in the 
future and how to support young people entering the industry branch. The next steps 
will be to review engineering knowledge transfer methodologies, map them to the 
Innovation and Engineering Maturity Model and find appropriate suitable knowledge 
transfer methodologies. 

 
 

Fig. 4. Average maturity levels 

Fig. 5. Current products and services Fig. 6. Products and services within two years 
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Abstract. Many factors such as weak partner commitment, lack of proper 
partners’ alignment on interest and values, individualism, lack of flexibility, and 
loss of autonomy may cause partnership's failures in collaborative networks. 
Most of these serious causes for conflicts in collaborative networks are rooted 
in partner's behavior, therefore analyzing and modeling the behavioral aspects 
of collaborative networks are important to enforce their success. This paper first 
addresses two kinds of behavior related to collaborative networks including 
Individual Collaborative Behavior and Network Collective Behavior, and then 
introduces an approach to measure the comparative individual collaborative 
behavior of partners in networks.  

Keywords: Collaborative Networks, Individual Collaborative Behavior, 
Collective Behavior, Causal Reasoning. 

1   Introduction 

With advances in communication and information technology, today organizations 
can interact and communicate with each other and exchange sensitive information 
without the traditional limitations of time and location. Collaborative networks, such 
as global supply chains, support industries to manufacture and deliver products to 
markets with the required speed and efficiency. A CN (collaborative Network) is an 
alliance constituting a variety of entities (e.g. organizations and people) that are 
largely autonomous, geographically distributed, and heterogeneous in terms of their 
operating environment, culture, social capital, and goals, and that cooperate and 
collaborate to better achieve common or compatible goals, and whose interactions are 
supported by the computer network [1],[2]. 

In general, each organization (or person) involved in a collaborative partnership 
works and interacts with other members to achieve common or compatible goals. 
During this interaction partners expose various behaviors, according to the situations 
in which they are involved. This kind of behavior is called Individual Collaborative 
Behavior, regarding to how one behaves within a CN.  If it were possible to analyze, 
model and predict the organizations’ behaviors, many conflicts and difficulties in CNs 
could have been resolved and ultimate productivity of individuals at the CNs would 
have been drastically improved [3]. Another kind of behavior related to CNs is the 
Network Collective Behavior which shows the behavior of a group of partners, as a 
whole. Effective Network Collective Behavior leads to improved CN productivity and 



264 M. Shadi and H. Afsarmanesh 

higher quality, thus more customer satisfaction, as well as more profit and more 
power for the CNs.  

Inspired by the modeling frameworks introduced earlier in the literature related 
to collaborations and network aspects [4] and considering the complexity of CNs, 
the ARCON (A Reference model for Collaborative Networks) modeling framework 
is developed. This framework divides the CNs complexity into a number of 
perspectives.  Its environment characteristics perspective includes two subspaces 
that cover  the internal elements characteristics of CNs, labeled as “Endogenous 
Elements (Endo-E)”, as well as the external interactions characteristics, labeled as 
“Exogenous Interaction (Exo-I)”, that address the logical surrounding of the CNs. 
The Endo-E subspace consists of four perspectives, as follows: Structural 
dimension, Componential dimension, Functional dimension and Behavioral 
dimension [5],[6]. Among these four, the behavioral dimension is the least studied 
in the research on CNs. However, there are some base applicable research related to 
human behavior and agent behavior. In [7], the authors show the feasibility of soft 
control on collaborative behavior of a group by a case study. In [8], a new attempt 
for modeling and simulation of group behavior in e-government organizations is 
provided and also [9] presents a qualitative simulation method for analyzing 
employee group behavior by integrating QSIM (Qualitative SIMulation) with basic 
causal reasoning. Moreover, some issues such as the small world phenomenon, 
clustering and power relationships from the area of Social Networks Analysis 
(SNA) may contribute to this topic. For example, in [10], some indicators related to 
promote the fairness and transparency are proposed. Some Other indicators, such as 
reliability, responsiveness, flexibility, etc. are defined in the SCORE model [11] 
known throughout industrial branches. Standardizing processes within a supply 
chain because of making the process comparable and compatible is the goal of this 
model and these indicators are used to measure the performance of organization in 
supply chains. 

This paper is organized as follows: in section 2, the individual collaborative 
behavior and a new approach to measure the comparative individual collaborative 
behavior are addressed. In section 3 the Network Collective Behavior is discussed, 
and finally in section 4 some conclusive remarks are drawn. 

2   Individual Collaborative Behavior 

The principles, policies, and governance rules that either drive or constrain the 
behavior of the CN and its member over time, are addressed in behavioral dimension 
of the ARCON reference model [5]. This may include elements such as honesty and 
integrity, trust, openness, well performance, professionalism, mutual respect, 
commitment to network, code of ethics and IPR policy. Considering these governance 
rules and some other related factors, it is possible to introduce an approach for 
measurement of comparative individual behavior. Below, we first discuss the 
importance of the individual collaborative behavior (in section 2.1) and then we 
explain our approach to model it (in section 2.2). 



 Addressing Behavior in Collaborative Networks 265 

2.1   The Role of Individual Collaborative Behavior in CNs 

Due to the impressive number of both human and organizational behavioral factors 
found in the analyzed reports, an assumption can be made that probably most 
partnership failures and successes are strongly related to, if not caused by, the 
behavioral factors of the involved partners [3]. Good communication, decision by 
consensus, creativity, fairness, flexibility, best use of interests, knowledge sharing, 
joy in working together, visible leadership, readiness, open and honest participation, 
willingness to commit resources and capabilities, development of social skills, 
transparency in provision of information are behavioral factors leading partnership's 
success.  

Moreover, partners' behavioral factors have a vital influence on their collaboration 
readiness and establishing trust relationship with other partners, while individual 
collaborative behavior can be motivated through creation of incentives and rewarding 
models and mechanisms as a part of CN's governance model.  

Analyzing the behavior of a CN‘s members is therefore necessary. Obviously, the 
purpose of modeling and analyzing the individual behavior may target specific 
objectives. These objectives may include identification or prediction of conflicts, 
selecting the best-fit members to create a new VO, better role and right assignment in 
CNs, effective membership structure management, and general measuring of 
individual collaborative behavior in networks. 

2.2   Measuring the Comparative Individual Behavior  

Modeling and analyzing behavior of CN partners involve different sets of 
characteristics, and depends on the perspective for which the behavior is considered. 
Therefore, it is better to consider some perspectives for each of above mentioned 
objectives.  

As such, behavior for a CN partner cannot be represented by an absolute value; 
rather it can be measured for instance regarding a specific purpose against the 
behavior of other CN partners. Mechanisms can be defined to assess the individual 
behavior of a CN partner in comparison to others. For this purpose, every perspective 
can be characterized by a set of traits / actions. Also, specific metrics (variables that 
can be measured) and constraints shall be specified for each trait/action. 

For example, when a VO planner wants to select a VBE member as a partner for a 
VO, different aspects of the past individual behavior of that member can be compared 
with others, according to different perspectives as exemplified by three perspectives 
presented in table1. 

Furthermore, in order to assess the individual behavior, inter-relation among 
different traits/actions should be studied and well understood. In this work, causal 
relationships among different traits/actions are used to represent how they influence 
each other. To present this approach, consider the first perspective in Table1, 
conforming to past VO regulations. A causal diagram for this example is shown in 
Figure 1. In this causal diagram, the plus sign (+) indicates that the increase or 
decrease of the first factor causes the increase or decrease of the second factor, while 
the minus sign (-) indicates that the increase or decrease of the first factor causes the 
decrease or increase of the second factor [12]. 
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Table 1. Perspectives, traits and metrics for partner selection objective 

Perspectives Traits/Actions Metrics 
Punctuality e.g. average hours/days of delay in 

product delivery 
Pro-activity e.g. number of articles published in the 

press, number of new recommended 
members, and  number of awards won  

Flexibility e.g. average period of time (in hours or 
days) to develop or change a new 
logistic process and percentage of time 
without process faults 

Responsiveness e.g. average response time to emails 
(in hours or days) 

Responsibility e.g. number of successful collaboration 
involved, number of responsibilities or 
roles accepted in past experiences 

Innovation e.g. average number of industrial 
patents per year in last five years 

Problem/co
nflict 

resolution 

e.g. number of problems that escalated 
to VO management 

Willingness 
to adapt 

e.g. percentage of accepted adaptations 
to new required plans 

Willingness 
to 

compensate 

e.g. difference between delay in input 
and delay in output 

providing 
impulses 

e.g. number of suggestions realized for 
improvements 

Problem 
avoidance 

e.g. provided reaction time (in hours or 
days) when critical status is reported 

 
Keeping 

commitment 

Cooperation e.g. number of contacts with other VO 
members 

 
 
 

Conforming 
to past VO 
Regulations 

(CR) 

Trustworthiness  e.g. number of tasks successfully 
completed 

Sharing assets e.g. number of different assets which a 
member shares in a VO 

Value Adding 
to past VOs 

(VA) Reputation e.g. number of Years in business, 
number of customers, size of market 

Being Fair e.g. number of disagreement on 
benefits distribution, either against the 
original contract, or against the 
consortion majority 

Reuse of existing results e.g. number of use and provision of 
references to other member's 
articles/results  

Tolerance to stress e.g. number of times pulling out of 
commitment 

Being courageous e.g. number of administration  roles 
accepted, number of risks taken 

Special 
collaborative 

business 
Traits (ST) 

 
 

Information sharing e.g. frequency of information provision 
to other collaborators 
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Fig. 1. Quantitative analysis of relations among trait/actions using causal diagram 

Causal effects in Figure 1 represent the relations among different traits/actions in 
form of mathematical equations. By reasoning on the base of these causal 
relationships, some mathematical formulas can be derived to calculate values for 
comparative individual behavior of CN members. The plus sign (+) in the causal 
diagram represents either addition or multiplication, and the minus sign (-) represents 
subtraction or division depending on the metrics that are related to the traits/actions. 
The selection of the correct arithmetic operator depends on the metrics that scales it 
and the balance of dimensions [13], [14]. For example, for measuring the rate of pro-
activity (PA), it is needed to add the number of recommended new members (RM), 
number of articles in press (AR) and number of awards won (AW) as equation 1 
shows:  

.AWARRMPA ++=                                              (1) 

The derivative of equation (1) represents the rate of change of each of the factor 
with respect to time and the relations among the changes, as illustrated in equation 2. 
The integration of equation 2 provides the accumulation of PA, which represents the 
total rate of pro-activity for a period of time 1t  to 2t  (equation 3). 
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The rates of change as well as the accumulations equation for all factors in Figure 
1 can be considered in the same way (according to their relationships). After that, 
there is a formula for measuring the rate of Conforming to past VO Regulations (CR). 
Also, it can be done for the other two mentioned perspectives in Table1 (VA and ST). 
Consequently, to calculate the final comparative behavior score for suitable partner 
selection objective, we should compute an average of weighted scores of all 
perspectives, as equation 4 illustrates:  

).( 321 STWVAWCRWaverageScore ×+×+×=                       (4) 

The weights ),,( 321 WWW  shall be defined by experts in the field, depending on the 

specific type of VO to be established. These weights should belong to the [0,1] 
interval and the sum of all these weights should be equal to 1. Finally, since we 
calculate the score for each member in the VBE, when a VO planner decides to select 
a most suitable member, she/he can compare how they rate against each other.   

3   Network Collective Behavior 

Analyzing and modeling the Network Collective Behavior which refers to how a 
group behaves as a whole and the factors which influence it, is more complex than 
individual behavior. In fact, modeling collective behavior involves contributions from 
multiple disciplines.   

Mechanisms, such as incentives and rewards, assessing of alignment of values and 
approach applied to the governance of a CN are factors affecting Network Collective 
Behavior of the CN. These factors are discussed respectively in the following 
paragraphs.  

 Incentives and rewards mechanisms may result in changes in the behavior of a 
CN. Networking sustainability through fair and transparent distribution of benefits, 
and addressing contributors’ expectations are objectives of theses mechanisms. The 
basis of the incentive system is on the motivation that a CN convinces its participants 
to be pro-active in relation to business opportunities.  

The individual and Network Collective Behavior in a CN are influenced by the 
value system of network members. Therefore, it is important to identify the value 
system of the networks and their individual members to have an improved 
collaborative process. A CN consists of independent and autonomous entities which 
each of them has its own value system. Many conflicts among partners might come up 
because of misalignment of values. In the absence of identical value systems, the 
members’ perceptions of the results of the collaboration processes may be different 
and consequently, they may show some non-collaborative behaviors, such as 
unwillingness to share knowledge and other inter-organizational disagreements [15].  
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CN Governance includes some structures, principles and rules for resources 
allocation and rights assignment. Moreover, it supervises the entities and activities 
within a CN. Governance and the behavioral aspects influence each other, mutually. 
The constraining rules of CN governance may lead changes in collective and 
individual behavior of network members, and also behavioral aspects such as 
character of a CN member influence the CN’s governance. 

For modeling the Network Collective Behavior, it is needed to identify the 
objectives, perspectives, traits/actions and metrics such as presented for modeling the 
individual collaborative behavior in the previous section. In this case, objectives may 
include improving: customer satisfaction, benefits to CN, CN achieving more power 
in the market/society. These objectives can be considered according to the two 
perspectives: financial and social perspectives. 

4   Conclusion  

Quantitative causal modeling is a powerful aid to understand and enable practical 
decisions about what might be the best action to take in a certain circumstance. 
Therefore, in our approach we measure the comparative individual collaborative 
behavior by using quantitative causal modeling. This approach could lead to identify 
or predict conflicts, select the best-fit VO members, assign the roles and rights in CNs 
more effectively, and measure the individual collaborative behavior in networks. 
Analyzing and improving the individual collaborative behavior of CN members will 
influence the Collective Behavior of the CN. According to our approach, partners' 
behavior could be compared with each other, and partners will be informed that 
enhancing their individual behavior will result in more success in their collaboration. 
As such, improving the individual behavior through factors such as incentives and 
rewards as well as alignment of values and fairness in governance rules are proposed 
to influence the network’s collective behavior. 
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Abstract. Conflicts are frequent in virtually every scenario involving complex 
interactions. Collaborative Networks, in which there is a compromise between 
skills, competencies and resources, are not an exception. Moreover, these 
conflicts can be different in nature, ranging from cultural or relational conflicts 
to conflicts of interests. Although conflicts are common in these virtual settings, 
very few tools exist to settle them. Therefore, parties involved in conflict 
resolution generally have to resort to traditional approaches, which delay the 
process and waste the advantages of these Virtual Organizations. In this paper 
we present a structured model of a contract for a Collaborative Network. Based 
on this model, we developed an information system which is able to build 
conflict scenarios and determine the possible and probable outcomes. We 
combine this development with the UMCourt platform, which comprises a rich 
negotiation and mediation tool, to build a conflict resolution framework in the 
context of Collaborative Networks.    

Keywords: Virtual Organization, Conflict Resolution, Decision Support 
System. 

1   Introduction 

Conflicts are natural and emerge as a consequence of our complex society, in which 
each individual focuses on the maximization of the own gain. A conflict can be seen 
as an opposition of interests or values which, in a certain way, disturbs or blocks an 
action or a decision making process. In order for the action to be carried out, the 
conflict has to be solved [1]. The concept of conflict and its resolution is usually 
addressed by two main scientific fields: Social and Information Science. The 
intersection of these two fields is of great interest, particularly from the point of view 
of a Virtual Organization (VO).  

In fact, conflicts in VOs are frequent given the unstable balance between skills, 
competencies and resources. These conflicts are generated in virtual settings, most of 
the times supported by an electronic contract. However, very few tools exist to settle 
conflicts inside their context. As a consequence, conflicting members have to resort to 
traditional conflict resolution methods, throwing away significant advantages of VOs, 
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rendering them inefficient. The use of technology to develop tools that can support 
the conflict resolution process, together with the creation of virtual environments for 
that purpose is thus of interest. Moreover, Pitt et al. address the issue of the costs of 
conflicts in the context of VO and the need for alternatives to litigation [2]. In 
particular, the authors argue that litigation is a slow and costly process which may 
have a significant impact on the business of companies and governments. The 
potential for appeals also adds to the amount of delay and cost. 

In this paper we present a model for an electronic contract that defines the rules 
that govern the lifecycle of the VO, focusing on solving Operational Conflicts. Given 
its structured nature, this model can be handled by a software agent. Specifically, we 
are interested in developing software agents able to point out the consequences of 
violating specific rules. The integration with the UMCourt conflict resolution 
platform [9], specialized in negotiation and mediation algorithms, allows the 
development of a framework for conflict resolution in line with the recent trend of 
Online Dispute Resolution (ODR) [3]. In this work we take into consideration the 
work of prof. Lewiki et al. [6] and Goldberg et al. [8] on the dynamics and processes 
of conflict resolution, and the work of Raiffa [7] on decision theory and negotiation 
analysis. During its development, an agent-based approach was followed [10, 11].  

2   Conflicts in Virtual Organizations 

Conflicts are part of the lifecycle of the VO and should be regarded as natural. 
Moreover, depending on how well they are managed, conflicts can even be seen as a 
catalyst for the success of the VO. When it comes to conflicts, solving them in VOs 
may, at first sight, appear to have an added challenge, when compared to traditional 
conflicts: the environment of the conflict is a virtual one (e.g. no physical interaction, 
no social contact, geographical dispersion of members). As a way to overcome these 
challenges, Online Dispute Resolution tools can be used that support distributed and 
asynchronous conflict resolution. Such tools aim conflict resolution methods 
processes that are agile and flexible, in line with the requirements of the VO.  

The nature of the conflict in a VO can be quite diversified. Taking ARCON [11] as 
a reference model, several types of conflicts can be identified. Considering the 
intrinsic nature of the VO, four dimensions can be pointed out in which conflicts are 
likely to emerge: 

• Structural dimension: this dimension includes features related to the structure 
and composition of the VO, including the members, their relation and roles; 

• Component dimension: includes hardware/software/human resources as well as 
knowledge or information; 

• Functional dimension: includes all the tasks and functionalities supported by 
the VO as well as methodologies and process models; 

• Behavioral dimension: includes guidelines for cooperation or conflict 
resolution, contracts, policies and governance rules applicable to all the 
members. 
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On the other hand, considering the environment around the VO, another four 
dimensions in which conflicts may raise can be identified: 

• Market dimension: includes the issues related to the interaction of the VO with 
external entities such as clients and competitors; 

• Support dimension: this dimension refers to external support services, 
including certification, financial or insurance; 

• Social dimension: includes the impact of the VO on the society, including in 
issues like employability, legal, or educational. 

• Constituent dimension: models the impact and consequences of the integration 
of potential new members, including issues like sustainability or membership 
rules.  

After performing an analysis of these eight dimensions, it is possible to identify the 
main types of conflict that can arise in the context of a VO: 

• Operational Conflicts: operational conflicts emerge from situations in which 
the norms established in the creation (or modified during the operation) of the 
VO are being violated. Conflicts may emerge from a member not providing a 
given service as contracted, lack of communication, refusal to share some 
resource or general infringement of the governance rules; 

• Relational conflicts: although the members of the VO are independent, they 
are inter-dependent in terms of resources. Trust is thus an important factor. 
Incompatibilities in the interactions between the members can be seen as 
relational conflicts. These conflicts can be originated by past negative 
experiences that influence the level of trust; 

• Conflicts of interests: the correct availability and use of resources is 
fundamental for the correct operation of a VO. This kind of conflicts is 
generally related with the misuse of resources, namely the scenarios in which 
members use resources of the VO outside of its scope; 

• Business strategy conflicts: members of VO are generally attracted by the 
eventual access to new technologies, markets or information. However, this 
can be seen as a threat by the members sharing these resources. These conflicts 
are more evident in the initial phase of the VO, when the members are defining 
the availability and access to resources and tend to diminish with the time; 

3   Monitoring Conflicts in Virtual Organizations 

The contracting process in a VO is an important aspect in which the activities of the 
members of the organization are depicted. The result of this process is a contract in 
which the VO is described in all its dimensions. Contracts define the role of each 
member as well as the rules and operating principles of the organization. In that sense, 
the monitoring of a contract throughout the lifecycle of the VO, mainly during the 
operational phase, is of utmost importance. In this section we describe the structure of 
the contract and the monitoring mechanism, developed to deal with Operational 
Conflicts. 
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3.1   The Contract 

Given that contracts are essential for the detection of Operational Conflicts, there is 
the need for a contract model that allows representing all the endogenous elements of 
the VO, with a special focus on the behavioral and structural dimensions. Based on 
several works on the field [12 - 14], it is possible to define a contract model from a 
logical point of view, with four central components:  

• Actions – are seen as atoms and describe what each member can do. An 
action is defined as a 4-tuple: , , , , where name 
is the unique identifier of the action, to be executed by the sender, whose 
recipient is receiver, in time t. The set of all possible actions within the scope 
of a contract is defined as:  ; 
• Events – identify the events that take place within the environment of the 
organization. Events are defined as: , , , , , where  a A  and  event_type fact, fulfill, violated  describes the type of event. In 
this description, fact denotes that an action a occurred in a given time, fulfill 
denotes that an action a was fulfilled in a given time and violated denotes that 
there has been a violation of a norm in a given instant; 
• Obligation – identify all the obligations that can be subscribed by the 
members of the organization. An obligation is defined as: , , , , , , where  a A  denotes an action that 
must be executed within a timeframe defined as liveline, deadline ; 
• Norms – establish the rules that will guide the behaviour of the members of 
the organization. A norm is defined as: , , , 
where name is the unique identifier of the norm and consequent describes 
obligations that must be implemented when a given antecedent (an event) is 
true. 

Based on this, a model for a contract has been defined using XML Schema, a rich 
data typing system that allows defining the structure of XML documents with detailed 
constraints on its logical structure. Instances of contracts are thus XML files.  

3.2   Monitoring Conflicts 

In order to monitor the emergence of conflicts during the operation of the VO, a 
software agent was developed that is able to interpret the contract defined. This model 
works under the assumption that members of the VO advertise their actions in the 
form of events, i.e., the model will fail if a member hides his actions from the rest. 
Thus, during the operational phase, the members of the VO use a framework for 
advertising actions. The approach followed consisted in developing a software agent 
that constantly monitors these actions in search for violations of contract. On 
initialization, it interprets the contract and creates a temporal knowledge base 
describing the norms, the state of the VO, among other issues. This agent is built by 
two main modules: Inference and Communication. The Communication module is 
responsible for establishing a bridge between the framework and the inference 
mechanism. In that sense, it receives the events and forwards them to the Inference 
module, receiving back messages that it will forward to the framework, in order to 
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inform the members. The Inference module is implemented in Prolog, a general 
purpose logic programming language. In that sense, the rules and facts retrieved from 
the contract and forwarded by the Communication module are represented in the form 
of Horn clauses.  

Whenever a new event arrives in the Inference module, it is added to the 
knowledge base. The inference mechanism will then check if there is a norm  nname, event, obligation  whose antecedent (event) is true. If that is the case, the 
inference mechanism will point out the resulting obligation. This obligation will  
be added to a set M of obligations under monitoring. M is defined as:   , , where o represents an obligation and   , ,  , _   its state.  

Definition 1. Given an event  , , , , _  and an 
obligation  , , , , , , o is considered to be 
fulfilled when   and    , . Otherwise, the 
event e does not satisfy obligation o. 
 
In order to monitor all the obligations in M, the software agent goes through all of its 
members at regular intervals, with the objective of updating the state of each 
obligation. As stated above, in a given time instant t, the state of an obligation o can 
be one of four: 

• Fulfilled – when there is an event e such that o is fulfilled; 
• Pending – when there is no event e such that o is fulfilled and  ; 
• Violated – when there is no event e such that o is fulfilled and  ; 
• Pre_Violated – when there is no event e such that o is fulfilled and  t  liveline, deadline . 

Whenever there is a pair o, e M such that  e violated , the inference builds and 
sends a message to the Interface module describing the occurrence. The interface will 
then identify all the members directly and indirectly involved in the action associated 
with obligation o. The members will then decide the course of action. To do it, they 
may make use of a negotiation platform being developed under the scope of the 
TIARAC project, presented in the following section. 

4   Reaching an Outcome 

Members of the VO can use the previously depicted method as a decision support 
system, to detect violations of contract and possible solutions, in the form of actions. 
However, the members may not agree on the solution. In that sense, this work was 
integrated with a negotiation support tool developed in the context of the TIARAC 
project – Telematics and Artificial Intelligent in Alternative Conflict Resolution. The 
negotiation tool is based on the Case-based Reasoning paradigm. In that sense, it 
implements an algorithm that looks into past similar conflicts and their respective 
solutions [15, 16] (Figure 1). It is a dynamic method in the sense that it is able to 
adapt strategies according to how the process evolves. In that sense, it considers 
parameters like trust, the attitudes of each member or the historic of actions.  
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The process starts by building initial knowledge that is made available for the 
members. To select this knowledge, the algorithm analyzes past known conflicts and 
assesses their similarity in terms of the contracts and the nature of the norms addressed 
and violated. Based on this, it selects a list of relevant cases (i.e. cases above a given 
threshold of similarity) and sorts them according to that value of similarity. From this 
point on, the conflict resolution process develops in repetitive rounds. In each round 
the Conflict Resolution module proposes a solution (retrieved from the similar cases). 
Each member of the VO may accept it, reject it or build new proposals for solution 
(Figure 3). If there is a consensus on the proposals sent by the members, the process 
ends successfully and the VO may resume its activity. If there is no consensus, the 
system will adapt its strategy and propose a new solution. This process goes on until all 
members agree on a solution or at least one member leaves the process. 

 

Fig. 3. The interface for the blackboard agent, responsible for the control of the lifecycle of the 
negotiation 

5   Conclusions 

In a broad sense, conflicts configure an obstacle in a decision making or action taking 
process. In that sense, for the action to be carried out, the conflict must be solved first. 
Inefficient conflict resolution mechanisms may delay these processes. This is 
particularly disturbing in the context of VOs, especially when no technology-based 
tools exist to support the process, throwing away significant advantages of this 
organization paradigm. Particularly negative are the costs and time spent litigating in 
court, which has a significantly negative impact on the performance of governments 
and companies. In this paper we presented a tool for conflict resolution, based on the 
paradigm of Online Dispute Resolution. This tool consists of two main components. 
The first one constantly monitors the actions of the members of the VO and, with a 
representation of the contract, determines when a violation occurs, pointing out the 
obligations of the parties involved. The second component comprises a negotiation 
tool which allows the members to work out a satisfactory solution. This tool considers 
past similar problems to more efficiently propose solutions that can rapidly lead to the 
resolution of the conflict. With this approach we expect to achieve conflict resolution 
mechanisms fit for the context of Virtual Organizations.  
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Abstract. Power of partners in supply chain is an essential concept in 
collaboration, which can influence the decisions and behaviours of the focal 
company. Therefore, any company has to have a good understanding on the 
power of partners in order to determine the possible opportunities or threats in a 
potential collaboration. In this paper we present a product-oriented power 
taxonomy obtained from the analyses on two classes of power factors: the 
partner-independent power factors and the partner-dependent power ones. The 
former are related to the product and market while the latter are intrinsic ability 
factors of partner such as reputation, knowledge and performance. Then we 
analyse the different aspects of each type of power and corresponding 
determinants. Furthermore, we propose a method to assess those determinants. 

Keywords: power, power taxonomy, power determinants. 

1   Introduction 

Supply chain brings more profits but not all the members can benefits evenly, because 
sometimes members are in asymmetry positions [1][2]. The stronger parties may use 
their power to gain their own goals and outcomes by coercing others to do what they 
would be reluctant to do [3]. This paper reflects a consideration as perceived from 
focal company’s point to analyse the power of its partners/potential partners, 
regarding the factors arising from the focal company itself and intrinsic factors of 
partners such as reputation, knowledge and performance. Here the focal company is a 
company on which the study is focused. As said by Sun Tzu, an ancient Chinese 
philosopher, “knowing the enemy and knowing yourself, you can fight a hundred 
battles without danger of defeat”. Based on the analyses, the focal company can make 
its “pre-activation” evaluation on its potential partners before collaboration, i.e. a 
power-based partner selection strategy. On the other hand, the focal company can also 
conduct a “post-activation” estimation, i.e. to estimate the existing relationship 
between partners and to anticipate potential threat from other partners. 

However, the sources of power come from various aspects [2][4][5], which results 
in a variety of power factors. In order to achieve a clear understanding, it is necessary 
to classify those factors. Most of the research considers the classification and analyses 
power from the perspectives of social science [2][6]. In this paper, we establish a 
power taxonomy from the engineering view so that it can help not only to understand 
the sources and drivers of the power of partners but also to deploy a method to assess 
the power.  
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Section 2 reports on existing research works on power from its concepts to impact. 
In section 3, we introduce a systematic framework to elaborate power taxonomy and 
discuss about how to calculate the power value regarding the involvement of partners 
in the product development. In section 4 we provide an illustrative case and after 
some discussions we conclude in section 5. 

2   Related Work 

The general agreement on the definition of power is “the ability to evoke a change in 
another's behavior” [7][8]. When it is extended to apply in market fields, there are 
more precise definitions. Emerson defines power as “the ability of one firm (the 
source) to influence the intentions and actions of another firm (the target)” [9]. Yeung 
et al. provide a similar definition, i.e. “Power is one channel member’s ability to 
influence the behaviour and decision of other members” [10]. Other researchers also 
mention several derivative concepts such as “relative power”, “bargaining power”, 
“customer power”, “retailer power” and “organizational power” [11-16]. In essence, 
all these concepts focus on the ability of one party to influence the others.  

Power sources from various aspects such as reputation, resource, knowledge and so 
on. French and Ravens [4], largely cited in scientific literature, classify power into 
five bases, i.e. reward power, referent power, legitimate power, coercive power and 
expert power. Based on this classification, Tedeschi et al. [17] summarize them into 
mediated power and non-mediated power. The mediated power including reward, 
coercive, and legal legitimate represents the strategies that the source will take to 
influence the target. On the contrary, the non-mediated power is more relational and 
positive [18] in orientation that includes referent power, expert power and legitimate 
power.  

The theory of power applies in various aspects of supply chain such as supplier 
integration, partner selection, decision-making and so on. In [10], they argue that 
coercive power could lead to worse cooperation in western cultures but improve the 
supplier integration in China. Generally, company can use coercive power to enhance 
buyers’ internal integration that may lead to supplier integration under a trust-based 
relationship. Zolghadri et al [19] introduce a method to select partners by comparing 
the power between the focal company and its potential partners in the mutual 
relationship.  In [11] and [18], the authors conclude that the mediate power could 
throw negative influence on buyer-supplier relationship while the non-mediate power 
could retain positive effect on partnership. Zhao et al [20] present a more detailed 
discussion on the influence of each of the five bases power on the partnership in 
supply chain. 

3   Power Taxonomy and Determinants 

3.1   Power Taxonomy Framework 

When considering the power of partner, it can be derived from two dimensions. One 
dimension is the power arising from the focal company instead of individual partner, 
which we called “partner-independent power”. Take automobile manufacturing for 
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example. There may be several candidates to supply engines. Though their promised 
price, quality and experience are different, the power of those candidates is on the 
same level in terms of the activity of supplying the module of engine. However when 
compared with the activity of supplying window glass to the automobile, to supply 
the module of engine could be considered more critical because engines play a more 
essential role to the end product. On the other hand, the marketing factors such as the 
available number of suppliers could also influence the decision or strategy of the focal 
company. Suppose there are three alternative suppliers in one solution and only one in 
another. Undoubtedly, the supplier in the latter will affect the focal company more 
than any supplier in the former situation regardless of the products provided. 
Therefore we examine partner-independent power from two dimensions: the demand 
of focal company to the final product (function-oriented power) and the market 
situation (market-oriented power). 

The other dimensions is the power emerging from the partner, which is the ability 
closely related to a particular partner. We call it “partner-dependent power”. We also 
subdivide this type of power into two dimensions regarding the partners’ capability and 
performance on the product. One is product-independent power, a kind of power 
concerning the aspects of a partner itself like expertise, reputation and such capability 
issues except the concrete product related issues; the other is product-dependent power, 
which is the performance factors of a partner with regards to the demanded product. 

In light of the above discussion, we propose a product-oriented power taxonomy 
framework, illustrated in figure 1.  

 

Fig. 1. Power Taxonomy Framework 

We adopt a two-level-criteria method to finalize the framework: the first level 
criteria is “partner dependent or not” that indicates the first two dimensions of power, 
i.e. partner-independent power and partner-dependent power; the second level criteria 
is “product dependent or not” that is used to apply on the first two dimensions. When 
considering the sub-dimensions of partner-independent power, the dependence on 
product indicates the function-oriented power and correspondingly no dependence 
indicates market-oriented power. It is the same for the partner-dependent power. The 
following section introduces some determinants of each dimension. 

3.2   Power Determinants  

3.1.1   Determinants of Function-Oriented Power 
Function-oriented power comes from the importance of modules. We evaluate the 
importance based on the functions the modules perform. In this way, it is possible to 
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establish a mapping between functions and modules and rank the importance of 
modules by ranking the importance of function. To evaluate function-oriented power, 
the first step is to mapping modules into functions. There are several methods that can 
be used for this purpose. Take F.A.S.T. (Functional Analysis Systems Technique) 
methodology [21] for example, which is a method of developing and decomposing the 
system functions. We establish a matrix to illustrate this mapping (see figure 2). 

The second step is to calculate the importance of the function. We adopt AHP technique 
[22] to rank the functions. To compare the two functions, the values v = {1, 2, …, 9} 
representing the preferences are assigned (see table 1) and the matrix of these pairwise 
preferences are deduced as illustrated in figure 3. High-level functions are compared first 
and then are the sub-functions inside. The weight of a high level function is the sum of all 
the weights of its sub-functions. To be noticed, for the case that function (like F4) contains 
its sub-functions (F4_1, …, F4_M) but finally is implemented by one module (M4), there is 
no necessity to compare the sub-functions inside.  

The last step is to transform the weights of functions to the weight of modules 
based on the mapping matrix (see figure 4a). Therefore, the importance of supplying 
certain modules is deduced. When it comes to calculating the power of particular 
partners, we can relate the partners with modules and aggregate the weight values (see 
figure 4b and 4c). 

Function 
 
Modules 

F1 F2 F3 F4 

F1_1 F1_2 F2_1 - F4_1 … 4_M

M1 
M1_1 x       

M1_2  x      

M2 M2_1   x     

M3 -    x    

M4 -     x x x !

High level function

Sub-function

High 
level 

modules

sub- 
modules

Mapping

 

Fig. 2. Mapping modules into functions 

a. High level comparison b. Inside functions comparison

 F1 F2 F3 F4 Weight 
F1 1 x12 x13 x14 x1 
F2 1/ x12 1 x23 x24 x2 
F3 1/ x13 1/ x2 1 x34 x3 
F4 1/ x14 1/ x24 1/ x34 1 x4 

 F1_1 F1_2 Weight inside Overall weight 
F1_1 1 x12’ x1_1’ x1_1 
F1_2 1/ x12’ 1 x1_2’ x1_2 

 

Fig. 3. Modules preference matrix 

Table 1. Fundamental scale of relative importance  

Intensity of Importance Numerical assessment 
Extreme importance 9 
Very strong or demonstrated importance 7 
Strong importance 5 
Moderate importance 3 
Equal importance 1 
Intermediate values 2, 4, 6 and 8 
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Suppliers S1 S2 S3
Power value x1_1+ x2 x1_2 + x3 x4

a. Weights of modules b. Mapping between partners into modules

c. Weights of partners

Modules Weight 
M1  M1_1 x1_1 

M1_2 x1_2 
M2 M2_1 x2 
 M3 - x3 
M4 - x4 

Modules
 
 
Suppliers 

M1_1 M1_2 M2_1 M3 M4 

S1 x x
S2 x x
S3 x

 

Fig. 4. Retrieving modules weight and weights of partners  

3.1.2   Determinants of Market-Oriented Power, Product-Independent Power 
and Product-Dependent Power 
Market-oriented power is determined by the factors related to market situation, i.e. 
availability of alternative partners and criticality of product. It is easy to understand that 
the more alternative partners exist, the more powerful the focal company is whereas the 
less power the partners own and vice versa. If the final product is critical to the focal 
company’s business or its future performance in its trading area, the partners’ power 
will be increased, whereas the focal company’s power will be decreased. As we 
mentioned before, product-independent power is a kind of power related to partners’ 
capability. The capability can be leveraged to the focal company’s advantages in the 
long term [23]. In order to assess this power, the factors of capability need to be 
determined in the first place such as volume of sales, switching cost and expertise 
knowledge. While product-dependent power is tightly associated with concrete product, 
including price, quality, deliver cycle time, technical support and fill rate. 

All the factors mentioned above can be catalogued to two types according to their 
nature: quantitative factors (e.g. availability of alternative partners, volume of sales, 
price) and qualitative factors (e.g. criticality of product, expertise knowledge, quality). 
We propose a method to calculate the power value of each sub-dimension. The first 
step is to determine the weight of each factor by comparing every two factors, which 
stands for the criticality of every factor to the focal company. The second step is to 
determine the level of each (potential) partner’s activity upon each factor. We adopt a 
similar table as table 2, in which the numbers {1, 2, …, 9} represent the level of 
activity, i.e. 1 indicates lowest level and 9 indicates the highest. Finally, we obtain the 
power value by aggregating the factors values:  

V (P) = αii=1

t ⋅ xi
 ,      αii=1

t =1 . (1)

In the formula, t is the number of factors in one sub-dimension while αi is the 
weight. Table 2 shows an example completing the above calculation procedure. 

Table 2. Calculation of power factors 

Factor 1 Factor 2 Factor 3 Factor 4       Weights 
Partners 0.35 (α1) 0.2 (α2) 0.3 (α3) 0.15 (α4) 

Total 
(V(p)) 

P1 3 7 5 4 4.55 
P2 6 4 2 4 4.1 
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4   Illustration and Analysis 

In this section, our method is applied to a case study. Various initiatives exist all over 
the European territory to promote bicycle by public authorities in highly jammed 
traffic cities like Paris or Berlin. However, the use of bicycle remains difficult. A 
possible solution to extend the use of bicycle is to transform basic bicycles into 
electrical power-aided ones by assembling electrical power-assist kits. To simplify the 
case, suppose the electrical power-aided bicycle consists three modules fulfilling one 
function respectively: basic bicycle, electrical motor and high-charge batteries, and 
the bicycle manufacture intends to purchase electrical motors from other suppliers. By 
estimating the function importance, the module weight is deduced and further the 
power values of providing modules are achieved (see figure 5). 

Modules Weight 

M(bicycle) 0.577 

M(motor) 0.342 

M(battery) 0.081 

 F(bicycle) F(motor) F(battery) Weight 

F(bicycle) 1 2 6 0.577 

F(motor) 1/2 1 5 0.342 

F(battery) 1/6 1/5 1 0.081 

a. Function comparison b. Module weight  

Fig. 5. Deducing value of function-oriented power 

Considering the factors of market-oriented power, suppose there are three potential 
suppliers (P1, P2 and P3) and the weights of each factor (availability and criticality) 
are 0.4 and 0.6 respectively. Because there are only three alternatives, we can 
consider this will highly increase the power of those potential partners. Moreover, this 
product could be the future trend, so it is important to the manufacture. Therefore the 
numbers representing the level of importance of the two factors are 5 and 3 
respectively. The power value is calculated (see figure 6a). The calculation processes 
of the product-independent power value and the product-dependent value of each 
potential partner are similar to that of the market-oriented power value. The first is to 
decide the weights of each factor under the two dimensions. The second is to assign 
numbers representing the level of activity and finally all the values will be 
aggregated. Based on those calculations, we can get a result like figure 6b. 

F-O M-O P-I P-D

P1 0.342 3.8 4.5 7.3 

P2 0.342 3.8 3.1 6.9 

P3 0.342 3.8 3.45 2.6 

a. Value of market-oriented 
power

b. Final result with power 
values

 Availability Criticality Power 
value Weights 0.4 0.6 

Levels 5 3 3.8 
F-O: function-oriented Power

M-O: market-oriented Power

P-I: prodcut-independent 
Power

P-D: prodcut-dependent Power 

Fig. 6. Power values 

In this case, partner 2 (P2) is the best choice. Dealing with P1 could be too risky 
because it is with a high value of partner-dependent power (11.8) that means P1 could 
restrain the manufacture, though this value could also indicate good performance and 
capability. Dealing with P3 could suffer least risk, however, the lower value of  
power could also means lower ability. Dealing with P2 could be less risky, and 
looking inside the partner-dependent power, it is not hard to find out the product-
dependent power is close to that of P1. In general, on the premise of same value in 
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partner-independent power, the focal company should choose partner with lower (not 
lowest) partner-dependent power value. If there are several candidates with close 
values, look inside the partner-dependent power and analyse its two sub-dimensions. 
This method can also assist the focal company to choose between two solutions in 
terms of partners. In this case, the values in the partner-independent power will be 
different. It is better to the solution with lower values of function-oriented power and 
market-oriented power but middle level value of partner-depended power. 

5   Conclusion 

This paper proposed a product-oriented power taxonomy with analyses of power 
determinants. When analyzing the power of partner, the focal company can first 
follow a top-down method to list all the determinants it concerns and then follow a 
bottom-up method to aggregate the power value of each dimension based on the 
weights of its determinants. This taxonomy can be applied not only to the companies 
in supply chain but also other types of alliances such as virtual enterprise. On one 
hand, this taxonomy can be used to assess the (potential) partners or solutions in terms 
of partners; on the other hand, it can also be used to analyses the focal company itself 
if it is a subcontractor. In the future, we will focus on refining the assessment method 
of power value and a further study on the analyses of the assessment results. 
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Abstract. This is a concept paper which introduces a dynamic extension to a 
collaborative network relationship analysis approach. The extension is based on 
the MetaMatrix approach known from the Dynamic Network Analysis field. 
Several entity classes representing agents, tasks, resources and knowledge are 
introduced and possible relations between entities of the different classes are 
analysed. All entity classes and relation classes are attributed with time related 
data which allows dynamic changes the system. Finally, some illustrative 
examples of typical collaborative interactions are introduced and explained. 

Keywords: Dynamic Collaborative Network Relationship Analysis (DCNRA), 
MetaMatrix, Modelling and Simulation. 

1   Introduction 

The Social Network Analysis (SNA) is an appropriate method to capture and analyze 
relations between individuals or organizations for a given point in time (Wasserman 
& Faust, 2007). The Collaborative Network Relationship Analysis (CNRA) is based 
on the SNA and focuses on the relations between independent organizations 
collaborating in networks (Jagdev & Thoben, 2001) and forming a Collaborative 
Networked Organization (CNO) (Camarinha-Matos et al, 2009). It analyzes the type 
and intensity of interactions between those organizations (Eschenbächer & Thoben, 
2009; Eschenbächer et al, 2009). The CNRA still lacks the inclusion of dynamic 
changes in such relationships caused by continuous changes in network constellations 
over time. 

Dynamic Network Analysis (DNA) has been developed to overcome the limitation 
of considering static network models and includes a dynamic component (Carley et al, 
2007). The heart of this approach is the so-called meta-matrix which allows defining 
multi-modal, multi-plex dynamic networks supporting various properties and 
measures connected to nodes, edges and graphs. 

This paper presents an extension to the CNRA approach based on DNA to include 
mechanisms allowing the modelling of dynamic aspects of Collaborative Networked 
Organizations. The focus of the modelling is still on different types of interactions 
between organisations in a network but includes their evolution. This allows a more 
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comprehensive and prospective evaluation of the performance and the design of the 
network. The dynamic extension of CNRA is called the DCNRA. A short example 
explains the application of the DCNRA. 

As the traditional SNA approaches often use graph theory terminology and 
notation (Wasserman & Faust, 2007), this style is also used within this paper. 

2   Current State-of-the-Art 

This section provides a short overview on what has been done in Collaborative 
Network Relationship Analysis and introduces the MetaMatrix approach which is the 
basis for Dynamic Network Analysis. 

2.1   Summary of the CNRA 

The Collaborative Network Relationship Analysis (CNRA) has first been introduced 
by Eschenbächer (Eschenbächer et al, 2009). The general idea behind this approach is 
the quantification of relations between organizations engaged in a Collaborative 
Networked Organisation as defined by the ECOLEAD project (Camarinha-Matos et 
al, 2008). The quantification of inter-organizational relations allows the calculation of 
specific indicators measuring among others the collaboration intensity in the network. 

The CNRA knows just one entity class (node type) representing organizations, but 
introduces several relation (edge) types representing different categories of 
interactions (see Fig. 1). For each existing edge an intensity is calculated based on 
estimations for a set of variables connected to that category. By simply summing all 
intensities of all categories between two given nodes, the collaboration intensity 
between those organisations is calculated. 

Identification of
Collaborative
Relationships

Identification of
Interaction
Groups

Collaboration
Intensities

Identification of
Collaborative
Relationships

Interactions are
of Different Category

Interactions have
Intensities

 
Fig. 1. Concept of Collaborative Network Relationship Analysis 

The first application area of the CNRA were innovation related projects executed 
in a consortium (Eschenbächer et al, 2009). The first approach to dynamics with a 
project management example was introduced by Eschenbächer, Duin and Thoben 
(2009) by introducing a start and end point in time to collaborative interactions. This 
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allows the calculation of how strongly specific partners are involved in the execution 
of tasks, but still lacks the differentiation of interaction types and only has one 
visualisation of the Collaborative Network covering the time span from beginning to 
end. There is no dynamic change of the underlying graph representing the 
Collaborative Network. 

2.2   The MetaMatrix Approach 

The MetaMatrix emerged from the work of the Center for Computational Analysis of 
Social and Organizational Systems (CASOS) located at the Carnegie Mellon 
University of Pittsburgh (USA). The objective behind the MetaMatrix is to introduce 
dynamics to Social Network Analysis (SNA) approaches (Carley at al, 2007). 

The MetaMatrix is a multi-mode, multi-plex approach to organizational design and 
serves as ontology. The main entities classes are agents, knowledge, resource, task, 
organization and location. Nodes belonging to any two entity classes and their 
relations (edges) form a network like a social network or a knowledge network 
(knowledge by agents). Furthermore, there can exist several types of relations 
between nodes of two given entity classes, e.g. “is related to” or “receives instructions 
from” for nodes belonging to the agent entity class. 

This approach seems to be perfectly suited to extend the CNRA with dynamic 
capabilities. 

3   Extending the CNRA to the DCNRA 

The basic ideas of the MetaMatrix approach are taken to extend the current CNRA 
approach. This includes an extension of the type of nodes, an analysis of the type of 
edges and the addition of properties allowing dynamic changes in the models. As this 
paper introduces the basic conceptual ideas behind DCNRA no formal notation is 
introduced which has to be done in future work. 

3.1   Extending Node Types 

Nodes which do only represent organizations in the CNRA approach are extended to 
represent other entity classes necessary to model the involvement of organizations in 
tasks providing necessary knowledge and/or resources. This leads to the definition of 
the following entity classes (Carley at al, 2007): 

• Class 1 – Agent: A node of this type represents a business organisation 
(enterprise or company), a research organisation, a public authority or a 
natural person. For diagramming collaborative networks we use a circle to 
represent nodes of this type. 

• Class 2 – Task: A task is another type of a node representing an operational 
job where one or more agents are involved to complete the task. A task is a 
time consuming operation which normally provides some kind of result at its 
completion time. For diagramming purposes we use a parallelogram 
representing a task node. 
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Fig. 2. Modelling example with this approach 

• Class 3 – Resource: A resource is any kind of machine, supporting material, 
working power, or other resource like energy and water. In diagrams a square 
is used to represent a resource node. 

• Class 4 – Knowledge: Knowledge can be any information stored in the brains 
of employees or in computers as well as competences of staff. For 
diagramming collaborative networks we use a triangle to represent nodes of 
this type. 

Note: in difference to the MetaMatrix there is no differentiation between agents and 
organizations. These two classes are represented here by just one class: the agent. 
Another class – the location – is also missing, but can easily be included if necessary. 

It makes no sense to allow edges between all of the entity classes (node types). On 
the other hand there may be more than one relational type between two given entity 
classes. A first approach to the modelling of relations is provided in Table 1. Most of  
 

Table 1. Possible sets of relations and their interpretation 

 Agent Task Resource Knowledge 
Agent hierarchical 

relation 
(belongs to) 

is involved in 
task 

has the 
resource 

has the 
knowledge 

Task 

ø 

order relation 
(follows); 
hierarchical 
relation 
(belongs to) 

needs the 
resource 

needs the 
knowledge 

Resource 
ø ø 

hierarchical 
relation 
(belongs to) 

ø 

Knowledge 
ø ø ø 

hierarchical 
relation 
(belongs to) 
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the possible relations are intuitive and do not need further explanation. The reverse 
relations (e.g. Task → Agent, meaning that a task is performed by one or more 
agents) might be included for better graph traversal support, but is not necessarily 
needed as this information can also be retrieved by generating the set of all agents 
executing this task. 

A set of interconnected tasks with relations of class “is followed by” can be 
considered as a project. The corresponding consortium (forming a Virtual 
Organisation) is the set of agents which have a “is involved in” relation to the tasks 
setting up the project. Fig. 2 shows an example of a CNO modelled with this 
approach. There are three organisations involved in the collaborative execution of a 
couple of tasks. For task execution some kind of resources and knowledge is needed 
and provided by the involved organisations. 

All entities and relations can have additional attributes. Especially the relation 
Agent → Task should have an entity story the intensity of involvement of the agent in 
that task. A first approach could be store the percentage of the total working power of 
that agent put at the corresponding task. 

3.2   Adding Dynamic Properties 

Each of the entity classes and their corresponding relations can have dynamical 
properties as shown in Table 2. 

The relation class Task → Task can be twofold, i.e. describing that one task 
follows another one or that the task is a sub-task of another one. Both relation classes 
don’t have direct time related attributes, but can be used for consistency checks, e.g. 
whether a follow-up task really starts after the predecessor finishes. 

Table 2. Time related properties of relations 

Entity Class Time Related Properties 
Agent begin (birth), end (dead) 
Task planned start and end, real start and end 
Resource begin (e.g. date of acquisition), end (end-of-life or 

selling), availability, usage 
Knowledge creation date, (outdating date) 

 

Relation Type Time Related Properties 
Agent → Agent begin, end 
Agent → Task beginning and end of involvement (planned and real) 
Agent → Resource begin, end 
Agent → Knowledge begin, end 
Task → Task - 
Task → Resource begin, end 
Task → Knowledge begin, end 
Resource → Resource - 
Knowledge→ Knowledge - 
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Table 2 summarises time related attributes given to entity and relational classes. 
All of them have some kind of a beginning (start or birth) and an end-date of their 
existence. With the help of the definition of these times related attributes a kind of 
dynamics can be introduced. For a given point in time t only those entities are existent 
where t is between the beginning and the end of the existence. Formally, all the other 
entities do exist as well but only virtually. They are not visible for that moment t. 
When moving the along a timeline the shape of the considered graph is changing 
depending on the life spans of the single nodes and edges. A few examples are shown 
in the following chapter. 

Several time dependent indicators can be calculated, stored and dynamically 
updated. Examples are: 

• Collaboration intensity of an agent for a given time span. 
• Cumulative collaboration intensity for a set of tasks. 
• Needed collaboration intensity for the execution of a set of coherent tasks. 
• Total planned collaboration intensity for a Virtual Organisation 
• Total real collaboration intensity for a Virtual Organisation 
• etc. 

Time related attributes for nodes of the task class are differentiated in planned and 
real beginning and end. This allows executing a simulation of the task models by 
making assumptions on the real start and end for the considered tasks. One option 
could be to define a probability distribution function which could be used by a 
simulation algorithm to determine the “real” start and end by a random generator. 

The corresponding changes in the graph over time can be performed by graph 
grammars or graph transformation systems. 

4   Illustrative Example 

This chapter introduces and explains some illustrative examples covering basic 
collaborative interactions such as information exchange, cooperative planning, and 
collaborative execution of tasks. Similar situations are found e.g. in the execution in 
European research projects. Concerning the modelling of the research information 
there is the Common European Research Information Format (CERIF) (Jörg, 2008) 
which might be used in conjunction with the DCNRA approach. 

4.1   Information Exchanges 

Information exchange between two partners in the network is modelled using a task 
which changes the relation of another partner to a specific knowledge entity. 

The situation is described by Fig. 3. At a given point in time t0 there are two 
partners, one of them (partner 1) having specific knowledge. Both of them are 
involved in a knowledge transfer task at a later point in time, t1. During this task 
another relation to the same knowledge item is established originating at the other 
partner (partner 2). Later at t2 the task has finished, and the “birth date” for partner 2 
having specific knowledge is during the execution time span (or latest at the real end 
of that time span) of the corresponding knowledge transfer task. 
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t0 t2t1  

Fig. 3. Example: Knowledge transfer between two organisations 

4.2   Collaborative Execution 

The collaborative execution of the modelled project example shown in Fig. 2 is 
presented in Fig. 4. Time t0 only task T1 is active. The other tasks and their relations 
are not visible. At time t1 task T1 has been finished and disappeared. Task T2 is now 
active and visible. In the next considered time step t2 task T2 is also finished and tasks 
T3.1 and T3.2 are executed in parallel. During the first two tasks partners 1 and 2 are 
involved while in executing T3.1 and T3.2 partners 1 and 3 are involved. 

5   Conclusions 

The presented concept has the potential to enhance the Collaborative Network 
Relationship Analysis with a dynamic component. This approach allows the 
visualisation and simulation of dynamic changes while a Collaborative Network is 
operating and developing. Additionally, it supports some kind of consistency checks, 
e.g. whether the involved agents do have the necessary capacities in terms of 
knowledge and resources. The definition of indicators allows the dynamic calculation 
of performance and collaboration intensities of involved partners. 

Planners of Collaborative Networked Organisations are supported with a tool 
allowing the beforehand simulation and validation of that CNO. Several scenarios 
having changed or balanced collaboration intensities can be generated and compared. 
This allows also an assessment of the risks associated to each of the scenarios. 

 

t0 t2t1  

Fig. 4. Example: Collaborative execution of tasks 
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However, this approach is still in its conceptual phase. First ideas are presented 
here and further development of the formalism (including indicators and their 
formulas) is still needed. An example case study needs to be executed in a master 
project to show that static SNA results are not helpful in a complex and dynamic 
world. Also an application in real world contexts is still missing but necessary to 
prove its usefulness. 
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Abstract. Organisations have to adapt rapidly to survive in today’s diverse and 
rapidly changing environments. The idea of virtual organisations emerged as an 
answer. There is a strong need to understand virtual organisations (VOs) in a 
formal way: changes can have side effects and hence one might wish to 
understand precisely what consequences a change might have. The Virtual 
Organisation Modelling Language (VOML) consists of sub-languages to model 
different aspects of VOs such as their structure or operational models: VO-S 
deals with structural aspects while VO-R addresses reconfigurations. The 
concepts are exemplified through a travel booking VO that needs to cope with 
extra demands imposed by a large event such as the Olympic games. 

Keywords: Virtual Organisations, Structural Model, Reconfigurations. 

1   Introduction 

Changing business environments and a diversity of emerging requirements make 
entities’ (organizations, individuals, etc.) survival and success dependant on their 
ability to adapt dynamically to changing operating conditions [4, 6, 8]. VOs provide a 
solution when it is impossible for any single organization (particularly small or 
medium size enterprises; SMEs) to keep up with the speed of change in the 
environment and the diversity of demands prevailing in the market. Adaptability and 
diversity are some of the main defining characteristics of VOs – adaptability allows to 
cope with changing demands while diversity is multidimensional (e.g. the range of 
involved stakeholders, the offerings made, cultural and geographic positioning, etc.).  

A VO is a loosely bound consortium of organisations that together address a 
specific demand that none of them can (at the given time) address alone – once the 
demand has been satisfied the VO might disband. A VO is created in the context of a 
VO Breeding Environment (VBE), which is a more stable grouping of business 
partners, but without a specific current goal [4]. Some VOs persist over longer time, 
but adapt to realign themselves to address changes in demand.  

A VO has a structure that defines the tasks it is conducting to achieve its goals as 
well as defining which partners are involved. There is a need to rigorously define this 
structure, as it is the foundation to describing and analysing the reconfigurations of 
the VO [3], which are the way in which a VO adapts to changing demands.  
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In this paper we present VOML (the VO Modelling Language) focusing on two 
aspects: the modelling of the structure of a VBE/VO and the description of 
reconfigurations. For the former we present a new language that captures the key 
aspects of the VO at a level of abstraction meaningful to business users by making 
key concepts first class citizens of the language but still concrete enough to be 
mapped into more rigorous languages for operational models and rigorous reasoning 
and analysis. For the latter we introduce VO-R, the VO reconfiguration language. 
VOs can adapt in two fundamental ways: The ultimate goal of the VO might change, 
i.e. the VO should address a demand unrelated to its original purpose, in which case a 
new VO should be formed, possibly including current members. However, often the 
VO needs to adapt in more subtle ways to deal with fluctuations in capacity demands 
or alternative ways of achieving a task – it is this aspect which is addressed by VO-R.  

The paper is organized as follows: Section 2 presents an overview of the VOML 
approach for modelling VOs, sections 3 and 4 introduce the structural and 
reconfiguration languages. The paper is rounded off with a discussion, related work 
and some concluding remarks and future directions in the final sections. 

2   Overview of Approach  

The Virtual Organization Modelling Language (VOML) is dedicated to VO de-
velopment. VOML operates in the context of a VO Breeding Environment; VOs are 
formed dynamically to provide high-level functionalities by sharing a number of 
resources in a distributed way. The VOML approach [2] supports the definition of a 
structural and behavioural model of a fixed VBE based on three different levels of 
representation: (1) the definition of the persistent functionalities of the VBE; (2) the 
definition of the transient functionalities of the VOs that are offered by the VBE at a 
specific moment in time (a business configuration of the VBE) and (3) the ensemble 
of components (instances) and connectors that, at that time, deliver the services 
offered by the VOs present in the business configuration (a state configuration).  

 

Fig. 1. Overview of Framework 

Very briefly, structural models present the general structure of the VO (or VBE); 
these are mapped semi-automatically (semi as some refinement is required) into 
operational models. The operational models are quite close to respective execution 
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frameworks (such as agent based systems or service oriented systems) and can be 
mapped to these. The execution framework is monitored and any changes are reported 
back to the model levels where policies are activated to refine the VOs and ensure that 
they remain competitive. Reconfiguration rules are checked for consistency and 
furthermore any VO-model should be correct by construction (that is it should be a 
true refinement of the respective structural model) – however this is further ensured 
by consistency checks. Figure 1 depicts this overview in a graphical manner. 

3   Structural Models: VO-S  

The VO Structural Modelling Language (VO-S) defines the basic structure of the VO, 
its constituent elements, abstract process, and other details which define the essential 
structure of the VO and provide the basis for its operational models. The VO 
structural model consists of five basic elements: (1) Members, (2) Process, (3) Tasks, 
(4) VBEResource and (5) Data-Flow. Of these, Members, Tasks and VBEResources 
are elements that can occur in VBE specifications, too. 

Members can be of one of three types: Partners are permanent members of the 
VBE, Associates are transient members of the VBE who have joined temporarily 
based on demands of some VO which requires some capability for which there is 
currently no member available in the VBE and finally extEntity which are transient 
members of a VO and are discovered for each VO instance and leave the VO when 
the instance finishes its life. For the travel booking VO, the hotel provider is a partner, 
while FlightBooking is an extEntity.  

Process describes the workflow which leads to meeting the requirements of the 
customer of a VO at the highest level of abstraction. It lists only those tasks that 
contribute directly towards achieving the goals of the VO.  

Task specifications define the competencies required by the VO from its members. 
They help in deciding the kind of restructuring that a task and hence a VO can 
undergo, having effects ranging from VO topology to member relationships. Tasks are 
complex and we will here only show some key features. Attributes exist in the 
TaskScope (where they provide a domain of discourse for configurations) and in the 
ConfScope (where they describe the current configuration). E.g. the performedBy 
attribute in the TaskScope might specify that the task can be performed by Associates 
and Members, the ConfScope would make precise who is performing the task in the 
current configuration. Also, each tasks specifies the competencies required for 
performing it: which capability does a performing partner need and what capacity is 
needed (e.g. a partner needs to provide accommodation, and 50 rooms are needed). 

Reasons for forming virtual organizations are (a) an entity (organization) lacks 
some capabilities to take on a job; and (b) an entity has all the capabilities required 
but lacks the required capacity (often the case with Small and Medium organizations 
(SMEs) competing for large jobs). VO-S addresses this by offering three types of 
tasks: AtomicTask (tasks to be performed by only one member), ReplicableTask 
(tasks that can be shared to gain extra capacity) and ComposableTask (tasks that can 
be shared to address capability issues). Members can compete or cooperate 
ReplicableTasks.  
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VBEResource are resources that are owned by the VBE and made available to all 
VOs that stem out of the respective VBE. The VBE will have rules on their usage.  

Data-Flow specifies the relationship between data items to assist with realizing 
concrete orchestrations, transitions and wires in operational model. It expresses which 
data items are expected from the customer and partners and their flow between tasks.  

 

Fig. 2. VO-S Structural Model of the TravelBK VO 

The TravelBK VO (Fig. 2) specifies a VO that is concerned with offering trip 
itineraries that include transport via air, accommodation and local excursions. There 
are two members in the VO (the AccomProvider1 is a VBE member, the TourAg is 
an associate). Air transport is provided by suitable external entities. All three tasks are 
atomic meaning each is performed by a single member.  

4   Reconfigurations: VO-R  

Policy languages have been successfully used for dynamically adapting systems. In 
this work we are particularly interested in policies which allow to reconfigure (adapt) 
a VO to cope with the changes that it is subjected to. We require and wish to model 
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replication of tasks so that a number of members can combine capacity (either jointly 
or in competition) and decomposing complex tasks into smaller ones, so that several 
members can combine their skills. Additionally we like to be able to change the 
membership of the VO by adding or removing members.  

While policies provide a feasible approach towards reconfiguration, a special 
policy language is required which provides explicit constructs suitable for the domain 
of VO reconfigurations. Typically a policy language can be completely domain 
specific or a more generic ECA (event-condition-action) language can be adapted to 
new domains by providing appropriate actions, triggers and conditions. We adapt the 
APPEL [1] language – APPEL had been developed with a clear separation of domain 
and core language. APPEL has a style closer to natural language as it was aimed at 
non-technical end users, rather than developers or system administrators, something 
clearly of benefit the users of VO modelling languages. APPEL was originally aimed at 
call control, but has since been specialised for e.g. sensor networks or elderly care.  

Policy rules are the basic building block of APPEL. Each rule consists of an 
optional trigger, optional condition and an action. A rule is applicable when its trigger 
has occurred (if one is defined) and its conditions (on the state and possibly trigger 
parameters) are satisfied (with the empty condition being trivially satisfied). Actions 
have an effect on the system to which the policies are applied. Policy rules can be 
grouped into larger policies. A typical APPEL policy looks as follows:  

policy policy-name appliesTo task-id/member-id/VO-id  

when [trigger(s)]  

if [condition(s)]  

do action(s)  

For VO-R we have to add a number of triggers, conditions and actions. We also need 
to consider the meaning of the localisation: appliesTo allows to ‘locate’ a policy. 
In distributed settings this would allow to specify the location of a policy, for VOs 
this allows to express which task(s), member(s) or VO(s) a policy applies to. The 
specialization of APPEL to Virtual organizations forms the Virtual Organisations 
Reconfiguration language VO-R. There are several triggers (Table 1) and actions 
(Table 2) specific to the domain, some of which are shown below – we do at this stage 
not claim that this list is complete and ongoing investigation studies this aspect.  

Table 1. Sample triggers for VO Reconfigurations.  

Trigger Description 
NoMemberWithRequired
CapacityFound  

Arises when no existing VBE member is found to provide 
suitable capacity (either because they are not willing to 
provide more resources to the VO or because they cannot).  

CapacityDeficit  The VO has all required capabilities, but is lacking capacity 
to satisfy current demand by a task. The task could be 
conducted, but with limitations.  

CapabilityDeficit  The VO lacks a required capability. A capability deficit 
means that certain tasks cannot be conducted.  
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Table 2. Sample actions for VO Reconfigurations 

Action Description 
MakeTaskReplicable 
(task-id, 
allowedMembers, 
relationship) 

Changes the type of a task so that it can be shared between 
members. The resulting type will be a ReplicableTask that 
can be shared between at most allowedMembers 
members who compete or cooperate (depending on 
relationship). 

AssignTask(member-
id, task-id) 

Assigns a member to a task. If the task is atomic or was 
unassigned this member will be the one conducting the 
task; if the task is replicable or composable this member 
will perform some part of the task.  

AddNewMember(member-
id) 

Adds a new members to the VO.  

 
Let us now consider two examples based on the TravelBK VO, which was presented 
earlier in detail. Specifically the VBE management has decided that TravelBK has a 
big role to play during a big upcoming event, such as the Olympic games, but needs 
to adapt to cope with the demands.  
 

Scenario 1: More hotel beds are needed than the current provider can provide. The 
Olympic games will bring an influx of people who require accommodation. The 
current member responsible for the HotelProvision task has limited capacity and no 
other member can individually meet the expected demand, but each provider could 
contribute to the demand. The following reconfiguration policy makes the 
HotelProvision task shareable between up to 3 members; the allocation will be given 
to the cheapest one. 

policy MoreBeds appliesTo HotelProvision  
when NoMemberWithRequiredCapacityFound  
do MakeTaskReplicable(HotelProvision,3,[competition,cheapest])  

Scenario 2: One of the hotel partners has had a fire and had to withdraw their 
commitment. Sadly one of the hotels had a fire and cannot provide the promised 
accommodation. This is a kind of contract violation in the eyes of the VBE – clearly 
in business cases this happens and the VO is prepared to react to it as it has the 
following rule (this rule assumes that memberX is only involved in TaskY). Before a 
member can be removed the tasks assigned to that member need to be removed. The 
application of the rule might lead to a follow-on problem of a capacity or capability 
deficit (a capacity deficit was shown in Scenario 1 and capability deficits are similar).  

policy MemberQuits appliesTo memberX  
do UnAssignTask(memberX, TaskY)  

andthen RemoveMember(memberX)  

5   Related Work 

VO’s have been modelled using a number of generic modelling frameworks, such as 
UML, ERP or PetriNets. For example, in [3] a VO is modelled using the Vienna 
Development Method in five dimensions: membership, information representation, 
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provenance, time and trust. The formal model allows for analysis and verification. 
Our modelling language raises the level of abstraction to a point where it is possible 
to directly support notions and concepts that are paramount in the domain of VO such 
as members and resources. The use of UML stereotypes to achieve the same could be 
investigated, and indeed would be interesting to enhance our work with a graphical 
syntax – VO-R could then be expressed through graph transformation rules.  

Like our proposal, [12] allows tasks to be shared, however they only allow sharing 
of a task based on capacity whereas we allow sharing based on capabilities as well. 
Additionally we cover the effects of such sharing on the members and on the process 
model. Besides, [12] is based on Agent Technology whereas our work is at a higher 
level of abstraction than a platform or technology specific solution.  

The field of dynamic adaptability in general [7] is relevant. ASSL [13] in particular 
focuses on flexibility by providing a modelling language for autonomous systems. 
ASSL abstracts away from business level requirements of the system, however these 
are at the heart of VO modelling. More in the domain of VOs, the Arcon framework 
provides a reference model at an abstract level, while we attempt to make precise 
more of the structural and operational aspects of the VO and its reconfigurations.  

In many areas of computing policy languages have become widely accepted as a 
way of reconfiguring systems to cope with changes in the environment [13]. Often 
policy languages describe security or low level system management aspects [10]; at 
higher levels of abstraction the APPEL [1] policy language has been adapted for 
workflows, where it allows to insert and delete tasks [9]. For VO’s no such language 
currently exists but the presented reconfiguration language is a variant of APPEL.  

6   Conclusions and Future Work  

VOs capture organizations that are formed as relatively short lived consortia from 
other organizations. The ability to dynamically adapt to diversity in demands extends 
the lifespan and profit of VOs. In this paper we put forward a novel language to allow 
for modelling the structure and reconfigurations of VOs. VO-S allows to describe the 
structure of a VBE or a VO in terms of the key elements such as tasks or partners, 
while VO-R allows to specify rules that describe how a VO should adapt if asked to 
do by the VBE or if events occur from the VO’s environment that need to be 
addressed. The VBE might stipulate changes when it sees them as beneficial to the 
business; the environment might raise triggers e.g. a capability or capacity shortage.  

As reconfigurations are a core aspect of VOs, other approaches provide attempts at 
dealing with similar issues. Our approach is quite close to how real organisations 
behave in that we are providing a flexibility by allowing reconfiguration of tasks into 
a different task type by replication or decomposition. It is crucial to understand the 
changes as they can range from the VO architecture (its structure) to relationship 
between members and further more to changes in control and data flow. Existing 
work often focuses on replication of resources rather than on the members, however it 
is usual that new capacity or capability comes from new partners.  

Our modelling and reconfiguration is close to the business requirements as shown 
in the reconfiguration scenarios and the respective policies – the policy language is 
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intuitive and staff with business knowledge can write the required policies (actually 
the previous uses of APPEL in telecommunications were targeted at lay end-users).  

Finally, we have clearly separated changes that change the tasks and hence can 
have an affect on the goal of the VO from those that make it more competitive in its 
environment. Changes to goals are achieved by new VOs being created from the 
VBE, while the presented reconfigurations allow for adaptations that maintain the 
overall goal. This distinction is critical, as it allows specification of properties that the 
VO needs to achieve or preserve and ensure that these are indeed adhered to.  

In future work we will analyse whether VO-R can be lifted to the VBE level, to see 
if ‘changes’ to the structure that occur during the creation of new VOs can described 
in the same way (e.g. rules on selection of VO partners). Initial analysis shows that 
this is feasible, but will require further domain specific actions and triggers in VO-R. 
We will also consider performance modelling based on variants of VO-S models to 
understand the affect of VO-R rules on adaptability of the VO and more formal 
detection of conflicting rules, based on the formal semantics of APPEL [11]. These 
types of analysis will lead to an understanding that is useful for any VO.  

References  

1. Blair, L., Reiff-Marganiec, S., Turner, K.: APPEL: The ACCENT Policy 
Environment/Language. Technical report CSM-164. Department of Mathematics and 
Computer Science. University of Stirling (2005) 

2. Bocchi, L., Fiadeiro, J.L., Rajper, N., Reiff-Marganiec, S.: Structure and behaviour of 
virtual organisation breeding environments. In: Bryans, J., Fitzgerald, J.S. (eds.) FAVO. 
EPTCS, vol. 16, pp. 26–40 (2009) 

3. Bryans, J., Fitzgerald, J., Jones, C., Mozolevsky, I.: Formal modelling of dynamic 
coalitions, with an application in chemical engineering. In: Second International 
Symposium on Leveraging Applications of Formal Methods, Verification and Validation, 
pp. 91–98 (2006) 

4. Camarinha-Matos, L.M., Silveri, I., Afsarmanesh, H., Oliveira, A.I.: Towards a framework 
for creation of dynamic virtual organisations. In: Camarinha-Matos, L.M., et al. (eds.) 6th 
IFIP Working Conference on Virtual Enterprises PRO-VE 2005, pp. 26–28. Springer, 
Boston (2005) 

5. Camarinha-Matos, L.M., Afsarmanesh, H.: Collaborative Networks: Reference Modeling. 
Springer, US (2008) 

6. Cummings, J., Finholt, T., Foster, I., Kesselman, C.: Beyond being there: A blueprint for 
advancing the design, development, and evaluation of virtual organizations. Final Report 
from Workshops on Building Effective Virtual Organizaions (2008) 

7. Di Marzo Serugendo, G., Fitzgerald, J., Romanovsky, A., Guelfi, N.: A metadatabased 
architectural model for dynamically resilient systems. In: SAC 2007 (ACM Symposium on 
Applied Computing), pp. 566–572. ACM, New York (2007) 

8. Foster, I.: The anatomy of the grid: Enabling scalable virtual organizations. International 
Journal of Supercomputer Applications 15 (2001) 

9. Gorton, S., Montangero, C., Reiff-Marganiec, S., Semini, L.: StPowla: SOA, policies  
and workflows. In: Nitto, E.D., Ripeanu, M. (eds.) ICSOC 2007. LNCS, vol. 4907,  
pp. 351–362. Springer, Heidelberg (2009) 



 Modelling Virtual Organisations: Structure and Reconfigurations 305 

10. Lupu, E., Sloman, M.: Conflicts in policy-based distributed systems management. IEEE 
Transactions on Software Engineering 25(6), 852–869 (1999) 

11. Montangero, C., Reiff-Marganiec, S., Semini, L.: Logic-based conflict detection for 
distributed policies. Fundamenta Informaticae 89(4), 511–538 (2008) 

12. Norman, T.J., Preece, A., Jennings, N.R., Luck, M., Dang, V.D., Nguyen, T.D., Deora, V., 
Shao, J., Gray, W.A., Fiddian, N.J.: Agent-based formation of virtual organisations. 
Knowledge Based Systems 17 (2004) 

13. Vassev, E., Hinchey, M.: ASSL: A software engineering approach to autonomic 
computing. IEEE Computer 42(6), 90–93 (2009) 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 306–313, 2011. 
© IFIP International Federation for Information Processing 2011 

Towards a Theory of Collaborative Systems 

Donald Neumann1,*, Luis Antonio de Santa-Eulalia2, and Erich Zahn1 

1 Graduate School of Excellence for Advanced Manufacturing Engineering, 
University of Stuttgart, 

Keplerstr. 17, R10.027, 70174, Stuttgart, Germany 
{donald.neumann,erich.zahn}@gsame.uni-stuttgart.de 

2 UER Travail, Économie et Gestion, 
Télé-université, Université du Québec à Montréal, 

455 rue du Parvis, Québec, G1K 9H5, Canada 
leulalia@teluq.uqam.ca 

Abstract. High failure rates often observed in practice suggest that 
collaborative relationships are still not well understood. In this paper we 
investigate the nature of these relationships from second-order Cybernetics and 
Social Systems Theory perspectives. Thereby we develop a novel theoretical 
framework, the Collaborative System, which explains: 1. the organizational 
function of collaboration; 2. the system’s elementary operation; 3. its coupling 
mechanism; 4. the system autonomy and; 5. its ‘value’ creation mechanism. 
The proposed framework is innovative and has far reaching consequences for 
the understanding of different forms of collaborative relationships. 
Nevertheless, it raises a whole new set of questions yet to be explored. 

Keywords: Collaborative System, Interorganizational Relationships, 
Collaborative Networks, Cybernetics, Social Systems. 

1   Introduction 

In different forms, Collaborative Networks have been recognized as ‘the societal 
structure of the 21st. century’ [16]. At the heart of these networks is the interaction 
among organizations, the collaborative relationship, which we broadly define as a 
voluntary interaction among autonomous organizations that is not strictly based on 
economic transactions. 

Collaborative relationships are not a new phenomenon. They have been studied for 
almost 50 years, mainly under the labels ‘Hybrid Governance Forms’, ‘Supply Chain 
Management’, ‘Strategic Alliances’ and ‘Networks’, culminating with the recently 
proposed discipline ‘Collaborative Networks’ [4]. Although different benefits have 
been associated with interorganizational collaboration, high failure rates are 
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commonly recognized in practice1. This suggests that our understanding of 
collaborative relationships is still incomplete.  

Abstracting from specific forms of relationships, we set ourselves to investigate 
their nature. Therefore, we propose a novel explanatory theory: the Collaborative 
System. Our theory is mainly derived from the work of the great German sociologist 
Niklas Luhmann2 and is innovative in different ways. First, it is a new theory about 
interorganizational relationships. Second, it extends Social Systems Theory by 
suggesting that another type of system emerges from the relationship among 
organizations. Third, it constitutes a new unit of study, the Collaborative System, 
which is capable of observing and distinguishing itself from everything else. Fourth, it 
enables a completely new understanding of collaborative relationships, from which 
emerges great explanatory potential but also many questions. 

In section 2 we briefly present the main concepts of Social Systems Theory and 
Organizations. The Collaborative System is discussed in section 3. Two implications 
of our work, namely autonomy and value creation in Collaborative Systems, are 
discussed in section 4. Finally, section 5 concludes with some important questions 
that our theory raises. 

2   Social Systems and Organizations 

Recognizing communication at the heart of everything social, the theory of Social 
Systems addresses: i) how communication comes about and; ii) how complex societal 
structures emerge from different forms of communication. Composed of three 
selections: information, utterance and understanding [9, pp. 137-175], communication 
is an instantaneous event that refers itself to past communications and generates 
further communications: they are autopoietic3. Furthermore, a nexus of 
communications can only be maintained through selective relations among its 
elements. These selective relations are structured by expectations that constrain 
further operations. Such an ‘organized complexity’ can come about only through the 
system formation [9, p. 24]. Thus, social systems are boundary reproducing, 
operationally closed, self-referential and autopoietic systems, whose basal operation is 
communication [9]. Everything else besides communication belongs to the 
environment of these systems, for cells, people, thoughts and stones do not take part 
in the autopoietic (re-)production of communication. As Luhmann puts it: ‘only 
communication communicates’, (re-)producing the system’s boundaries, i.e. the 
difference between system and environment [9, p. 137-175]. Thereby social systems 
are autonomous and construct their own reality through internally developed 
structures. 
                                                           
1 For interesting remarks about benefits and problems of collaboration in different forms, please 

see [7, 8, 6, 15] and the references therein. 
2 In a life of work, Niklas Luhmann elaborated a coherent but intricate theory of society based 

on Parsons’ Social Systems, Second-Order Cybernetics, the concept of autopoietic Systems 
and evolutionary theory. For details see [9, 10]. 

3 As proposed by Varela, Maturana and Uribe in [18, p. 188], ‘the autopoietic organization is 
defined as a unity by a network of productions of components which (i) participate recursively 
in the same network of productions of components which produced these components, and (ii) 
realize the network of productions as a unity in the space in which the components exist’. 
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Interactions among people constitute the simplest social system [14, p. 93]. 
However, society also comprises other social systems, each one of them fulfilling one 
of society’s major functions, e.g. religion, science, politics, economy, arts, etc. [10]. 
These function systems developed their own operations and structures, but they are 
not capable of acting4. Another type of social system is therefore necessary: 
organizations.  

Organizations are social systems (re-)produced by the communication of decisions 
[11, pp. 45-56]. In a decision, a selection is communicated as a selection [1, p. 139]. 
Thus, decisions involve two selections: the (mostly implicitly communicated) set  
of alternatives and the selected one. By communicating these two selections, a 
decision absorbs uncertainty by: i) functioning as a unity, an instantaneous event that 
divides present time in past and future; ii) fixing the future, at least until further 
decisions change it, and; iii) enabling other decisions to refer to it as a decision 
premise [12, p. 396]. 

Because both the set of alternatives and the chosen one are contingent (i.e. they 
are neither necessary nor impossible), decisions are doubly improbable to become 
accepted [1, pp. 139-142], [11, pp. 123-151]. In order to overcome this problem, 
improving the probability of further (re-)production of decisions, organizations 
developed specific expectation structures called decision premises [11, pp. 222]. 
These premises are special types of decisions that, by constraining the set of possible 
decisions, reduce complexity [11, pp. 237]. There are nine types of decision premises: 
membership, communication pathways, decision programs, personnel, position, 
planning, culture, self-descriptions and cognitive routines5. Decision premises grant 
organizations the ability to observe and construct an individual reality, making sense 
of and giving sense to their environment [20]. Only thus they can recognize 
themselves as a dynamic boundary reproducing unity incapable of being divided, even 
though decisions are constantly being made and premises are constantly being 
changed. It is precisely the operational closure and its constructed reality that allow 
organizations to observe themselves as a ‘self’ in an environment [11]; only thus are 
organizations able to make sense of the environment and structure internal complexity 
to absorb uncertainty in very improbable ways.  

3   Collaborative Systems 

As a specific type of social system, organizations can communicate under their own 
identity. Therefore, organizations (alter6) situated in the organizational environment 
of ego are recognized as systems of the same type, as organizations, or alter-egos. Just 

                                                           
4 As in a conversation, the conversation per se cannot act, only participants can. 
5 For example, by deciding about membership organizations are capable of recognizing which 

decisions belong to them. Moreover, membership improves decisions’ acceptance, since 
contesting them might risk membership itself. A complete description of these premises can 
be found in [1, pp. 145-152] and [11]. 

6 Coherently with the social systems theory, we consciously abuse from the terms ‘ego’ to 
denote the focal organization, ‘alter’ to denote other organizations in ego’s environment and 
‘alter-ego’ to express that ego recognizes other organizations (alter) as systems of the same 
type as ego is. Nonetheless we do not restrict ourselves to the dyad. Alter is understood as any 
number of organizations in ego’s environment. 
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like ego himself, alter’s decisions are neither impossible nor necessary [12]. Thus, as 
an alter-ego, alter is identified by ego as a special source of contingency. 

This contingency is experienced by ego in two different ways. First, when 
organizations perceive external relations as resources, contingency is experienced as 
dependency. Second, if external relations are perceived as information, contingency is 
perceived as uncertainty [9, p. 184]. By deciding to interact with other organizations, 
ego interprets uncertainty and dependency as risks that derive from ego’s own 
decisions and affect its capacity to secure future necessities [13]. These risks offer 
guidance to internal goal oriented decision making. Organizations can deal with such 
risks in three different ways. 

First, they can improve the degree of internal ordered complexity deciding upon 
further decision premises. Such decisions create internal redundancies in the effort to 
reduce risks from environmental uncertainty and dependency7 [9, p.184].  

Second, if environmental conditions apply, organizations can decide to improve 
internal complexity through the integration of external ordered complexity. By 
acquiring other organizations, they ‘internalize’ sources of contingency, turning them 
into hostages of their own decision premises. However, by increasing quantity and 
variety of decision premises, either internally or through acquisition, organizational 
size and complexity also increase [11, pp. 307-311].  

Third, recognizing alter-egos in their environments, organizations can decide to 
interact with them trying to influence them in such a way that ego’s complexity and 
uncertainty are reduced. Thus, we propose:  

Proposition 1: A collaborative relationship has the organizational function of 
absorbing uncertainty and reducing complexity. 

 

Nevertheless only further decision premises can alleviate the pressure to select [1, pp. 
143]. Hence, ego can only reduce its uncertainty, complexity and risks by adopting 
alter’s decision premises as ego’s own decision premises. This requires that alter 
communicates to ego about it’s decision premises. In this context, we define:  

Definition 1: Commitment: a decision to communicate a decision premise. 
 

When alter commits to ego, alter communicates a decision (as a decision) to 
communicate about its decision premises to ego. If this commitment improves the 
probability of ego choosing some decisions among others, it reduces ego’s necessity 
to select, thus structuring ego’s decisions and reducing complexity. It is interesting to 
highlight that alter’s commitment hence reduces ego’s complexity. Three different 
forms of committing exist: a. communicating the commitment - e.g. the 
communication of the decision to disclose an internal process; b. communicating the 
decision premise itself - e.g., the partner’s actual communication of an internal 
process (a decision premise), and; c. acting - e.g. the partner’s investment in a 
relationship specific asset (e.g. buying a machine) for a collaborative process. This 

                                                           
7 Examples of these decisions are building up stock, redundant suppliers, diversification and 

phantom orders. But by trying to reduce uncertainty through internal decision premises, the 
environment might also be affected, originating undesired ‘side-effects’, e.g. the Bullwhip 
Effect. 
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action communicates both the premise (the asset) and the commitment (the decision to 
communicate it). 

Differently from creating redundancies through further internal decision premises 
or acquisitions, commitments allow ego’s reduction of complexity through alter’s 
premises. Consequently, we propose:  

Proposition 2: In a collaborative relationship, partners’ commitments are necessary 
and sufficient to reduce organizational complexity. 

 

Less abstractly, this proposition implies, for example, that what is commonly known 
as ‘collaborative synergy’ (e.g. performance improvement) is only possible if (or, it is 
necessary that) each organization uses its partner’s decisions (premises) to guide their 
own decisions (i.e. to make them ‘better’). On the other hand, structuring internal 
decisions through partner’s premises also comprises risks. As future remains 
unknown, further structuring decisions can become a hindrance (commonly known as 
lock-in effect or path dependence) if environmental and systemic conditions change; 
that is why proposition 2 states that commitments are necessary and sufficient only to 
reduce complexity (the pressure to select). Nonetheless, complexity reduction does not 
necessarily improve performance. 

Being decisions, commitments always communicate along their parasite 
contingency. Differently stated, alter’s commitment grants ego the possibility of 
reducing complexity, even though alter could have decided otherwise. Thus, a single 
commitment can be interpreted as an act of altruism. Yet, by committing to ego, alter 
also expresses an interest about ego’s own commitment, since this is the only way in 
which ego can benefit from the interaction. Hence, each commitment generates an 
expectation about further commitments. Moreover, when ego commits himself too, 
past commitments constrain the set of possible further commitments, i.e. 
commitments always refer back to past ones. Ego commits back based on its 
expectations about alter’s expectations for further commitments. In simple words: 
‘you gave me your forecasting plans, so I assume thereby you expect higher service 
levels!’ Hence commitments structure themselves, self-referentially restricting the set 
of further possible commitments. Joining proposition 2, self-reference and expectation 
structures, commitments (re-)produce themselves in an operationally closed nexus: 
they are autopoietic operations and constitute a social system. This leads us to our 
third proposition:  

Proposition 3: A collaborative system is a (self-referential, operationally closed and 
autopoietic) social system composed of commitments. 

 

Commitments are the medium of communication by which collaborative systems 
couple organizations in a specific way: they become decision premises for the 
organizations involved. Thereby, collaborative systems are necessary and sufficient 
for collaborative relationships to fulfill their function. Furthermore, operational 
closure grants collaborative systems the possibility of constructing their own reality 
and identity, which can be interpreted as the semantic differentiation of ‘us’ and ‘our 
relationship’ from ‘you’ and ‘me’. It also explains how and why different semantics 
and identities emerge among different collaborative relationships, even when the 
organizations involved are the same. 
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4   Implications 

Different implications can be derived from collaborative systems, from which we 
briefly discuss 1. autonomy and 2. value creation8. 

1. Autonomy. Operationally closed systems are autonomous [19]. In such systems, 
internal order emerges without centralized control. Consequently collaborative 
systems cannot be controlled; as neither alter, nor ego can control a conversation [9, 
pp. 404-436], organizations cannot control a collaborative system. They can only 
irritate, stimulate or destroy it. Furthermore, collaborative systems cannot be 
engineered, deployed, installed or achieved, since they are part of the organization’s 
social dimension. This is a much more modest view of collaborative relationships 
than often encountered in literature. Moreover, it suggests that high failure rates can 
be the result of the misunderstanding of collaborative relationships as a sort of single-
sided controllable input-output system. 

Operational closure implies that collaboration can only come about through 
commitments. This apparently tautological expression hides the profound implication 
that social and network capitals are only ‘useful’ in a collaborative setting when they 
are translated into commitments embedded within a system. Organizations can only try 
to influence collaborative systems through further commitments and nothing more; 
everything else is external to the system, which autonomously observes and interprets 
through its own constructed reality or ‘logic’. This closure explains why self-enforcing 
safe-guards contribute to relationships, while contracts and the extensive use of power 
do not [5]. While self-enforcing safe-guards are ‘commitments par excellence’, by 
using power ego communicates the unwillingness to commit himself, even though it is 
forcing alter to commit. The extensive use of power frustrates expectation structures 
and results in commonly related disadvantages for relationships. 

2. Value Creation. Value is a common buzz word that draws, by itself, no clear 
distinction (see, for example, the definition offered in [3]). Examples of its possible 
meanings are utility, share holder value, societal values, etc. In spite of the lack of 
consensus about the its definition, ‘value’ always denotes a form of observation. By 
marking something as valuable, a system indicates something capable of improving 
the probability of continuation of a system. This probability of continuation can only 
be achieved through uncertainty absorption and the emergence of boundary setting 
structures [9, Chap. 3 and 5]. 

In a collaborative relationship, commitments are the only mechanism capable of 
absorbing uncertainty. Thereby commitments have the potential for improving 
viability (or creating ‘value’), independently of the specific definition of value. By 
assuming partner’s commitments as premises, organizations can improve decision 
making, because 1. only specific alternatives must be evaluated; 2. partner’s behavior 
can be better predicted, and; 3. decisions can be adapted to partner’s decisions. 
Nevertheless, even though this potential might be realized, such that resulting 

                                                           
8 Unfortunately, space requirements restrict the exploration of the full potential of this theory. 

Nonetheless, it is important to highlight that it opens the possibility of applying established 
social systems techniques, as the ones described in [2], to the analysis of collaborative 
relationships, significantly augmenting the potential of knowledge generation. 
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decisions improve system’s continuity (they are ‘more valuable’), uncertainty and 
complexity reduction does not imply the creation of ‘value’ in a specific sense. For 
faster and to the partner better adapted decisions can still became worse decisions if 
environmental conditions change. Thus, the collaborative system is a necessary but 
not sufficient mechanism for value creation in the collaborative relationship. For 
sufficiency is a much more complex matter, which also depends on content and, 
therefore, belongs to a future discussion. 

5   Conclusions and Future Work 

Based on Systems Theory we developed the theoretical background of Collaborative 
Systems, whose main contributions are: 1. by recognizing collaborative relationships 
as boundary setting autopoietic systems, it is a new theory about interorganizational 
relationships; 2. it extends Social Systems Theory; 3. it explains the coupling 
mechanism between organizations; 4. it is not restricted to interfirm relationships, but 
it is equally valid to interorganizational ones; 5. it offers support to change the 
common view of collaboration as a strategy or an input-output system to a more 
realistic, social founded, but modest, view; 6. it opens a wide horizon for application 
of established social system techniques to collaborative relationships; 7. it suggests a 
new clear-cut unit of study: the collaborative system, and; 8. it offers a strong social 
systemic foundation that can support and inspire further developments of reference 
models, such as the ‘value systems’ described in [17, 3]. Together, these contributions 
can account to a whole new set of theoretical and practical insights about 
collaborative networks. For example, by analyzing how the flow of different types of 
commitments on time constitute the identity, expectations, past, present, future and 
‘success’ of the system, new knowledge about the role of contracts, trust, governance, 
coordination processes, ‘value’ creation and organizational culture might be 
developed. Nonetheless, this work is only the first theoretical sketch that opens up a 
wide horizon of possibilities for further examination. Much research effort must still 
be invested in detailing it and in understanding how this theory relates to other 
commonly cited theories of collaborative relationships (e.g. Institutional Economics, 
Resource-Based View, Game Theory, etc.).  
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Abstract. Dynamic virtual organisations (VOs) can arise in situations in which 
it is critical that they continue to operate, even in sub-optimal environments. 
Models of information flow in dynamic VOs are therefore needed in order to 
permit the rigorous verification of resilience properties before commitments are 
made to implementation. This paper proposes a refinement-based modelling 
approach for the design and analysis of VO policy resilience. The approach is 
demonstrated by using the refinement-based formalism Event-B to model a VO 
structure, commonly referred to as the Bronze/Silver/Gold structure that 
frequently arises in multi-agency response to emergencies. Machine-assisted 
proof is used to compare the validity of alternative information flow policies in 
Bronze/Silver/Gold when a fault is induced in the VO structure.   

Keywords: Information Flow Policies, Refinement-based Modelling, Event-B, 
Emergency Response, Verification. 

1   Introduction  

Advances in networking technology have made it possible to establish virtual 
organisations (VOs) of collaborating entities that together enable new capabilities and 
services that cannot be achieved by the constituent systems alone [1]. In our work, we 
are particularly concerned with dynamic VOs whose membership, structure and goals 
may change during the life cycle [2] in response to changing circumstances, and 
particularly faults or malicious attacks. Dynamic VOs bring significant societal and 
business opportunities by offering, for example, more agile multi-agency emergency 
response, or coordinated management of resources such as energy. 

In order to take advantage of the opportunities presented by dynamic VOs, it is 
necessary to address the challenges that stem from their complexity and 
heterogeneity. These include managing the complexity of the behaviours and 
interactions between participants, managing access to resources, and communicating 
effectively between diverse stakeholders. Furthermore, as VOs become established 
and reliance is placed on them, it becomes vital to have methods and tools that 
support the validation of properties such as safety or security, and the resilience of the 
VO in maintaining these properties in the face of failures or malicious attack.  

To gain confidence in a VO’s resilience, it is paramount to have a precise model of 
its architecture, the resources, functionality and behaviour of the participant systems, 
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infrastructure, and environment [3]. Models support “trade-off” analysis of alternative 
designs at early development stages, and the precise determination of the contract 
(rights and responsibilities) that exists between each participant and the VO. Further, 
the models themselves can assist communication between the diverse stakeholders.   

The goal of our research is to provide models and analysis techniques that can be 
used to support the comparative analysis of alternative VO models, architectures and 
policies. We use formal modelling notations in order to take advantage of the analytic 
techniques underpinning these notations, including proof and model-checking. Rather 
than attempt to prove the properties of a complex VO in a single attempt, there is a 
strong case for managing the verification as a series of refinement steps starting with 
a highly abstract description embodying the desired properties of the VO. From this 
abstract model, detail can be added step by step, with each incremental refinement 
being verified.  

The contribution of this paper is to demonstrate the viability of a refinement-based 
approach to the modelling and verification of information flow within VOs and to the 
analysis of alternative VO policy models with respect to resilience. We describe the 
relevant state of the art in formal modelling of VOs (Section 2) and introduce our 
proof-of-concept study based on real major incident response procedures in the 
London area (Section 3). We present a refinement-based model of this VO in Section 
4, focussing on response to serious communications failure. Finally we draw 
conclusions from the modelling approach and discuss further work (Section 5).  

2   Formal Modelling of Virtual Organisations 

Although there is a perception that formal engineering methods are “very hard to 
apply” [3], improvements in tools and automation are leading to their increased 
successful deployment on an industrial scale [4]. Their major benefit is in reducing 
risk in the development of complex systems such as VOs by allowing early detection 
and elimination of defects and bottlenecks through the analysis of formal, abstract 
models using static analysis techniques such as proof and model-checking.  

Several characteristics of dynamic VOs – operational and managerial 
independence of participants, heterogeneity and dynamic change – make the formal 
modelling of VOs a challenge. A truly comprehensive framework would require 
abstractions to describe functionality, concurrency, distribution and mobility but few, 
if any, formal methods currently handle all these features successfully.  

Although the formal modelling of VOs is in its infancy, useful models of specific 
aspects of VOs are being constructed. Recent examples include: the use of the model-
oriented formalism Z combined with the CSP process calculus to describe identity 
management problems [5]; a formal operational model for VO creation [6]; and 
‘infrastructure-agnostic’ formal models of business VOs and Virtual Breeding 
Environments [7]. The Vienna Development Method (VDM) has been used to model 
dimensions of VOs with respect to information flow, including structure, 
membership, responsibility and provenance [8], consistent with (sub-)dimensions 
identified by [3]. However, the VDM models are only analysed by means of 
simulation [9], since proof support for VDM is not yet well supported by tools. The 
Event-B formalism manages the complexity of proof by structuring models as chains 
of machines linked by refinement relations, and is well supported by proof tools. 
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Further, Event-B has been demonstrated as a viable basis for modelling conflicts of 
interest within VOs [10], as well as QoS parameter negotiation [11].  

Most work on formal modelling of VOs has concentrated on the description of 
normal behaviour, and not faults, accidental or malicious. Error detection and 
recovery can complicate VOs considerably, increasing the risk of design errors, and 
we expect that formal models could assist the developer of VO policies to assess the 
impact of faults and the suitability of resilience mechanisms.  

The study in this paper aims to investigate the feasibility of using a refinement-
based formal method to analyse the resilience of VO structures in advance of 
deployment. We use Event-B because of its tool support for proof, and its ability to 
represent the information flow characteristics of a VO. We model a VO that provides 
opportunities to explore abnormal behaviour because it exists in a volatile 
environment that may disrupt its operation. We describe the case study in Section 3 
and its refinement-based model, including disruption and recovery, in Section 4.  

3   Bronze-Silver-Gold: The London Major Incident Procedures 

Our case study is based on the London Emergency Service Liaison Panel (LESLP) 
manual [12], which summarises procedures and responsibilities of the emergency 
services (e.g., police, fire, or ambulance) in response to a major incident. Activities 
governed by the manual include rescue and transport of casualties, coordination of 
resources, and handling release of information to the media.  Once a major incident is 
declared, a VO (which we term a coalition) is formed by the services.  

The LESLP manual covers many aspects of the coalition life cycle, but we focus 
on the structural and information flow aspects. These are vital to the successful 
functioning of the coalition, particularly in managing the release of accurate 
information, for example regarding the number and location of casualties.   

A typical response coalition contains several levels of command: referred to as 
bronze, silver, and gold (B/S/G). Each service has members working at each level, so 
we may refer to “Bronze Police” or “Silver Medic”. Silver and Gold commands work 
in inter-agency coordinating groups. Bronze implements tactics defined by silver. 
Silver formulates tactics to be adopted by each service following strategy determined 
by Gold. Gold command, geographically distant, contains the service commanders.  

Agents at a common level may communicate freely, but between adjacent levels 
communication is only between agents of the same service.  Information flow out of 
the coalition is subject to several alternative policies.  Certain information may be 
independently released to the media by an individual service, but casualty figures 
must be cleared by Gold Police.  In our case study, we model an alternative 
information clearing policy in which all members of the Gold co-ordinating group 
must clear information for release.   

4   Refinement-Based Event-B Modelling of Information Flow 

An Event-B model [13] is a series of machines, each (apart from the first) linked to its 
predecessor by a refinement relation.  A machine contains variables modelling state 
information, invariants (labelled inv) which constrain the variables, and events which 
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change the state. An event has guards (labelled grd) which must be true for the event 
to occur, and actions (labelled act) which change the values of state variables. Each 
machine may have associated carrier sets held in a context visible to the machine.  

For each step in the refinement chain, a refinement relation links the variables in 
the abstract model with those in the concrete model, and is defined by gluing 
invariants. Adding a machine or a refinement step generates proof obligations to 
ensure the consistency of the machine and the validity of the refinement.  For 
example, the invariant preservation obligation ensures that invariants hold after an 
event occurs. An event in the concrete model refines an event in the abstract model if 
the concrete guards imply the abstract guards, and the variable states reached after the 
occurrence of the concrete and abstract events are linked by the gluing invariants. 

Proof obligations are generated and in some cases proved automatically by the 
Rodin tools [14]. Those that are not proved automatically may be discharged by the 
developer with the help of the theorem proving interface.  Proof obligations may be 
impossible to prove, in which case the model is inconsistent and should be corrected. 
Models which are proven consistent are said to be machine-checked.  

Section 4.1 outlines a normative model of the B/S/G coalition1, including a policy 
governing the flow of information into, through, and out of the coalition. An 
additional step refines this policy by distributing responsibility for executing it across 
several coalition agents.  Both policies are machine-checked. The model is then 
extended with an event modelling the loss of a coalition level, and the policies are re-
examined with respect to this enhanced model in Section 4.2.   

4.1   Normative Coalition Model and Information Clearing Policies 

The model has four levels of abstraction.  The most abstract machine treats the 
coalition as a single entity. The second machine introduces the B/S/G architecture, 
and the third machine realises this architecture in terms of individual agents. These 
model a centralised information clearing policy, in which all Gold members 
simultaneously clear information for release, for example at a joint meeting. 
Information is learned, cleared for release, and released in separate, atomic events. In 
the fourth machine, this policy is refined into a set of actions distributed across 
members of Gold to give a distributed information clearing policy in which 
information is ready for release when it has been cleared by all members.   

inv1: known, cleared, released ⊆ INFO 
inv2: released ⊆ cleared  

LearnNewInfo(i) ≡  
  grd: i ∈ INFO 
  act: known := known ∪ {i} 

ClearInfo(i) ≡  
  grd: i ∈known 
  act: cleared :=cleared ∪ {i} 
 
ReleaseInfo(i) ≡  
  grd: i ∈cleared 
  act: released := released ∪ {i}  

Fig. 1. Learning, clearing and releasing information at the coalition level 

                                                           
1 The models used in this paper are available at  
   http://deploy-eprints.ecs.soton.ac.uk/ 



318 J.W. Bryans, J.S. Fitzgerald, and T. McCutcheon 

Let INFO be the set of all information. At the initial level, sets of the known, 
cleared for release and released information are given as global variables.  Learning, 
clearing and releasing of information are represented by events.   Here, the Event-B 
model is shown in abbreviated form. inv2 in Fig. 1 is a key security property of the 
information flow policy: only cleared information may be released.  

The B/S/G structure is given by the intermediate machine, part of which is shown 
in Fig. 2. Bronze, Silver and Gold are defined as members of a carrier set ELEMENT. 
The coalition variable records the levels currently in the coalition, and coal_known 
records the information known at each level (inv2). Separate events describe the 
creation of a coalition at Bronze level and addition of Silver and Gold in ascending 
order, as envisaged in [12].  Communication takes place only between adjacent levels. 
For this study, we consider a policy whereby only Gold can clear information for 
release (ClearInfoGold).  The information must be known by Gold (grd1) and not 
previously cleared (grd2). In ReleaseInfoGold, grd3 ensures that information may be 
released only after it is cleared.  

The next level introduces agents. An agent’s service (Police, Fire or Ambulance) 
and level are given by the functions service and element respectively. The relation 
info gives the information known by individual agents (inv1 in Fig. 3). inv2 and inv3 
are the gluing invariants between info and coal_known.  They ensure that 
information known by an agent in info must be known at the level of the agent in 
coal_known and vice versa. ClearInfoGoldAllElements is the atomic clearing event 
in this machine. 

inv1: coalition ⊆ {Bronze, Silver, Gold} 

ClearInfoGold(i) ≡  
  grd1: i∈coal_known[{Gold}] 
  grd2: i∉cleared 
  act1: cleared :=cleared ∪ {i} 
 

inv2: coal_known ∈coalition ↔  INFO 

ReleaseInfoGold(i) ≡  
  grd1: i∈coal_known[{Gold}] 
  grd2: Gold ∈coalition 
  grd3: i ∈cleared  
  act1: released := released ∪ {i}  

Fig. 2. The architectural-level machine 

inv1: info ∈AGENT ↔  INFO 
inv2: ∀ i,ag • ag ∈dom(service) ∧ i∈ info[{ag}] element(ag) i ∈  coal_known 
inv3: ∀ lvl,i • lvl∈dom(coal_known) ∧ lvl i ∈  coal_known  
                                  (∃ ag• ag∈dom(element) ∧ element(ag)=lvl ∧ ag i ∈ info)  
 
ClearInfoGoldAllElements(i) ≡  
  grd1: element~[{Gold}] ≠ {}   
  grd2: ∀ a • (a ∈dom(element) ∧ element(a)=Gold) i ∈  info[{a}] 
  grd3: i∉cleared  
  act1: cleared = cleared ∪ {i}  

Fig. 3. The agent-level machine 
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The fourth machine refines the centralised clearing policy into a distributed one (Fig. 
4). Any services represented at Gold individually clear information for release (event 
ClearInfoService), and when all services represented at Gold have cleared 
information, it can be cleared by the coalition (event ClearInfoGoldDistrib).  We also 
include the consistency invariant (inv1) between the information cleared by the 
coalition as a whole (variable cleared) and the information cleared by each service 
(variable serviceCleared). This records the intuition that all information cleared by 
the coalition must have been cleared by all members of Gold. This requires a change 
to the event which adds an agent to the coalition:  if an agent joins Gold it must agree 
with the information clearing decisions already made by the coalition. 

inv1: ∀ ag •  ag ∈dom(service)  
             (element(ag)=Gold   cleared ⊆ serviceCleared[{service(ag)}]) 
 
ClearInfoService(ag,i) ≡  
  grd1: ag ∈dom(element) 
   grd2: element(ag) ∈Gold 
   grd3: i ∉serviceCleared[{service(ag)}] 
  act1: serviceCleared :=serviceCleared ∪ {service(ag) i} 
 
ClearInfoGoldDistrib(i) ≡  
  grd1: element~[{Gold}] ≠ {}   
  grd2: ∀ a • (a ∈dom(element) ∧ element(a)=Gold) i ∈  info[{a}] 
  grd3: ∀ a • (a ∈dom(element) ∧ element(a)=Gold) i ∈serviceCleared[{service(a)}] 
  grd4: i∉cleared  
  act1: cleared = cleared ∪ {i} 

 

Fig. 4. The distributed clearing policy 

4.2   Analysis of Policy Resilience 

A significant risk to the coalition is the loss of a command layer, for example through 
communications failure.  We consider the case where Gold is lost and must be 
replaced by a new set of agents, and the effect this has on the centralised and 
distributed information clearing policies. Since it is possible that the level lost was the 
sole holder of certain information, possible information loss must be included at each 
abstraction level in the model. In the first machine, this is modelled by the event 
LoseInfo (Fig. 5). We do not give the event in the intermediate machine. The event 
which models the loss of an entire level of command in the third machine is 
RemoveLevelTotal.   

All obligations resulting from the addition of these events can be proved, although 
three extra invariants are required in the third machine.  However, the distributed 
clearing policy causes a problem:  it is now impossible to prove inv1 in Fig. 4.  The 
offending event is CreateGold. If Gold has been lost and is being recreated, we 
cannot show that the agent re-forming Gold belongs to a service that is prepared to 
clear all information that has been cleared by the previous instantiation of Gold.     
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LoseInfo(inf) ≡  
  grd: inf ⊆ INFO 
  act: known := known \ inf 
 
 
 

RemoveLevelTotal(lvl) ≡  
  grd1: lvl ∈ran(element) 
  act1: coalition := coalition \ {lvl} 
  act2: service := element~[{lvl}]     service 
  act3: element := element~[{lvl}]     element 
  act4: info := element~[{lvl}]    info  

Fig. 5. Removing a level of command 

Investigation of the failed proof, offending event and consistency invariant 
suggests several ways forward.  The policy could be extended to require that an agent 
re-forming Gold agrees with all previous clearing decisions. This would entail 
altering the event CreateGold. Alternatively, the consistency requirement between the 
two policies could require that any released information was once cleared by all 
services that made up Gold. This would entail maintaining a record of the 
membership of Gold at all times, and the information cleared by each Gold grouping. 
A further alternative is to treat the creation of Gold as different from its recreation, 
and the set of information cleared by the coalition could be reset to empty.  The 
choice between these alternatives would rest with the policy developer and 
stakeholders.  The advantage of the formal model is that the precise cause of the 
inconsistency is quickly identified and can be communicated to stakeholders, along 
with the avenues for re-design.   

5   Discussion 

This paper has shown how a formal model of a virtual organisation can provide a 
good basis for an analysis of the information flow policy of the organisation.  When 
potential defects came to light, several options for alternative designs were readily 
identified.  

Many topics are open for further research.  Extensions to the model are possible, 
such as considering the response to multiple intersecting crises.  The information 
model could be refined to include, for example, policies for handling classified 
information. Modelling the roles and the associated responsibilities of the agents 
would also lead to richer possibilities for policy analysis, including policies other than 
information flow.  Many emergency response coalitions are much more ad-hoc than 
B/S/G, and looking at ways to model these less structured ways of dealing with 
complex crises is also of interest,  including ways to integrate formal and semi-formal 
approaches [3,15].  
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Abstract. The ever-increasing need for flexibility of business collaborations 
that ultimately involve a large number of virtual enterprises puts demands on 
their design. Competitive markets require the collaborations to be highly agile, 
effective, and efficient. This paper defines Internet scale virtual enterprise 
collaborations (ISVECs) as well as their characteristics. We further present a 
process modeling method for Internet-based virtual enterprise collaborations. 
An end user process modeling language of ISVECs and a meta-model of the 
language are provided. Finally, we demonstrate how the method and language 
are used. 

Keywords: Internet scale business process, Business process modeling, Virtual 
enterprise process collaboration, Web-scale workflow. 

1   Introduction 

In recent years, the service-oriented architecture paradigm has provided an easy 
approach to software development. Virtual enterprise systems are increasingly 
depending on and functioning as driver for the development of large scale distributed 
applications by reusing services [5]. 

Internet scale virtual enterprise collaborations (ISVECs) are business 
collaborations among virtual enterprises. This normally involves great numbers of 
services available through the Internet. These services should be annotated with 
semantic descriptions enabling dynamic selection, resource binding, and verification. 
As the services are provided by different providers, there is a strong likelihood that 
some of these services are modified, substituted, or disappear. Different versions of 
the services may include different features or have incompatible semantics. The 
services can be invoked from outside their own infrastructure, i.e. from a business 
partner’s site. The semantic annotations can help detecting these changes and provide 
an early warning when the changes are incompatible. 

Internet scale virtual enterprise collaborations are possible due to service that exist 
both inside and outside a virtual enterprise. Any ISVEC architecture should be a 
service-based development approach with a range of services that represent 
capabilities across a wide variety of domains. 
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As a business environment changes rapidly, the ability to set up a collaborative 
business process in a virtual enterprise is desirable [8]. Collaborative business 
processes are increasingly driven by business agility, adaptability, and flexibility, 
particularly in a virtual enterprise environment. There is increased pressure to build 
enterprise applications quickly in order to respond to situational needs of the business.  

In this paper, we deal with lightweight business process modeling issues. We start 
with a motivating example. We define a lightweight business process modeling 
language and provide its meta-model. The paper also uses the lightweight business 
process modeling language to model a motivating example. Finally, conclusions and 
future research are presented. 

2   Motivating Example: Internet Moving Services (IMS) 

As a motivating example we introduce a hypothetical international moving service. 
An international moving service aims to facilitate international relocations in various 
ways. These services go beyond moving items and can include things such as visa 
applications and assistance in finding a new residence. In brief, the goal of 
international moving services starts with helping customers to find moving companies 
and request quotes, but extends to many aspect of managing an international 
relocation. A very brief, incomplete and abstract description of the various services 
offered by an international moving service includes: 

• Find moving companies: compare the services of international movers by 
requesting free quotes for the customer; provide moving tips, and information 
documents needed for international moving such as official government customs, 
visa and immigration, health, weather, etc. 

• Travel arrangements: find cheapest tickets and/or car renting in both places of 
departure and destination if needed. 

• Temporary stay arrangement: find hotels or holiday/serviced apartments in both the 
departure location and the destination if needed. 

• Home search: pre-select properties according to client requirements such as 
proximity to a childcare centre and provide neighborhood guide which contains 
information on doctors, shopping, schools, leisure activities etc. 

• School/childcare search: provide explanation of the local education system, options 
including public, private and international schools, provide information on pre-
school options including nurseries, toddler groups and other childcare facilities, 
provide list of possible schools, childcare or other facilities relating to the home 
search area. 

• Settling-in services: advice on banking systems, provide information on insurance 
of health, home, car etc., and advise on importing a car into the destination if 
applicable. 

• Leaving assistance: arrange property hand-back or sale, close utility accounts and 
arrange final bills, and manage property if client leaves before end of tenancy. 

We have found the following available Web services, feeds, widgets, and mashups 
from websites like syndic8.com and programmableweb.com. A list of available feeds, 
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Web services, widgets, gadgets, mashups that can be used as components in 
implementing the example: 

1. Moving company feeds from 123movers. 
2. Moving tip feeds from 123movers.  
Both Feeds 1 and 2 can support the service of “find moving companies” 
3. SmartTravelDeals: publishes the best travel deals on the web. It publishes current 

travel offers to worldwide destinations and connects users to the direct booking 
path.  

4. Hotwire Travel-Ticker Deals: connect with more than 10,000 travel companies.   
The deals can be sceached by destination, theme, dates, or price. 

Both API 3 and 4 sustain the service of “travel arrangements” 
5. Cleartrip Hotel API: provides booking for flights, hotels and trains, as well as 

other travel services across the world. 
6. Active.com Camping API: provides access to campground data for 97% of the 

US and Canada's national and state/provincial parks. 
7. HomeFinder.com connects home buyers, sellers and real estate professionals 

through local newspapers' online real estate section. 
8. ImmobilienScout24 API provides rental listings, house listings, and building 

construction information from Germany. 
9. PeekaCity API: using google street view for neighborhood amenities which is 

used primarily by real estate agents as a service to their customers (currently in 
Chicago and Dallas/Fort Worth).  

10. Easy one loan and home values: mashup of zillow and yahoo maps as supplement 
to on-line mortgage service. 

Above five APIs can be included to implement the service of “temporary stay 
arrangement”; API 5,7,8, 9 and 10 can be used for the service of “home search”. 

11. Child care finder mashup: find babysitters, nannies, and other care options 
visually with google maps 

12. California school finder mashup provides information such as, the school 
rankings, course offerings, and other details. 

13. Feed Childcare position offered in France. 
14. Feed Childcare position wanted in France 
Above API 9, Mashup 11 and 12, and Feed 13 and 14 can be applied to implement the 
services of “school/childcare search”. 
15. NHS Choices has created a set of web services to allow approved partners to 

interact with the service, free of charge. 
16. Patient Opinion is a UK organization that collects patients' opinions about heath 

care and treatments they have recently received. 
17. Hospital Compare API allows developers to get various hospital information like 

addresses, mortality rates, prices for operations and other hospital-related data.  
18. Monster Web Services Toolkit API allows users to publish job ads to the 

Monster.com job search and placement service. Monster service includes job 
seeking, career management, recruitment and talent management products and 
services. 

Above APIs and Mashups are useful for the “settling in service”. 
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19. Home value calculator: uses zillow data to calculate the value of single family 
homes in the U.S. Small widget suitable for placing on your google home page. It 
is a useful mashup for the service of “leaving assistance” 

In this example case, it will be expensive and difficult to build a traditional workflow 
system to support the business process. Doing so would mean that either all 
information would have to be known in advance or an interface would need to be 
provided to add information to the traditional workflow solution. Few relocations 
would be exactly alike even though aspects could be shared. The dependences are 
various, such as finding a home close to the best school or the available childcare, 
find the good schools close to the home address. It would however be handy for a 
business process mashup solution, specially, if automatically invocation of needed 
feeds, Web services, etc. and execution processes are supported. The different 
processes of IMS can be implemented by different process instances. Users (i.e. 
owner of IMS) may only need to edit the certain processes to be able to meet all 
requirements from new customers. 

3   Meta-Model of the ISVECs Language 

In this section, we introduce the meta-model of the ISVEC language which the end 
users can use it to establish the business processes mentioned in Section 2. The 
notations of the ISVEC language are presented in Figure 1. Eight symbols are adopted 
from BPMN [1]. The choice of BPMN as basis is motivated by its wide acceptance 
within the business world. Other alternatives may offer different advantages for 
different user groups. The ISVEC language is based on workflow patterns [8]. 
Adoption of different notations should not change the semantic of the languages.  

Since the process model is finally mapped into concrete services, we introduce new 
notations in the form of goals, which will allow business users to define abstract and 
user-friendly processes. Goals are the representation of an objective in which 
fulfillment is sought through the execution of a possibly complex service. The goals 
are always associated with an activity or process. We define two types of goals: 
atomic goals and composite goals. Atomic goals are associated with a single concrete 
Web service or computing resource, involving just one step of computation. 
Composite goals involve other simpler subgoals for fulfillment. In practice, if a 
process or activity is a process associated with a complex goal then the process or 
activity is fulfilled by achieving other goals, or invoking composite concrete Web 
services or computing resources. Hence, there are, in total, ten notational symbols 
within our lightweight process modeling language. This minimal subset of notation 
means a user will have reduced learning, whilst, we contend, still providing sufficient 
expressive power. 

 

Fig. 1. Notations of Lightweight Process Modeling Language 
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Fig. 2. Meta-model of Lightweight Process Modeling Language 

Figure 2 provides a meta-model for the control flow of the lightweight process 
modeling language. The meta-model describes the relationships among all elements 
within the process model, namely ‘start’, ‘end’, ‘activity’, ‘sequence flow’, ‘exclusive 
gateway’, ‘parallel gateway’, ‘inclusive gateway’, ‘atomic goal’, and ‘composite 
goal’. An abstract concept ‘gateway’ is used as a super set of three gateways. An 
‘atomic activity’ is the smallest unit of activity, e.g., a concrete Web service or a 
computing resource. A ‘composite activity’ consists of several other activities, either 
atomic or composite. An ‘activity’ is either an ‘atomic activity’ or ‘composite 
activity’. The terms ‘process pattern’ and ‘process template’ are explained [8], and 
‘flow object’ in the figure represents a process model. We separate ‘non sequence 
flow object’ from ‘sequence flow’, to ensure the alternating ordering of ‘sequence 
flow,’ i.e., arrows and other objects, and thus avoid the situation where two ‘sequence 
flow’ elements link directly to each other. 

4   Model of the Motivating Example 

An overview of the services for Virtual Enterprise-Internet Moving Services (VE-
IMS) can be found from Figure 3. Being a VE-IMS, the payment, CRM, and 
bookkeeping functions that should be included for being a normal business are 
sourced from third parties. However, we only concentrate here on the VE's core 
business processes. General business related processes are not discussed here. 

Because of the various requirements from its customers, the services provided by a 
VE-IMS are dependent on the particular situation of its customers. Different customers 
require a different process. This process is supported by a special-purpose piece of 
software, which we call an business process mashup, with particular services, processes 
or activities. In addition to the added capability, new business process mashup can 
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Fig. 3. Meta level services of the VE-IMS 

  

Fig. 4. Subprocess of finding a moving company 

 

Fig. 5. Processes for the extended VE-IMS 

modify, enhance, customize or extend an existing service mashup, or include and 
combine parts or components (or both) from multiple existing service mashups. 

A preliminary service of the VE-IMS is to help customers to find a moving 
company for shipping their household effects to the new place of residence. Figure 4 
shows the process of the finding a moving company. First, the VE-IMS will request 
free quotes from moving companies according to the customer's place of departure 
and destination, and if needed, arrange for visits, and provide a list of competent 
movers with their quotes. 

Another, extended, service the VE-IMS may provide is finding an international 
mover and arranging temporary places of residence at both the locations of departure 
and destination, based on the dates of moving, travel, and the arrival of the household 
effects. The temporary place of residence at the destination should be close to a 
certain address such as the customer's working place. Customer can also ask for travel 
arrangements to be made. The time to fly and time of staying at the temporary address 
should be worked out to minimize the total costs. Further, the customer may want the 
VE-IMS to find an available childcare place for the children of the customer as soon 
as possible, then find a rental home close by around the time that the household 
effects arrive. The second extended international moving service is shown in Figure 5. 
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5   Related Work 

The concept of Internet scale workflows is sometimes used interchangeably with that 
of Web-scale workflows. Both Internet and Web scale workflows involve great 
number of internet based services and adopt a service-oriented paradigm [2, 4]. 
However, not all service-based workflows are Internet scale workflows or Web scale 
workflows. Internet or Web scale workflows involve services distributed though the 
Internet. There are many open issues related to Internet or Web scale workflows. 
Lightweight and user friendly process modeling is one of information issues at a 
design stage. Process modeling further effect to service description and process 
execution.  

Lightweight process modeling language is designed for process oriented business 
[3]. The language is designed for business users who do not have deep business 
process design knowledge. It requires the process mashup engineer who could map 
the abstract activities into the concrete services. Our modeling language for ISVECs 
is based on the lightweight business process modeling language [3] and lightweight 
process modeling for virtual enterprise process collaboration language [8]. It provides 
strong end user aspects on business flexibility, adapbility and agility. The Internet-
scale virtual enterprise collaboration is therefore different with an approach 
mentioned in Internet-scale workflow [2]. The process mashup engineer will discover 
services and map abstract process activities into concrete services [7].  

Similarly, the concept of instant virtual enterprises (IVEs) is introduced in [6] to 
dynamically select collaborating partners and weave the interorganisational links 
between their local processes. Moreover, CrossWork system is developed to create 
and operate IVEs by decomposing high-level goal into a set of operational business 
goals, identifying collaboration partners that can fulfill the goals, retrieving the 
external specifications of selected local process, and finally mapping the composed 
global business process onto the IVE’s distributed infrastructure and executes it there. 
Different from creating IVEs, our approach concentrates on the business 
collaborations among virtual enterprises. Particularly, it proposes a lightweight 
process modeling language and the corresponding metamodel to create the Internet 
scale virtual enterprises collaborations, and introduces goals to help business users 
define abstract processes and finally map them into concrete services available on the 
Internet. 

6   Conclusions 

Internet scale workflows put more demands on process modeling. Multiple service 
providers are generally involved, and their actions are largely independent and outside 
control of the process owner, services can suddenly change because of new versions. 
Networking issues can make services temporarily unavailable or have unacceptable 
latencies. 

Virtual enterprises have a strong advantage in business agility. Their small size and 
loose ties with partners make that they are not held back by large bureaucracies. They 
depend on tight integration with suppliers of various services. Internet and automation 
enable this integration. Automation of business processes is generally provided by 
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business process management systems. For virtual enterprises to be able to quickly 
respond to changing business environments they therefore need agile business process 
support. 

Agile business process support has two parts. The first part is run-time support for 
change on-the-fly, a topic not discussed in this paper. The second part is to make it 
easy to change business processes. To enable business process agility modification of 
processes should be possible by a broad set of stakeholders, not only by business 
process specialists as an extra link in the chain. 

Business process mashups [7] are designed to provide agility, resilience and end 
user modifiability. Therefore, they are a good candidate to support internet scale 
virtual enterprise collaborations. 
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Abstract. Business value and coordination process perspectives need to be 
taken into consideration while modeling business collaborations. The need for 
these two models stems from the importance of separating the how from the 
what concerns. A business value model shows what is offered by whom to 
whom while a coordination process model shows how these offerings are 
fulfilled operationally. This case study addresses the model transformation 
between e3value and BPMN, commonly used for modeling business 
collaborations from value and coordination perspectives respectively. 

Keywords: Value model, coordination process model, model transformation. 

1   Introduction 

Value models support business design decisions, while coordination models support 
IT design decisions. The motivations for business decisions are commercial and 
strategic, while the motivations for IT decisions are technical.  The business decisions 
must be made by business managers and the IT decisions by IT managers. Value and 
coordination models represent different aspects of an e-business network but they 
have obvious consistency relations that enable partial automated support for designing 
one of these models based on the other. This is not only useful for e-business design, 
but it also helps us to understand the similarities and differences between value and 
coordination models and improves our insight into the logic of the decisions that must 
be made in e-business network design. These insights are independent from notation. 

The purpose of this case study is to define a model transformation between two 
languages commonly used for modeling business collaborations: the e3value 
methodology [1] and the Business Process Modeling Notation (BPMN) [2]. 

A business web is a collection of enterprises designed to jointly satisfy a consumer 
need [3]. E3value is a notation to model a business web from a value point of view. It 
shows the creation, distribution, and consumption of goods or services of economic 
value in a business web. The main goal of value modeling is to reach agreement 
amongst profit-and-loss responsible stakeholders regarding the question "Who is 
offering what of value to whom and expects what of value in return?" It also enables 
the stakeholders to assess their potential profitability in the business web and 
therefore develop an insight into the economical viability and sustainability of the 
whole business web. The target users of this notation are business stakeholders. 

BPMN, on the other hand, is a standard notation for modeling business processes 
for the purposes of business analysis and its target users are business analysts. 
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Business value models have different goals and concepts compared to process 
models [4]. Nevertheless they should be consistent with each other because they both 
refer to the same system. A lot of researches have been done regarding generating one 
of the models based on the other [5-9] and checking their consistency [10-12]. 

In [9] we have proposed a stepwise and pattern-based method for generating a 
coordination model from a value model. In our transformation method, we start by 
finding value patterns in the value model and add their counterpart coordination 
patterns to the coordination model. This paper discusses the automation of this 
transformation process by modeling the value model in a graph and applying 
transformation rules on it using a graph transformation tool (Groove) [13]. 

2   (Business) Value Models 

An e3value model consists of a graphic part and a computational part. The graphic 
part is a diagram and the computational part is a spreadsheet with algorithms that can 
do Net Present Value (NPV) estimations for the stakeholders involved in the diagram. 
In e3value we model a business web as a graph in which the nodes represent economic 
actors and the edges represent economic transactions. An e3value model also shows 
how a consumer need is met by a set of economic transactions between actors[1].  

Consider the e3value model (Fig. 1) in which Buyer gives Money to Seller and 
receives Good in return and the Seller gives Money to the Transporter and receives 
Transport. This simple model illustrates the following modeling constructs of e3value: 

• Contract Period. A value model describes economic transactions during a 
specific period of time. It should be specified in supporting documentation. 

• Actor. An actor is an independent economic (and often also legal) entity with a 
specific interest in the collaboration (making profit, increasing utility, earning 
experience ...). Actors in Fig. 1 are Buyer, Seller and Transporter. The actor for 
whom the business web is made to satisfy his needs is called the consumer. We 
represent the consumer need by a bullet placed inside this actor (Buyer in Fig. 1). 

• Market Segment. A market segment is a set of actors that assign economic value 
to objects equally. They are shown as overlapping rectangles. 

• Value Object. A value object is a service, good, money, or experience, that is of 
economic value to at least one actor and that is exchanged between actors. In our 
example value objects are Money, Good, Money and Transport. 

• Value Port. An actor uses a value port to provide/request value objects to/from 
other actors. A value port is a conceptual construct indicating that during the 
contract period, an actor is capable of giving or receiving a value object. Value 
ports are represented by tiny triangles on the edge of the shapes depicting actors. 

 

Fig. 1. A simple value model 
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• Value Interface. Value interfaces group value ports and indicate atomicity: if 
one value port in the interface is triggered in the contract period, all of them are 
triggered in that period (however the model makes no statement about when this 
will happen: this has to be specified in a corresponding coordination model). 
Value interfaces are represented by oval shapes surrounding the value ports. 

• Value Transfer. Value transfers link value ports of different actors, implying 
that the actors are willing to transfer value objects in the indicated direction. 

• Value Transaction. Value transfers should come in economic reciprocal pairs, 
which are called value transactions. 

• Dependency Path. A dependency path connects value interfaces of the same 
actor together, meaning that if one of the value interfaces is triggered the 
connected value interfaces also must be triggered [1]. It consists of dependency 
nodes and connections. A dependency node is a consumer need, an AND-fork 
(the sign in the actor Seller) or AND-join, an OR-fork or OR-join, or a boundary 
element (Bull's eye sign). A consumer need is the trigger for the transfer of value 
objects. A boundary element indicates that no more value transfers can be 
triggered. A dependency is represented by a dashed line. After estimating the 
frequencies and values of the transactions in the computational part of the value 
model profitability estimations can be done by tracing the dependency path of 
transactions that are triggered by each occurrence of the consumer need. 

2.1   Value Model Example 

We take an example that handles clearing Intellectual Property Rights (IPR). It has 
two steps: 1) collecting fees from IPR users (owners of radio stations, bars, 
discotheque, etc.) who play music in public spaces to get money from it, and 2) 
repartitioning the collected fees to Right Owners (artists, producers, publishers, etc.). 
IPR fee collection is currently done based on statistical evidence, but SENA 
(http://www.sena.nl/), one of the main IPR societies in the Netherlands, is interested 
in a business model in which fees are collected on a pay-per-play basis, where for 
each music track, a track-specific business web of clearing organizations is composed. 

 

Fig. 2. Value model of providing music by Streaming 



336 H. Fatemi, M. van Sinderen, and R. Wieringa 

The diagram (Fig. 2) shows a number of actors that are engaged in commercial 
transactions. Receivers of music (bars, restaurants, supermarkets, etc.) receive music 
from specialized companies that provide background music. The receivers as well as 
the background music providers have to pay for the rights of those involved in 
creating this music. In the Netherlands these rights are collected by two organizations, 
SENA and BUMA/Stemra each responsible for collecting rights on behalf of some 
specific right owners. All transactions, including music distribution, are done on-line.  

3   From Value Model to Coordination Model 

While there are satisfactory solutions for transforming models to text, this is not the 
case for transforming models to models. Graph-based-transformation approaches are 
inspired by theoretical work in graph rewriting. These approaches are powerful and 
declarative, but also complex. The complexity stems from the non-determinism in 
scheduling and application strategy, which requires careful consideration of 
termination of the transformation process and the rule application ordering. 

We model the value model shown in Fig. 2 as a graph in Groove (Fig. 3). The 
AND/OR nodes connected to stakeholder's node by an edge labeled with 'r' indicate 
the logical relation (AND/OR) of the incoming/outgoing edges to/from a node. Each 
stakeholder node and the AND and OR nodes connected to it by an edge labeled with 
‘r’ represent one integrated conceptual node. In this way, the model indicates that 
Receiver has three value exchanges with SENA, BMP and BUMA with an AND 
relation between them i.e. they make a unit of exchange which means either all of 
them occur or none. SENA has two value exchanges with Receiver and BMP with an 
OR relation between them. Upon receiving money either from Receiver or BMP, 
SENA should distribute it to the appropriate right owners. This graph is the starting 
graph in the model transformation process. 

Two transformation rules are shown in Fig. 4. The rule in Fig. 4(a) indicates that if 
there is a pair of edges (value transfers), namely 'x' and 'y', between two distinct nodes 
(stakeholders), delete those two edges and add four nodes labeled with 'Send' and 
'Request' connected to those two nodes by edges labeled with 'x' and 'y' as shown in 
Fig. 4(a). To prevent the recursive application of this rule on the newly added nodes, 
we need to specify in the rule that the two main nodes should be neither Send nor 
Request. Similarly, the rule in Fig. 4(b) indicates that if there is a single edge (value 
transfer), namely 'x', between two distinct nodes, delete that edge and add a node 
labeled with 'Send' connected to those two nodes by edges labeled with 'x' as shown in 
Fig. 4(b). To prevent application of this rule on the fake edges labeled with 'r' it is 
stipulated that the edge between the two nodes should not be labeled with 'r'. Again, 
to prevent the recursive application of this rule on the newly added node, we need to 
specify in the rule that the two main nodes should be neither Send nor Request. 

The first rule has a higher priority, so Groove applies it first until it has no more 
matches. Then the second rule will be applied. If we don't specify priority for these 
two rules they conflict with each other and in case of having a pair of value exchanges 
between two stakeholders, instead of applying the first rule, the second rule may 
apply twice. 
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Fig. 3. Start graph for value model of providing music by streaming (Fig. 2) 

 

Fig. 4. Two transformation rules modeled in Groove 

 

Fig. 5. Final graph after applying the above two transformation rules 
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Fig. 5 shows the final graph resulting from applying the transformation rules shown in 
Fig. 4 on the start graph. It shows all the necessary message exchanges between the 
stakeholders and the logical relation between the incoming/outgoing messages 
to/from a stakeholder's node. Note that there is no temporal ordering between the 
messages in this graph. Hence, the resulting graph is an interaction/communication 
model rather than a coordination model. 

3.1   Making the Coordination Model 

As we mentioned above, the result of the transformation process (Fig. 3) is not a 
coordination model but rather an interaction/communication model which shows all 
the necessary message interactions between the stakeholders and the logical relation 
between the incoming/outgoing messages to/from a stakeholder's node. To make a 
coordination model we need to add temporal ordering to the model, i.e. indicating the 
order in which the messages are exchanged between the actors. 

The temporal meaning of the dependency path is merely that if the consumer need 
is triggered in the contract period, then the connected transactions are also triggered in 
the contract period. The dependency path actually represents the structure of the 
profitability computations not a process that coordinates the transactions. Many 
different coordination processes are compatible with a single value model.  

Putting messages in a correct and meaningful order needs expert intervention and 
cannot be automated using the value model only. We need to supplement the value 
model with more information. Some of the messages indicate the transfer of value 
from one actor to the other, for example the Send message labeled with ‘Money‘ from 
Receiver to SENA and the Send message labeled with ‘Right‘ from SENA to 
Receiver imply the transfer of money and right respectively. The order in which these 
value objects are exchanged between stakeholders depends among others on the trust 
relations between the stakeholders. If, initially, Receiver sends the money to SENA in 
the hope that SENA acts reciprocally by returning the requested rights, it means that 
Receiver trusts SENA. Otherwise, if SENA, before receiving the money, sends the 
requested right to Receiver in the hope that Receiver will pay later, it means that 
SENA trusts Receiver. The third scenario, in which both SENA and Receiver need to 
trust each other at some point in time, is the case in which, initially, Receiver pays not 
all the money but part of it to SENA and then SENA sends the requested right to 
Receiver and finally Receiver sends SENA the remaining of the payment.  

If we had the trust relations between the stakeholders or the way in which they 
want to transfer the value objects, then we could accordingly determine the temporal 
ordering of messages in the coordination model. For further discussions on the issue 
of message ordering using trust relations, we refer the reader to our recent work  
in [14].  

We derived a coordination model from the model produced by the tool, but there is 
no space to show the resulting coordination model (which also is not of interest for 
this paper anyway). Ways to support this last part of transformation with automated 
solutions (e.g., providing the expert with decision support, or applying constraints 
implied by trust relations automatically) are for further study. 
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4   Discussion 

According to [4], business value models and coordination process models can have 
different actors. This happens only when the two models have different granularities. 
By abstracting from the sub-actors and the internal activities inside the actors, both 
models can always be designed using the same actors. In what follows we assume that 
this has been done. 

One of the main remaining differences between business value models and 
coordination process models is type of objects exchanged by actors [4, 9]. In a value 
model every object should be of value to at least one partner, but in a coordination 
model objects are not included necessarily because they are of economic value to a 
partner. They can also be included because they help coordinating the activities of the 
partners. The application of the transformation rules covers this difference by adding 
all the necessary interaction messages to the model regardless of whether they are of 
economic value to a partner. In this paper we use a pattern with minimal interaction 
messages (a pair of ‘Request’, ‘Send’ messages) to realize a value transfer. In general, 
patterns which include more detailed pre and post interaction messages can be used. 
As a difference between business value models and coordination process models, [4] 
mentions a special case in which there is a value exchange (e.g. experience, 
entertainment, pleasure …) that has no associated direct physical or information flow 
in the coordination model. We think all value transfers, and all objects in a 
coordination model, are physical. In a coordination model, we abstract from the 
physical world and represent the manipulation and transfer of information, but the 
information is of course implemented physically. But this physical implementation 
(on paper, as electric signals, dots on a screen etc.) is not relevant and not insightful, 
so we abstract from it. In a value model, all transfers are physical too: on paper 
(money, books, pictures etc.), as sound (music, spoken information), etc. therefore we 
think this special kind of value exchanges are not real value exchanges. Instead they 
are the cause or effect of another value exchange. For example, assume that there is 
an online radio station that charges you if you want to listen to its music. In this case 
there is one obvious value transfer from the user/listener to the radio station which is 
‘Money’. However the reciprocal value object may be modeled as ‘entertainment’ in 
the value model. If so, applying our pattern does not yield an appropriate result. 
Nevertheless we think ‘entertainment’ is not a value transfer but it is the effect of a 
value transfer, namely ‘Broadcasting Music’. Therefore, in this case ‘Request’and 
‘Send’ messages are indicating asking and giving permission. 

The other main difference between business value models and coordination process 
models mentioned by [4, 9] is the notion of temporal ordering. In an e3value model 
there intentionally is no notion of time ordering at all [1]. Behavior and temporal 
order are beyond the value perspective and are part of the coordination perspective.  

E3value models have a value reciprocity concept which basically means every 
value transfer should have an associated value transfer in reverse direction. This 
concept has no associated counterpart in the coordination process model. E3value also 
includes a computational part which enables the stakeholders to do profitability 
analysis which also has no associated counterpart in the coordination process model.  
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5   Conclusion 

In this paper we address the automation of our business value model to coordination 
process model transformation method [9] using Groove. It turns out that we can 
automatically cover all the gaps caused by different factors except the one caused by 
the notion of time/temporal ordering, which is not present in business value models 
while it is a fundamental concept in coordination process models. The resulting model 
form the automated transformation of value model is an interaction/communication 
model rather than a coordination model. It needs expert intervention to add 
time/temporal ordering to the exchanges messages and make the final coordination 
process model. 
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Abstract. Almost no construction project performs totally as planned as 
dynamic changes are frequently needed. These changes can be ascribed to the 
high uncertainty, which is evaluated as potential causes of risks and risks is in 
turn are evaluated as potential causes of plan changes. Several concepts from 
the Business Process Modeling domain are adopted to build an explicit process-
oriented knowledge documentation of the construction processes.  
A standardized process description is suggested that offers flexibility in its 
content to be usable in different contexts. Configurable fragments in the course 
of the process models express the uncertain parts of the process. A general 
structure of a Configurable Reference Process Model (CRPM) is developed as 
an ontology model to document the construction processes in a Process-oriented 
Knowledge base. By using this knowledge base a considerable planning effort 
will be saved. Moreover, the quality of the process schedules, since they will be 
derived from the reference process models, will be enhanced and the 
expenditure of time will be reduced.  

Keywords: Uncertainty, Risk, Change, Configuration, Business Process 
Modeling, Reference Process Model. 

1   Introduction 

The construction industry is a project-based business sector. Each project can be 
considered as a temporary alliance among diverse partners that will execute, in a 
private or in a cooperative way, several processes. This results in achieving the 
planned project objectives. 

In this industry, the experience showed that mostly no construction project goes 
totally as planned because of the needed dynamic changes to different management 
plans. These changes can be ascribed to the relatively high uncertainty in the 
planning phase of a construction project. Several factors play a role to increase the 
total project uncertainty, such as the lack of experience with a certain type of 
construction processes or the changeable environment that surrounds and affects a 
construction process. In view of that, the risk of changing the already planned 
course of work as a need to adjust to current situation is really high. Such 
adjustments could be carried out, as a proactive or reactive risk treatment, even 
several times within the execution phase of the targeted process, if different risks in 
different points in time will arise. 
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The process knowledge collected from different resources is valuable for the 
effective process management, as it can reduce the uncertainty and, consequently, the 
error rate in the process planning will be lower. Hence, this knowledge should be 
documented in an explicit way to enable all the interested people to share and use 
their experiences properly. In a view of that, the standardization of construction 
processes that will include the best process practice can be a possible solution to 
reduce the accompanied uncertainty. Nevertheless, it is mostly impossible to apply the 
exact construction process as explicit work route in different projects. Accordingly, a 
degree of individuality is required within each process use. For that reason, a 
standardized process description should offer a certain degree of flexibility in its 
content to be usable in different project contexts. 

In other business sectors, like insurance, banking and government, different 
Business Process Modeling techniques were successfully used to standardize and 
optimize business process knowledge. Moreover, they were used to communicate 
process contents between different disciplines or else to automate, partially or 
completely, process execution. Instead of that, for the modeling of construction 
processes, the traditional critical path method is still widely used. However, this 
method has no ICT support in its background. 

The paper introduces a novel, process-centered view on process standardization 
that focuses on the risk management using some configuration aspects from the 
Business Process Modeling domain. Accordingly, a structure of a configurable 
reference process model (CRPM) that includes configurable fragments is suggested. 
These configurable fragments are based on the configuration templates mentioned in 
chapter 3. For a better management of the CRPMs, a knowledge base is introduced in 
chapter 5 that reflects the structure of the CRPM and enables the maintenance of the 
process-oriented knowledge. 

2   Dependencies between Uncertainty, Risk, and Change Terms  

Generally, the uncertainty in construction is a result of the lack of needed reliable 
information, which can be attributed to different environmental, organizational, or 
technical factors. The role and importance of each factor differs from project to 
project according to the specific project characteristics and to its surrounding 
environment. This uncertain nature may lead to a big variance between the results of 
deterministic methods used for project management planning and real practice. 
Usually, the deviation of the project management baselines can be reduced when the 
degree of uncertainty in the project can be decreased. This can be done as soon as a 
comprehensive knowledge about the project is available. As the practice in 
construction is project-based, better knowledge can be acquired from lessons learned 
and experiences gained from the past projects. This knowledge will help to make 
better planning decisions as well as to reduce mistakes on past projects to be repeated. 
When the project progresses, the accuracy of the made decisions becomes more clear 
and the ambiguity disappears gradually. However, it is generally impossible to 
acquire a comprehensive knowledge about the project in advance. Therefore, a 
systematic risk analysis should be undertaken to evaluate the project’s risks and 
opportunities and, consequently, to reduce the negative effect of uncertainty on the 
project objectives.  
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Fig. 1. The possible causality between uncertainty, risk and later change 

Nevertheless, changes in construction projects are likely to occur at any stage and 
can affect different project management plans. In the literature on change 
management [1], [2], [3] it is emphasized that changes are inevitable in construction 
projects even if comprehensive studies have been made. The uncertainty in the project 
should be evaluated as potential causes of risks in the project [4]. In turn, in this work 
it is assumed that risks should be evaluated as potential causes of changes in the 
project management plan (Fig. 1). Based on this, a risk as an uncertain event may 
invoke one or more changes in the one or more project plans.  

3   Configuration Templates  

A main hypothesis of this work is that all possible ways of changes in the structure of 
process models, as a treatment to probable or even actual risks, can be standardized 
by generalized templates. For this purpose, several templates are suggested as types of 
configurable fragments within process models [5]. Those are assumed to cover all 
kinds of process model related structure changes and consequently they will offer the 
needed flexibility in the process model. These templates are based on the concepts 
suggested by [6] as an extension to the event-driven process chains (EPC) elements. 
In view of that, a configuration template can be defined as a basic type of 
configurable fragments in the process model that describes one possible way of model 
structure change as a response to a certain event. As a result, a configured and 
specified template can be used to represent the structural change in a process model 
caused by the treatment of a specific risk event. Nevertheless, more than one 
configuration template may be used to represent a complex effect of one risk when it 
will cause changes in more than one location in the process model. In this sense, 
dealing with complex issues does not require complex templates as the basic 
suggested templates can be used together to cover a complex change case.  

Building upon the classifications of risks and changes in the literature of 
construction management two major aspects were considered important from the 
process-oriented perspective. These aspects are (1) the timing of response to the risk 
(proactive or reactive response) and (2) the effect of the risk on the progress of the 
process, i.e. will it cause progress interruption or not. In view of that, the templates 
are classified into three main groups. These groups are: 
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- General Templates; these templates can be implemented in either proactive or 
reactive treatment cases. The general templates group contains the Insertion, 
Substitution, Cancelation, and Parallelism templates. 

- Interruptive Templates; used to describe a disturbance risk that affects and stops 
a process during its execution. The interruptive templates group contains the 
Stop and Action templates.  

- Reactive Templates; used only as response to events which have affected tasks 
or products considered to be completed. The reactive templates group contains 
the Repetition and Demolition templates.   

4   Using Configurable Fragments in Process Models 

A configurable fragment is an implemented instance of one of the configuration 
templates in a process model. In this work, a configurable process model is defined as 
a process model that contains one or more configurable fragments. Fig. 2 shows a 
configurable process model that contains three configurable fragments, namely (I) 
insertion of T(r) after T(i), (II) T(y) parallelism to T(k) as well as (III) T(m) and T(n) 
substitution by T(s). The configuration requirement R(1) links the configurable 
fragments (I) and (II) together. So according to the Risk 1 status (ON, OFF) these two 
configurable fragments will be configured. The link of configurable fragments (I) and 
(II) through the requirement R(1) builds a way to reflect the case when a risk may 
cause changes in different positions in the process model. 

The configurable fragment (III) in Fig. 2 is configured according to the (ON, OFF) 
status of Risk 2. Accordingly four Configured Cases (CCs) can be derived from the 
configurable process model in Fig. 2.  

5   Knowledge-Base for the Specification of Configurable Reference 
Process Models 

The configuration templates offer an approach to represent the flexibility, needed in 
construction processes, in the shape of configurable fragments within the process 
models. The configurable fragments represent risk treatments that may be adopted or 
skipped according to the risk status. Generally, a process model that contains, 
amongst others, all the exceptional cases, in the shape of configurable fragments, of 
the process is a candidate to be a CRPM for this particular process. Nevertheless, if 
the process may have several interrelated exceptional cases the corresponding model 
can be complex and, consequently, difficult to illustrate graphically, use or to update. 
Therefore, a knowledge-base (KB) is suggested to manage these reference models. 
The KB structure is designed as an ontology model that consists of several process-
oriented concepts related to each other via proper properties [7]. The configuration 
templates represent a fundamental part of the KB structure, see Table 1. In view of 
that, every risk treatment fragment within the CRPM should be associated to a 
suitable configuration template that describes how to integrate it later within the 
process model.  
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Configurable process model 
CC 1: Risk 1 = ON, 

 Risk 2 = OFF

 

CC 2: Risk 1 = OFF, 
 Risk 2 = OFF

CC 3: Risk 1 = OFF,  
Risk 2 = ON

CC 4: Risk 1 = ON, 
 Risk 2 = ON

 

 

 
 

Fig. 2. A configurable process model and the four possible configured process models derived 
from it 

Using such a KB within a construction company will enable the description of its 
process knowledge in a project neutral context. As a result, this could support 
decision-making and increase the intelligence of the construction processes. 
Consequently, the expenditure of time and money in the process design will be 
reduced. Also, A clearly defined semantics for the process models can be achieved by 
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instantiating the elements of a CRPM from the concepts of an ontological KB. 
Accordingly, the ambiguity and the shortage in formality in process models can be 
avoided. Moreover, storing the construction CRPMs in an ontological KB will enable 
making advanced queries when retrieving information. These queries may even infer 
facts that were not explicitly created by the modeler of the CRPM. As a KB is passive 
data source, it is here considered as a commodity to develop a process management 
software tool. Therefore, it is needed to improve the access to the knowledge included 
in the CRPMs by developing methods, which can support the choice, the 
configuration, and the composition of the relevant CRPMs. 

Table 1. The properties relate the configuration fragments to the Task concept through the 
Configuration Template concept in the ontology model 

 

6   Software Architecture for CRPM-Based Process Management  

The architecture of the suggested software tool consists of three tiers (Data, 
Application, and Graphical User Interface (GUI)). The data tier includes the Process-
DB and the CRPM-KB. Within this tier, different types of information, CRPMs and 
versions of instantiated process models (IPMs), can be stored and retrieved. The 
retrieved information will be then passed through to the application tier for 
processing, and then, eventually, to the user. The data tier keeps the comprised 
information neutral and independent from the application tier, which improves the 
scalability and performance of the intended software tool. The Application tier moves 
the process data between the two surrounding layers. Moreover, it performs the 
needed procedures, e.g., configuration tasks, and makes the required procedures on 
the retrieved process data. Amongst others, the Application tier has to do the 
following:  
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- Query the CRPM-KB to get the relevant CRPMs.  
- Configure the selected CRPM according to the preferences of the user.    
- Instantiate the configured CRPM and to store it after that to the Process-DB. 
- Establish a new CRPM.  
- Compare different versions of the same IPM.  

The GUI tier displays the processed and original information related to the process 
and, accordingly, allows the users to interact with the software application.  

An example of the software implementation is shown in Fig. 3. During the 
implementation time of an IPM an exceptional event, i.e. risk, may arise and, 
accordingly, changes will be needed in the already planned IPM. The KB can be 
queried in order to find out if there is any relevant solution for the new condition. In 
the case that a solution is chosen from the KB, it needs to be configured, instantiated 
and integrated in the already planned IPM. Otherwise, an external solution will be 
sought after. An external solution can be used for the specific IPM and can be as well 
integrated in the CRPM to enhance the process knowledge included in the KB.    

 

Fig. 3. The iterative adaptation cycle of an IPM 

7   Conclusion  

The presented approach can be used in the planning phase as well as in the execution 
phase of the project. In the planning phase this can help to speed up the planning and 
to ensure getting more reliable process schedule plans. In the execution phase it can 
help to accelerate the adaptability of the changed schedule plans by offering ready 
integrable solutions for recurring problems.  

The exceptional events included in each CRPM can be used, in the planning phase 
of the project as a part of the checklist for risk management. Accordingly, risks can be 
identified based on the project relevant CRPMs and, subsequently, risk assessment 
can be carried out. Hence, the risks with probability/impact values above the agreed 
thresholds should be considered in the planning phase of the project in a proactive 
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way. This means that the configurable fragments, which represents the risk treatment, 
should be adopted (included) as a part of the configured CRPM. Anyway, to realize 
these CRPMs in the construction practice it is still required from the construction 
companies to structure their knowledge in a process-oriented way and to classify the 
process model parts to essential and configurable fragments. Subsequently, the 
configurable fragments will be connected to their potential trigger-risks using the 
configuration templates. For this purpose, only qualified personnel should carry out 
the modeling of the needed CRPMs. Qualification means here that the modelers 
should possess enough knowledge concerning the construction process technical 
issues and the process modeling issues. 

References 

1. Lee, S., Peña-Mora, F., Park, M.: Web-enabled System Dynamics Model for Error and 
Change Management on Concurrent Design and Construction Projects. ASCE, Journal of 
Computing in Civil Engineering 20(4), 290–300 (2006) 

2. Sun, M., Senaratne, S., Fleming, A., Motowa, I., Lin Yeoh, M.: A change management 
toolkit for construction projects. In: Architectural Engineering and Design Management. 
University of the West of England, University Press/Springer-Verlag, UK (2006) 

3. Hao, Q., Shen, W., Neelamkavil, J., Thomas, R.: Change Management in Construction 
Projects. In: Rischmoller, L. (ed.) Proc. 25th W78 Conf., Improving the Management of 
Construction projects Through IT Adoption, Santiago, Chile (2008) 

4. PMBOK Guide: A Guide to the Project Management Body of Knowledge. Project 
Management Institute, Pennsylvania, USA (2004) 

5. Sharmak, W., Schapke, S.-E., Scherer, R.J.: Risk Treatment Templates for Configurable 
Reference Modeling in the Construction Industry. In: Camarinha-Matos, L.M., Picard, W. 
(eds.) Pervasive Collaborative Networks. IFIP International Federation for Information 
Processing, vol. 283, pp. 233–240. Springer, Boston (2008) 

6. Mendling, J., Recker, J., Rosemann, M., van der Aalst, W.: Generating Correct EPCs from 
Configured C-EPCs. In: Proceedings of the 21st Annual ACM Symposium on Applied 
Computing, France (2006) 

7. Gomez-Perez, A., Fernandez-Lopez, M., Corcho-Garcia, O.: Ontological Engineering: With 
examples from the areas of Knowledge Management, e-Commerce and the Semantic Web. 
Springer Publishing, Berlin (2004) 



 
 
 
 
 
 
 
 
 
 
 

Part XIII 

Mining Approaches in Collaborative 
Networks 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 351–358, 2011. 
© IFIP International Federation for Information Processing 2011 

Competence Mining for Collaborative Virtual  
Enterprise 

Ali Harb1, Kafil Hajlaoui2, and Xavier Boucher1 

1 Ecole des Mines de Saint Etienne, 
158 cours Fauriel, centre G2I, 42023 Saint Etienne, France 

{harb,boucher}@emse.fr 
2 INIST – CNRS, 

2 allée du Parc de Brabois CS 10310, 
54519 Vandoeuvre les Nancy, France 
Kafil.hajlaoui@inist.fr 

Abstract. In a context of decision-aid to support the identification of 
collaborative networks, this paper focuses on extracting essential facets of firm 
competencies. We present an approach for enrichment of competence ontology, 
based on two steps where a novel effective filtering step is utilized. First we 
extract the correlation between terms of a learning dataset using the generation 
of association rules. Second we retain the relevant new concepts using an 
extracted semantic information. The suggested approach was tested on an 
ontology of mechanical industry competencies. Experiments were performed on 
real data, which show the usefulness of our approach. 

Keywords: Enterprise networks, Ontology, Data mining, Association rules, 
Mutual Information. 

1   Introduction 

Several research work deal with the formalization of characteristic data concerning 
potential partners for networked organizations (Camarinha-Matos and Afsarmanesh 
2003, Plisson.J et al. 2007, Ermilova & Afsarmanesh 2007). Most of these approaches 
are adapted to a semi-closed environment defined by a Virtual Breeding Environment 
(VBE). The VBE provides a pre-selection of potential partners, which facilitates the 
share of the information required.  

This paper focuses on a complementary step, which consists in providing a 
decision aid support for identifying potential VBE when they do not exists. This 
research is based on the hypothesis of an open environment of potential partners to 
build VBEs. Typically, this issue appears when you have to analyse a regional 
business area so as to identify potential collaborative networks among firms. As a 
consequence of the initial hypothesis, the identification of potential collaborative 
partners will be based on the use of public information, available through the public 
web sites of the companies. This assumption induces specific information extraction 
mechanisms.  

In reference to an economic approach of firm coordination (Richardson, 1987), this 
research focuses the information extraction procedure on two key coordination 
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factors: the activity fields of the companies and their internal competencies (see 
justification in (Hajlaoui & al, 2008a)). The information on company activities and 
competencies will be further used, at a second stage, in order to generate new 
knowledge on the potential settlement of VBEs. The overall approach of decision aid 
has been already described in (Hajlaoui & al, 2008b).  

In the current paper, we only focus on extracting key information concerning 
company competencies, from public and non-structured data (company web sites). 
Due to the complexity of the concept of competence, a semantic oriented approach is 
required for the extraction. In this objective, we describe in this paper the procedure 
of automated enrichment of an existing competency ontology, which will be used 
later on for an information extraction procedure based on the use of syntaxic and 
semantic patterns. The use of such patterns will make possible a semantic and 
pragmatic treatment of available data. To reduce the complexity of ontology creation, 
we focus our research on enhanced semantic automatic ontology enrichment specific.  

This extraction approach follows the three layer model of (fig.1, Ehrig and al, 
2005): 

In this model the data layer structures the data source. In our procedure, data are 
extracted from company web sites. The html pages are cleaned and standardized with 
a lemmatization process. At this stage, data are considered as lexical entities. The 
ontology layer handles the semantic concepts to be extracted from the data sources. 
The concepts and their relations can be represented through an ontology which helps 
sharing information among distinct companies thanks to its genericity, and which 
make possible various semantic treatments. The third context layer is oriented 
towards a finer pragmatic analysis of the information to be extracted. In our approach, 
this layer will be developed by the formalisation and use of patterns. 

It is important to note that, in this decision aid approach, there is no need to extract 
a precise map of company competencies. The final information expected is a 
similarity measure among the competency fields of distinct companies. In that 
objective, the ontology based extraction mechanism we will use intends to extract a 
set “traces” concerning the competencies of a given company.  

The objective of the paper is to present a method used for automatic enrichment of 
competency oriented ontology. In section 2, we provide some key characteristic of the 
initial competency ontology that ahs been formalized and some insights on ontology 
building methodologies. In section 3 we describe the methodology for discovering 
potential conceptual term to be integrated within the ontology. In section 4, we briefly 
introduce some learning concepts of this approach. 

 

Fig. 1. Three layer model for extraction 
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2   Ontology for Competence Mining 

The identification of company competencies is a key factor for a decision support to 
build collaborative networks. The ontology requires rigorous conceptualization of the 
notions related to firm competencies. ARCHONTE ontology building methodology 
(Bachimont & al., 2002) was chosen, because it defines precise cognitive principles 
and mechanisms for each step of ontology formalization. This method makes possible 
a good semantic representation of the conceptual network of the ontology through a 
« semantic normalisation » mechanism.  

From a company website, it is often impossible to extract a relevant structured and 
exhaustive identification of firm competencies. However it remains possible to extract 
a sufficient set of competence “traces”, which makes possible to assess with a good 
degree of precision an indicia of competence similarity among firms. To implement 
the extraction mechanism, an ontology of “competence traces” has been formalized. 
This ontology is composed of two sub-ontologies: a generic ontology and a domain 
ontology. The former provides a very generic conceptual model of “competence 
traces”, which is independent of any business sector. However because of this high 
generality level, the generic ontology is not directly applicable for information 
extraction. Then, it is complemented by a domain ontology, which constitutes an 
extension of the generic ontology, specific to some selected business sector 
(mechanical industry in our case). The “competence traces” concepts of this domain 
ontology are directly linked to the applied field of the mechanical industry. 
Furthermore, at the lower level of the domain ontology, each ontological concept is 
associated to specific terms of the domain, further used in the extraction mechanism 
as “competence trace identifiers”. The identifiers will be used to detect the presence 
of a competence trace concept within document corpora (extracted from company 
websites). This detection of “competence traces” is called the activation process 
applied to the ontology conceptual classes.  

To fulfill the objective of extraction information, the direct detection of terms in a 
corpus is not a sufficient condition. To confirm the presence of an ontology concept 
(associated to one or several identifiers) in the corpus, we have to cope with context-
dependent linguistic phenomena which can change the semantic of the identifiers: 
synonyms, antonyms and, more generally, semantic similarity among terms make 
necessary to use specific semantic techniques. To deal with such ambiguity 
phenomena we propose the use of linguistic patterns. 

UNICOMP system is the implementation of our approach which aims at extracting 
company competence traces, using public information available on websites.. The 
coupling between ontology and patterns present a real added-value for the richness of 
information extraction. This research has already been further developed to integrate 
these results in a Decision Support System for collaboration Network Building using 
competence similarities measures (Hajlaoui, 2009). In the next section, an automatic 
or semi-automatic enrichment of the ontology and the pattern base, using case-
learning techniques would be able to increase the semantic representation of 
competence and the overall performance of the system. 
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3   Discovering Potential Conceptual Term 

We distinguish two types of methods for the discovery candidate’s concepts: the 
first is based on statistical calculations using several measurements to select 
potential terms according to their distribution in corpora (Agirre & al., 2002), 
(Steinmetz & al., 2006),( Parekh & al., 2004), such as complex measurements such 
as mutual information, tf-idf, etc, or the use of statistical laws of term distributions 
(Neshatian & al., 2004). These various proposals enable identifying new candidate 
of enrichment terms, but do not allow placing them in ontology, without a tiresome 
human intervention (Jorio & al., 2007). The second type refers to syntactic methods 
which determine the grammatical function of a word or a word group within a 
sentence. It is based on the following assumption: the grammatical structure reflect 
semantic dependences (Bendaoud , 2006). It uses the grammatical functions of a 
word or a word group to present new concepts. Such methods present the 
drawbacks of identifying only the relations labelled by verbs. Other approaches also 
use syntactic patterns (Pekar & al., 2002). The extracted terms illustrate the new 
potential enrichment concepts. 

To insert the provisional terms within an existing ontology, it is essential to 
detect the relations among these new terms and initial ontology concepts. ), 
(Steinmetz & al., 2006) proposes a statistical approach based on the frequent co-
occurrence of candidates terms with the concepts of initial ontology. A lack of 
precision is noticed among the new concepts and the ontological structure. Other 
approaches are based on data mining techniques (Hernandez & al., 2007). 
Several approaches suggest using frequent correlations among the corpora terms 
while using extracted association rules (Srikant & al., 1997) among potential 
concepts (Bendaoud , 2006). Each rule expresses the relation between two or 
more concepts of the field. This enrichment process requires filtering 
considering the large number of rules generated. Consequently human 
intervention is necessary to define the semantic relations discovered. Other work 
(Han & al., 2000), (Neshatian & al., 2004)  is based on the classification 
methods in order to bring closer the candidates terms contained in the texts to the 
concepts present in ontology. The principle consists in gathering terms according 
to their number of occurrences within corpora ( Parekh & al., 2004), using a 
clustering method. The disadvantage of these approaches is that they do not 
detect the relations among the candidates terms, i.e., unfortunately they require a 
human intervention for the addition of these new terms. 

3.1   Approach for Discovering Concept 

The purpose of this section is to present our approach. The overall process is 
described in figure 2. It consists of three phases. In the following sub-sections these 
three phases are presented in detail. 
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Fig. 2. Approach of ontology enrichment for competence extraction 

3.2   Corpora Preprocessing 

To extract and to preserve the context of sentences contained in the corpora (Hajlaoui, 
2009) initially obtained from web sites, we manually built a list of stop words to be 
filtered (e.g.&nbsp, mailto, next, previous, GIF, jpg . . . ). These words are always 
frequent in the corpus in spite of the extraction text phase (passage of the format 
HTML with the textual format. This list is used to filter and clean the corpora. 
According to the expert analysis of the field for the initial ontology concepts and the 
texts of the companies describing the field of ontology, the choice of the words to be 
kept is according to three grammatical categories (Verb, Noun and Adjectif ). In 
order to do that, we treated morpho-syntactically the corpora using TreeTagger 
(Schmid, 1994). This application enables us to obtain the category and lemma of each 
word. A filtering step according to these three categories was made to build a new 
corpora based on words considered grammatically relevant. 

3.3   Window Size Creation and Concept Extraction 

The objective is to search within the corpora the words which are correlated to the 
concepts of the ontology. Perhaps, a brief explanation of our use of the term 
windowsize is in order. A window size is a set of words that surround a given concept. 
For this, from the processed corpora, we seek correlations between ontological  
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concepts and words of documents so as to enrich the ontology with more relevant and 
useful words. The question that arises at this point is: How to search for words 
correlated to the ontological concepts? The answer consists in two steps: 

1) construction of Window size; 
2) generation of association rules; 

3.4   Generation of Association Rules 

Nevertheless, in order to obtain more relevant concepts, consider the following 
hypothesis: the more a word is close to an initial concept, the more likely this word 
has strong semantic correlation. Thus, sentences are defined by considering window 
sizes (WS). A window size is a set of words that include one or more initial concept 
of ontology. In other words, as aforementioned a set of words that surround concepts. 
Our goal is to identify in sentences how to represent these WS. For instance, if WS is 
set to 1 that means that a sentence is composed by one word before and one after the 
pivot concept. 

 

Fig. 3. Contextual localisation of competence concept 

In figure 3 the pivot is stampings. Using WS whose size 1, we get the following 
transaction ”stampings, cuttings and industrial”, and by specifying a WS= 2 : 
”stampings, cuttings, expertise, industrial and process. These windows are the 
transactions for the next step. The second step is the generation of the association 
rules. In order to detect the semantic correlation between the terms in documents and 
the ontology’s concepts, an association rule algorithm has been adapted (Agrawal & 

al., 1994) to our concern. More formally, let { }niiI ..., ,1= a set of terms, and D a set 

of sentences, where each sentence corresponds to a subset of elements of I. An 

association rule is thus defined as YX → , where IX ⊂ , IY ⊂ , and 

φ=∩YX . The support of a rule corresponds to the percentage of sentences in D 

containing YX ∪ . The rule YX → has a confidence ratio c, if c% of sentences 
from D containing X also contain Y. 

4   Experimentation 

The initial domain ontology contains a large number of concepts, and the enrichment 
is a tedious task that requires a lot of time. Consequently, in a first time we chose to 
test on a single conceptual domain of the initial ontology to measure the performance 
of our approach. The initial list of concepts described in Table 1. 
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Table 1. Result of learning concepts 

Initial Concepts Generated Association Rules Learned Concepts 
Assembly, Production Assembly !- injection(3.2, 100.0) Adjusting, Injection 
Boiler, Grinding Stampings !- cutting (4.0, 90) Metal, Welding 
Turning, Surface Forging !- Threading (1.7, 100.0) Metrology, Simulation 
Stamping, Treatment Area !- metrology (2.1, 100.0) Tools, Threading 
Manufacturing, Usage Area!- welding (1.6, 100.0) expertise 
Forging, Thermal Machining !- expertise (2.3, 100.0) Molding 
Milling, Machining Machining !- accuracy (1.8, 100.0) Turning 
Laser, Carry Machining !- installation (2.9, 100.0) Cutting 

 
As seen from, the fact of using windows where the pivots words are the initial 

concepts of the ontology, and the using nouns, verbs and adjectives enables to 
improve considerably the detection of correlation in texts. In the same way, the use of 
filters significantly retained correlated relevant concepts. It should be noted that our 
approach was sufficiently automatic to be applied in various fields and thus extract 
the significant concepts elsewhere. The first results obtained are promising: we 
discovered and placed suitably new concepts. The analysis of the ontology obtained 
showed that the whole of the concepts discovered is coherent since most of them 
could be attached to ontology via the rules obtained. These results were also validated 
by the expert of the field. 

5   Conclusion 

In this paper, we present a new approach of ontology enrichment based on data 
mining techniques specifically the association rules and the use of extracted semantic 
information to retain relevant new concepts. Our approach is based on three steps: 

1) Preprocessing of a textual corpora (cleaning and lemmatising: treetagger). 
2) Creating window size to promote the correlation between corpora words and 

concepts of the ontology, then the application of the APRIORI algorithm to extract 
association rules according to validated parameters (support, confidence). 

3) Automatic Analysing and filtering of generated rules to keep those that are 
relevant to the initial domain ontology. 

The obtained enrichment results seem auspicious for the chosen domain ontology. 
This approach is sensitive to the domain studied: it is important to have a corpora that 
describes the subject domain accurately, so there is a very rich language with nouns 
and adjectives available. Although the company websites do not represent the ideal 
source for building such a corpora for the domain studied (companies competency in 
the mechanical industry), but we have had promising results. 
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Abstract. Governments strive to achieve improvements in delivering public 
services, developing and implementing public policies, responding to crisis 
situations, and optimizing the use of public resources, among others. Achieving 
such goals requires collaboration across different levels and functions of 
government, and across public and private sectors in a Joined-Up Government. 
Establishing such collaboration requires information on prospective participants 
including their goals, resources, processes and services. Such information is 
rarely available in structured forms e.g. in databases, but instead scattered over 
government portals, publications and other textual sources. This paper proposes 
the use of semantic text mining for extracting collaboration-related information 
(focusing on government collaboration) from unstructured data sources. The 
proposed solution applies natural language processing techniques supported by 
the relevant domain and process ontologies. It consists of three steps: 1) 
extracting process-related information from textual sources, 2) creating process 
ontology instances from extracted information and 3) mining shared and 
integrated processes based on process instances and the service goal hierarchy 
in the domain ontology. The paper describes the rationale of and approach 
adopted in this research, the progress achieved in implementing step 1, the 
challenges encountered and how we intend to address them in pursuing 
subsequent steps. 

Keywords: Joined-Up Government, Collaborative Networks, Goal Hierarchy, 
Data Mining, Text Mining, Process Mining. 

1   Introduction 

Governments face enormous pressures in coping with their regular responsibilities of 
delivering the required services to their stakeholders – citizens, businesses and 
governments, and developing effective policy interventions to societal issues in various 
national and international contexts characterized by financial and economic pressures, 
increasing terrorism-related threats to national security, and increasing incidents of 
health pandemics and natural disasters. A common element in various responses by 
governments to these challenges is the adoption of a holistic, whole-of-government 
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approach. This approach aims at creating a single virtual organizational view [1] from 
various government and non-government entities, based on collaboration across 
different levels and functions of government as well as collaboration with non-state 
actors from the private and voluntary sectors [2]. 

Developing collaboration structures and relationships requires coordination and 
integration of services, processes and information-related assets like databases, 
applications, devices, hardware and networks, offered by collaborating parties. 
Specifically, establishing any collaboration requires information on the shared goals, 
prospective participants, their interests and resources [1][3]. However, such 
information is rarely available as structured data (e.g. in databases) or from a single 
source. The information is generally unstructured and found in disparate sources like 
agency portals and online publications related to the entities of interest. This makes 
the discovery, analysis and integration of information on prospective collaboration 
parties difficult. Even when such information is available, integrating this information 
to achieve the objectives of a joined-up government remains difficult due to various 
organization issues and in the absence of explicit domain ontologies. 

Text mining, a data mining technique for unstructured or textual data, which also 
draws from various disciplines including information extraction, semantic web and 
computational linguistics, offers significant promise for automatic extraction of 
important terms, concepts and patterns. Presently, there are a number of tools for text 
mining which enable annotation of text with user information. When considering text 
mining in a specific context, like government-wide collaboration, specific domain 
structures (e.g. goals, services and processes) would be of interest. In this regard, 
process mining [4] offers concrete technique for mining process-related structures. 
However, workflow logs used in process mining are structured.  

In this work, we are concerned with textual descriptions of such processes and the 
services they implement. We aim at investigating how text mining, and particularly 
semantic text mining (text mining supported by relevant ontologies) could be used in 
discovering various collaboration structures from their descriptions in various textual 
sources, provided by government agencies, private sector organizations and other 
entities within the joined-up government context. Our final goal is to enable semi-
automatic discovery of shared and integrated processes to realize collaborations and 
joined-up government. We adopt ontology-based tagging of terms in collaboration 
descriptions, using service-oriented process ontology obtained from our analysis and 
augmentation of existing e-government service models. The tokenized terms are 
subsequently combined, guided by their meanings expressed in the ontology, into 
collaboration structures. This paper contributes to the final goal through the synthetic 
analysis and augmentation of existing e-government service description models. 

The rest of this paper is structured as follows. Section 2 presents the background in 
semantic text mining, information extraction, collaboration networks and joined-up 
governments. Section 3 explains the problem to be addressed. Section 4 discusses the 
approach adopted to solve this problem, followed by solution steps in Section 5. 
Finally, Sections 6 and 7 present discussion and conclusions respectively. 
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2   Background 

A number of foundational concepts are essential in explaining our motivation and 
research approach. These concepts, drawn from the domains of Text Mining, 
Collaborative Frameworks and Joint-Up Government are briefly introduced below. 

Text Mining: Data mining [5] refers to the extraction of knowledge from large 
amounts of data. A key step in knowledge discovery, it is an iterative process aimed at 
identifying valid, novel, potentially useful, and ultimately understandable patterns in 
data. Text mining intersects with Natural Language Processing (NLP), machine 
learning, data mining, and information retrieval. Knowledge discovery in text, 
however, involves intelligent text data analysis aimed at uncovering previously 
unknown patterns in existing unstructured textual resources [6]. By appropriately 
integrating techniques from each of these disciplines, useful new methods of 
discovering knowledge from large textual sources can be developed. For our purpose, 
we explore such techniques in extracting useful patterns in describing e-government 
services provided by prospective collaborators. Information Extraction (IE) is a key 
component in text mining, as it enables the application of data mining to unstructured 
text corpora to discover predictive rules useful for improving the performance of text 
mining tasks [7]. Handling the representation of background knowledge in IE is a 
very important challenge [8] and ontologies are used to supply such knowledge and 
annotations, as they effectively enable the representation of domain schemas 
containing technical terms, domain concepts and the relationships between them. 

Collaborative Frameworks: Collaboration involves exchanging information, 
altering activities, sharing resources, and enhancing the capacity of another for mutual 
benefit and a common purpose. Each participating organization aims to help others 
become the best that they can be at what they do [9]. Studies in network theory and its 
effect on inter-agency collaboration [10] have also shown enhanced cooperation 
among government agencies. For our purpose, we adopt the definition of 
collaboration as the act or process of “shared creation” or discovery [11] involving the 
creation of new value by doing something new or differently. 

Joined-Up Government: Joined-Up government denotes public service agencies 
working across portfolio boundaries to achieve shared goals and an integrated 
government response to pressing issues [12]. The rationale for joined-up government 
is two-fold [13]: 1) avoiding duplication of efforts through improved information flow 
resulting in increased situational awareness and enhanced capacity for strategic 
planning and intelligent decision-making; and 2) harmonization of efforts among all 
stakeholders recognizing the co-dependent nature of their shared and individual goals, 
and the required compromise and understanding among collaborators in jointly 
achieving the goals towards attaining a more agile government enterprise. Achieving 
such goals must be based upon collaboration across different levels and functions of 
government, and across public and private sectors. However, the complexities of 
configuring all possible collaborations among agencies are enormous and require a 
systematic approach dealing with the various scenarios. We seek an environment 
where collaboration structures for all agencies – processes, capabilities and 
competencies – can be extracted and modeled along with the collaboration objective 
to be achieved, leading to the configuration of a collaborative initiative. 
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3   Problem 

Our major goal is to investigate how data mining can be used to support the discovery 
of information to build collaborative government services towards joined-up 
government. Since government services are usually described in textual forms on 
government portals and in other sources, we employ semantic text mining to identify 
different parts of service descriptions and on this basis discover opportunities for 
developing shared and integrated services. Discovering such services will optimize 
the use of financial, human, data, organizational and technical resources. It will also 
enable improvements in the delivery of government services. 

There are two inherent challenges to this problem. The first is addressing the 
contextual semantic issues posed by textual sources containing service descriptions. 
For example, a step such as “Issue license” extracted from two different service 
descriptions e.g. driving license or construction license, could be very different in 
terms of implementation complexity. The second is mining processes representing 
shared and integrated services from process ontology instances, as opposed to using 
structured event logs which is the standard practice in traditional process mining. 

4   Methodology 

Our approach is to first model Joined-up Government as a Collaborative Networked 
Organization (CNO) whose members are agencies involved in shared or integrated 
service arrangements. We then develop the required ontologies to guide the extraction 
of information from textual descriptions of services and to represent the extracted 
information as process models. Two ontologies are required for this purpose: 1) a 
domain ontology to define and relate e-governance concepts and provide a hierarchy 
of service delivery goals, and 2) a process ontology to represent extracted process 
models. Since our process models are service-oriented,  the process ontology is 
developed by extending existing e-government service-related ontologies by 
additional elements discovered through our review of service descriptions available 
on six national government portals – South Africa, United States, United Kingdom, 
Canada, Korea, and Germany. Fig. 1 below shows three major steps of our approach 
to the problem, with steps 1 and 2 executed concurrently. 
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Fig. 1. Three-Step Research Methodology 
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Using these ontologies, models and recognizers will be developed to identify and 
tag different elements (e.g. goals, subjects or eligibility criteria) of a service from its 
descriptions. The extracted information will be stored in the process ontology as 
process instances. With such instances captured in the process ontology, the final task 
will be to: 1) discover common sub-processes across process models as a basis for 
building shared services and 2) suggest possible super-processes as a basis for 
seamless or integrated services using the service delivery goal hierarchy.   

5   Solution 

This section describes in some detail the three steps in Figure 1.  

Step 1 - Extraction of Process-related Information: This step involves pre-
processing process-related descriptions to conform to some standardized and 
structured process syntax. We gather service descriptions from various government 
websites and carry out rigorous analysis to extend existing public service description 
models. This task involves selection of sentences describing key service components 
and processes. It also involves decomposing the sentences into tokens for the 
recognizer to identify named entities and co-references. Next, the tokens will be 
combined into structures based on their meanings in the ontology. Figures 2 and 3 
show the examples of two service descriptions on the South African Government’s 
(www.gov.za) and Alberta Government’s (www.alberta.ca) portals. 

The resulting service-oriented process ontology consists of the following elements: 
1) Service – a clear reference to the nature of the service, 2) Type – the type of service 
based on the authorization, certification, control, and production types [14], 3) Source 
– the government offering the service, 4) Subject – the actors involved in different 
roles in delivering the service including service requestor, provider and their 
collaborators,  5) Eligibility – the rules determining which requestor can receive the 
services, 6) Evidence – the confirmation of receipt of request to provide a service, 7) 
Location – the place where interactions in the service delivery process take place, 8) 
Duration – how long will it take to deliver the service, 9) Legal – the legal provision 
e.g. government decrees empowering the provider to provide the service and 
specifying which requestors can receive the service, 10) Payment – fees to be paid for 
receiving the service, 11) Outcome – the result of the service, 12) Review – what  can 
be done if the requestor is not satisfied with the outcome, 13) Suspension – if a 
positive outcome can be suspended and for how long, 14) Validity – when a positive 
outcomes will expire, 15) Contact – who can be reached for enquiries on the service, 
and 16) Appeal – if and how to challenge the negative outcome of a service request. 

Following the development of the process ontology, the next task is to develop 
recognizers for each element and tag extracted text with the appropriate element.  
In summary, this step involves: 1) preprocessing, 2) development of service 
description-based recognizers, and 3) extracting service elements from their textual 
descriptions. 
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Fig. 2. Sample Service Description from www.gov.za 

 

Fig. 3. Sample Service Description from www.alberta.ca 

Step 2 - Creating Process-Ontology Instances: This step involves developing a 
formal process ontology based on the service description elements and the domain 
ontology. The extracted text is created as individuals or instances in the developed 
process ontology, where each instance represents a complete service description. This 
is followed by creating relationships between the instances based on the service goal 
hierarchy defined in the domain ontology. The goal hierarchy specifies how a higher 
level or conjugate goal is obtained by fulfilling simpler goals in addition to goal 
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prioritization. For instance, the service goal related to Obtaining Licenses can be 
fulfilled by goals Successfully Filing an Application and Obtaining Decision on the 
Application. Therefore, a process that implements the submission of applications and 
another process implementing decision making on applications could be combined 
into a single process with the goal of license service delivery.  

Step 3 - Discovering Shared and Integrated Services: Our target is to extract two 
main types of process information structures. The first is processes common to several 
agencies. For example, most agencies require authorization services to evaluate or 
decide on applications based on some criteria. The second is integrated processes that 
could be constructed from the processes of various entities towards fulfilling a higher-
level goal. For instance, responding to a health pandemic may require that screening 
services (checking travelers) at all ports of entry are linked with ambulatory services 
(for transfer) and with emergency services (treatment) at hospitals. 

6   Discussion  

So far, our research has focused on the Step 1 – Extraction of Process-Related 
Information. To this end, we attempted to extract process-related information from the 
online sources provided by the national governments of United States, United 
Kingdom, Canada, Germany, Korea and South Africa. However, we were confronted 
with a number of challenges that further highlight that meaningful extraction, parsing 
and construction of processes and other higher-level structures from these 
descriptions require semantic support. Here we describe three specific challenges. The 
first challenge is non-standard form of service descriptions. We observed that there is 
no standard form, nor a controlled language, for describing available government 
services even within the same government. In general, the descriptions present across 
various government portals use free narrative forms. We also discovered that service 
descriptions and presentations vary according to the government’s level of e-
government maturity. For example, some portals like the US federal government’s 
www.usa.gov tailored and personalized their service descriptions to individuals based 
on their interactions with the portal. The second challenge concerns the existence of 
huge variations in the details of service descriptions. Some descriptions, for instance, 
may not contain process-related information. The third challenge is inconsistent 
naming of services, with the same or related services referenced differently across 
different government portals. For example, Child Support Grant, Child Care and 
Development Fund, Child Care Subsidy, and Child Care Benefit all refers to 
essentially the same services. We are currently working to address these challenges 
through the techniques employed in resolving semantic conflicts in general.  

7   Conclusions  

The goal of this paper is to present the research approach and initial implementation 
of this approach in automating the identification of shared or integrated services to 
underpin Joined-up Government – one of the most important forms of Collaborative 
Network Organizations in the public sector domain targeting complex, cross-sector 
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challenges. Unlike existing work on service development and composition that relies 
on structured repositories and service descriptions, we seek to identify opportunities 
for shared and integrated services from non-structured textual descriptions commonly 
found on government portals and in government publications using semantic text 
mining. Despite various semantic challenges encountered in the course of this work, 
we consider the discovery task feasible. In our view, once the implementation of step 
1 in our research methodology (extraction of process-related information) is complete, 
creating ontology instances from extracted information (step 2) and discovering 
shared and integrated processes (step 3) through ontology-based reasoning will be 
more tractable. This is the direction of our future work. 
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Abstract. This paper has as its objective to put forward a profile for the 
‘manager of the future’. It draws on a review of the literature and on a series of 
unstructured interviews with 12 trainers, recruiters, directors and young 
graduates. Research carried out in large global companies in the fields of 
industry and multimedia confirms the under-exploitation of certain 
competences and the immergence of new forms of management and recruitment 
in modern companies. Generation Y is blossoming and, with its practices and 
its new demands, is jostling against traditional modes of management. This 
paper first highlights the tensions between individuals, the organization and its 
environment, plus the lack of recognition regarding these neo-managers’ 
competences and valuable talents. An analogy between managers and video 
game players leads us to the analysis of three case studies and to interviews 
with 12 experts in their individual professional fields: three trainers, three 
purchasing directors, and three young purchasing graduates. Their 
contributions, combined with the conclusions drawn from the case studies 
permit the co-construction of the profile of tomorrow’s manager, the “player 
manager”. 

Keywords: Manager, video games, Y generation, forecasting, collaboration. 

1   Introduction 

A part of the intellect of today’s young managers is not welcome in those companies 
where it is considered as of little real business worth. Indeed, this intellect does not fit 
in with organizational constraints, and does not correspond to the working ways 
currently in place. It seems too playful and not professional. This intellect is 
developed though the use of video games. It is characterized by (1) the mastery of 
information and communication technology (ICT), (2) the ability to find one’s way 
around virtual environments, (3) the capacity to combine talents, in order to 
collectively achieve objectives that would be impossible on one’s own, (4) digital 
communication between different socio-cultural profiles and (5) the ability to 
undertake several tasks at once and to flit between these, without losing productivity.  

Young graduates feel themselves to be picked on, constrained, excluded and 
maladjusted. There is often no measure put in place to value them and to capture the 
product of this new form of intellect they manifest. In traditional companies, where 
these young graduates are expected to occupy a very precise function, they do not find 
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community spirit and have to subscribe to a stifling vertical structure. How can they 
best be integrated? How can adapter tools be created to allow these young graduates 
to express their creativity in an optimal way? After having considered the 
characteristics of generation Y, this article examines several case studies of video 
games. Here, it highlights the possible transpositions between the practices employed 
by players and those of managers. The methodology is built around three axes, 
namely career forecasting, the case study method, and the scenario method, with 
interviews with 12 experts in their individual professional fields to complete the 
study. The final section puts forward the profile of a “player manager", ‘along with 
recommendations for the welcome and integration of this new profile of manager. 

2   Anticipating and Reducing Tensions between Individuals, 
Organizations and their Environment 

The Y generation is made up of people born between the beginning of the 1980s and 
the early years of the 21st century. Also called the “millennium generation”, the 
“Internet generation”, the “digital generation”, the “Google generation” or “digital 
Natives”, in five years this generation will represent 40% of all working people 
(Crampton and Hodge, 2009). Members of the Y generation are “born surfers”, with a 
perfect knowledge of how to use and optimize their social networks and develop in 
virtual environments. They communicate thanks to a new language, and are capable 
of managing several tasks at the same time. 

Recruiters find themselves therefore faced with numerous difficulties linked to the 
gap between the professional environment they offer to young graduates and the 
world in which these new recruits live and have grown up. How can this new 
generation be integrated into a system which is largely dominated by highly 
structured, hierarchical, even state-owned companies? How can we conserve and 
develop this sense of collaboration, the talent to search for information and the ability 
to generate community know-how, in a population that refuses to be bullied by a 
system that it judges outmoded? This new intellect must not be channeled or 
formatted, as is essentially the case in traditional regulated structures. It must be 
stimulated and capitalized on, in order to create a new form of value. 

Peter Drucker explains that the reason for being of any organization is to allow 
ordinary people to do extraordinary things. The very essence of an organization is to 
permit people to achieve a greater level of performance than the one they seem 
capable of, to reveal the slightest talent among its members, and to use each others’ 
talents to improve each others’ performances (Drucker, 1973). However, modern 
organizations do not adopt this approach, and inhibit their managers’ potential for 
initiative and creativity. Indeed, managers are constrained to focus on realizing their 
objectives in an environment where the performance race and internal competition are 
predominant (Shaw, 2008).  

The Y generation’s ill-ease seems almost inevitable, faced with the inertia of 
companies who persist with models which are more and more blatantly out of step 
with the radical development of modern society (Simard, 2007). Drucker has already 
observed: "the largest proportion of what we call management consists of making 
people’s work more difficult" (Drucker, 1973). Based on a study of 17000 Canadian 
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employees, the sociologist Jean-Pierre Brun demonstrates that people’s well-being is 
closely linked to organizational performance, whilst organizations consider this to be 
a completely secondary factor. Indeed, "managers often concentrate on financial 
indicators and complicate life by putting in place ambitious action plans and complex 
processes" (Brun, 2008). 

3   Research Methodology: Three Complementary Approaches 

Research is at the heart career forecasting. It permits greater clarity regarding past 
changes in a profession, in order to be able to anticipate future transformations 
(Boyer, Scouarnec, 2009). The objective here is to protect oneself against the dangers 
inherent in the contradictions which develop between the profiles of new managers 
and methods of management and recruitment. It is necessary to act and innovate 
before it is too late. It is a question of building the future according to both desired 
and non-desired scenarios, and of acting on the present to point changes in a direction 
that is favorable for us (Thamain, 2009). 

A sample of three online role plays was defined, in order to observe specific 
practices of the Y generation. 12 experts in their individual professional fields were 
also selected, in order to undertake semi-structured interviews, designed to reveal the 
different facets of the issue and to offer some recommendations. The pre-
formalization stage permitted an initial analysis of the interviews’ contents, and an 
initial structure underpinning the “player manager” phenomenon to be identified, 
along with to identify the distinction between strong hypotheses and more ambiguous 
suppositions. The construction stage consisted in confronting the different points of 
view of these experts to each other by presenting them with their differing visions. 
The validation stage offers jointly constructed recommendations in order to act 
positively on this phenomenon (Boyer, Scouarnec, 2009). 

This piece of research offers answers to the following questions: Why is there a 
discrepancy between the Y generation and practices within organizations? Why does 
this discrepancy constitute both a significant threat and a significant opportunity for 
companies to make a new start? How can the Y population be integrated, and how can 
their qualities be put to the service of the organization? In order to obtain the most 
pertinent answers, the case study method must be validated by a triangulation between 
the information collected. In other words, data must be compared against itself, and 
against testimonies and theories, alongside the use of several sources (Yin, 1994). The 
combination of a literature review, three case studies and interviews with 12 managers 
from the Y generation therefore constitutes a topographical fieldwork research 
strategy, designed to compare the information sources.  

The data collection proceeds in four phases. The first phase corresponds to an 
exploratory phase. This stage concerns the discovery of the research field, the 
identification of opportunities to use and of obstacles which could crop up. The 
second phase is much more analytical and less descriptive, with exclusively semi-
structured interviews with participants, in order to conduct an in depth study of 
applications. The gathering of documents and the choice of more structured questions 
brings us closer to our objective. The third phase consists of structured interviews 
with questions of a much greater precision asked to a larger number of sources with a 
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more critical view with regards to the way the platform works, and the desire to 
encourage participants to engage in self-criticism and suggest improvements. The 
fourth phase consists of presenting the research outcomes of the analysis of these key 
sources and combining the different opinions. 

Interviews will allow us to complete the conclusions from these case studies. 
Participants will be encouraged to make sense of their practices, to stand back and 
describe events, actions, values, experiences and the problems they face in everyday 
life (Thiétart, 2007). 

Code Category Function / Program Firm / Sector 
A1 Trainer Expert in E-learning FNEGE 
A2 Trainer Expert in CVs / Interviews APEC 
A3 Trainer Lecturer in HRM Grenoble EM 
A4 Recruiter HR Manager Nestlé 
A5 Recruiter Profiler / Head hunter Big Fish 
A6 Recruiter HR Manager EDF 
A7 Director Departmental Director HP 
A8 Director Director of a Subsidiary Nestlé 
A9 Director Purchasing Manager Total 

A10 Young graduate MAI BEM Bordeaux Purchasing 
A11 Young graduate DESMA GEM Grenoble Communication 
A12 Young graduate SKEMA Lille Sales 

Fig. 1. List of the experts in their individual professional fields 

4   MMORPG Players as a Source of Inspiration for Companies 

EverQuest (EQ), which is very popular in the United States, and federates hundreds 
and thousands of members, many of whom are permanently connected. Each server 
supports a specific and independent version of Norrath, the EQ world which is 
permanently evolving in real time. This constraint encourages the players to be very 
active or to abandon the game: they do not want to miss certain events or to see 
themselves outdistanced by others. The collaboration is facilitated by the interface 
and recompensed by the completion of tasks which require complementary capacities 
from different types of characters. Players have to cooperate to accomplish certain 
quests which they could not complete alone. Playing a MMORPG does not have an 
end: moreover, certain players have been playing for years and have a particularly 
good knowledge of the world in which they are still developing and progressing. 

The time spent in the conception and development of characters, plus learning the 
very elaborate rules and in discovering a complex world which is constantly evolving, 
encourages players to pursue their adventures and therefore to pay each month to 
access the site. At the launch of EQ, the principal was that each player would try to 
make him or herself as different as possible from other players. He or she would 
consider other players as potential enemies, likely to be surpassed during quests or 
from whom he or she could take one of a number of objects for use in combat or 
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magic. It was almost against the will of the designers of these online role play games 
that players formed themselves into communities which, from then on, even 
constituted the foundation of MMORPGs (Fuger, 2003). 

In DAOC, as explained on this game’s website (www.daoc-europe.com), the 
player can join three different kingdoms: Albion – the kingdom of the late King 
Arthur, which is suffering from the absence of his authority and is in prey to multiple 
offensives – Hibernia – a primitive western hemisphere island inhabited by Celts – or 
Midgard – icy lands peopled by Vikings. The three nations have a choice of races 
(Trolls, Elves, Kobolds, Dwarfs…) and of single classes (disciple, apprentice, druid, 
sentry…) as well as different capacities and forms of specific magic. Players can 
adopt very different behaviors, but always in a team: there can be clashes between 
kingdoms (player versus player), a player can try to take possession of his 
adversaries’ relics by attacking their reliquary fortresses. He or she can conquer 
territories, and accomplish quests (the player versus his environment) for his or her 
personal account or that of his or her guild. A MMORPG player launches him or 
herself into a virtual world by means of his avatar, a performance which combines 
both illusion and reality, in other words elements which are the player’s own and 
others which are unfamiliar to him or her. 

"Players attach a great deal of importance to their status because they know, 
perhaps unconsciously, that this will influence the relationships that they will enter 
into with other members" (Fuger, 2003). Indeed, the interpersonal aspect is extremely 
significant in MMORPG. Players seek, therefore, to improve their characteristics in 
order to progress through the levels of development and to become a legendary figure 
in their kingdom. "Climbing up the rungs of the virtual social ladder is one of the 
most important objectives for the majority of participants" (Fuger, 2003). In DAOC, 
there are a multitude of objects which make it possible to associate a character to his 
status and his level. As a result, players have to behave in the same way as managers 
in companies and act on according to these gauges and variables, in order to improve 
and work in partnerships to complete project or achieve objectives. Certain 
advantages can be associated with a good reputation as much as a player in a 
MMORPG as in a company: "the notions of good and bad reputations exist and have 
an influence on the status accorded to members of the community to which they 
attach a great importance" (Fuger, 2003). 

Second Life, the best-known virtual world in the world with 15 million fans, has 
had to deal with a serious financial crisis which perfectly reflects the real crisis and 
has provided us precisely with information on how to manage crises in general" 
(Kaplan, 2009). Indeed, this game has its own currency, with a floating interest rate of 
270 lindens dollars ($L) for one American dollar and its own banks which offer to 
place money with interest rates which can go as high as 40%. Real banks, such as the 
French national banks Crédit Agricole and the Caisse d'Epargne, have opened 
agencies in this virtual world and certain brands carry out virtual marketing there, 
examples include Toyota, which surveys avatars regarding its prototypes, or L'Oréal 
which organizes fashion parades in Second Life. Ailin Graef has become the 
"Rockefeller of Second Life” (Sloan, 2009) thanks to her avatar Anshe Chung 
through whom in 2006 she earned her first real million dollars as a virtual estate 
agent. Today she employs one hundred programmers and designers and has invested 
in several multimedia companies.  
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5   Tomorrow’s Manager’s New Competences: To Be the Best 
Player So His Company Wins 

A game is fully characterised by four elements: (1) a list of players, (2) a list of 
possible strategies or actions for each player, (3) a description of the rewards allotted 
to players according to their strategic profile and (4) the rules of the game (Fisher and 
Waschik, 2002). In a similar way, company managers, competitors, clients, suppliers 
and other partners, all evolve in an environment where they know each other, where 
they have to make choices which are contingent on the others, where each decision 
can have serious consequences and where a certain number of rules need to be 
respected. Consequently, managers chose their strategies according to their 
competitors’ former strategies, based on an anticipation of their future actions, on 
shape of the market, and the potential financial repercussions taking into account the 
rules of the economic game. "Our backdrop has changed and we are now probably 
entering into a veritable tempest of changes without precedence (…).  

The waves of changes are tighter and tighter and closer and closer together. From 
now on, they overlap and we scarcely have the time to come to terms with the wave 
that has just arrived, than another one starts to gather force" (Saussereau, 2007). This 
instability is already present, and in a way even more intense in MMORPGs. Players 
are completely used to this. For them, this is no anomaly: it is natural. They have 
adopted the necessary reflexes to know how to act according to shifting parameters, 
so as to optimise personal and collective development and performance. In 
management, "momentum is precisely the moment at which the decision to act must 
have an impact" (Saussereau, 2007). Managers need to have the capacity to recognise 
this moment to put into place the right actions, in order to maximise their effects. 
They also need to play collectively and take their internal and external partners into 
account when taking this decision. Indeed, the performances of an organisation 
depend on the capacity of its employees to work collaboratively with each other and 
with their external partners.  

New information technologies give us the illusion of equality between managers 
who participate in a community: they no longer have an age, a skin colour, beauty, a 
gender, qualifications, accents etc. They can create a new identity, sheltered from 
prejudices behind their computer screen, using their mastery of tools as a way of 
asserting themselves. The balance of power no longer relies on the same criteria. The 
power of having spent a long time studying is less significant than that of the mastery 
of virtual worlds and new qualification and evaluation codes. Communication with a 
"geek" is very different from traditional communication. In fact, young people group 
themselves into communities, clubs and tribes. Indeed, young people who play online 
and spend large amounts of time on forums, communities and networks have an 
intelligence which is structured differently from that of the traditional manager. 

The serious games, which are already used in medicine and aviation in the United 
States, make for new modes of recruitment, training, evaluation and management of 
organizations based on virtualization and a heightened reality. The languages are 
encoded, symbolic, based on grading grids, scores or levels. In and of itself, knowing 
how to read is no longer even essential: like a child of six years who manages to 
complete an extremely complicated video game more rapidly than an adult, it is no 
longer the graduate who is the best equipped to understand these languages and to 
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find his way in the socio-economic environment, modeled here in order to bring in the 
best business for his company. Managers are connected in socio-professional 
networks to each other, to the company, to their knowledge base, to their artificial 
intelligence, to forums and messaging services, as well as to different tools with 
applications which are specific to their individual professions. 

Google is a Y company. It was created by the Y generation. At Google, the average 
age is 29 years old. Employees have the possibility to work in different company 
offices all over the world: Google sends them to New York, Atlanta, San Francisco, 
Paris, Dublin, Brussels, Milan, Oslo, Moscow, Buenos Aires, Sao Paulo, Mexico or 
Dubai. Every week, employees have appraisals with their managers. 20% of work 
time is consecrated to personal projects, from which Gmail is a fruit. Work spaces are 
divided between three or four people. The equipment includes all the new information 
and communication technologies, but also video games, musical instruments, athletic 
fields, a swimming pool or a climbing wall. The creation of associations and clubs is 
welcomed. Brainstorming sessions take place around the coffee machine or in the 
canteen where everything is free. Management development is participative, ethical, 
sustainable, collaborative, and the virtual is on the march, as is illustrated by the 
account of our expert in his professional field A7. Before, it was a real war to become 
a manager. Now, most of those who have the right predisposition and who could 
become a manager, do not want to do so. They work at all hours, day and night, they 
are constantly connecting and disconnecting and without losing efficacy, as a result. 
They adapt spontaneously to colleagues’ demands, and need to maintain an extremely 
high level of motivation. They expect fewer constraints and less monitoring, with 
more autonomy and a greater level of ease at work. 

Companies need to manage the collision between generations. Indeed, the gap 
between the competences of the “new recruits” and those of “older” ones is widening, 
and it is becoming bigger between smaller and smaller age gaps. This observation holds 
true in almost all activity sectors in the race for innovation and the necessity to be agile 
which are omnipresent. In certain companies, the average age, for that matter, is 
significant of the "freshness" of human resources, which can pose a problem, as in the 
case of the company Google who had a lawsuit brought against them for discrimination 
against older generations. It is possible to ask oneself questions about the desire to keep 
the average age of employees under the age of 30 and the ways of doing so.  

New technologies make information, resources and interlocutors accessible 
anywhere in the world and at any time of the day or night. A colleague or partner who 
is on the opposite side of the world communicates with you as if her were in the office 
next door: You see him, you speak to him, you share the same documents, and you 
work on the same media. Managers can therefore find themselves working at home, in 
public transport, or in the middle of the night, according to constraints, either alone or 
with other people elsewhere in the world. There is no longer a notion of "early" or of 
"late" in this globalised world where the place where you are is no longer really of 
importance: everything comes down to opportunity and pro-activity. Respecting 
deadlines and anticipation are absolute priorities, regardless of conditions. It is the 
presence or absence of need which governs interactions between individuals. As a 
result, the amount of time something will take has become more and more difficult to 
comprehend. It is the tasks, the missions and the projects which determine employees’ 
performance and remuneration.  
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6   Conclusion 

The tensions between organizations, their environment and individual behaviors have 
become more and more difficult to manage. The situation is progressively getting 
worse and risks becoming very quickly decisive for a significant number of 
companies. This paper has shown how play can be the source of a regained humanity 
for companies, if they accept to study it with all the potential that it contains.  In order 
to integrate the Y generation, practices associated with play need to be transposed, 
and in particularly those associated with MMORPGs, which can also bring with them 
effective solutions. Play makes up an integral part of the profile, which still remains 
atypical, of the “player manager” which will spread progressively. 
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Abstract. Service Orientation has been an extensively used approach to model 
the services Collaborative Networks' (CN) members are willing to provide to 
customers. The evolution of this paradigm has followed an improvement path 
since its early forms. Nevertheless bottlenecks still exist, namely in what 
concerns: 1) a gap between the business and the information and 
communication technology perspectives; 2) an adequate Quality of Service 
(QoS) assessment mechanism for the CN context. As a contribution to these 
issues, this paper proposes: 1) the creation of a collaborative Service 
Ecosystem, introducing pro-activeness elements towards an auto-initiative 
representation of CN member's services; 2) the introduction of a QoS 
mechanism needed to facilitate the assessment of services in a CN context. 

Keywords: Pro-Active Service Entity, Conspicuity, Service Ecosystem. 

1   Introduction 

Service Orientation is, perhaps, the most commonly used approach for Collaborative 
Network’s (CN) support systems in the existing case studies and proof of concept 
prototypes. Nevertheless, although this approach had a considerable evolution in the 
last decade, there still exist bottlenecks that act as inhibitors for a larger scale 
adoption of Service Oriented Architectures (SOA) in the CN context [1, 2]. 

On one hand, business and Information and Communication Technology (ICT) 
perspectives still diverge on the notion of service. Under the business perspective, 
entities deal with resource management, quality of service or client satisfaction issues. 
From the ICT perspective, the focus is on the definition of standard communication 
protocols, namely in what concerns remote method invocation, or information 
exchange formats among distinct systems, towards solving interoperability issues [3]. 

As discussed in [4], “the myth of open web-services” within a market without 
rules, as expected at the beginning, turned out not to be a realistic “dream”. The main 
reason pointed out is that instead of an open marketplace of competing products or 
services, “it’s about branding and simplicity: people want simplicity and quality 
rather than choices”. The authors refer to the appearance of “industrial Service Parks” 
as the foreseen realistic approach instead of open independent Services spread around 
the Internet. Such structures “will offer sets of web-services with their own sets of 
rules for combining and modifying” the services. 
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On the other hand, from the industry perspective as presented in [5], for example, 
next-generation systems, applications and services will raise opportunities and 
challenges based on their intelligence. 

Finally, the evolution of the Services paradigm and industry practices point out the 
growing importance of customer interaction, as presented in [6], other than just 
assuring low cost, product performance and high quality, for long-term success. 

These three factors are the base inspiration for the proposal made in this paper: the 
Pro-Active Service Ecosystem Framework (PASEF): 

• Appearance of Service Parks – PASEF is a form of a delimited service park; 
• Services Intelligence – the introduction of pro-activeness fosters one aspect of the 

implementation of intelligence at the service level. 
• Client / customer interaction – based on pro-activeness, it becomes possible to 

develop a new QoS assessment mechanism that provides accurate and up-to-date 
information. Based on this mechanism, a method for the systematic client 
satisfaction information retrieval within PASEF is also introduced. 

2   Service Orientation Evolution 

Service Orientation, as well as the particular case of Web-Services, have experienced 
considerable evolution in the last decade. In the early forms of Web-Services, during 
the late 90s, the keyword was “publish” and the technology and standards provided 
the means needed to put Web-Services available through the Internet, expecting a 
worldwide range of new potential clients. As time proved, these worldwide potential 
new clients’ benefit did not happen. Only big companies took advantage of this new 
approach, based on their marketing machinery. The SME Web-Services did not 
benefit mainly because they were not known by such worldwide potential client set. 

Around 2002, the Web-Services’ registries, like the case of UDDI, were added in 
order to solve this problem. Nevertheless, in the SME context, although the 
technological capabilities brought by UDDI introduced the possibility of being found, 
there still was no big change, given the lack on guarantees or trust requested by 
clients, among other factors, like the lack of specialists for development purposes. 
Nevertheless, at that time, technologically speaking, many web-services became able 
to be “plugged in”, called and invoked - ready for the next stage that was the 
composition of distinct Web-Services, provided by disperse entities. The Service 
Oriented Architectures (SOA) appeared around 2006, introducing tools and 
mechanisms to automate web-services’ composition.  

More recently, in 2008, Franco et al. [7] proposed the Service Entity concept, 
introducing a first notion of an aggregation mechanism for distinct Web-Services 
provided by the same entity. Franco’s proposal groups information concerning a 
service provider plus the services provided, all within the same construct – the 
Service Entity. 

Fig. 1 represents a summary of the main perspectives of the Web-Service evolution 
towards the actual situation. Although this evolution brought sound improvements, 
compared to the early forms of Web-Services, there still exist bottlenecks that act as 
inhibitors for a wider usage of services, which can also be seen as a challenge for the 
creation of new solutions. Some of these bottlenecks are: 
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1. Passiveness – Web-
Services are passive 
entities in the sense 
they stay still, 
waiting for a client 
side initiative. 
Although some 
pioneer initiatives 
connect SOA with 
some auto-initiative 
approaches, like  
the Multi-Agent 
Systems presented 
in the examples [8], [9] and [10] still there is no standard integrated approach yet, 
that could benefit from the strengths of both worlds: MAS & SOA. 

2. Functional restriction – Web-Services do not directly cope with other non-
functional elements, like the provision of a business process model or a touristic 
multimedia content, or even some intelligent content provided by an enterprise. 

3. Aggregation – although Franco proposed a first approach for the aggregation of 
services provided by the same entity, all the Web-Service machinery is built on 
top of previous approaches, inspired in the remote procedure calling era, that is 
not an integrated approach considering the composition of distinct procedures 
forming a higher level one. In fact, although service registration in directories may 
already be made in an integrated manner, registering a set of services at once; the 
following queries made by clients to such repositories are made on the basis of 
one query for each service, resulting in independent replies. The fact that an entity 
may provide two services needed for a given business opportunity (BO) is not 
considered and thus no advantages may be taken from it. 

3   Pro-Active Service Ecosystem Framework 

The Pro-Active Service Ecosystem Framework (PASEF) proposed in this paper 
follows the service orientation paradigm evolution through the introduction of two 
novel aspects: 1) representatives of CN members’ services, playing an “ambassador” 
role through the introduction of pro-activeness; 2) new Quality of Service mechanism, 
taking benefit from the pro-activeness, towards accurate and up-to-date data, 
concerning CN members QoS information. 

PASEF comprises 4 groups of concepts (Fig. 2): 

1. Service Ecosystem related concepts (SES) – the blocks for the construction of 
a service taxonomy built for the members of a Service Ecosystem to follow as 
a guide for interoperability purposes. 

2. Membership Modeling related concepts (MM) - the blocks needed to  
model concrete entities and their services, within a collaborative Service 
Ecosystem. 

 
 

Fig. 1. Web-Service evolution
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3. Quality of Service related concepts (QoS) – the 
blocks needed to support QoS assessment, as well 
as clients’ satisfaction that will serve as a base for 
service selection. 

4. Business Process Modeling (BPM) – the blocks that 
model business processes associated with BOs 
within PASEF, as well as Proposals and / or 
suggestions CN members may submit in order to 

participate in such BOs. 
 

The Service Ecosystem related concepts are the first 
ones to be instantiated by the Service Ecosystem 
initiators, in order to define a common set of rules and 
mechanisms that will guide the CN members that join this structure. These definitions 
have to include not only a common terminology, but also standard skeletons for the 
services that may be provided within that Service Ecosystem. This group includes 
three concepts with the following definitions: 
 D.1 - Meta-Service – the skeleton definition of a service, including details needed 

to specify service provision proposals or suggestions, both coping with functional 
services or intelligent-content provision services. 

 D.2 - Service Category - a group of distinct Meta-Services.  
 D.3 - Service Taxonomy - the concept that comprises distinct Service Categories 

and the corresponding Meta-Services.  
 

The Membership Modeling related concepts group is composed of 5 concepts: 

 D.4 - Service – the association of a specific CN member and a Meta-Service, 
including all particular service provision conditions. This concept also includes 
service connections, gathering the know-how from providers, identifying other 
Meta-services that usually are requested together with a specific Service. 

 D.5 - Service Entity (SE) – the concept that aggregates distinct services provided 
by the same CN member, that is useful namely to create proposals and / or 
suggestions composed of more than one service. In such composed situations 
promotional conditions may be included for the cases where all the services from 
that proposal / suggestion become selected. 

 D.6 - Pro-Active Service Entity (PSE) – a Service Entity element extended with 
the ability to behave in a pro-active manner, for example, towards finding new 
business opportunities or improving the chances that the represented services have 
to be selected among competitors in a given business opportunity. 

 D.7 - Behavior Definition – concept for the configuration of PSE elements 
including a triggering mechanism; pre-conditions, post-conditions and the 
specification of a workflow of base actions that the PSE will perform towards the 
desired goals. 

 D.8 - Service Ecosystem – the “space” that brings together all the CN members 
that are willing to collaborate in an environment created to support and foster the 
collaborative activity. This Ecosystem performs monitoring functionality, tracking 
all business opportunities from their early stages through their conclusion phase in 
order to provide accurate and up-to-date data for clients, concerning CN members’ 
performance, helping them to make their choices whenever they have to select a 
particular provider for a service they need. 

Fig. 2. PASEF Conceptual 
Groups 
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The Quality of Service mechanism proposed in this paper is based on three concepts: 

 D.9 - QoS Characteristic – the atomic concept modeling data that may be 
measured, concerning some property of a service, the provider or the provision 
itself. 

 D.10 - QoS Criteria – the combination of a relevant set of QoS characteristics and 
an evaluation schema for each. 

 D.11 - Client Satisfaction – the classification of a given service provision under a 
specific QoS Criteria. 

 
Through the usage of the first two concepts, it is possible to build up specific QoS 
assessment schemas within a Service Ecosystem. The client satisfaction should then 
be expressed in an automated manner every time a service provision takes place, in 
order to feed up PASEF in terms of accurate and up-to-date QoS data. In this way, 
high QoS from CN members is rewarded with a better selection probability. 
 
Finally, the Business Process Modeling conceptual group is composed of 5 concepts: 

 D.12 - Abstract Business Process Model (absBPM) – specification of a graph 
composed of Meta-Services, transitions and the data included in a process – a 
workflow model. It is abstract because it does not include service performers yet. 

 D.13 - Call for Proposals (CfP) – including a list of needed services and provision 
conditions to which the proposals or suggestions should be posted. 

 D.14 - Proposal / Bid – the reply to a CfP including the set of services that a CN 
member (proposer) intends to provide, as well as a set of provision conditions. 

 D.15 - Additional Services Suggestion – based on the service connections 
included in the Service concept, from the Membership Modeling related concepts; 
providers may suggest the inclusion of additional services. If, for example, a 
Senior Professional (SP) provides a consultancy service (1) “evaluation of a 
BPM”, it may be the case that SP also provides two other services: (2) “find 
similar case study BPMs”, (3) “compare BPMs”. In this situation, SP may connect 
these services if he or she thinks they make sense being together and, as a result, a 
suggestion is made by the PSE, for the inclusion of (2) and (3) whenever a call for 
proposals includes (1). 

 D.16 - Executable Business Process Model (eBPM) – after an absBPM is created, 
CfP a is made. Based on the received proposals and / or suggestions the absBPM 
evolves and becomes an eBPM through the eventual inclusion of some 
suggestions in the workflow and the selection of the proposals that best fit the 
client’s needs. An eBPM may be in one of two states: 1) complete, meaning that 
all services have a not-empty set of accepted service provision proposals, or 2) 
ready, meaning that all services that receive transitions from the start point of the 
workflow model have a not-empty set of accepted provision proposals, i.e., the 
start activities have at least one possible performer in order for the model 
execution to start. In this special case, the eBPM will eventually become complete 
afterwards, during its execution. 

 

Table 1 shows the formal definitions of these 16 concepts: 
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Table 1. Summary of PASEF formal definitions 

1.Meta-Service 
Skeleton service def.  
 

< N, R, D, SC > 
 
N – Service Name  
R – Reference  to 
Implementation 
D – Description / 
service info. 
SC – Serv. Category 

2.Service Category
Meta-Services group 
 

< N, D, T > 
 

N – Category Name  
D – Category 
Description  
T – Services 
Taxonomy  

3.Service Taxonomy
Group of Service 
Categories. 
 

<N, D, V> 
 

N – Taxon. Name  
D – Taxonomy 
Description  
V – Version info. 

4.Service 
Single service 
provided by a CN 
member 
 

< M, MS, SPC, SC > 
 

M – CN Member id 
MS – Meta-Service  
SPC –Prov. Conds. 
SC – Connection Set  

5.Service Entity 
All services plus 
attributes from a CN 
member  
 

< M, ATS, SS > 
 

M – CN Member id 
ATS – CN member 
Attribute set 
SS – provided Service 
Set 

6.Behavior Def. 
one configurable PSE 
behavior  
 

< ID, D, TM, BWD, 
PREC, POSC > 

 

ID –Behavior id  
D – Description  
TM – Trigger Mech. 
BWD – Workfl. Def. 
PREC – Pre-Cond. 
POSC – Post-Cond.

7.PSE 
CN member’s service 
ambassador or 
representative  
 

< SE, BD > 
 

SE – Service Entity  
BD – Behavior 
Definition set 

8.Service Ecosystem 
CN members’ space 
 

< ST, PS, BO, PM, 
CR, BF > 

 

ST – Service 
Taxonomy  
PS – PSE set  
BO – BO set  
PM –Perform. info 
CR – Certif. Info 

9.QoS Charact. 
Measurable property, 
from service, provider 
or provision 
 
< N, IM, MC > 
 
N – QoS id 
IM - Info to measure 
MC - Measurement 
Category 

10.QoS Criteria 
Collection of QoS 
Charact. and 
evaluation schema 
 
< CS, ES, RC, RF > 
 
CS - QoS Ch. Set  
ES – Eval. Schema  
RC – Restrict Conds. 
RF – Overall Rating 
Formula. 

11.Clientnt 
Satisfaction 

classification of 
service provision 
under QoS Criteria 
 
< QoS_Crit, {EV} > 
 
QoS_Crit. – Quality 
of Service Criteria 
EV – Evaluation of 
each QoS Ch.

12.absBPM 
Abstract Business 
Process Model  
 

< {(A, MS)},        
RD, TS > 

 
{(A, MS)} Activity 
and Meta-Service set 
RD – Relevant Data 
Set  
TS - Transition set  

13.CfP 
Call for Proposals 
 
< BPM, {S, SC, PC}, 

GPC > 
 
BPM - Business 
Process Model  
S – Serv. requested, 
SC – Serv. Category  
SPC - Service 
Provision Conditions  
GPC - General 
Provision Conditions 

14.Proposal / Bid 
PSE provision 
intention proposal  
 
<{S, SC, PC}, GPC> 
 
S – Proposed Service, 
SC – Serv. Category  
PC – Serv. Provision 
Conditions,  
GPC - General 
Proposal Conditions 

15.Suggestion 
PSE provision 
intention suggestion  
 

< {SS, SSC, BS, 
BSC, PC}, GSC > 

 
SS - Suggested Srv 
SSC – Sug.Srv.Cat. 
BS - Base Service  
BSC – Base Srv.Cat 
PC – Provision 
Conditions 
GSC - General 
Suggest. Conditions

16.eBPM 
Executable Business 
Process Model 
 
< {A, S, {SPP}}, RD, 

TS > 
 
A – Activity 
S – Service 
SPP – Provision 
Proposals 
RD – Relevant Data 
TS -  Transition Set  
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In order to guarantee coherency and consistency in BPMs, a set of rules was 
defined for the creation of an absBPM (rules i to v) and the following eBPM (rule vi). 
These rules associate relevant data variables with all the information the services need 
and produce. The rules also guarantee that all activities are “reachable” and the 
workflow proceeds after their execution (Table 2). 

Table 2. absBPM / eBPM specification rules 

# Rule Description 

i 
 Π ,   Π    MS T 

for every activity A of the Activity and Service 
Set AS of an absBPM, there exists one and only 
one Meta-Service MS from the Service 
Ecosystem’s Taxonomy T. 

ii 
 Π ,   Π  Tr E, A Π absBPM  

for every activity A of the Activity and Service 
Set AS of an absBPM  there exists, at least, one 
transition Tr of absBPM from an element E to A 
– reach guarantee.  

iii 
 Π ,   Π  Tr A, E Π absBPM  

for every activity A of the Activity and Service 
Set AS of an absBPM, there exists, at least, one 
transition Tr from A to some element E - 
proceed guarantee.  

iv 
 Π ,  Π    RD Π  | , i    ,    P  rd RD  

for each Meta-Service MS with a parameter set 
P, there exists a relevant data variable set RD, 
associating a specific variable rdj to each 
particular parameter pi. 

v 

 Π ,  ΠRD  Π |  , i  , ,   OR  rd RD 

for each Meta-Service MS with an output result 
set OR, there exists a relevant data set RD, 
associating a specific variable rdi, to each 
particular result ori  

vi 
,  Π absBPM ,  Tr Start, A  Π  SPP  

for every Activity A associated with a service S, 
if there is a transition Tr from the Start point in 
the workflow to A, there is a not-empty set of 
provision proposals SPP identifying potential 
performer of S.  

4   Application Area – Active Ageing 

PASEF is being applied to a Professional Virtual Community (PVC) of Senior 
Professionals (SPs). The first article found foreseeing this challenge or need was [11] 
in 2004, based on the increase of life expectation, as well as the need for sustainable 
economies. The purpose of this application is to “support active ageing and 
facilitating better use of the talents and potential of retired or retiring senior 
professionals”, as mentioned in [12]. In fact, three main perspectives can be identified 
concerning the current early retirement of people in many countries: 

1. The retirement age is far from the age when elderly people’s working capabilities 
start decreasing.  

2. Many senior professionals prefer to continue working, although under a more 
flexible schema, instead of starting a process of a lonely experience. 

3. The knowledge attained during a life-long experience is an asset that the economy 
thanks and elderly persons feel glad to share. 
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These facts pull the research community to find mechanisms and solutions in order to 
provide the base for these persons to be able to continue their active life after 
retirement. There are already many associations of SPs formed towards helping to 
find solutions. Actually, PASEF development was inspired on the needs identified in 
contact with two Portuguese associations of senior professionals. 

As a result, an implementation of a prototype framework took place, following 
PASEF specification, composed of 6 modules:  

1. PASEF Toolbox – The main objective of the PASEF Toolbox is to enable a fast 
scenario definition, as well as launch, test, and monitor all the modules form the 
Pro-Active Service Ecosystem Framework prototype. (Fig. 3) 

 

Fig. 3. PASEF Toolbox 

2. Service Taxonomy Management – as identified in the Service Ecosystem related 
concepts group, a module was developed for the specification of a service 
Taxonomy to which the SPs should comply (Fig. 4 – lower side). 

3. Seniors' Community Management – in this case, PASEF is intended to a PVC and a 
community management module was needed, in order to introduce the SPs that are 
willing to provide consultancy services where their life-time expertise can be used to 
keep them active. This module provides the functionality of service specification, as 
well as a service connections knowledge manifestation, towards the PSE launch, in 
order to represent the corresponding SP, in an “ambassador” like manner. 
 

          
 

Fig. 4. Service Taxonomy Management & 
Service Community Management 

Fig. 5. Senior Pro-Active Service Entity 
Park 
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Fig. 6. Example absBPM 

 

Fig. 7. Example eBPM being executed 

4. Senior Pro-Active Service Entity Park – the module that monitors the activity of 
the Ecosystem, showing active PSEs, open Business Opportunities and the 
messages exchanged among distinct actors of PASEF (Fig. 5). 

5. Workflow Editor – The module for 
the specification of absBPMs and 
later for the selection of SP 
performers in order to achieve an 
eBPM. Fig. 6 represents an example 
absBPM, without performers, as 
explained above. 

6. Workflow Engine – Finally, a 
workflow engine was needed, in 
order to launch the execution of the 
eBPMs. Fig. 7 represents an eBPM 
that is being executed.  

The model of Fig. 7 corresponds to the 
absBPM of Fig. 6, to which 3 SPs were 
selected as performers of the 
consultancy services. The selection of 
the SPs for each service is supported by 
the QoS data stored at PASEF. It is 
interesting to notice that the lines in the 
model of Fig. 7 correspond to the PSEs 
representing the selected seniors, 
following the BPMN standard notation. 
In this particular example, two PSEs have made successful proposals composed of 
more than one service. These proposals are made by the PSEs themselves, following a 
configuration that the corresponding SP gave them, in terms of autonomy.  

Besides supporting the professional life of seniors, collaborative networks can also 
play a relevant role in other life settings, namely independent living, healthy living, 
and recreation in life, as identified in the BRAID roadmap on ICT and Ageing. In all 
these areas there is a trend to evolve towards more integrated services, involving 
multiple stakeholders through well coordinated collaborative ecosystems. PASEF can 
be applied in such contexts. 

5   Conclusions and Future Work 

The main objective of this work was to define a set of base concepts that better match 
CN members’ expectations concerning the mechanisms they have to model the 
services they are willing to provide to the network, following the service orientation 
paradigm evolution. This goal was achieved through the introduction of pro-
activeness elements and a new QoS Mechanism that benefits from such elements. 

The presented concepts allow CN members to model their services through PSEs, 
within a well-delimited Ecosystem, and configure them to better represent and  
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promote the services they are willing to provide, under an auto-initiative basis, instead 
of the passiveness of current approaches. Furthermore, the QoS mechanism improves 
service selection processes towards rewarding the best providers. 

Particularly for the case of senior professionals, the prototype developed intends to 
serve a community or association of elderly people in order to provide them the 
means to continue their active life after retirement. These people may then configure 
their PSEs in order to make a good balance of their working periods and the leisure 
moments, as they will. The PSEs will make all the “ambassador” work for them. 

PASEF is the result of a research work that integrates distinct perspectives [1], [3], 
[13]. This paper presents the formal integrated framework definition of PASEF that 
served for the development of a proof of concept prototype system. The ongoing work 
is the validation stage, made through presentations of the prototype to stakeholders 
from ICT world and Active Ageing associations. 
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Abstract. Collaborative Networks (CN) realization fundamentally relies on the 
need of collaboration, from diverse perspectives, among partners. From the 
software perspective, CN members who have SOA-based solutions keep the 
involved web-services at their local silos. This means that the collaboration 
potential of CNs might be enlarged and reinforced if such silos could be opened 
up and shared among their members, hence decreasing development and 
hosting costs. This is relevant as CN members are mostly composed of small 
and medium size companies with usual high limitations of ICT resources. This 
paper presents the result of an exploratory research that proposes a model for 
service discovery as a mechanism to leverage software services sharing among 
partners under the Software-as-a-Service (SaaS) access and business models. 
The developed model allows discovering the most suitable services for the 
required business processes, considering their contexts (using the UBL 
standard) and quality of services (QoS). A prototype has been developed to 
show the concepts. The assessment of the model is given in the end. 

Keywords: Collaborative Networks, Web Service Discovery, Business Process, 
QoS, UBL, SaaS. 

1   Introduction 

Collaborative Networks (CN) paradigm has been considered one of the most 
promising strategies. Its ultimate goal is to enable networked organizations to agilely 
define and set up relations with organizations as well as to be adaptive according to 
business environment conditions and current organizations’ autonomy levels [1]. This 
requires more effectiveness, flexibility and collaboration in businesses. 

From the ICT perspective, new requirements have demanded more advanced 
infrastructures [2] and a number of ICT approaches have been proposed for that. Two 
of the most impacting ones are SOA (Service Oriented Architecture) and Utility 
paradigms [3], which jointly represent a scenario of a large scale of software services 
distributed over the Internet and accessed on demand, from everywhere, anytime. 

The problem tackled in this work refers to the fact that CN members who have 
SOA-based solutions keep the involved web services stored in their local silos. This 
means that the SOA potential in terms of reuse could be extended and highly 
increased if such silos could be shared among CN members. Services could be then 
accessed by any member so enlarging and reinforcing collaboration while 
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development and hosting costs are decreased. This is relevant as CN members are 
mostly composed of Micro, Small and Medium Enterprises, without conditions to 
maintain IT infrastructures and costly staff. In this sharing scenario, CN members 
could be both clients and service providers [2]. 

This is the underlying motivation of this work. CN members - VBE, VE, VO, 
PVC1 members and other type of companies (e.g. logistics operators and software 
providers) have the potential to enlarge their collaboration via an interoperable and 
transparent collaboration “cloud”. Several works have been developed in this 
direction, such as virtual machining [5], knowledge search and sharing over CN’s 
information repositories [6], virtual shop-floor [7] and CN ICT infrastructures [2]. 

Supporting this higher collaboration requires, however, coping with many issues, 
of different levels of complexity. One of the issues refers to the access mode  
and business models that can be aligned to this collaborative scenario [8]. In the 
SOA context, SaaS (Software-as-a-Service) [9] has arisen as one of the most 
powerful models. Using SaaS, clients (i.e. CN members) can flexibly build and 
adapt their services portfolio according to their needs [10] instead of getting held to 
single vendors of monolithic software packages whose full set of functionalities are 
often few used/accessed. With SaaS, services are accessed remotely, upon request, 
paid-per-use, based on contractual rules specified in SLAs (Service Level 
Agreement) [11] for hosting, managing, providing access to them following QoS 
levels, no matter where the services providers are and how services have been 
deployed [12]. This seems suitable to CN members due to their intrinsic 
independence, autonomy, large geographic distribution and heterogeneity. A second 
issue refers to the discovery of services that are shareable, and this is what this 
paper is more about. 

In this services discovery scenario, client and provider perspectives should be 
taken into account. From the CN clients’ side this means how expressing the desired 
service as well as how finding, selecting and binding services to their composite 
SOA-based applications. From the CN providers’ side, this means how publishing and 
making their services available. Besides that, CN clients must feel confident to access 
not only a given functionally-compliant service, but ideally to the most suitable 
service regarding the computing environment and business process’ context [13]. 

The essential problem addressed in this paper is related to how to discover the most 
suitable software services dynamically over plenty ones that are made available at CN 
members’ repositories. In this sense, this work presents a comprehensive, integrated, 
open and standard-based environment for dynamic services discovery and sharing, 
strongly based on processes and ICT standards, regarding CN particularities. 

The paper is organized as follows. Section 1 has framed the problem and the 
tackled scenario of services discovery and sharing among CN members. Section 2 
summarizes the main concepts and literature overview on services discovery. Section 
3 presents the proposed model and section 4 presents a software prototype and section 
5 discusses the results. Some conclusions are presented in section 6. 

                                                           
1 VBE (Virtual Organization Breeding Environment), VE (Virtual Enterprises), VO (Virtual 

Organization), PVC (Professional Virtual Communities). 
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2   Basic Literature Overview 

The problem of web services discovery involves many complex issues, such as: i) 
technological heterogeneity and low level of interoperability; ii) ambiguity of 
concepts due to differences of domain applications; and iii) limitations in the 
technologies used to design services [15]. There are plenty of works and visions on 
services discovery in the literature. The review here presented encompasses only the 
considered most relevant works for the purpose of this paper. 

Two basic strategies resume the works on service discovery presented in the 
literature: static and dynamic discovery. There is a number of advantages and 
disadvantages in both. In the static way services are discovered at design time and 
they are immediately associated / bind to the given SOA application, but the 
previously chosen service may be not available when the service is invoked. The main 
advantage of the dynamic approach is the possibility of replacing services by others 
on-the-fly. However, this strategy usually presents higher discovery time (as all 
discovery actions should be done at execution time) and demands more sophisticated 
discovery algorithms. This sophistication can be in the form of criteria relaxation [16] 
or other techniques such as classification systems, providers’ reputation, costs 
negotiation and quality of service development process [17]. 

Existing models and approaches for services discovery can be grouped into four 
dimensions: information retrieval, architecture, QoS and standards [15]. In general 
terms, in the information retrieval dimension the focus has been put on semantics in 
way to provide greater precision in the services selection [18]. In the architectural 
dimension, works have focused on aspects such scalability, security, availability, etc. 
[19]. In the QoS dimension there are three basic fields of research [20]. The first one 
refers to the definition of attributes and metrics for QoS. The second one involves the 
establishment of more comprehensive and robust frameworks to represent, select, 
verify and maintain QoS attributes. The third field involves the development of ad 
hoc strategies to solve specific cases involving QoS. In the standards dimension, the 
initiatives have focused on interoperability (in heterogeneous environments).  ICT 
standards like UDDI [21], SOAP [22], WSDL [23] have been intensively used. 

The problem is that the envisaged collaborative scenario requires a more holistic 
view about services discovery. Besides requiring a joint view of those four 
dimensions, other dimensions not tackled in any of the reviewed works are also 
necessary, namely the consideration of the business level. In spite of the very high 
complexity all this represents and challenges that have to be faced, this proposed 
model intends to contribute to this. 

3   Proposed Model 

Coping with all the requirements involved in the envisaged collaborative scenario of 
services discovery and sharing is extremely complex and also involves several 
challenges at business and IT levels [24]. 

In the developed model for services discovery within a CN scenario, there are five 
basic issues to be considered: i) what to express; ii) how to express the desired 
service; iii) who expresses the desired service; iv) who evaluates and how discovery 
results are evaluated; and v) when expressing and searching. 
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The first point refers to which information should be expressed to specify the 
desired service for the given BP. In the proposed model, this involves: i) functional 
aspects (service’s name and operations); ii) inputs and outputs; iii) expected QoS 
values; and iv) BP’s context.  

The second point refers to services expression including the components and the 
relationship between them. Natural language, formal or dedicated languages are 
examples of how to do this. The proposed model adopts ontology. They create a 
uniform vocabulary to be used by the discovery mechanisms, besides improving 
discovery process accuracy and precision.  

The third point refers to who informs the desired service. Traditionally, the SOA 
application designer is the one who explicitly specifies the details of the desired 
service. Considering the role of BPM systems in this work, four ways might be 
considered: Automatic (A), Strongly Based on Designer (SBD), Semi-Automatic 
(SA) and Assisted (As). In the ‘A’, the discovery task is left to the BPM environment. 
It automatically identifies needs, makes changes in the expression and determines 
which service will be selected and be bind to a given BP. This process occurs without 
designer intervention. In the ‘SBD’ way is somehow the opposite case, where the 
designer is the responsible for indicating the required service and for evaluating and 
deciding about the most adequate service to be selected. The designer interacts with 
the BPM environment intensively. ‘SA’ is a hybrid way. The BPM does the whole 
process but asks to the designer for some constraint relaxation in the case no expected 
service is found out. In the ‘As’ way, there is a closer interaction between BPM 
environment and designer. The designer specifies service’s requirements whereas 
BPM informs BP’s context. The discovery evaluation is jointly performed. 

The fourth point involves determining who evaluates the discovery results and how 
this evaluation occurs (assisted, without designer participation, etc). Four situations 
are considered: i) more than one 'perfect' service (i.e. there is full compliance between 
desire and outcome), which means having the need for ranking and selecting the most 
appropriate service; ii) just one perfect service; iii) none service; iv) one partial 
service (any 'perfect' service); and v) more than one partial services. 

The fifth point refers to at which moment the activities of identifying the BP, its 
requirements, the results evaluation, etc. will be made by of the discovery actions. 

A key aspect in the proposed model is a change in the way the problem of dynamic 
services discovery have traditionally been seen. In this work, the problem is split into 
two phases: design phase and running phase (Fig. 1). The essential rationale of this 
separation is trying to prevent CN managers from handling IT issues as much as 
possible. In this sense, at BPM level, it is considered that they are familiarized with 
business rules and can specify how business processes should be executed. On the 
other hand, at the running time, users shouldn´t be worried about discovery itself as 
this should be essentially left to the SOA environment / discovery system to do it. 

The design phase refers to the specification of the SOA application to be built, 
including capturing the given BP’s context and indication of the required QoS, which 
are crucial elements for a more proper discovery (left side of Fig. 1). This is done off-
line and CN managers are assisted by the composition environment (see third point 
above). Initially, they use a BPM environment for composing applications (step 1) 
which offers the access to a standard BPs catalog (step 2). This catalog, an additional 
element of the model, comprises all the business processes of UBL standard (the one 
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chosen in this exploratory work), meaning that all composite applications will be 
compliant with a standard or with a specialization of it. Yet, it is possible to identify 
and to capture the BP’s context. This speeds up the application design and provides 
greater semantic richness to the discovery since services (from the several CN 
providers) are published taking a UBL standard ontology into account. 

 

Fig. 1. Overview of the Model Operation 

In step 3, CN managers, together with an IT technician, inform and assign QoS 
attributes for each BP’s activity. A QoS ontology (see section 4) is used for this (Fig. 
1 right / bottom), and it is also used by CN providers when publishing their services. 
The search expression is then assembled. The expression to find the web service W is 
structured as a 2-tuple W = (F,Q), where F is the set of functional requirements 
identified via the BP’s ontology, and Q the non-functional requirements (i.e. QoS).  

An internal crawler service is activated (step 4) having the search expression as 
input. The crawler begins searching (step 5) for services in the CN members’ services 
repositories with the aim of bringing a list of possible services that matches the 
subprocess requirements. It is also important to mention that the crawler acts in 
"background" (i.e. candidate services are retuned at design time and not at the running 
time). The underlying strategy is to decrease the whole discovery time, avoiding an 
exhaustive search when the composite SOA application would be in execution. 

A list of services is returned (step 6) and further ranked according to CN providers’ 
reputation (step 6.1 - historical, penalties, etc). As mentioned in the previous section, 
a ‘perfect’ matching may be not occur, and the crawler should handle this (step 7). If 
the list contains just one service, it is already settled. If the list is empty, the crawler 
asks for a requirements relaxation for a new search, or leaves the option (or risk) of 
keeping the same requirements and doing the search at running time. If the list has 
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more than one service, they are stored as XML files for further treatment at run time. 
In step 8, still at the design phase, this list of candidate services is passed to the BPM 
environment. The SOA application is then composed, converted into BPEL [25] 
format and gets available to run (step 9). 

It is important to clarify one aspect related to the used ontologies and the matching. 
The use of ontologies is a strategy to face semantics interoperability problems when 
consumers go for a discovery and providers publish their services. UBL and QoS 
ontologies act as a common and agreed set of terminologies and concepts used to 
express BPs and QoS. This allows a syntactic matching in the discovery, via a 
comparison of the same (semantic) terms used in the adopted ontologies. 

The second phase of the model – the on-line phase – starts when the CN manager 
or collaborator wants to run a given application (that one previously composed). At 
this time, it is relatively transparent to him that it is a SOA-based application. He 
navigates through the process / BPEL repository and chooses which application he 
wants to run (steps 10 and 11, Fig. 1 right side). A runtime task checks if the pre-
selected web services are actually available (step 12), invoking the selected ones in 
the case they are ok. Otherwise the second one from the list will be picked up, and so 
forth. In the case none of them are available then the whole discovery activity is 
triggered again, with a new possible list, etc. Once everything is settled for a given 
service, the respective SLA (Service Level Agreement) is dynamically generated (step 
11.7) and integrated into the BPM environment, as proposed in [11]. Thus, and helped 
by a BPEL engine, the desired composite SOA application is ready to run, with the 
most appropriate services (step 12). 

This proposed model has a set of assumptions. Two of them are important to be 
highlighted. The first assumption is what we call 1:1 relation. This means that the 
composition model is prepared to find and to compose 1 service for each 1 BP’s 
activity. For instance, regarding UBL ontology, Ordering process is composed of a 
set of activities e.g. AcceptOrder. Therefore, the model will understand that a 
discovery action (considering functional, QoS and context requirements) will be 
carried out aiming at finding a sort of web services for AcceptOrder but only one web 
service will run it. This assumes that services providers would have implemented one 
(1) service per BP’s activity (eventually they can have different versions, associated 
or not to different business models). The second assumption is that the so-called CN 
manager and IT technician are expected to be experienced on the company’s 
processes and rules (and UBL ontology) as well as have the ‘feeling’ about suitable 
QoS metrics (and ontology) for the SOA application that is going to be built up. 

4   Software Prototype 

The architecture of the prototype is organized in five modules and one central internal 
repository of web services.  

The editor module allows the definition of SOA-based applications (based on UBL 
standard). It uses the IBM WebSphere Business Modeler tool and supports BP 
management and BPMN modeling.  

The catalog module implements a set of services and is itself a SOA application 
[26]. Fig. 2 shows the interface where the designer uses WebSphere tool and loads 
some process stored in the catalog. The designer knows the business rules, the 
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context’s semantics, the services’ provider, the service’s name and that the required 
SLA has been previously agreed. The SOA designer can either compose the 
application as presented by UBL (as a kind of default) or can compose it regarding 
companies’ specificities. During this composition, the designer specifies QoS values 
and required composition’s orchestration. 

The discovery module has a crawling. It takes as input the required service (using 
UBL ontology), the QoS constraints (using QoS ontology), a variable related to the 
provider reputation and the list of available UDDIs in the Federation. The algorithm 
creates and triggers threads for doing the search and the services selection over each 
UDDI. A looping for a systematic search for services that satisfy the discovery 
expression is started. The algorithm tests each service comparing functional aspects 
(name and adherence with the UBL ontology) and checks QoS specifications against 
what has been required. If they satisfy the discovery expression then the service is 
added to the service candidates list. Once the search ends, the variable which 
considers providers’ reputations is checked. If it is true, the list of candidate services 
is classified (using providers’ reputation) and it is returned by crawler (Fig. 3).  

The first column reports the list of names of services discovered 
(AuthorizePayment, Notify of Payment, etc.), the UBL’s activity classification UBL is 
presented in the second column (according to the developed ontology), the number of 
QoS characteristics desired for a given activity is shown the third column (1, in this 
case). The total number of discovered services that satisfy the expression of discovery 
is showed in the fourth column (Matching Services). 

 

Fig. 2. Interface of an editing process accessing the catalog 

 

Fig. 3. Sample of returned services after the crawling algortim 
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The forth module is used as an environment for running the composed SOA 
application. It was implemented using Apache ODE [27], integrated with Intalio 
BPMS tool. Intalio’s web interface was used to visualize the status of running 
processes. This module uses the dynamic discovery algorithm (DDS) to test each 
candidate service in the list before invoking them; the DDS algorithm ends when it 
finds the first available service that meets the discovery expression. Similarly as in the 
crawling phase, this module also involves the generation and management of the SLA 
between the involved parts.  

The fifth and last module refers to the implementation of the logical and virtual 
aggregation of providers (i.e. the CN members’ services), which is called 
federation. It includes four elements: (1) Ontology repository (composed of UBL 
and QoS ontologies), both implemented using Protégé tool. QoS ontology was 
conceived based on a high-level ontology [28] and QoS definitions were based on 
[29]; (2) The set of repositories managed by the federation. The access to the 
repositories is made from a list of a XML file stored in a UDDI master (ubl-uddi). 
This was implemented using Apache jUDDI [30], which implements UDDI 3.0; (3) 
A general Management submodule, which determines the reputation of providers 
and; (4) UBL Providers, representing the UBL-compliant services providers that 
composes the federation. 

5   Experiments and Evaluation 

Four main experiments were performed to evaluate the developed model. The involved 
cases were deployed in a PC with 1.66GHz, 2GB RAM and Microsoft Windows XP. 
The first experiment aimed at checking the behavior of the prototype against the 
metrics of precision and recall (the two traditional metrics in the area of information 
retrieval [31]). The scenario was composed of 3 service repositories (uddi-ubl1, uddi-
ubl2 and ubl-uddi3) and 10 providers registered in the federation (provider-ubl1 to 
provider-ubl10). A provider was chosen randomly and 10 services related to the UBL 
process Ordering were published. This process was repeated 20 times for each 
repository, applying the adopted UBL and QoS ontologies, giving a total of 600 
services. These services are actually instances of the same process’ activity, related to 
the Ordering process. Services’ code was the same but with different QoS values 
assigned to each registered instance. These values were generated in a stochastic way, 
in the interval [0,100]). 

The experiments 2 and 3 were performed using the same discovery expression but 
increasing the number of UDDIs to 5 and 7, all of them deployed in a local network. In 
the fourth experiment, 1 UDDI was locally deployed and 2 others were deployed 
remotely, simulating a more pervasive scenario. Table 1 shows the discovery time 
behavior and the total of services in the federation in the four experiments. 

As imagined, the use of QoS has minimized the number of returned services while 
its usability (adequacy) for the current business and computing conditions is 
maximized. The use of UBL ontology mitigates interoperability / interpretation 
problems. This is also valid to QoS, where both clients and providers can share a 
common conceptual vocabulary. 
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Table 1. Results of experiments 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 

Federation with 3 
local UDDIs  

Federation with 5 
Local UDDIs 

Federação com 7 
local UDDIs 

Federation with 3 
UDDIs (1 local e 2 

distributed) 

T 
e 
s 
t 
s Service 

(T/R) 
Time 

(s) 
Service 
(T/R) 

Time 
(s) 

Service 
(T/R) 

Time 
(s) 

Service 
(T/R) 

Time 
(s) 

1º 600/17 9 1000/27 6 1400/36 8 600/11 9 
2º 750/19 6 1250/31 6 1750/45 7 750/13 10 
3º 930/25 6 1550/36 6 2170/55 8 930/18 12 
4º 1170/29 7 1950/41 7 2730/71 9 1170/23 14 
5º 1470/34 7 2450/49 7 3430/90 9 1470/30 16 
6º 1860/41 8 3100/65 11 4340/115 18 1860/41 22 
7º 2340/52 11 3900/72 15 5460/152 28 2340/55 26 
8º 2940/70 15 4900/112 23 6860/188 26 2940/72 32 
9º 3690/92 17 6150/147 25 8610/226 51 3690/85 40 
10º 4620/109 24 7700/191 46 10780/284 67 4620/105 51 

 
Tests column identifies the set of discoveries carried out in the four experiments. 

For example, in the first test, 17 services were found out (i.e. attended the discovery 
expression) over 600 available in the federation, taking 9 seconds to perform this 
operation (in a local network). In the other extreme, in the tenth test, 105 services were 
discovered over 4620 available services, and this took almost 1 minute to be executed 
in a deployment scenario composed of 1 local and 2 distributed / remote UDDIs. 
Although part of this important increasing of time is caused by the intrinsic latency in 
the network, a good part of this is caused by the discovery algorithm itself, which 
grows almost exponentially as long as the number of nodes / providers increases. 

Despite the complexity involved in a complete solution for services discovery, the 
proposed model presents some contributions. The experiments showed that the most 
suitable services for a given process can be found out. The crawler made possible 
filtering non adequate services, hence allowing a potential quicker decision about the 
final service. The quality of the selection is higher as the list brought up by the 
crawler only contains services that effectively cope with the indicated requirements, 
meaning a lower potential to have problems during the execution of the (SOA-based) 
application. The discovery can be considered more trustful as there is some 
computing assistance in the process. Once the company detects a need for a change in 
a given process, the designer can immediately redesign the business processes and a 
new SOA application can be “immediately” composed with suitable services. 

Based on the literature overview and achieved results, it is believed that the model 
introduces some aspects of innovation. One of them concerns the integration and use 
of a catalog of business processes in the composition of applications, combing it with 
a flexible and ubiquitous CN scenario based on SaaS access mode. Furthermore, the 
model uses the semantics obtained from the ontology of UBL-based business 
processes to publish and discover services, allowing getting the process’ context to 
better filter services. This somehow ensures that the results from the discovery action 
will only bring services semantically aligned with business processes expressed in 
UBL, i.e. with the BPM layer. The model uses of a logical entity (Federation), which 
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highlights the importance of UDDI registries (or equivalent structure) in the discovery 
process as a way to provide some standardization in the publication process. 

The presented results are very dependent of the adoption of BP standards and of 
the so-called 1:1 relation, two assumptions used in the model. 

6   Conclusions 

This paper has presented results of an exploratory work on dynamic services 
discovery as a mechanism to enhance collaboration among CN members at IT level 
with a sustainable business model (SaaS). 

The proposed model creates a kind of cloud over CN members’ services 
repositories and then a mean to access/share them. It is strongly based on standards, 
which mitigates interoperation problems and hence increases the potential of a larger 
acceptance of advanced concepts – BPM and SOA in the case – by CN members. 

From the exploratory perspective of this research, it can be said that the proposed 
model is able to support the theoretical part of the problem (based on the chosen 
approach), which refers to how CN members can share their web services and enlarge 
their collaboration and trust building. This can give suitable conditions for a more 
agile adaptation in the members’ business processes, in particular when they need to 
cope with specific business opportunities to create a virtual organization. 

However, from the applied perspective of this research, a model like that cannot be 
seen as the solution for all issues involved in a full-fledged services discovery and 
services sharing model for CN. For example, SaaS in an emergent area and there is 
not solid theoretical foundations about it yet. Trust, adequate ICT infrastructures, 
security, cultural changes, BP (re)organization, integration with legacy systems & 
services, partners preparation to indeed offer their services under the SaaS base, the 
adoption of common ontologies (even though relied on standards), among many other 
aspects, are examples of additional and complex issues that should be dealt with.  

From the SOA and composition points of view, it not believed that all enterprise 
applications should be transformed into services and accessed freely from any CN 
member. There are some applications that are naturally locally deployed and of 
private use besides the fact that some of them require very hard QoS metrics to be 
indeed useful, which happens in many cases. From the discovery algorithm itself, 
there is a need of a deeper analysis of its complexity to deal with potentially 
thousands of providers. This corresponds to one the main next steps of this work. 

In spite of all this, it is believed that this model has a structure that can be used as a 
starting model and useful instrument to allow a wider collaboration among CN 
members, preserving their independence, autonomy and heterogeneity. 

References 

1. Camarinha-Matos, L.M., Afsarmanesh, H.: Collaborative Networked Organizations: a Research 
Agenda for Emerging Business Models. Kluwer Academic Publishers, Dordrecht (2004) 

2. Rabelo, R.J.: Advanced Collaborative Business ICT Infrastructures. In: Methods and Tools 
for Collaborative Networked Organizations, pp. 337–370. Springer, Heidelberg (2008) 



398 A. Perin-Souza and R.J. Rabelo 

3. NESSI Strategic Research Agenda - Framing the future of the Service Oriented Economy, 
February 13 (2006), http://www.nessi-europe.com/documents/ 

 NESSI_SRA_VOL_1_20060213.pdf,  
  ICT for Enterprise Networking,  
 http://cordis.europa.eu/ist/directorate_d/en_intro.htm  

4. Singh, M., Huhns, M.: Service Oriented Computing. Wiley, Chichester (2005) 
5. de Souza Jr., J.L.N.J., et al.: An Internet-oriented Management and Control System in a 

Distributed Manufacturing Environment. International Journal of Manufacturing 
Research 5, 5–25 (2009) 

6. Tramontin_Junior, R.J., Rabelo, R.J., Chirab, H.: Customizing Knowledge Search in 
CNOs through Context-based Query Expansion. Production Planning & Control 21(2), 
229–246 (2010) 

7. Ribeiro, L., Barata, J., Colombo, A.: Supporting agile supply chains using a service-
oriented shop floor. Engineering Application Art. Intelligence (2009) 

8. Borst, I., et al.: Technical Report (Deliverable) D62.2 ICT-I Business Models, 
http://www.ve-forum.org/default.asp?P=284 

9. Cancian, M.H., Rabelo, R.J., Wangenheim, C.G.V.: An approach for the generation of 
SLAs for Software-as-a-Service. In: 8th I2TS Int. Conference, Florianopolis, Brasil (2009) 
(in Portuguese) 

10. Tsai, W.T.: Service-oriented system engineering: a new paradigm. In: IEEE Inter. 
Workshop Service-Oriented System Engineering, SOSE, pp. 3–6 (2005) 

11. Cancian, M.H., Rabelo, R.J., Wangenheim, C.G.V.: An approach for the generation of 
SLAs for Software-as-a-Service. In: 8th I2TS Int. Conference, Florianopolis, Brasil (2009) 
(in Portuguese) 

12. Ma, D.: The Business Model of Software-As-A-Service. In: IEEE International 
Conference Services Computing, pp. 701–706 (2007) 

13. Perin de Souza, A., Rabelo, R.J.: An Approach for a more Agile BPM-SOA Integration 
supported by Dynamic Services Discovery. In: Proc. of the EDOC 14th IEEE, Brasil 
(2010) 

14. Perin de Souza, A., Rabelo, R.J.: Supporting Software Services Discovery and Sharing in 
Collaborative Networks. In: 11th IFIP Working Conference on Virtual Enterprises, Saint 
Etienne (2010) 

15. Garofalakis, J.D., Panagis, Y., Sakkopoulos, E., Tsakalidis, A.K.: Contemporary Web 
Service Discovery Mechanisms. Journal of Web Eng., 265–290 (2006) 

16. W3C. Web Services Architecture (WSA), http://www.w3.org/TR/2004/NOTE-
ws-arch-20040211/ 

17. Mello, E.R., Fraga, J.S., Wangham, M.S.: Using a trust model for the composition of Web 
Services. In: Brazilian Symposium on Computer Networks (2009) (in Portuguese) 

18. Kourtesis, D., Paraskakis, I., Friesen, A., Gouvas, P., Bouras, A.: Web Service Discovery 
in a Semantically Extended UDDI Registry: The Case of Fusion. In: The Foundation of 
Collaborative Networks. IFIP International Federation for Information Processing, 
vol. 243, pp. 547–554. Springer, Boston (2007) 

19. Lamparter, S., Ankolekar, A., Studer, R., Grimm, S.: Preference-based Selection of Highly 
Configurable Web Services. In: Proceedings of the 16th International Conference on 
World Wide Web, WWW 2007, Alberta, Canada (2007) 

20. Wang, X., Vitvar, T., Kerrigan, M., Toma, I.A.: QoS-aware Selection Model for Semantic 
Web Services. In: Service-Oriented Computing – ICSOC (2006) 

21. OASIS. UDDI Specification V 3.0.2, http://docs.oasis-open.org/ubl/ 
os-UBL-2.0/UBL-2.0.html 



 Services Discovery as a Mean to Enhance Software Resources Sharing 399 

22. W3C. SOAP Specification V. 1.2, http://www.w3.org/TR/soap12-part1/ 
23. W3C. Web Services Description Language Specification V 2.0,  

  http://www.w3.org/TR/wsdl20/ 
24. Dorn, J., Grün, C., Werthner, H., Zapletal, M.: From business to software: a B2B survey. 

Information Systems and E-Business Management 7, 123–142 (2009) 
25. OASIS. Web Service Business Process Execution Language V 2.0,  

   http://docs.oasis-open.org/wsbpel/2.0/OS/wsbpel-v2.0-OS.html 
26. Bezerra, R.O.: Proposal for Electronic Catalog of Business Processes Based on UBL for 

Composition of SOA Applications. M.Sc. Thesis, Federal University of Santa Catarina (in 
Portuguese, 2011) 

27. Apache Fundation. ODE, http://ode.apache.org 
28. Tondello, G.F.: Semantic specification of QoS: The QoS-MO ontology. M.Sc. Thesis, 

Federal University of Santa Catarina (2008) (in Portuguese) 
29. W3C. QoS for Web Services: Requirements and Possible Approaches,  

  http://www.w3c.or.kr/kr-office/TR/2003/ws-qos/ 
30. Apache Fundation. jUDDI, http://juddi.apache.org/ 
31. van Rijsbergen, C.J.: Information Retrieval,  

  http://www.dcs.gla.ac.uk/Keith/Preface.html 



L.M. Camarinha-Matos et al. (Eds.): PRO-VE 2011, IFIP AICT 362, pp. 400–409, 2011. 
© IFIP International Federation for Information Processing 2011 

Cooperation Enabled Systems for  
Collaborative Networks 

A. Luis Osório1,3, Luis M. Camarinha-Matos2, and Hamideh Afsarmanesh3 

1 Instituto Superior de Engenharia de Lisboa (ISEL), Portugal  
aosorio@isel.pt 

2 Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Portugal  
cam@uninova.pt 

3 University of Amsterdam (UvA), Netherlands  
h.afsarmanesh@uva.nl 

Abstract. A fast evolution to collaborative business models requires novel 
strategies for the development of collaboration-based information technology 
(IT) solutions. The complexity of building such solutions based on 
heterogeneous sub-systems requires a multidisciplinary approach, involving the 
perspectives of technology and business/management. In this direction, a novel 
approach is proposed, introducing the notion of Cooperation Enabled System as 
an autonomous and adaptive computational component as the base constructor 
to develop open (collaborative) IT solutions. 

Keywords: Collaborative Networks Engineering, Cooperative Information 
Systems, Service Oriented Architectures. 

1   Introduction 

In a diversity of application domains we can notice that organizations are evolving 
towards becoming nodes of collaborative networks (CN) [1], [2] while participating 
in the offering of integrated business services. Ideally, these services are presented to 
clients in a way that makes transparent the participation of a diversity of organizations 
with their own information technology infrastructures.  

The Brisa/Via-Verde tolling system and the national speed limit enforcement 
network are two examples of application domains that faced such challenge of 
adopting a collaborative networks strategy. The Brisa/Via-Verde case [4], [8] refers to 
the evolution of an existing tolling service to an integrated (multi-provider) business 
service, involving payments in parking lots and gas stations. One of the main 
problems faced in this case was the closeness of existing IT solutions; the electronic 
toll collection (ETC) subsystem was not prepared for the cooperation. An initial 
approach considered the development led by the ETC supplier as a unique possible 
integrator, but the adoption of proprietary processes and technology patterns resulted 
in an expensive “one-of-a-kind” solution. The national speed limit enforcement 
initiative, the SINCRO project from the Portuguese national road security authority 
had a quite different initial motivation. The objective of developing the network along 
different tendering phases suggested the adoption of a strategy aiming to guarantee 
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the independence from the initial supplier(s). While the initial objective is to manage 
enforcement events directed to drivers, the adopted strategy is to establish a 
collaborative network involving public and private organizations.  

In both Brisa/Via-Verde and SINCRO cases the aim is to offer integrated business 
services (IBS) implemented as collaborative processes which are supported by 
multiple stakeholders as nodes of a collaborative network (CN), Fig. 1. The adopted 
strategy in both cases features two key aspects: 

i. The proposition of a collaboration layer (CL) [6] as a mechanism to isolate 
the processes and IT culture of each participating service provider; 

ii. The proposition of a generic autonomous computational entity, the 
collaboration enabled system (CES) [6], aiming to handle the diversity at 
both organization’s and collaborative network levels. 

 

Fig. 1. Collaborative processes invoking CES services in CN nodes 

A main research hypothesis is to consider the adaptive computational component 
CES [6] as a key strategy to promote the openness of complex integrated systems. 
The elements of the suggested approach are detailed and discussed in the following 
sections. The IBS are designed under a collaborative business model perspective and 
supported by a set of collaborative business processes (CBP) [13] deployed and 
executed in the context of a collaborative network [7]. The collaboration enabled 
system (CES), is then introduced as the base executive component of an open 
framework and infrastructure for collaborative networks.  

2   The Need for Collaboration-Enabled Solutions 

The challenge of developing open and integrated solutions for telematics domains 
such as the road tolling system, motivated the development of an open service bus, 
the ITSIBus [4], [9] as a first solution. In the beginning of the Brisa’s project the road 
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tolling systems were closed to competing suppliers besides the initial one. The 
independence from this unique supplier was then achieved through the development 
of an open service infrastructure involving a service surrogate as an adapter to make 
transparent the specificities of the different protocols from different road side 
equipments (RSE), as illustrated in Fig. 2. 

 

Fig. 2. Adapter-based integration of systems from different suppliers 

This approach followed a quite usual integration pattern, which avoids the need for 
changes in legacy systems. Nevertheless, this exogenous integration effort has the 
drawback of implying extra costs and operational risks considering that there is an 
additional computational system, in some cases involving also hardware. Moreover, 
the complexity of the aimed integrated collaborative solutions suggests novel 
approaches regarding the lower levels components (e.g. sensor, actuators to user 
interacting channels). While the concept of adapter or surrogate might coexist for the 
cases where the inclusion of legacy systems might be an advantage, a more promising 
approach is to develop a collaboration enabled systems framework as a unifying 
bridge between business requirements and technology. The idea is to introduce an 
abstract component language able to process requirements against standard reusable 
components. Such generic and adaptive computational component aims to contribute 
to an endogenous integration paradigm. By endogenous integration we understand the 
approach that promotes that each subsystem is, from its inception, developed for 
operation in a collaboration context. In Fig. 2 this idea is illustrated by the embedding 
a CES element into the Kapch and Q-free (the current Brisa’s RSE suppliers) 
subsystems, making them collaboration-enabled, without the need for exogenous 
adapters. The strategy here was to promote the technological change without the need 
for extra costs from the Brisa's side.  

The SINCRO project considers a central operations management unit (CGO) that 
will be responsible for the quality control of each speed limit enforcement event (a 
multimedia object with a picture, a timestamp and the measured speed). This CGO 
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subsystem, managed by the national authority, will cooperate with other subsystems 
to process and validate enforcement events. The interaction with a system managed 
by the authority responsible for the vehicle registration is an example of such required 
collaboration among public organizations. Although a simplified scenario, this is an 
interesting case to illustrate the complexity of the integrated collaborative solutions. 
An initial question was how to develop the national network in different phases 
starting with the most dangerous road points and gradually adding new control zones. 
Without a definition of an open architecture the national authority could only state 
WHAT is required and it would be up to the tender winner to decide about the HOWs. 
The next question is how to promote the development of an open solution towards the 
reduction, if not the elimination, of market dependencies regarding the development, 
life cycle management and evolution of the planned complex collaborative solutions. 
Taking this scenario as example (similar to the tolling case) the main problems are: 

• The existing speed enforcement systems are based on an integrated kinemometer 
(Doppler Radar or Laser), a camera and a controller typically implementing a 
proprietary protocol to access enforcement events (through TCP connection); 

• A cabinet system (or rack) has a specific design and development usually provided 
by the supplier of the radar or by an integrator; 

An equivalent CGO system is offered by the market, usually by suppliers of 
radar systems as an integrated solution to manage the national speed enforcement 
networks. 

In this case it might be incorrect to talk about integrated business services, since is 
more an enforcement on citizens. Nevertheless it is possible to consider the national 
authority as an integrated service provider in the sense that the citizen has gets a 
single contact to solve the enforcement events independently of the number of 
involved collaborating organizations. Please note that this case includes the 
participation of municipalities with their own speed enforcement infrastructures, 
police authorities as unique persons authorized to move radar systems among 
enforcement points, etc. Recently, these organizations have been trying to evolve to 
higher levels of collaboration but their heterogeneous IT solutions are a drawback to 
this process. A more ambitious vision, already under discussion, is to evolve to a pan-
European collaborative network to manage traffic safety and other security issues, as 
part of a global strategy to a safer mobility in Europe. We might foresee a Portuguese 
citizen travelling through Europe to be contacted by a subscribed integrated service 
warning her/him about enforcement events generated along her/his is trip. We can 
also foresee some form of warning regarding the entrance into a driving environment 
with different rules. 

3   The Concept of Collaboration Enabled System 

The collaboration enabled system (CES) concept aims to contribute to a separation 
between the realization and the modeling of requirements [11]. The idea is thus to 
contribute to the consolidation of the model-driven development (MDD) approach 
[10], [12] as an agile and adaptive mapping between requirements and execution 
components. The purpose is to promote a system’s, rather than software development 
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thinking. This proposed systems' thinking requires an effort to generalize the 
implementation perspective making subsystems adaptable to a diversity of 
requirements and able to support the derivation of new subsystems with the required 
capabilities. The CES concept aims to support such flexibility, making it possible for 
a components repository to support process development tools during technology 
bindings when executive resources are associated to process activities. 

A Collaboration Enabled System (CES) addresses three main challenges: 

i. Support a model-driven and process-oriented development of open complex 
collaborative solutions; 

o Mapping of functional and non functional requirements to CES 
capabilities; 

o Model based selection and evaluation of CES’s compositions; 
o A CES generalization or specialization should precede unmatched 

requirements resolution. This is more a methodological assertion, 
suggesting the developing of a new CES only when the previous step is 
not a possible option. 

ii. Leverage the reutilization of IT systems by promoting adaptive cooperation 
mechanisms; 

o A CES system embeds a number of mechanisms making it ready for 
collaboration in different scenarios, namely, different technology 
bindings for equivalent capabilities, associated metadata able to be 
interpreted by potential clients both at development and running time 
stages. 

iii. A contribution to make the management of complex collaborative solutions 
more agile and autonomous (dynamic adaptability to a network and systems 
management application/service). 
o Given the growing diversity of systems, there is a need for a unified 

systems' management considering both monitoring and maintenance 
under a unique service level agreement. While this is not the main focus 
of this research, the adopted architecture establishes the basis for an 
adaptive and intelligent integrated monitoring and maintenance processes 
automation. 

Definition: A Cooperation Enabled System (CES) is an autonomous computational 
entity, made of interrelated components, defined as a tuple: CES = <SA, I, S, M, E, R, 
B>  

where (Fig. 3): 

• SA is a Self-Awareness subsystem embedding meta-data able to adapt the CES to 
a diversity of contexts; the SA subsystem manages CES capabilities; 

• I is a set of Interfaces, considering an interface as a point of interaction or a 
cooperation point; 
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• S is the Security subsystem responsible for implementing the CES’s security 
policies; 

• M is the Monitoring subsystem aiming to implement the mechanisms making 
possible to plug the CES to an infrastructure management system (operational 
quality assurance); 

• E is the Event management subsystem and it is responsible to support 
asynchronous interactions with CES clients; 

• R represents the set of Resources necessary for the implementation behaviors. It 
might include configuration files, executable objects, user interface components 
among other resources to be used by the specialized behaviors; 

• B embeds the business logic, implementing the modeled Behaviors that contribute 
to the declared capabilities. 

 

Fig. 3. The Collaboration Enabled System (CES) structure 

One important aspect of the proposed concept is the generalization of the 
implemented interfaces making it possible for a CES to adapt to a diversity of 
execution environments. For instance, the road side equipment (RSE) has autonomy 
to store vehicle identification events; when reestablishing the connection to the lane 
management service (LMS), there is a need for a potential exchange of a huge amount 
of stored data. One option is to provide a specialized file transfer protocol for a 
reliable transfer of such data. However, other functionalities can be available through 
web services of other inter-systems communication mechanism (FTP, RMI, .NET, 
etc.). The need to cope with scenarios involving multiple technologies also motivates 
the need to increase CES adaptability. 

According to the above definition, all the CES components can be organized as a 
collection of generic modeling entities (GME), Fig. 4. In the proposed framework a 
GME object aims to represent any kind of information from data, knowledge or 
behavior. In this way, both the run-time system and any CES can dynamically adapt 
for the cooperation with another CES. 

 



406 A.L. Osório, L.M. Camarinha-Matos, and H. Afsarmanesh 

 

Fig. 4. The GME UML model 

A GME instance is composed by exactly of one MetaData_MD and one 
DataObject_DO objects. The attribute ContentType identifies a known structure of 
the content. When the value is Unknown, there is a possibility to infer its type by 
analyzing the content based on previous knowledge of existing specifications. This 
feature might be addressed considering a confidence degree to the inferred content 
type and according to the decision policies the result is adopted or discarded. The idea 
is to support semantic evaluation for the cases information is lacking to 
unambiguously interpret GME objects. 

4   Revisiting the Tolling Application Example 

A road side equipment (RSE) reads vehicle electronic identification from an on-board 
unit (OBU). When plugged, the CES/RSE looks for a CES services directory (which 
might be also a CES) and registers its I0 interface. A lane controller, also implemented 
as a CES, discovers the RSE and, through its I0 interface, gets the necessary context 
information to retrieve vehicle identification events to be used in cooperation with 
other lane subsystems to generate electronic toll transactions. At the lane level, a 
typical electronic toll collection system has a lane controller that coordinates events 
generated by vehicle detection and classification and an enforcement subsystem. The 
lane controller logic is modeled by a process definition, Fig. 5. Some initialization 
process loads the LMS process definition to a CES space capable of interpreting 
process definition. The idea is to assume a CES as embedding a process virtual 
machine able to interpret declarative business logic definitions (e.g. a BPEL 
interpreter or execution engine).  

The proposed framework considers specialized system CES offering 
communication and coordination mechanisms for the entire solution. The cooperation 
enabling Tuple Space system (CES Tuple Space), Fig. 5, is responsible for the  
communication among CES. In the implemented system, this communication follows 
the Linda [3], [5] shared space paradigm. By using a tuple space service each CES has 
only a single interlocutor. A LMS subscribes events with a specific signature  
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Fig. 5. The lane management service (LMS) architecture 

on the Tuple Space CES to access events from the RSE, AVDC or ALPR subsystems. 
A strategy like this simplifies the implementation of a CES considering it does not 
need to be aware of the location of the other cooperating CES.  

The CES proposal is grounded on the results from the adoption by Brisa of the 
ITSIBus service oriented (SOA) infrastructure [9]. The adoption of some of the 
features proposed in CES like the service monitoring, has contribute to a reduction of 
the total cost of ownership (TCO) of the deployed technology.  It has also contributed 
to make simple and more competitive de evolution for new services as the case of the 
recent deployment of a new self-service tolling lane type (eTOLL). 

5   Revisiting the Speed Limit Enforcement Example 

The SINCRO project has established an initial functional granularity based on three 
autonomous subsystems being modeled as CES services: 

i. The central operations management (CGO), which is modeled according to a 
business process modeling basis. The executive CES interprets the process 
representing the CGO responsibilities; 

ii. The  cabinet subsystem embeds a CES responsible for the management of the 
rack even when no radar subsystem is plugged in; 

iii. The radar subsystem is modeled as a CES and is responsible to deliver speed 
enforcement events to the CGO. 

 

In a first approach, single network management protocol (SNMP), file transfer 
protocol (FTP) and web services technology have been adopted to promote the open 
interfaces for the planned subsystems. A management information base (MIB) for the 
cabinet and radar subsystems were already defined to support the monitoring 
perspective of each the subsystems. A reference implementation to validate the 
proposed interface and models is under development. The strategy is to maintain a 
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pragmatic development, close to the potential suppliers’ innovation capabilities and, 
at the same time, develop a theoretical thread able to rupture processes and 
technology patterns towards the adoption of the proposed adaptive CES. 

An eclipse plug-in is planned as a model drivel development (MDD) tool to 
manage the CES bindings to the business process activities.  

6   Conclusions 

The development of complex integrated collaborative IT solutions is an open and 
challenging task. Existing complex IT solutions are typically closed as they depend on 
a single responsibility (single provider). The ongoing development of a new 
generation of open electronic toll collection solution under a research project 
sponsored by Brisa company illustrates the existing problems. This research was 
motivated by the extension of the offered service to the payment in parking lots and 
gas stations and by the difficulties for the existence of a unique technology supplier 
(closed solution). The project is now evolving to the evaluation of the cooperation 
enabled system (CES) concept where an adaptive systems framework embedding 
service capabilities is being proposed. 

The main objective of the proposed CES framework is to support the technology 
bindings for process definitions independently of considering intra-organizational 
processes or collaborative processes (or cross-organizational processes. The purpose 
is to offer a model-driven approach to the development of IT solutions (process 
oriented developments). This means that suppliers are invited to develop their systems 
able to plug into compositions of systems leading, in this way, to open integrated 
solutions. The openness of such complex IT solutions is not an easy issue. The 
responsibility constraint related to the possibility of any subsystem being replaced by 
a competing one, requires further research. For less critical systems, the 
interoperability certification is a mechanism being developed to guarantee the 
replaceability of a subsystem by an equivalent one (from a competing supplier). 

The proposed CES structure is also being validated in a governmental authority 
application for the development of a national speed limit enforcement network, the 
SINCRO project, promoted by the Portuguese National Authority for Road Security 
(ANSR). 
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Abstract. Innovative forms of collaborations between companies have been 
proposed and modelled in literature in recent years. There is an increasing 
demand in the industrial world for concretely implement this new forms of 
collaborations. For example, demand often comes from pre-existent form of 
clusters or consortiums, which want to evolve to more efficient forms of 
collaboration. On the basis of a methodology whose guidelines have been 
proposed in a previous work by authors [1], the paper illustrates the steps and 
the tools utilized to analyze potential pool of partners in order to identify the 
type of long term Collaborative Networked Organizations (CNOs) alliance that 
would bring highest benefits to the partners. Three different forms of innovative 
CNOs are considered: the Virtual organizations Breeding Environment (VBE), 
the Virtual Development Office (VDO) and the T-Holding. The application of 
the proposed methodology is described in the case of a traditional industrial 
cluster of the metal-mechanic industry in Italy. 

Keywords: Innovative Collaborative Networks, network creation, Virtual 
Breeding Environment, Virtual Development Office, T-Holding. 

1   Introduction 

The subject of the analysis and implementation of CNOs creation process is recently 
growing to the attention of academics and practitioners. Actually, there are several 
types of CNO manifestations. In many countries, as in Italy for example, several 
governmental and industry support institutions have promoted the formation of 
strategic alliances over the country, typically in the form of clusters or consortiums. 
But nowadays economy requirements, such as harder global competition, volatility, 
higher innovation needs, laid bare the limits of such traditional forms of collaboration 
[2][3]. The problem is to identify which kind of alliance evolution should they 
pursuit, if an alliance already exists, or, more generally, to analyse a potential pool of 
partner and to identify the most appropriate CNOs form that should be adopted.  

This work is dedicated to the implementation of the framework elaborated by 
authors in a recent paper [1], in which a methodology to evaluate how a potential pool 
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of partners can join together in different types of long-term Collaborative Networked 
Organizations (CNOs) has been proposed. In the framework, three possible types of 
final CNOs forms are considered: Virtual organization Breeding Environment (VBE) 
[2][4], Virtual Development Office (VDO) [1] and T-Hodling[1]. However, the 
methodology is generalizable and can be extended to include other forms of 
collaborative networks. 

There are many interesting studies in literature related to partners selection and 
evaluation processes [5][6]. But most of these studies specifically address Virtual 
Organizations (VOs) creation process, i.e., they assume that a certain type of long-
term CNOs has already been established and partners have to be selected to 
temporarily join in a VO, for example in order to respond to a specific business 
opportunity. Other approaches [7][8] aim at identifying readiness/preparedness for 
collaboration assessment procedures, in order to determine if a potential VBE 
member has the needed elements to collaborate and participate in a collaborative 
network such as a VBE or a VO. In this approaches, it is substantially assumed that 
the long-term CNO type is a VBE. The same assumption is done in [9], where a 
structured approach for implementing a VBE is illustrated and applied to a case study 
in the Mold and Die sector in Brazil. The perspective adopted in our framework is 
different, because the particular form of the long term CNO has not yet been defined, 
and the definition of the long term CNO type represents the very objective of the 
decision process. 

This work presents the results of a study commissioned by the ICE (the Italian 
Institute for Foreign Trade) and by a local industrial association (Confartigianato 
Terni) to the University of Perugia, in order to investigate how the companies 
belonging to an industrial cluster of the metal-mechanic industry in Italy could be 
aggregated in an innovative way. The starting point is representative of many 
industrial environments in Italy and other countries, where a long-term alliance 
among a group of companies already exists (in the form of a consortium named 
CON.ART), but is facing some difficulties. The participants asked for the evolution of 
the actual form toward a more innovative collaboration form. Facing the difficult task 
of indicating which is the right way to do it, it is important to elaborate approaches 
that suitably balance theoretical abstraction and practical applicability, considering 
also that companies are Small and Medium Enterprises (SMEs), and they often cannot 
provide structured data to be analysed.  

The paper is organized as follows: in section 2, a synthetic summary of the 
proposed framework is reported; in section 3, the tools utilized to perform the analysis 
are described and consolidated results are discussed; in section 4 the selection of the 
most appropriate CNOs is discussed and in section 5 conclusions are drawn. 

2   The Framework  

How already illustrated in [1], to define the most appropriate network mission for a 
potential pool of partners, three steps are required. 

1) The definition of some types of networking collaboration forms: three possible 
collaborative networks forms, taken as representative of long term collaboration 
forms with different integration degree, are considered: VBE, VDO and T-Hodling.  
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2) The classification of strategic objectives a generic CNO can be based on. The 
strategic objectives (SOs) have been classified in SOs of “primary” type (i.e. to create 
new Business Opportunties, BOs, and new Core Process Opportunities, CPOs) and 
SOs of “secondary” type (i.e. to create new Supporting Process Opportunities, SPOs). 
The three collaboration forms considered are then assessed on the basis of their ability 
to satisfy the different types of strategic objectives, both in a stable and in an 
occasional manner (Figure 1). 

 
  VBE VDO T-Holding 

Business Opportunities (BOs) 
Stable + +++ ++ 

Occasional ++ + + 

Core Process Opportunities (CPOs)
Stable + ++ +++ 

Occasional ++ + + 
Supporting Process Opportunities 

(SPOs) 
Stable +++ + +++ 

Occasional +++ ++ + 

Fig. 1. Assessing CNOs forms on the basis of different strategic objectives 

3) The definition of the analysis dimensions through which assess a potential pool 
of companies in order to evaluate the possibility that their aggregation brings to new 
BOs, CPOs and SPOs, that is, to fulfill the strategic goals that have been defined in 
the previous step. The dimensions identified are: Segments of Business [12], Primary 
and Supporting Activities [13], Critical Resources [14], Financial statements analysis 
[15] (see Fig. 2). 

 
 
 
 
 
 
 
 

Segments of Business Primary and Supporting 
Activities 

Critical Resources 
Financial statement 

analysis 

ANALYSIS DIMENSIONS 

the capacity to create new 
Business Opportunities 

the capacity to create new 
Core Process Opportunities 
and new Supporting Process 

Opportunities 

Potential competitive 
advantages 

Economic and 
Financial 

Performances

to evaluate to evaluate to evaluate to evaluate 

 

Fig. 2. Analysis dimensions 

3   A Case Study: The Application of the Framework  

The proposed framework has been applied to the case study described in the 
introduction. On a total of 19 companies constituting the actual consortium, 9 
companies adhered to the project and provided information for our study. The 
questionnaire is the survey tool that has been utilized to collect information on 
qualitative and quantitative variables, and consists of three distinct sections, each one 
related to one of the analysis dimensions defined in the previous section. The first 
section concerns the analysis of the “competitive dimension” of the company (its 
markets, its customers, its suppliers, its competitors) and is mainly dedicated to the 
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definition of Segments of Business of each company. The second one, dedicated to 
define companies Primary and Supporting Activities, considers its “organizational 
dimension”, which expresses the organizational and operational arrangements through 
which the company currently carries out its activities (logistics processes, 
manufacturing, purchasing, human resources, etc.). The third section covers the 
survey of the so-called company’s critical resources. Data provided by the 
questionnaires have then been integrated trough economical and financial data 
provided by the companies’ balance sheets.In the following, results provided by the 
three section of the questionnaire (1-3) and by the financial statements analysis (4) are 
discussed. 

1)  The Competitive Dimension (Segments of Business). The results obtained from 
the questionnaires (some of which are reported in Figure 3) show that the market is 
primarily at a regional level (66%) and to a lesser extent at national level. It is simple 
to deduce that the companies work for local customers, so they do not have the 
opportunity to meet the challenges and opportunities from a national and international 
competitive environment. Customers appear to be mostly big companies. The 
respondents confirms that their economic activity is mostly induced by 
ThyssenKrupp’s industries, i.e. their revenues greatly depend from the German 
multinational of the steel industry. The survey shows that companies operates in 
different mechanics‘s fields, and consequently have a different work’s specialization 
among them. There are no internal competitors among the examined companies and 
the degree of overlap of products and services offered is very limited. Machinery and 
equipment have a high degree of diversification and a medium-high degree of 
technological updating, which could lead to the creation of innovative and integrated 
products. Production processes were mainly those typical of the metal-mechanic 
industry, but characterized by a good degree of diversification. This consolidated set 
of data point out a high degree of heterogeneity of the strategic segments of business.  

 
Markets: geographical distribution Number of direct competitors 4
Regional 66% Competition aggressiveness
National 33% High 66%
UE 1% Medium 33%
ExtraUE 0% Low 0%
Clients dimension Threat: potential substitutive 
Big Clients (>250 employers) 59% Yes 50%
SME 41% No 50%
Clients relative dimensions: clients vs. firm Threat: potential entering 
All bigger 67% Yes 60%
All smaller 0% No 40%
Bigger and smaller 33%
Turnover generated by top 10 clients
0-20% 0%
20-50% 25%
50-100% 75%   

Fig. 3. Questionnaire results: the competitive dimension 

2) The Organizational dimension (Primary and Supporting activities). Figure 4 
shows some of the results form the Organizational Dimension section of the 
questionnaire. The number of common suppliers is quite limited, as the different types 
of products purchased. There is a limited impact of transportation costs, both for the 
'inbound' and for the 'outbound' flows. The consolidated result suggests that  
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Core Processes Supporting Processes
Annual transportation costs (€€ ) Accounting
Inbound 8962 Internal 42%
Outbound 21798 External 58%
Annual cost for plant maintenance (€€ ) 6929 Leasings
Plants utilization rate 51% Amount (€€ ) 129042
Human resources: n. of workers per area Due date (monthes) 38
R&D 9 Long-term budgeting
Product Design/Quality 23 Complete 42%
Commercial 16 Partial 17%
Production 147 No 33%
Administration 16 Annual budgeting
TOT 210 Complete 50%
Annual cost for production workers (€€ ) 234143 Partial 17%
Amortization and industrial leasings (€€ ) 40742 No 25%
After sales/returned management 67% Periodical reports
Customers assistance 83% Complete 50%
Warranties 92% Partial 36%
Annual explicit investments in R&D (€€ ) 80000 No 8%
Innovation sources (multiple answers allowed) Financial Planning
Internal research 42% Yes 58%
Collaborations with research centres/institutions 42% No 42%
Induced by clients 33%
Induced by internal workers 17%
Other 8%  

Fig. 4. The organizational dimension: Core Processes and Supporting Processes  

a collaboration could benefit of a very limited for new process opportunity, like 
potential synergies on logistics or on the purchasing process. The R&D area may 
represent an important synergy area for a network between these companies, because 
the number of persons employed in new product developments activities related to 
R&S and Product Design is not negligible on an aggregate basis. Similarly, 
companies could benefit from potential synergies in some other common activities, 
such as returned management, customers’ assistance, warranties, and facilities 
maintenance. However, the amount of money involved in such activities is not 
relevant, and the aggregation could not be based on the sole strategy of achieving 
these type of synergies. From data collected through the financial section of the 
questionnaire, it emerges that companies face increasing difficulties to obtain the 
necessary financing that allow them to develop new products or processes. In Italy, 
the increasing size of banks brought to a corresponding decreasing fraction of loans 
directed to small and medium enterprises. Small firms face increasing difficulties in 
standardizing their unstructured information and transferring it to banks, so that banks 
consider more onerous the monitoring, the control and the overall management of 
relationships with entities of smaller size. It is therefore confirmed the role that a 
network of companies could play in supporting activities related to corporate planning 
and control, both in order to assess the feasibility of new businesses, both to facilitate 
the necessary access to credit.  

3) Critical resources. Critical resources of firms surveyed are mainly technology, 
relations hips, while the majority of respondents highlight the difficulty of penetrating 
new markets and introducing innovation. The aggregation should be able to enhance 
the role of actual critical resources, and at the same time to improve the role of the 
other resources types that are poorly used until now. 

4) Financial statement analysis. Following the consistent literature highlighting the 
importance of accounting on networking strategies [16], the framework design and 
implementation has been  integrated with a financial statement analysis. The result of 
the consolidation is shown in the figure below (Fig. 4). From the economical 
perspective the pool of companies considered shows a strong volatility of the sales 
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process, with an evident growth in 2008 balanced by an heavy decrease in 2009. This 
demonstrates a strong dependence of the potential partners turnover from the negative 
trends the market was suffering over the reporting period. With reference to economic 
ratios, we can firstly observe a satisfactory level of operating profitability (ROI) and 
economic return on equity (ROE). Examining the financial indicators it is possible to 
highlit the improvement of the leverage during the observed period. The last phase of 
financial statement analysis has focused on the study of the performance variability 
within the sample analyzed, representing an important factor to take into 
consideration to assess the degree of dynamic homogeneity and the potential 
integrability of the processes. Comparing the incidence of value added on  turnover 
calculated for each entity with the average level observed, companies tends to show 
very different performances, both in terms of percentage level and in terms of 
historical trend. Also analyzing the leverage there is a situation of greater 
homogeneity, with a significant group of companies that show a level below average, 
with a good financial position. Finally, considering the relationship between interest 
expenses and EBITDA, is still present a marked heterogeneity with about half of the 
companies placed below the average while the other half over that level.  

Values in € thousand

Economic Values € Mil % € Mil % € Mil %

TURNOVER 20,420 100.0% 23,897 100.0% 21,565 100.0%

VALUE ADDED 10,861 53.2% 12,673 53.0% 11,918 55.3%

EBITDA 2,578  12.6% 2,535  10.6% 2,126  9.9%

EBIT 1,227  6.0% 848      3.5% 741      3.4%

INTEREST EXPENSES (408)    -2.0% (582)    -2.4% (481)    -2.2%

NET PROFIT 813      4.0% 425      1.8% 331      1.5%

Financial Values
NET INVESTED CAPITAL 11,087 100.0% 10,932 100.0% 12,026 100.0%

covered by:
NET FINANCIAL POSITION 8,979  81.0% 7,243  66.3% 8,205  68.2%

EQUITY 2,108  19.0% 3,689  33.7% 3,821  31.8%

Profitability Ratios
ROI = Ebit/Net invested capital 11.1% 7.8% 6.2%
ROE = Net profit/assets 38.6% 11.5% 8.7%

Financial Ratios
Leverage = NFP/Equity 4.26     1.96     2.15     
NFP/EBITDA 3.48     2.86     3.86     
NFE/EBITDA 16% 23% 23%

2007 2008 2009

 

Fig. 5. Economical and financial performances (consolidated data) 

4   Selecting the Network Mission and the Collaboration Form 

The results reported in the preceding sections allow to draw the actual situation of the 
pool, and to define which strategic objectives are most probably reachable and 
desirable by the new collaboration form that have to be implemented.  

From the analysis of consolidated data, it emerges that potential synergies on core 
processes are very limited. Thus, it is unreasonable to choose a collaboration form, 
such as T-Holding, that is on the contrary the most appropriate when mainly new 
Core Process Opportunities are likely to arise (see Fig. 1). At the same time, the high 
heterogeneity degree of the segments of business, especially due to complementary 
technologies and scarce products/services overlapping, may be functional to the 
creation of a network capable of generating new integrated product-services that arise 
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from the integration of the participants’ skills. Thus, the creation of new Business 
Opportunities seems to be an achievable strategic objective. Results also show that the 
aggregation could also benefit from some Supporting Process Opportunity (such as 
synergies for corporate planning and control activities and for financing). So, 
depending on the relative weight of these two components, the choice should be done 
among the other two models: the VDO, if  the  stable creation of new BOs are taken 
as main objective; and the VBE model, if the main objective will be the creation of 
new SPOs, and, occasionally, of new BOs. Considering the network activities 
implemented by the actual consortium, the consortium itself represents an earlier 
experience of VBE. A long term collaboration form in which business opportunities 
arising in the actual competitive scenario are occasionally caught, and are essentially 
proposed and managed by the single companies of the consortium. However, the 
ability to integrate products and services among partners is very limited, as also the 
ability to plan adequate investments in order to penetrate new markets. Without the 
possibility to plan investments at a network level, it is very difficult that collaborative 
actions could bring to a stable creation process of new BOs. This requires constant 
marketing intelligence, planning and investing activities that only a Virtual 
Development Office can provide. In this view, even the application of the newest 
conceptual framework for VBEs (the so called 2nd generation VBEs [4]) seems to 
provide a limited contribution with respect the actual state of the consortium. 

In conclusions, the strategic objective that would bring to the highest benefit for 
the pool is the stable creation of new BOs. The analysis demonstrated that this 
objective is potentially achievable, and in this case the best type of collaborative form 
to achieve this objective is the VDO. The VDO should be able to provide products 
and services both at a national and at an international level, providing an independent 
management structure able to adequately plan the network activities, taking advantage 
of the complementary skills of participants, while paying attention to the financial and 
economic heterogeneity of the companies. The VDO is a model that provides the 
foundation of a for-profit company (the VDO itself), that have to find an own 
economical equilibrium. In pursuing new business opportunities the VDO realizes 
VOs and VEEs of network members and/or external partners. 

The tangible success of the project has been measured by the understanding, by the 
participating partners, of the basic characteristic of the proposed network model, 
through which is been possible to give start to a change in the strategic logic of  the 
actual collaboration.  

5   Summary 

The choice of the strategic goals of a CNO is a crucial phase for determining the most 
appropriate form of the alliance. In general, when analyzing a pool of company that 
wants to collaborate, strategic network goals are not defined ‘a priori’, but should be 
the result of an assessment of the possible opportunities deriving from the 
collaboration. The case study is related to the typical situation of an already existing 
long-term alliance among a group of SMEs, a consortium in the metal-mechanic 
sector in Italy, which is facing some difficulties, and asks for an evolution from the 
actual form toward a more innovative collaboration form. The framework provided 
the assessment of the competitive and the organizational dimensions of the 
companies, of their critical resources, and of their economic and financial 
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performances. The analysis of the consolidated data allowed identifying which types 
of strategic objectives are at same time desirable and achievable by the alliance. This 
in turn allowed determining the most appropriate type of CNOs. The methodology 
can be replicable to similar case studies, and it is an answer to the need of evolution 
from traditional towards innovative forms of collaboration.  
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Abstract. The paradigm of forming and sustaining Collaborative Networks as 
environments that create Virtual Organisations (VOs) assumes that effective 
(and efficient) enterprise engineering (EE) capabilities and processes are 
available.  However, these processes are only effective if they produce VOs 
which have sufficiently limited complexity, because as complexity grows, the 
VO’s behaviour becomes increasingly harder to predict under all circumstances.  
This paper proposes the use of EE methods based on Extended Axiomatic 
Design Theory to limit the complexity of VOs – and of the CN itself. We 
introduce process- and people capability maturity levels, whereupon higher 
maturity implies higher probability of success of CNs in creating and 
maintaining VOs, and success of the VOs themselves, and formulate strategies 
for capability-improvement, intended to achieve higher levels of EE maturity.  

Keywords: Extended Axiomatic Design Theory, Process and People Capability 
Maturity Models, Concurrent Collaborative Networks Engineering. 

1   Introduction  

The establishment of Collaborative Networks which serve to create dynamic 
responses to market opportunities (through the creation of virtual organisations) 
emerged as a new paradigm for doing business [4].  The field raised a number of 
research questions, one of these (complexity management) is addressed below. 

Two Collaborative Networks (CNs) with the same objectives and requirements 
may apply the same design methodology, but may still develop different virtual 
organisations (VOs), in terms of quality of models, processes, etc. as well as 
‘systemic’ properties of the VOs. We argue that this is (at least partially) due to the 
difference in levels of enterprise engineering (EE) capability/maturity of the two CNs.  
Thus the same design methodology and requirements may lead to different results (a 
property called multifinality [6]).  

Management literature calls this form of non-determinism ‘path dependency’ 
which arises because the result also depends on decisions that were made along the 
way of evolutionary history prior to the present state (see Liebowitz and Margolis et 
al. [13,14]).  Part of this path dependency / multifinality is due to the evolutionary 
history of the CN which led to the present EE capability that is a determining factor in 
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the CN’s (and its VOs’) effectiveness.  Conversely, CNs as open systems need to be 
assumed to follow the principles of equifinality (or ‘convergence’), i.e., finding 
equally valid alternative ways of attaining the same end state if starting from a given 
initial state (or from different initial states) (see von Bertalanffy [3]).  The principle 
applies to open systems when a given end state is reached by many potential means.  
The intention of developing a  (process and people) EE capability maturity model for 
CNs is to improve the understanding and to inform and direct the evolution of CNs. 

The Software Engineering Institute’s Capability Maturity Model Integration 
(CMMI) [4,19] is a process improvement reference model informing enterprises 
wishing to improve their process capabilities and organisation (and through it their 
performance). CMMI integrates multiple bodies of knowledge developed separately 
(software engineering, systems engineering, acquisition,...)[5]. (ISO/IEC 15504:2007 
defines ‘process capability’ as “…the capability of a process to meet its purpose …” 
[20].)  In our case, the purpose of the EE processes (ISO 15704:2000 [8,10])  is  to 
design (and maintain for life) the CN and its VOs through their stages of evolution.  

An important problem facing a CN is complexity, because uncontrolled complexity 
can cause undesired CN- and VO characteristics.  A number of relevant complexity 
measures may be considered: (according to Lloyd [15] and interpreted by the authors 
[11]) these can be classified as those characterising the difficulty to describe a) the 
function, behaviour, and states of the system, b) the architecture (relationship between 
physical and functional structure), and c) the process to create the system.   Categories 
a) and b) measure the complexity of the CN and of its VOs, and c) measures the 
complexity of VO creation and CN creation projects. 

Axiomatic Design (AD) [18] claims to codify in a discipline-independent way 
what a ‘best design’ is, aiming to avoid unnecessary complexity. Li and Williams [11] 
refer to the possibility of using AD in EE, but to avoid complexity of category (c) we 
extended AD by introducing the Recursion Axiom stipulating that the system that 
designs the system must also obey the axioms of AD. The question arises: how to 
maximise the probability of the success of the EE practice used to design VOs/CNs? 

Many EA researchers and practitioners fail to recognise that they are in fact 
applying methods and models derived from laws and theories of cybernetics. 
Cybernetics is a pluralistic theory (and interdisciplinary movement) of generic laws 
and theories of information processing. We observe that applied cybernetic laws and 
theories in EA lack harmony and our aim is to introduce EA Cybernetics as a field of 
EA research that harmonises, formalises and synthesises the results of cybernetics and 
demonstrate their applications in EA practice. 

Stafford Beer [1] was perhaps the first person to apply cybernetics to management. 
However, EA [2] not only embraces the application of models, methods and theories 
of management & control, it also incorporates models, methods and theories of the 
service, engineering and production to design an effective enterprise, including 
resources, organisation, products etc. of the enterprise. Therefore, EA cybernetics is 
distinct from Management Cybernetics, but considers the management & engineering 
views of enterprises and demonstrates how to apply cybernetic laws and theories in 
Enterprise Architecture. EA is a discipline that invokes other disciplines to analyse, 
design, construct, maintain and evolve an enterprise throughout its life history to 
accomplish the enterprise’s short and long term aims.  One such worthy aim is of 
course long term viability and sustainability (threatened by untamed complexity). 
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This is why the authors situate the presented analysis as a contribution to EA 
Cybernetics (aimed at building EE capability to reduce unnecessary complexity) – the 
kind that helps EE steer the enterprise to viable futures. 

2   Axiomatic Design and Enterprise Engineering in  
Collaborative Networks 

Axiomatic Design (AD) is a theory of complex systems (that can not be predicted for 
sure to always satisfy their functional requirements [18]). AD explains reasons of 
emerging complexity, and offers a formal design theory and two design axioms that 
system designs must satisfy to minimise complexity (measured by the probability that 
the structure always performs the function (category b)).  
 

Axiom I: Independence Axiom [18]. ‘The independence of Functional Requirements 
(FRs) must always be maintained.’ (An FRi is independent of others if there exist 
‘design parameters’ [DP] so that if changing one FRi only one DPi must change,  
whereupon [FR] = [[A]] * [DP].  Here [FR] is the vector of FRs, [DP] is the vector of 
DPs and [[A]] is the matrix mapping DPs to FRs.  If [[A]] is diagonal matrix then the 
design is uncoupled (full independence is achieved). If [[A]] is triangular then the 
design is decoupled (the implementation process is ‘serialisable’). Otherwise the 
design is coupled (the implementation process of DPs is not ‘serialisable’).  

 
Axiom II: Information Axiom [18]. ‘Out of the designs that satisfy Axiom I that 
design is best which has the minimal information content.’ (Suh defined information 
content (IC) as the negative logarithm of the ‘probability of success’.) 
 

We see Axioms I and II as intending to minimise the complexity of the system’s 
architecture (complexity type ‘b’) and can be used to design less complex CNs and 
VOs. We observe that complexity type ‘c’ (of CNs and VOs) is not automatically 
addressed by using AD into EE practice, so we recently proposed [12] that Axioms I 
& II must also be applied to projects creating Vos / changing the CN.  This is 
expressed in a ‘recursion’ axiom: change projects (as a system of systems) not only 
must follow Axioms I & II, but they themselves need to be ‘axiomatically designed’. 
 

Axiom III: Recursion Axiom [12]: ‘The system that designs a system must satisfy 
the two Axioms of design.’  NB: systems that satisfy Axioms I & II do not necessarily 
satisfy Axiom III: while at a given moment in time in its life history a system may be 
considered moderately complex, this system may be very hard to create or change.   
 
Example: Denote three consecutive stages of an evolving CN as S1, S2 and S3.   In 
stage S1 the CN is operating and has a design satisfyingi Axioms I & II.  Let S2 be the 
stage of change (S2 is the original CN extended by a change project P).   The task of P 
is to create S3.  When S1 creates P it can mandate that P use Axioms I & II to design 
S3.   However, P (and thereby S2) may not satisfy Axioms I & II, so P can be more 
complex than necessary; even if its mandate is to design S3, the likelihood of success 
of this endeavour may be less than desired, i.e. P does not satisfy Axioms I & II (even 
if it applies them to design S3).   Axiom III states that S1 not only must mandate that P 
use Axioms I & II, but S1 must design P using Axioms I & II (in the interest of 
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successful evolution).  NB. the change system of systems is called the set of 
‘supporting systems’ in ISO 15288 [9].  Thus, “among the design processes that apply 
axioms I & II to design a system, that is best which itself satisfies axioms I & II” [12]. 
If a CN wishes to reduce its own complexity and to subsequently maintain reduced 
complexity through life, it may wish to adopt AD as a strategy.  Therefore it is 
legitimate to ask whether the CN is ready to use such practices and to increase the 
probability of success (i.e., what is its ‘AD process maturity’).   A model of such 
maturity is a type of ‘EE Capability Maturity Model’.  To differentiate this from other 
CMMs the authors abbreviate it as EE-AD-CMM.  Given the equifinality and 
multifinality properties of enterprises, we do not claim that such maturity model 
would be useful for CNs that have no desire to apply complexity reduction measures 
or use AD practices.  The value of this EE-AD-CMM is that untamed complexity is a 
dangerous phenomenon that may put at risk not only the VOs but the CN itself. 

3   Enterprise Engineering Maturity Based on Extended Axiomatic 
Design Theory 

Several authors have developed Capability Maturity Models and formulated strategies 
to increase the level of engineering capability and maturity of the enterprise. 
Hintersteiner and Zimmerman [7] developed an Axiomatic Design Capability 
Maturity Model to provide a roadmap for implementing AD practices in systems 
engineering.   What this paper is proposing is two qualitatively different additional 
capabilities: 1) the enterprise (in this case the CN) not only has to design ‘systems’ 
(such as VOs), but it also has to design, or re-design, itself, i.e. the CN needs self-
design capability, and 2) the CN also has to have the capability to obey the third 
design axiom.   

Our proposed model extends the set of necessary EE capabilities and associated 
maturity levels, and the model is intended to help enterprises to avoid complexity of 
categories b) and c). Importantly, category c) complexity of CNs and VOs has not 
been addressed in previous maturity models. Note: category a) complexity can only 
be mitigated, but not avoided, unless we change what functions we expect from the 
systems of interest (i.e., the CN or its VOs). 

3.1   Enterprise Engineering Process Maturity 

Level 0:  Not Performed (AD is not applied anywhere) 
Level 1:  Informal (non-institutionalised practice or pilot project applying AD) This 

is the starting point of CN-level intention to practice AD in designing CN 
entities. Pilot projects help reduce the risk of failure and the impact on the 
CN and help create best practice. 

Level 2:  Defined (a program is defined to apply AD in all VO design projects) Here 
there is commitment of CN management (or of participants) to apply AD 
principles (projects observe AD principles when developing the CN and 
designing VOs). The practice is mandated (ensuring to include experts / 
staff, resources and appropriate processes and tools to support AD). This 
level is process-following: AD is followed, but not in a tacit manner.  
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Level 3:  Recursively-Defined   On Level 3 there is awareness by CN participants of 
ineffectiveness and inefficiencies of existing CN and VO design practice. 
Thus the CN is in a stage of aiming at self-improvement. 

Level 4:  Established Extended AD practice A well-defined CN and VO design 
methodology is used in all VO design projects, and all CN change projects.  

Level 5:  Continuously Improving  On Level 5 the performance of the current AD-
based CN design methodology is monitored and continuously improved. 

3.2   Enterprise Engineering People Maturity 

The CN and its participants can not acquire, attain, practice and institutionalise AD 
capability and achieve higher levels of maturity in one day, so we introduce the AD 
based People CMM.  Each level of the model focuses on developing enterprise 
environment and culture supporting distributed design process in EE practice. 
   

Level 0:  No AD Competency  An enterprise at Level 0 has no AD competency in 
the network or in participating organisations. 

Level 1:  AD Competency Acquisition and Outsourcing At Level 1 there is 
awareness of AD and its advantages by a subset of network participants. 
The CN may use a pilot project to assess CN-wide adoption possibilities. 
Some AD skills & competencies may have to be acquired from outside of 
the CN. 

Level 2:  AD Competency Training At Level 2 the CN may be in training mode and 
use a CN-wide education program to develop AD-competencies of key 
staff.  Projects may use mentors to monitor and manage the new type of 
design processes. 

Level 3:  AD Competency Building At Level 3 the CN runs projects to gain CN-
wide experience of AD processes. 

Level 4:  AD Competency Improvement  Here the CN benefits from empowered and 
experienced workforce openly collaborating and having mastered AD-
based EE processes. The CN at this level still needs dedicated AD experts 
and a reward- and motivation system for the rest of the workforce to 
successfully manage enterprise engineering practices. 

Level 5:  AD Tacit Competency / Continuous Improvement At Level 5 enterprises 
do not need enterprise engineering experts to manage and control enterprise 
engineering practice: advantages of AD-based CN design methodology are 
obvious to the entire enterprise and all workforce throughout the CN, its 
members have experienced them and tacitly apply them in a collaborative 
and distributed way. This means that while practitioners’ knowledge of this 
methodology is available in explicit form, when practicing it, the 
methodology if followed in a tacit way. From an external observer’s point 
of view practitioners appear to be following a methodology most of the 
time, but the behaviour does not appear to be strictly following a process as 
practitioners can adjust, optimise, or tailor the methodology without 
diverting from its original intent and principles: the workforce at this level 
is self-motivated and self-organised in AD.  
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4   Concurrent Enterprise Engineering: Ability to Self-design and 
Self-organise 

Pennell and Winner [16] describe concurrent engineering as “a systematic approach 
to the integrated, concurrent design of products and their related processes, 
including, manufacturing and support. This approach is intended to cause the 
developers from the very outset to consider all elements of the product life cycle, from 
conception to disposal, including cost, schedule, quality and user requirements.”  In 
other words, concurrent engineering is an approach in which all phases of engineering 
potentially operate simultaneously.  Product and process design run in parallel and 
design processes are closely coordinated to achieve optimal matching of requirements 
for cost, quality, and effective delivery. 

The concept can be applied to CN design: when moving towards level 5 of the EE 
process CMM. At the same time, Level 5 of the EE people CMM emphasises 
collaboration and teamwork as an integral part of concurrent EE. At this level, all 
components of the ability to self-organise  in terms of team cooperation are visible (cf. 
‘the  7Cs of collaboration in concurrent engineering’ [17]):  

• flexible, unplanned and continuous collaboration, 
• commitment to meet the goals, 
• communication (exchange of information), 
• ability to make compromises, 
• consensus in spite of disagreement, 
• coordination (managing interdependencies between activities), and 
• continuous improvements in order to increase productivity and reduce process 

times. 

5   Conclusion 

This article proposed a Capability Maturity Model based on extended axiomatic 
design for the use of capability assessment and strategy making for Collaborative 
Networks.  This maturity model includes both Process- and People maturity levels.  
The model is based on the promise of Extended Axiomatic Design Theory which aims 
at guaranteeing the probability of success of CNs and of the virtual organisations 
which emerge from the CN.  These models may be used as a roadmap for 
incorporating extended axiomatic design practices and techniques into enterprise 
engineering in general and into the practice of  Collaborative Networks and its 
member enterprises.  

Part of the maturity model includes the ability of the CN to self-design / improve  
as it ascends to higher levels of maturity. According to this model, a CN ultimately 
attains process capabilities to simultaneously maintain, manage or change the CN 
design methodology itself, as well as to apply the methodology to all CN entities 
(including the CN itself). Based on the maturity model proposed in this paper, 
dedicated AD-based enterprise engineering staff and resources are no longer needed 
as on Level 5 the AD-based enterprise engineering methodology is well-entrenched 
and consistently performed by everyone in the CN. 
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We incorporated the extension of axiomatic design theory to CN design practice 
and the results were demonstrated in terms of 6 different maturity levels – each with 
different levels of process and people capability / maturity.  For future research we 
suggest the verification and validation of these developed models through empirical 
applications, case study and other relevant methods. In the final section, the article 
also briefly introduced the notion of concurrent CN engineering process capability but 
details have been relegated to future research.   
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Abstract. Over time, Drivindus has become one of the world’s leading 
manufacturers of automotive parts. This industrial group is present in 20 
countries, employing 50,000 persons from 50 different nationalities and running 
around 100 factories and 40 research centers. It generates annual revenues of 
nearly €€ 10 billion. The firm's General Management has noticed that 
productivity reserves still exist within its purchasing management function. The 
company has therefore decided to invest in an e-sourcing project. This case 
study describes this project which has been inspired from a real one and shows 
how an electronic marketplace has been designed to reach all the objectives. 
This case study takes between 4 and 6 hours to be solved by post graduate 
management students. They may be organized in groups of 4 and the instructor 
can go from one group to another to help them progress, according to their 
capacities, in answering the 5 questions. A PowerPoint presentation and 
teaching notes are provided to help in the animation of the case which has been 
tested and optimized in three different accredited management schools before 
its publication. It's ideal to illustrate purchasing management evolution and 
information systems management. 

Keywords: Procurement function, Information Systems, e-business, project 
management. 

1   Presentation of the Company and the Purchasing Function 

The French group Drivindus is born out of the progressive merger of a number of 
smaller firms, some of which are at least 100 years old. Only French firms were 
involved at first, followed by European ones. Over time, Drivindus has become one of 
the world’s leading manufacturers of automotive parts. This industrial group is 
present in 20 countries, employing 50,000 persons from 50 different nationalities and 
running around 100 factories and 40 research centres. It generates annual revenues of 
nearly €€ 10 billion. The group organisation is a decentralised structure comprised of 10 
branches (B1 to B10) corresponding to its commercial product lines. It has 15 main 
customers (C1 to C15). The organisation has evolved constantly to match customer 
demands. The group has a three-pronged structure, featuring an:  

- Operational organisation shadowing each branch, materialising in divisions 
organised into autonomous profit centres. These are the key entities in the overall 
organisation and group several production sites specialised by product or system. 
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- Functional organisation encompassing cross-departmental functions like financial 
control, human resources, legal services, product marketing, R&D, quality and 
purchasing. These cross-departmental functions implement the group strategy. They 
develop and apply its methods and procedures; disseminate information; monitor 
the main investment projects; and supervise the realisation of objectives.  

- Geographic organisation watching over group interests worldwide and managing 
relationships with automakers’ headquarters. 

Drivindus has always cooperated with its suppliers in the development of new 
components. This is a high-tech company where imagination and the invention play a 
considerable role in letting Drivindus partner its customers, who view the company as 
a valuable advisor and as a source of competitive advantage. The company’s €€ 10 
billion in revenues are divided as follows: Europe: 70%, North America: 18%, Asia 
and Africa: 8%, South America: 4%. Sales growth has regularly been in double digits. 
The main explanation has been Drivindus’s dynamism and acquisition of innovative 
smaller firms. The company operates in a very competitive sector but has succeeded 
in generating operational earnings of €€ 500 million. R&D spending equals 6% of sales, 
or an investment of more than €€ 600 million. 

Purchases amount to 60% of total turnover, or more than €€ 6 billion. In other words, 
this is very strategic activity at Drivindus since it is both the basis of the company’s 
cost structure and a key innovation driver. Saving 1% on purchasing costs 
corresponds in profitability terms to a 10% increase in sales. Purchasing is not only a 
major profit and innovation centre but also the department responsible for ensuring 
the quality of the components that Drivindus buys from its own suppliers, thus the 
quality of the sub-assemblies that it manufactures itself. 

The Purchasing function has evolved thusly: 

- Pre-1975: Purchasing was not yet considered a key function. Suppliers were not 
integrated into company operations but mainly chosen based on price. They had to 
compete intensively each and every time an order was renewed. All in all, this was a 
‘cost out’ system characterised by limited and very short-term relationships. 

- Between 1975 and 1985: The beginning of a delocalisation process that was a direct 
result of the group’s very strong growth. Purchasing volumes rose considerably and 
total quality became more important than price alone. It was during this era that the 
company shifted from a ‘cost out’ to a ‘value in’ outlook.  

- Between 1985 and 1995: The group started to internationalise and focus on 
innovation. Product life spans shortened, creating a need for partnerships with 
networks of highly innovative privileged suppliers, so as to foster and maintain 
competitive advantage. This was an era of long-term relationships, with Drivindus 
positioning itself as the leader of teams of suppliers working together. 

- Since 1995, the group has been entirely geared towards global partnerships. This has 
led to an intense and systematic search for information, with Drivindus - together 
with its suppliers – constantly analysing the possibility of developing new products 
on a project basis. The notion of ‘co-makers’ has appeared. 

Purchases can be broken down as follows: 

- Natural and synthetic raw materials. The constraints in this market mainly involve 
localisation questions and speculation-driven price volatility. 
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- Production components like electronic or mechanical parts. These are purchases 
from a range of very different markets, some of which are competitive and others 
more oligopolistic in nature. Prices are negotiated to varying degrees. Moreover, 
these purchasing segments require a great deal of strategic monitoring; 

- Purchases relating to outsourcing contracts, like parts in complex systems requiring 
many exchanges of documents that can be voluminous and complex; 

- General administrative (overhead) items like paper, office supplies or furniture. 
Suppliers rarely compete in these fields. Once chosen, they are asked to agree 
framework contracts specifying transaction conditions over a certain period of time; 

- Purchases of services like maintenance (cleaning) or security, all of which are very 
localised. There are great disparities between the services offered in the different 
countries where Drivindus operates. Price differentials can also be significant; 

- Logistics costs incurred when transporting goods; 
- Engineering purchases, i.e. during the construction of a new plant; 
- IT, including hardware, software and maintenance. 

Drivindus has decided to cut costs by globalizing purchasing volumes. Suppliers can 
be categorised thusly: 

- Local (often regional) suppliers who are usually quite small in size and work out of 
a single site. Volume effects are not possible with this kind of supplier; 

- National suppliers with more extensive activities than local counterparts and greater 
responsiveness than international ones; 

- International suppliers with whom the company can work in more than one country. 
These actors often possess a specific know-how that makes then indispensable. 
They transact enormous volumes, reducing the importance of any one customer; 

- Low-cost suppliers with whom the company specifically works for this one reason. 
Turnover is quite rapid in this category, which presents quality and delivery risks.  

2   Description of the ‘e-Business Project’ 

The e-business project is very ambiguous and potentially headed in different 
directions, largely because it is driven by a variety of Drivindus managers, not all of 
whom have the same conceptions. Each views the project through the prism of very 
different realities. In short, Drivindus’s e-business project has heterogeneous goals - 
which makes it hard to find a global solution and explains why the project has had to 
be run over two phases. After appointing Mrs. Biz to manage the e-business project, 
Senior Management asked her to achieve the following objectives: 

- Cut acquisition and procurement costs significantly (O1); 
- Reduce the number of suppliers without endangering their autonomy, or indeed 

Drivindus’s (O2). This is referred to as Purchasing globalisation; 
- Homogenise the tender bid processes and the technical specifications communicated 

to suppliers worldwide (O3); 
- Improve the company’s general knowledge of its suppliers’ competencies, means of 

production, financial structures or customer bases (O4); 
- Track supplier performance on both a day-to-day and global basis (O5); 
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- Accelerate and raise the quality of dispute resolution mechanisms to solve any 
production incidents as quickly and efficiently as possible (O6); 

- Help buyers leverage their knowledge and implement internal benchmarking (O7). 
Buyers must possess a tool that will allow them to engage in technological and 
strategic watch activities and share anything they learn with one another.  

Senior Management is ready to invest in solutions that will give it a decisive 
competitive advantage by raising productivity and developing new partnerships with 
innovative suppliers. 

Mrs. Biz has decided to call her e-business project E@SI, which stands for E-
business at Supplier Integration. As a concept, Supplier Integration is one of 
Drivindus’s five strategic axes. The project is set to run over two phases: an initial 
stage mainly devoted to the standardisation, optimisation and globalisation of 
transactions and marked by significant cost-cutting efforts; and a second, more 
qualitative stage revolving around problems like the management of supplier 
relationships, establishment of new forms of collaboration, and leveraging of 
purchasing-specific knowledge and know-how. After exploring which tools and 
solutions are on offer in the e-business package markets or different electronic 
marketplaces, Mrs. Biz noted that none of them fully satisfies Drivindus’s expressed 
needs and decided to initiate a series of sub-projects that she delegated to different 
project managers. Thus, it is not one but four e-business projects that will run 
concurrently, with a two-year gap between the transaction and cost phase versus the 
relationship and knowledge phase.  

- The first sub-project (P1) involves online bidding and uses a reverse auction system 
for certain kinds of purchases. The project will run during phase 1 and start in 2006. 

- The second sub-project (P2) involves web-procurement, i.e. purchases from 
standardised electronic catalogues. It runs during phase 1 and also starts in 2006. 

- The third sub-project (P3), called SUMO for SUpplier MOnitoring, establishes a 
supplier referencing package. It will run during phase 1 and starts in early 2007. 

- The fourth sub-project (P4) involves Supplier Relationship Management (SRM) and 
mainly manages quality disputes and supplier incidents through its Incident 
Management System (IMS) solution. This collaborative extranet project will run 
during phase 2 and start in 2008. 

3   Simplified Specifications 

Drivindus has very precise specifications for this first project. The tool must be 
simple and user-friendly yet provide very high value added. Reverse auctions have a 
mystique but also a relatively negative reputation. Many people have preconceptions 
about them, meaning that there is a strong possibility that Drivindus buyers could 
reject them. Drivindus considers it crucial that auctions do not deprive buyers of their 
role as negotiators and purchasers. Quite the contrary, the buyers’ mission will 
become increasingly complex meaning that their workload will increase instead of 
being reduced. The goal is to gain time on tasks that generate little value added – and 
to spend this time on improving the fit between people’s needs and the products and 
services that the company purchases. This project has priority and will be the first 
launched during e-business project phase 1. 
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At the beginning of the project, Drivindus observed a certain immaturity on the 
part of solution designers in terms of their knowledge of the Purchasing function. 
Specifically, there seemed to be a lack of awareness of what people expect in terms of 
procurement management and performance measurement. The company would like to 
develop certain functionalities leading to a standardisation of technical specifications, 
globalisation of purchases, development of framework contracts and above all, access 
to new reporting tools. Web catalogue solutions offer basic ‘meta-catalogue’ 
functions (or catalogue catalogues) that homogenise formats and offer comparisons of 
similar products offered by different suppliers. Drivindus would like to develop its 
marketplace in conjunction with a service provider who has a sufficiently open mind 
to be willing to listen to requests from the Project Manager – and whose vision of the 
Purchasing function is similar to the group’s. This project will be launched in parallel 
with the online bidding project, i.e. during phase 1 of the e-business project. 

The monitoring tool must be capable of measuring suppliers’ service quality, 
viability, innovation potential, asset value and key competencies. As such, it will 
subject suppliers to a financial audit (financial solidity, cost structure, profitability, 
etc.), industrial audit (production capacities, equipment maintenance, staff training, 
etc.) and technological audit (R&D investment, number of innovations over a given 
period of time, number of partnerships with lower tier suppliers, etc.). These criteria 
will be periodically analysed to determine which suppliers should be certified and 
feature on a short list - or blacklist - and monitored for future developments. Towards 
this end, there needs to be a supplier database replete with SAP codification and 
interfacing (since this is the integrated management package used throughout the 
Drivindus group). The project will complement the two preceding projects and will be 
launched at the end of period 1, before the beginning of period 2. 

Drivindus would like to design a highly strategic tool that is specific to the 
particular relationships it has developed with suppliers. Two applications will have to 
be designed and developed internally with the help of external providers, mainly 
consultants. The first is a tool for managing supplier quality incidents, one that should 
facilitate monitoring, improve problem-solving and keep malfunctions from recurring. 
The system should, for example, contain different alert levels requiring suppliers to 
act with various degrees of urgency. The second application shares the main 
performance indicators with those suppliers who have a more consolidated vision of 
their role as value creators working on Drivindus’s behalf. The SRM project will be 
launched in 2008, i.e. during phase 2 of the e-business project, at the same time as the 
Intranet platform. 

4   Presenting Solutions 

After testing several platforms, Drivindus signed in April 2006 a partnership with 
Freemarkets, a marketplace specialised in reverse auctions. The agreement covered 
the management of $300 million worth of supplier deals for a period of two years. 
These purchases mainly involved capital equipment like electronic or mechanical 
components, chemical products or organic matter. Freemarkets seemed very willing 
to listen to Drivindus’s wishes. The principle of electronic auctions is that participants 
can monitor the price action and adjust their own bids in real time. Drivindus is 
supposed to allocate contracts based on a supplier’s overall performance, with price 



 Drivindus Case Study: Choosing an e-Business Solution 433 

being only one aspect of the decision. Price competition only occurs after suppliers 
have been pre-selected for their ability to work to some very rigorous specifications. 
The goal is not only to save money but also to reduce and rationalise the company’s 
shortlist of suppliers. If a firm already working with Drivindus takes part in an auction 
and wins the contract, it will have to satisfy the company’s minimum product quality 
and service conditions. 

Drivindus has also got together with IBM Business Consulting, chosen to serve as 
integrator of the Commerce One electronic catalogue solution. This is a software 
structure that standardises catalogues and customises them to fit different needs. 
Commerce One is not only able to define a standard but can also achieve a large 
enough critical mass in a sufficiently short period of time to recoup the costs incurred 
developing the solution. This also means that Commerce One has had some major 
financial problems and is in a weak bargaining position when dealing with customers. 
Drivindus has suggested to Commerce One then it invest in the latter company’s 
solution. An opportunity arose for the group in 2007 in the form of an ‘Escrow 
Agreement’, i.e., a contract enabling it to obtain exclusive ownership of the core 
application’s Java source code. Using this core, IBM Business Consulting can 
supplement existing functionalities with new ones specific to Drivindus. This allowed 
the company to design a customised solution after receiving advice from IBM experts 
– and to do this at the lowest possible cost, since it could start with a solution that 
already exists.  

It was on the basis of a product specification determined by Drivindus’s P3 Project 
Manager that the monitoring solution was developed to remedy the present lack of 
satisfactory solutions. Because the stakes are so high, Drivindus has invested in a 
single platform whose design has been subcontracted to a small software consultant 
before being passed on to Cap Gemini. This supplier referencing package has been 
built on a module-via-module basis, i.e., functionality-by-functionality, to enable a 
progressive installation and optimise the management of its particularly high 
investment costs. The customisation advantage is entirely realised by Drivindus, 
which has kept a close eye on the project all throughout, validating each step by 
rigorously applying its specifications before moving onto the following step. 
Drivindus does not hesitate to finance all of the developments needed to obtain certain 
functionalities that may be entirely specific to its line of business. 

The first application of the SRM solution is a supplier quality incident 
management platform called IMS (Incident Management System) that is supposed to 
encourage, structure and accelerate the processing of any incidents. If one occurs, the 
quality manager records it on IMF and creates a file with photos and recordings done 
using measurement and control tools, before transmitting everything to the supplier 
involved. The supplier will then have very short period of time to respond, step-by-
step, via a method called QRQC (Quick Response Quality Control):  

- In fewer than 24 hours, the supplier will have to implement conservational actions, 
i.e. suggest an immediate action plan addressing any defects and preventing any 
new defective goods from reaching Drivindus. 

- In fewer than five days, the supplier will have to provide analysis of the causes of 
the incident and explain why are the defect appeared and why it was not detected on 
the supplier’s premises before Drivindus noticed it. The group’s preference at this 
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level is to get suppliers to act autonomously and take responsibility for their own 
quality and not leave this to Drivindus. 

- After a further five days, the supplier must confirm that it has adopted an action plan 
aimed at avoiding any recurrence of the incident – and that is able to use statistical 
data and all necessary documentation to prove that the action plan will be both 
efficient and effective. 

SRM is a very visual tool that ties KM relating specifically to the incidents in 
question to information shared with all of the divisions in the Drivindus group, 
thereby accelerating business or sectorial level problem-solving, even if the incident 
occurs in another division. 

5   Stages of Deployment 

This tool, which is very destabilising for both buyers and suppliers, has become 
standard. It is associated with a communications plan and also an intensive training 
programme for each buyer. Suppliers (especially French ones) continue to view this 
practice as abusive and anti-competitive, simply because it leaves them exposed to 
global competition. Other suppliers see it as an opportunity to increase their market 
share at Drivindus. As time goes by, the platform will be used by almost 800 of the 
1,000 buyers who currently work with Freemarkets and manage all of the auction 
phases for which they are responsible. The buyers in question are mainly those 
working in branches like administrative costs, engineering, transportation and raw 
materials. All buyers receive training supervised by the ‘key users’ who have led the 
platform’s testing and debugging process, with Freemarkets maintaining 
responsibility for preparing the auction. Subsequently, the buyers themselves will 
manage all of the stages and, once they start to master the tool, assume an advisory 
role. Within a few years, this solution will be used for nearly 20% of all purchasing 
volumes, or the equivalent of more than €€ 1 billion. This amounts to a total cost 
reduction of between 9 and 12%. 

The idea here is to have a custom-made package that will be hosted internally, and 
not to use an external marketplace. The problems experienced with Commerce One 
ultimately became an opportunity for Drivindus, which after appropriating the core of 
their marketplace is now able to build its own tailor-made portal. The web catalogue 
solution was launched in 2006 and deployed on all sites worldwide from 2008 
onwards. Catalogues were only used on 10% of all non-production-related purchasing 
at the time, but Drivindus does have the possibility of organising its calls for tender 
online and hopes to increase the overall percentage of work done in this way to 50% 
by the year 2010. Despite being highly supportive of the solution at first, buyers 
subsequently felt quite disappointed, if only because their early expectations were too 
high. This kind of marketplace is a victim of its own success, with technical 
limitations having bothered users to such an extent that a new version was installed in 
2009 – since when users and suppliers alike have been very satisfied with its 
performance. The time needed to process a tender bid has been divided by a factor of 
three and internal customers’ satisfaction levels have risen noticeably. 

Performance monitoring has mainly focused on production-related purchases. This 
allows people to have a global and segmented vision of the purchases that Drivindus 
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makes across the world, while tracking leading indicators like quality, cost and 
delays. Its extension to non-production-related purchasing will be organised over the 
course of 2009. When it was first set up, this tool was considered quite restrictive 
insofar as it needed to be systematically updated on a monthly basis. Over time 
however, it has become a key information source for managing suppliers. Its main 
weakness remains the reliability of the information it provides, which can be 
incomplete, redundant and even obsolete. There is still some room for improvement 
in the sense that users need to be more rigorous in updating the tool with whatever 
information they acquire.  

After two months testing the Covisint solution  - a specialist automotive sector 
electronic marketplace created by General Motors, Ford and Daimler Chrysler - 
Drivindus was unconvinced by the experience and initiated the development of a 
dedicated solution. Contrary to the cumbersome nature, technical complexity and 
rigidity of Covisint - which has become increasingly difficult to implement - 
Drivindus has been looking for a very simple and ergonomic solution requiring little 
training and featuring only functionalities that are strictly necessary. Of course, the 
upfront costs of designing this kind of collaborative platform were extremely 
expensive, but Drivindus’s project manager has decided to devote a lot of time and 
energy to its relatively long functional design phase and remains intransigent. The 
initial functionalities were implemented very quickly in 2008 after the arrival of a 
new Quality Manager. This extranet tool has a very good reputation among buyers 
and suppliers alike. In turn, this has led to the implementation of a standardised 
quality incident resolution process, which has considerably facilitated and accelerated 
the resolution of any and all incidents. 
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Abstract. This paper presents an exploratory and qualitative work of a novel 
model for the selection of the most adequate logistics providers that will 
compose a virtual organization. It includes a performance measurement model 
and a supporting methodology that considers the intrinsic dynamics, autonomy 
and temporality of Virtual Organizations, involving both intra and inter-
organizational indicators at strategic levels. The model is flexible in terms of 
both allowing performance indicators’ weights relaxation and being adapted 
according to the organizations’ governance model.  
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1   Introduction 

The Globalization is a trend that favors the expansion of logistics partners. New 
markets and new products have been increasingly created all over the world and 
proper logistic providers should be hired. The cleverer this activity is done the greater 
visibility, improved customer service, better planning and cost savings will be 
supported [1]. When companies work in more volatile strategic networks, the difficult 
of selecting the most appropriate logistic providers is even higher. This works focuses 
on the Virtual Organization (VO) type of network.  

Part of such difficulty is due to the intrinsic nature of a VO, which is a temporary 
and dynamic strategic alliance of autonomous, heterogeneous and usually 
geographically dispersed companies (often SMEs) created to attend to very particular 
business opportunities [2-4], sharing costs, benefits and risks, acting as it was one 
single enterprise [5, 6]. After ending all legal obligations a VO is dismissed.  

Differently from traditional supply chains, logistics providers (responsible for 
handling material and cargo transportation) are not known in advance, as this depends 
on the business, on the client, on the country or region’s regulations, etc. Therefore, 
the collaboration among involved industrial partners (who produces some part of the 
good) and logistic providers are crucial to be augmented [7, 8] as a way to fulfill 
temporal and quality requirements of this unique business opportunity as well as to 
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differentiate in the market as long as they create value in this chain [9, 10]. 
Considering this tighter collaboration, logistics providers are seem as logistics 
partners (LP) and a business opportunity is as a collaboration opportunity (CO). 

Most of the works found out in the literature tackled this problem usually calling it 
as partner’s search and selection, but with the focus on the selection of industrial 
partners (IP) instead of on logistics partners. Besides that, the works on logistics in 
VOs essentially considers performance indicators basically at operational level, 
neglecting the also important strategic level. Yet, they do not consider other relevant 
dimensions when autonomous and collaborative companies do business together, such 
as governance and trust. Finally, the large majority of the works try to apply an 
automatic approach when selecting partners. We argue that the selection of LPs in a 
VO scenario is so complex and full of particularities that making this automatically is 
perhaps unrealistic as well as it prevents involved companies’ managers from 
properly putting in practice their experience. 

This work proposes a novel model that complements other contributions about IPs’ 
selection, supporting the suggestion of adequate LPs for given VO. 

This paper is organized as following: section I introduced the problem; section 2 
details the problem and contextualizes it within the collaborative networks area; 
section 3 presents the supporting methodology for LP suggestion; section 4 provides 
an example of the model usage; and section V provides some preliminary conclusions 
about the model. 

2   Logistic Network Problem 

A VO is one type of a diversity of Collaborative Network Organizations (CNO). 
However, a key aspect when considering VOs is that all of its members come from 
another type of CNO, which is the so-called Virtual organization Breeding 
Environment (VBE). A VBE is a long-term alliance of companies whose ultimate 
goal is to be the basis for the creation of VOs. Likely VOs, VBE members are also 
composed of autonomous, heterogeneous and geographically dispersed companies. 
Regarding that they share principles and working methods, the creation of VOs from 
a VBE becomes much faster, more effective and less complex to manage [11, 12]. A 
typical VO is generally composed of LPs and IPs, creating a logistics and value chain 
network, as illustrated in Figure 1.  

 

Fig. 1. VO composed of LPs and IPs 
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The reference process for a VO creation consists of seven steps (Figure 2) [13]. 
Adopting a performance measurement approach, in [14] partners’ search and selection 
step is extended introducing key performance indicators (KPI) as a first task to be 
made to filter IPs. This paper follows the same approach, adapting it to LPs and 
restricting the model to the suggestion stage. This is a complex task because LPs will 
work collaboratively in a VO and their selection should consider particular aspects of 
a VO and VBE, such as:  

- LPs can only be identified after knowing the particular CO in details; 
- A repeated CO will be rarely composed of the same set of VBE members; 
- VO’s LPs and IPs not necessarily will have worked together in previous COs; 
- COs are usually unique or one-of-a-kind; 
- KPI and/or their weights vary from one CO to another; 
- LPs usually have different information system, semantics and performance 

measures; 
- The final handshake among IPs and LPs should be carried out as fast as possible; 
- Each VBE has its particular governance model.  

 

Fig. 2. Extended framework for the VO creation 

A literature survey about this showed that there are several approaches based on 
performance measurement and KPIs for evaluating companies [15]. However, few of 
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generic methodology based on balanced Scorecard (BSC) indicators is proposed, but 
without any support for governance and trust issues. The methodology proposed by 
[17] assigns performance indicators for each partner but does not provide criteria for 
analyzing the collaboration level of partners to compose VOs. In [18] the complexity 
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3   Proposed Methodology 

In order to tackle this issue of suggesting adequate LPs for a given VO a methodology 
is proposed (Figure 3). Two important assumptions are considered. Firstly, all LPs are 
members of a VBE. Secondly, there is a global coordinator of the process, which is 
called VO Coordinator. An additional role is taken by a logistic specialist, who 
permanently audits the LPs’ KPI values. 

A. CO Identification 
In this first methodology stage the CO is verified in order to identify the logistics 
itineraries that have to be carried out. A CO, besides other information, is composed 
of logistics-related data showed on section 4. This set of information was based on a 
VO information reference model [19] [14] and extended for this work.  

 

Fig. 3. LP selection steps 

B. LP competency skills analysis 
In a first round of analysis the methodology checks the technical LP’s competences 
against to every single CO itinerary. If a given LP is pre-selected then it is moved to a 
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G(i,j) = | Ri ∩ Mj |,  i  ϵ R  ⁄  j  ϵ M                                       (1) 

Where: 
i=number of PLs;  j=number of COs. 
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The third step of the methodology aims at selecting the most appropriate KPIs that 
will be applied over every CO’s itinerary to filter the pre-selected LPs. This process is 
aided by an ontology, which links the semantic of CO’s attributes with the KPI model 
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facilitate understanding of all involved concepts and relationships between them in a 
specific domain [21]. The developed KPI model comprises fifteen KPIs (see section 
D). More than one KPI can be applied to evaluate a given CO itinerary. LPs will be 
selected after this set of KPI evaluation. This strategy has been inspired from [14]. 
With the selected list of KPIs and LPs, the methodology determines the level of 
collaboration (LC) (see section G) of each pre-selected LP for each itinerary. The LP 
to be finally suggested is the one with the highest LC value or with the highest 
coefficient of regression. VO coordinators evaluate the suggested list and assign one 
LP to the given itinerary and then this LP becomes member of the VO. The method 
repeats until the end of the CO itineraries, i.e. when there is one or a set of LPs 
selected to link all the involved (and previously defined) VO’s industrial partners. 

D.   KPI model 
A crucial element in the methodology is the KPI model. Regarding this, two general 
requirements were necessary to cope with. Firstly, the set of KPIs should consider 
both intra and inter organizational perspectives. Secondly, they should also consider 
indicators at strategic level. After a literature review, several KPI models were found 
out (e.g. [22-25]). However, none of them were neither comprehensive enough to 
cope with those requirements nor were devoted to logistics in dynamic alliances (e.g. 
VOs). The devised KPI model has considered some existing models (e.g. SCOR [26]) 
and complemented with a literature overview. It is composed of fifteen KPIs:  
 

- ROE (return-on-equity): The amount of net income returned as a percentage of 
shareholders equity; 

- Cash flow: focusing on the cash being generated related to how much is being generated 
and the safety net it provides to the LP; 

- Cost Control: controls the cost reduction of LPs; 
- Customer satisfaction: measures the customer perception related to delivered services; 
- Susceptibility: the elapsed time between customer purchase order and product(s) delivery; 
- Commitment: measures the level of commitment between the LPs; 
- Collaboration: measures the LPs level of collaboration; 
- IT maturity: measures if the LP’s IT objectives are aligned to its business strategies; 
- Governance: measures how is the code of conduct and cultural issues of each LPs; 
- Flexibility: measures the LP flexibility to adapt to changes along VO operation; 
- Environmental performance: measures how the LP copes with environmental practices; 
- Availability: measures the level of LP availability; 
- Effectiveness: measures if resources (e.g. labor) are properly allocated; 
- Trust: measures the level of trust between the LPs; 
- Communication: measure the level of effective communication among LPs’ members. 

Each KPI is seen as a strategic dimension, which is divided into a subset of individual 
and operational/lower level performance indicators (PIs). When computed as a whole, 
they provide the value of the KPI itself. For example, KPI Cost Control is calculated 
considering the PIs cost of warehousing, reverse cost and labor cost. 

E.   Assigning weights to KPIs  

The methodology applies the AHP method to assign weights to the fifteen KPIs. AHP 
was proposed in [27] to solve multiple criteria problems in a hierarchical structure. In 
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AHP, criteria related to the goal are distributed at lower levels from the top of the KPI 
weight structure (Figure 4).  

The LC calculation (see section G) uses this hierarchical structure to distribute 
weights (i.e. their importance) of KPIs and hence to suggest the most suitable LPs. All 
KPIs are weighted. By default, the methodology assigns the higher weights to KPIs 
with makes a semantics matching with the CO, whereas lower weights are assigned to 
those without matching. The VO coordinator is in charge of assignment weights to 
KPIs. If necessary, weights can be redefined along the process. 

F.  Assign values to KPIs 
As the model works also based on historical data, the VBE database should be 
updated with the applied KPIs values after the VO dissolution. This is done by all the 
involved VO’s companies via electronic questionnaires. Likert scale [28] is used to 
normalize KPI values, defining values from zero to five. These values are calculated 
from the set of tactical performance indicators that composes each (strategic) KPI. 

 

Fig. 4. Using AHP with the KPIs 

G.  Level of collaboration (LC) 

The final decision about which LPs will compose a VO is determined by a last filter, 
which is LC. LC is a value calculated for each LP that was selected by the 
competence analysis. It is represented by a vector of collaboration (VC), which is 
formed by the historical collaboration of each pre-selected LP in past VOs (Figure 5).  

 

Fig. 5. Value of KPIs and level of collaboration formula 
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(2) 
AA_KPI_1  = represents the arithmetic average of the last N values of  KPI_1

W.kpin = represents the weight of each KPI assigned by the method AHP
Sn = represents the standard deviation of KPIn for PL1

Level_collaboration_LP_1  = LC_LP1
LC_LP1 = ((AA_KPI_1 - S1)*W.kpi1 + (AA_KPI_2 - S2)*W.kpi2 + ...+ (AA_KPI_N - Sn)*W.kpin)            

(3)
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Fig. 6. Linear regression analysis for LC 

4   Example of the Methodology Usage 

Figure 7 generally illustrates an example on how the proposed model can be used. 
The given CO refers to a transportation of some good from the location A to B, with 
three legs in between: A-C, C-D and D-B. Each leg is represented by a CO’s itinerary 
and they require up to three LPs to deliver the involved parts to the industrial partners. 
A LP may even get all the three itineraries, depending on its LC. CO’s details are: 

- Place of origin: A; 
- Place of destination: B; 
- Departure Date: 01-31-2011; 
- Delivery Date: 02-04-2011; 
- Service Modal:  plane and train; 
- Cargo Type: shoes; 
- Quantity: 1,20 tons; 
- CO itinerary: itinerary_1: AC; itinerary_2: CD; itineray_3: DB; 
- Technical skills for itinerary_01; 

 geographic coverage at source: A; 
 geographic coverage at the destination: C;  
 transportation of different types of  loads: nill; 
 modal: plane; 
 realization consolidated shipments: mandatory; 
 response time: 12 hours; 
 cost: 1,200 dollars; 

- Technical skills for itnerary_02; 
 geographic coverage at source: C; 
 geographic coverage at the destination: D;  
 transportation of different types of  loads: nill; 
 modal: plane; 
 realization consolidated shipments: mandatory; 
 response time: 1day; 
 cost: 1,500 dollars; 

- Technical skills for itinerary_03; 
 geographic coverage at source: D; 
 geographic coverage at the destination: B;  
 transportation of different types of  loads:  mandatory; 

LC

LP_1LC_1 ... LC_8 LC_9 LC_10

LP_1LC_1 ... LC_8 LC_9 LC_10

Y = ax +b ; a = coeficient of regression

Scenario_2:  The LC is decreasing for LP_1 ( a < 0);

LC

Scenario_1:  The LC is increasing for LP_1 ( a > 0);
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 modal: train; 
 realization consolidated shipments: mandatory; 
 response time: 1 day; 
 cost: 1,800 dollars; 

- Level of Collaboration (LC): 5,1. 

 

Fig. 7. Example of LP selection 

As explained in Section 3, the selection of the set of LPs to be suggested to VO 
coordinator to compose VO related to the given CO is carried out along five phases: 

- Phase 1: the actor who gets the CO (e.g. the VO coordinator, a VBE broker or the 
industrial partner who was directly contacted by the customer, depending on the 
VBE operating rules checks the itineraries associated with the CO; 

- Phase 2: for each CO’s itinerary the VBE database is consulted and LPs are pre-
selected based on their competencies. In the example, LP_1, LP_4 and LP_10 
would be pre-selected for itinerary_1; 

- Phase 3: Semantic search selects KPIs which are related to the OC, and weights 
are assigned to them (using AHP method); 

- Phase 4: calculation of: i) the arithmetic average for each KPI; ii) the standard 
deviation for each KPI (in this example, Sn = 0, and so a = 0); iii.) the VC for 
each LP; iv) the final LC for all LPs previously selected;  

- Phase 5: For each itinerary the LP with the highest LC is suggested to compose 
the VO. For example, LP_1 would be selected for itinerary_1 with the score 5.4; 

The process repeats for all OC’s itineraries (2 and 3 in this case). In the case of 
problems during the VO execution (or before its effective starting) that cause the need 
for a LP replacement, the second (and so forth) LP of the list is contacted to see if it is 
still available. If none of them is available or the VO coordinator considers that they 
are no longer useful, the methodology is started again from the competence analysis  
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KPIs
AA_KPI_1 = 1 
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(*) KPIs seleceted by semantic search
W.kpi1 = 0.3  (*) 
W.kpi2 = 0.05
W.kpi3 = 0. 3(*)
...
W.kpi15 = 0.25 (*)

weights

Vector_Collaboration_LP_1 = V [ AA_KPI_1*W.kpi1, AA_KPI_2*W.kpi2, ..., AA_KPI_N*WA.kpin]
( considering S = 0; and the coefficient of regression a = 0)
Vector_Collaboration_LP_1 =   V [ 3*0.3,  1*0.05,  4*0.3,  ..., 5*0.25 ]
Vector_Collaboration_LP_4 =   V [ 2*0.3,  3*0.05,  4*0.3,  ..., 4*0.25 ]
Vector_Collaboration_LP_10 = V [ 1*0.3,  1*0.05,  3*0.3,  ..., 5*0.25 ]

LC_LP1 =  ( AA_KPI_1*W.kpi1 + AA_KPI_2*W.kpi2 + ... + AA_KPI_N*W.kpin)

LC_LP_1= (3*0.3  +  1*0.05  +  4*0.3  +  ...  + 5*0.25 )   =   5,4  ( LP SELECTED for itinerary_1 )

LC_LP_4= (2*0.3  +  3*0.05  +  4*0.3  + ...   + 4*0.25 )   =   3,95
LC_LP_10= (1*0.3  + 1*0.05   +  3*0.3  +  ...  + 5*0.25 )   =  3,5
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phase on. In the worst case, if none LP is found out, the client should be contacted to 
see at which extent some relaxations (e.g. in the delivery time) are allowed. Otherwise 
the VO should be cancelled. 

5   Conclusions 

This paper has presented a novel model and supporting methodology for the selection 
of the most adequate logistics partners to compose a Virtual Organization (VO). It 
corresponds to an ongoing and essentially exploratory and qualitative work. The 
complexity of the problem refers to the intrinsic dynamics, temporality and autonomy 
of VO, whose partners (including logistics ones) can only be identified when the 
business opportunity is got. Therefore, it is of extreme importance to not only make 
this process faster but also with more quality and confidence. 

A new performance model has been presented and it is devoted to cope with the 
singularities of VO. It is composed of 15 KPIs and it is used to compare companies’ 
competences, which can be flexibly assigned via AHP method. A formal ontology to 
establish the relation among requirements, KPIs and competences was specially 
conceived so mitigating semantic problems. The set of logistics partners are selected 
based on their level of collaboration, also considering their past performance. 

So far the model has been verified in a controlled environment and close to a small 
group of logistics operators in the form of general questionnaires. Next main steps 
include the development of a decision support system prototype that implements the 
whole model’s environment, and testing it in near real scenarios. 
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Abstract. A Virtual Enterprise (VE) is considered as a temporary consortium of 
member enterprises formed to pool their core competencies and exploit the market 
opportunities. Although a VE has many phases, such as business opportunity 
identification, formation and partner selection, operation and dissolution. The 
partner selection phase is considered to be of the utmost importance and care 
should be taken to assess all the risk factors. This paper examines the partner 
selection problem by considering three types of risks, individual performance risk, 
collaborative performance risk and network risk. Based on the information 
provided by the potentially collaborating enterprises, a mathematical model has 
been developed for calculation of all three types of risks. 

Keywords: Virtual Enterprise (VE), risk analysis, partner selection, 
performance risk, network risk.  

1   Introduction 

With the introduction of a global economy and drift towards customized products, 
enterprises are seeking new paradigms, such as lean production, agile manufacturing, 
and virtual enterprises (VEs), to grasp market opportunities in a competitive global 
environment. A VE can be considered as a temporary coalition of globally distributed 
independent enterprises which share resources, skills, and costs, through the support 
of Information and Communication Technologies (ICT). A VE is formed when a 
market opportunity is realized and is dissolved when the opportunity or goal is 
achieved. In a VE, members of the alliance keep their own independent business 
processes and contribute their ‘core competencies’ in different complementary areas.  

A VE operates in different phases as (1) opportunity identification, (2) VE 
formation and partner selection (3) operation and (4) dissolution. It is arguable, that of 
all the phases of a VE’s lifecycle, partner selection is the most difficult task as it not 
only requires integration of core competencies but must also address different 
management styles and corporate cultures within the potential partners. A review of 
research literature reveals cases of the failure of VEs due to improper partner 
selection. According to [1] 60-70% of VEs are disbanded prematurely and identified 
trust, cultural differences, and different levels in the use of information as reasons for 
VE failure.  
                                                           
* Corresponding author. 
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Although member enterprises of VEs, are capable of overcoming some of their 
individual limitations due to the advantages coming from being small (i.e they tend to 
be reactive, proactive and so forth), nonetheless collaborating within a VE brings a 
higher degree of risk than is experienced by individual enterprises. Due to such 
peculiarities, risk in VE formation requires a dedicated study. 

In literature risk has been defined as ‘‘the variance of probability distribution of 
outcomes’’ [2]. The achievement of objectives realized by a VE depends on 
individual partners’ capabilities and their cooperative relationships. This produces the 
multi-dimensional risk associated with a VE and can negatively affect the desired 
outcomes of the VE. In an early study of risk factors, [3] defines risk as emerging 
from eight different perspectives. [4] studied the collaborative or network risk and 
divided the risk factors into performance and relational risks, where consideration of 
another dimension of risk, i.e. of accessing and managing risks rather than identifying 
them, [5] proposed a supply network risk tool to identify, assess and manage risk to 
support the single partner decision making process concerning network evaluation. 
According [6], when a network is chosen to run a business the consequent risk is 
higher than the risk related to the same business run by a single company. It is 
obvious from the findings of researchers that, although, return of investment, 
opportunities and risk sharing abilities are higher in VEs, they still operate in higher 
risky environments than single enterprises and therefore care must be taken in the 
formation (including partner selection) of VEs as it plays an important role in their 
success.    

In the formation of a VE, the whole project is divided into subprojects and for each 
subproject a single enterprise is selected. In this study, the overall risk in the VE has 
been divided into three categories (as shown in figure 1) individual performance risk, 
collaborative performance risk and network risk. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. VE formation risk 

VE formation Risk 

Collaborative performance Risk Individual performance Risk 

Network risk Performance Risk 
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To clarify the proposed VE risk decomposition the overall risk can be considered 
as a combination of performance and network risk. Performance risk can be further 
subdivided into individual and collaborative performance. Individual risk is 
associated with and quality constraints. Collaborative risk is the measure of member 
enterprises’ capability to undertake the project. Network risk is related to lack of trust, 
inaccurate information sharing and asymmetry in reciprocal position that hinders the 
effective collaboration [7]. 

This research aims to support risk management during the formation of VEs, firstly 
through the quantitative estimation of the overall risk and then through the evaluation 
of the overall risk associated cost. This approach will help decision makers to find the 
best possible consortium.  

2   Quantitative Measure of the Risk in the Formation of a VE 

The partner selection problem can be described as follows: A project N is divided into 
subprojects which are indexed n , {1,2,...., }n N∈ = N . im is the set of enterprises 

bidding for the subproject i, i ∈ N . Every enterprise, bidding for the subproject 
provides information about its ability, capacity, technology, competency and other 
related information. Based on the information provided, individual performance risk 
is calculated, which is related to the enterprise’s ability to finish the subproject, in 
terms of time, quantity, quality and other aspects. In most cases, with improper and 
incomplete information, individual risk can be given by interval values as: [ , ]k k

i iLr Ur , 

where L and U corresponds to the lower and upper limit of the individual 
performance risk associated with kth enterprise and ith subproject. Depending upon the 
optimism present in the partners this risk can vary between its lower and upper limit 
and can be taken as:  (1 )k k k

i i iLr Urα α= + −r , with [0,1]α ∈ defining the degree of 

optimism. Hence, a more optimistic network will have a lower risk value when 
compared to a pessimistic network.   

The decision variable {0,1}k
ix ∈ , determines the subproject and enterprise relation 

with respect to the constraint that a subproject cannot be awarded to more than one 
enterprise. If ic is the cost of subproject i, then after considering the individual 

performance risk the estimated cost of the subproject will be: [ ] (1 )k k
i i i i

k

E c x c= + r . 

2.1   Collaborative Performance Risk  

Collaborative performance risk analyses the risk level for each enterprise due to the 
presence of the other member enterprises in the VE. Based on the collaborative 
performance risk factor, an individual enterprise can decide whether to join the 
consortium. Collaborative performance risk ( ) can be calculated as:  

' '
' '

' '

(1 ) [1 (1 ) ]k k k k k
i i i i i

i i k k

x x
≠ ≠

= − − −∏∏R r r   

The first part of the formula calculates the probability that the kth enterprise will be 
successful for ith  project (if assigned) and second part calculates the probability that 
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at least one of the other subprojects will fail. The collaborative performance risk will 
increase the expected cost of the operation for each enterprise as the higher the risk in 
the environment, the higher will be the risk of return of investment. So now the cost 
of operation, considering the collaborative risk factor can be given as:  

'[ ] [1 ( ) ]k k k
i i i i i

k

E c x c= + + r R  

2.2   Network Risk 

The first two types of risk, discussed above were related to individual risk factors and 
their consequences on the other partners.  However, in a VE, where partners need to 
be seamlessly interoperable and cooperative, lack of communication, social, 
technological or cultural factors may hinder the desired output. This type of risk has 
been categorized as network risk in a VE, and this can be defined as: 

' '
'

', ' ', '

( / 2)k kk k k
i i i

k k k i i i

nr x xγ
≠ ≠

=    where 'kkγ = risk of collaboration between two 

enterprises, with  ' [0,1]kkγ ∈   and 
' 0kkγ =  if k=k’. In order to avoid double 

calculation we have divided the factor by 2.  

The value of 
'kkγ will determine the affinity of collaboration between two 

enterprises (k and k’) in the VE. If the value is closer to 0, higher will be the affinity 
of collaboration due to low risk factor.  

The total network risk can be given as: k
i

k i

nr=NR  

Mathematically, partner selection problem with risk analysis can be given as: 

Min ( ) { }i i
i i

E c c+  NR                                          (1) 

Subject to k
i

i k

x  = 1                                           (2) 

Equation (1) defines the objective function which minimizes the performance risk 
(first part) and network risk (second part). Constraint (2) determines that only one 
enterprise will be selected for each project.   

3   Numerical Experiment 

For numerical analysis, this paper considers a project which can be divided into four 
sub projects. The cost of each subproject is taken between 15,000 - 25,000. Three 
enterprises are bidding for the each subproject and their lower and upper limit for the 
individual performance risk are generated randomly between 0.1 and 0.2. The degree 
of optimism has been taken as 0.5 i.e. the mean of lower and upper value of the risk. 
Network risk between the enterprises is generated randomly between 0 to 1. The 
experiment result obtained has been shown in table 1. The first column in the table 
depicts the optimal network according to the all three risk factors taken separately and 
corresponding rows depicts the monetary value of the risk factor. 
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Table 1. Cost associated with risk factors 

Optimal 

Network 

IR cost CR cost NR cost TR 

cost 

Individual 

risk(IR) 

85500 38074 172500 296124 

Collaborative 

risk (CR) 

87350 33721 135000 256070 

Network 

risk(NR) 

88800 34095 120000 280395 

Total risk 

(TR) 

86100 34795 125000 245895 

   IR: Individual risk, CR: Collaborative risk, NR: Network risk, TR: Total risk 

 

From Table 1 it is clear that the optimal network is not the optimal for any of the 
risk factors. In determining member enterprises for VE, this risk analysis will help in 
determining optimal network which will have lowest possible risk. 

4   Conclusion  

This paper considers the risk associated with the formation or partner selection of the 
virtual enterprise (VE). [8] had studied the performance and relational risk in the lieu 
of direct and indirect risk for the Network. However, individual risk and collaborative 
performance risk plays an important role along with network risk. As,  the risk factors 
discussed in this paper not only help in forming optimal consortium for VE, but also 
provide useful information regarding risk and its associated cost for individual 
enterprises, which will help them in decision making regarding joining the 
consortium.  
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Abstract. Based on recent research in business process modeling and 
management enhanced integration of resource management can be beneficial. 
In this context appropriate resources can be identified by matching their profiles 
with business process requirements. Requirements may be generated from 
business process models as competence profiles, if advanced modeling 
techniques that enable detailed modeling are being used. Matching generated 
profiles to profiles of internal resources (typically maintained by human 
resource departments) or external business partners (organizations as well as 
individuals) requires profile descriptions at a similar level of detail. In order to 
enable sound matching of resource profiles between supplicants and suppliers 
in collaborative networks, we suggest modeling and system architecture that 
can handle these challenges. As one main pillar we will present a framework 
that allows formal description of competence profiles as well as their 
aggregation to common job profiles; we will outline this approach for the sector 
of information and communication technology (ICT). Formal description is 
accomplished by building profiles with the Resource Modeling Language 
(RML). Regarding architecture we focus on exchange and processing of profile 
description models. The practical application of our approach is demonstrated 
by formalization of competence descriptions given by the European e-
Competence Framework (eCF). 

Keywords: Collaborative Resource Management, Business Process Management, 
Resource Allocation, Resource Profile Aggregation. 

1   Introduction 

In many economic sectors the accumulation of company consortia in order to manage 
projects is fostered by emerging worldwide markets and broader access to foreign 
products, services, companies, and workforces. With the advent of enhanced 
communication technologies, the competition of companies in these global markets is 
increased. As a suitable response to these circumstances, companies need to adjust 
and improve their business processes continuously [3,9]. Throughout this competition 
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partners and staff in formed collaborative business networks change fluently, which 
raises the need for finding and selecting new and appropriate partners. The increased 
interconnectedness of the markets furthermore strengthens the comparability of 
offers. As a result, business partner selection is one success key that companies need 
to manage [12]. Appropriateness of new partners can be measured in several 
dimensions such as reliability, performance, or quality of service. 

Recent research investigated several metrics of the dimensions mentioned before 
for competence profiles [6,10]. In this context three research questions need to be 
addressed: (1) Which requirements have to be fulfilled by the new partners? (2) 
Which partners are capable to meet these requirements? (3) And how can these 
partners be found and contracted? An efficient identification of the requirements has 
to be based on the underlying business processes, available resources, and demanded 
competences. Thus competence based requirements (in this context often also referred 
to as profiles) can be identified and the difference to available resources can be 
calculated. In order to identify partners that meet these requirements a sound method 
to match offers with derived demands is needed. Apart from the calculation methods 
and models a similar level of abstraction and concept description in the models of 
bidders and buyers is needed to ease comparability. Finally, a platform that fosters a 
global view on market offers is needed. Today a multitude of platforms does exist, 
however, several different description methods are used and none of the existent 
platforms does offer a meta search concept. 

2   Modeling Resource Profiles 

Modeling of resource profile is related to two disciplines: business process 
management and human resource management. Common research approaches often 
foster the differentiation of business process and competence-based resource 
management. As a result both disciplines have utilized different modeling techniques 
with a minimal overlap. While this strict differentiation is also common in modeling 
and management techniques, several research studies [16,10,12] state that both 
disciplines are affected by each other. The additional strengths of an enhanced 
alignment of business process modeling and resource management (as mainly driven 
by human resource departments) have been outlined in [12]. The identification of 
appropriate resource requirements, such as needed competences, can be driven by an 
analysis of business processes managed by organizations. In this context the increased 
interdependence and continuous changes in business processes have to be considered. 

2.1   Modeling Requirements 

Resource-based analysis is subject of related research in collaborative networks [14]. 
Since resource requirements can only be identified in business processes if tasks 
contain quantitative and qualitative requirements; these requirements enclose 
properties of resources which may be assigned to tasks [10,11]. Yet the vast majority 
of business process driven resource classification schemes is based upon two 
dimensions only: role models and organizational hierarchies. Since the formulation 
and derivation of resource requirements tend to be tremendously complex, these two 
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dimensions are insufficient to cover requirements of modern resource management 
(especially regarding scheduling mechanisms). Thus multidimensional, formal and 
machine readable approaches to business process modeling and resource description 
are required.  

Resource description is primarily addressed by (human) resource management, 
hence a variety of standards describe possible attributes of (human) resources. These 
standards, however, either do not cover important properties necessary to describe 
resource requirements in business processes or are not well formalized and structured. 
One approach that covers the description of human resource competences is the 
European e-Competence Framework (e-CF), which is a result of an initiative at 
European level that succeeds several earlier approaches [5,4,15,1,2]. The framework 
currently describes 36 categories of competences for jobs in the information and 
communications technology sector. Nevertheless precise and formal definitions are 
not included. Other approaches to describe data related to human resource planning 
and competences such as HR-XML [7] and RCD [8] are XML-based languages.  

Their data definitions are given by a set of XML schemas, thus these languages 
have an improved structural architecture. However these descriptions are restricted to 
certain aspects. Most organizational characteristics and different types of resources 
(non-human) are not reflected. Also on the subject of competence descriptions a 
distinction between the concepts skill, knowledge and competence is missing. In order 
to overcome these drawbacks of current approaches RML (Resource Modeling 
Language) as fine grained resource description approach fosters formalization [10]. 
RML is a precise and extensible language conforming to existing standards of 
competence descriptions. 

2.2   Sound Modeling of Resource Profiles 

The resource modeling language (RML) is a modeling approach that fulfills the 
described design requirements [10]. RML is based on a MOF-compliant meta model 
called resource meta-model (RMM). RMM is a multi-part meta model consisting of a 
specialized human resource meta-model (HRMM) and a competence meta-model 
(COMM). Existing standards such as RCD and HR-XML [8,7] have influenced the 
conceptual model of RMM, thus a transformation of existing descriptions in these 
standards can be transformed to RML. A detailed description of RML is beyond the 
scope of this paper, see [10] instead.  

RML allows describing resources and reusable competence descriptions, similar to 
RCD or HR-XML. However RML enables modeling of details not covered by these 
standards, especially distinction of competences, skills and knowledge, as well as 
description of relationships and dependencies between concepts. This can be seen as 
particular advantage of RML. RML also enables linking of competence related 
information not only to personnel resources but also to role descriptions. Furthermore 
RML allows modeling of various organizational aspects (such as projects, groups, 
hierarchies or privileges). Figure 1 shows an example of a formal competence 
description represented in RML. The illustrated competence is called Solution 
Deployment 2 (compare to competence B.4 in [5]), directed connection means 
implies, therefore the competence shown in Figure 1 implies a set of skills, skills 
again imply several knowledge objects. 
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Competence related concepts are looked at particularly. According to introduced 
RML meta model human resources can possess set of competences, skills and 
knowledge besides those determined by the roles assigned. Described relationships 
are defined as properties shown in the box left of referred model element “Joe Smith”. 
Thus, besides requirements of assigned organizational role (EnterpriseDeveloper) Joe 
Smith possesses in addition competence “Solution Deployment 2” (which we outlined 
in Figure 1). 

3   Job Profiles in ICT 

Under the umbrella of CEN/ISSS Workshop on ICT Skills, an expert group is 
currently working on a project named “Towards e-Job Profiles” which elaborates job 
profiles based on the European e-Competence Framework (e-CF) [13,19]. 
Standardized ICT job profiles are seen to facilitate required level of interoperability 
imposed in the context of collaborative networks. Standardized descriptors and 
common modeling languages are needed and considered to be an enabler. Job profiles 
help building position descriptions and career paths within an organization or 
collaborative network. Various views and applications can be identified in connection 
with job profiles.  

According to [24] two concepts lay the foundations to describe job profile 
descriptions, namely required competences and desired results/deliverables. The latter 
refers to the competence definition of [17]: “Competence is demonstrated ability to 
apply knowledge, skills and attitudes for achieving observable results”. Attitudes 
equate with cognitive and relational capacity. Learning outcomes referring to 
knowledge and skills are seen as link to qualification systems (European Qualification 
Framework (EQF)). Job profiles are classified into groups using criteria as customer 
contact (relational capacities), technical skills and domains (cognitive capacities), and 
required proficiency or associated hierarchy level (e.g. associate, technician, expert, 
principal, etc.). Thus job profiles are mostly composed of the following elements: title 
and short definition, tasks overview, behavior, deliverables, competences, required 
resources, performance indicators, dependencies and interfaces. List of ICT profiles 
can be found in [20,21,22]. Applications are spanning from provision of students with 
information concerning possible career paths to assistance of HR managers in 
analyzing and planning competence requirements or development of ICT curricula for 
training and qualification measures. Standardized ICT job profiles support bi-
directional and flexible communication with business partners forming company’s 
ecosystem. Make-or-buy decisions can be better planned and based on company’s 
strategy and business processes.  

Business processes or activities can be outsourced or contracted in short or longer 
term. This necessitates transparency of requirements and competences needed to run 
types or classes of business processes. The European e-Competence Framework 
differentiates four dimensions which deliver descriptors reflecting levels of business 
and resource planning requirements. Dimension 1 addresses competence areas 
referring to typical ICT business process phases within an ICT organization, namely 
plan, build, run (or operate), enable and manage [13]. Job profiles are supported 
through an online tool developed within the e-CF project. However, the e-CF does not 
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offer or use a formal model or representation language allowing transformation of 
competence descriptions.  Competence-based professional profiles aim defining and 
exchanging information about respective professional or performance standards. 
Profiles describe set of competences required to operate business processes, render 
and deliver services or refer to a specific position or role as part of a working team or 
project. Competence based profiles are built without any particular reference to an 
individual or employee [22,23]. Job profile description given as natural language 
description can be formalized by means of RML [10]. In conjunction with 
standardized profile descriptions the use of RML can result in sound calculations to 
determine appropriate business partners as well as new employees. 

Table 1. ICT Profiles of AITTS [22] 

Group Profiles 
Administrator Administrator 
Customer Advisor IT Sales Advisor 

IT Service Advisor 
IT Trainer 

Coordinator IT Project Coordinator 
IT Quality Management Coordinator 
IT Security Coordinator 

Software and Solution 
Developer 

Digital Media Developer 
IT Solution Developer 
IT Tester 
Software Developer 

Technician Component Developer 
Industrial IT Systems Technician 
Security Technician 

4   Information Exchange in Collaborative Scenarios 

In collaborative networks (compare Fig. 3) a multitude of stakeholders is involved in 
the execution of inter-organizational business processes. Thus in order to ensure 
appropriate communication standardized message formats and service interfaces may 
be used. In order to identify appropriate business partners, profiles and requirements 
need to be described in a similar way: by the same description language and on a 
similar level of abstraction. Thus implementation of collaborative networks requires 
availability of standards to support business interactions. [19, p. 151] describe 
capabilities of companies to maintain partnerships and sustain strategic ecosystems 
supporting business transformations and “servicization” as driving force of “value 
chain redesign”.  

Business partner relationship management requires organizational structures with 
abilities to self-manage, self-configure and self-optimize besides the necessary culture 
“[…] semantic-informed self-organizing structures […]” [23, p.8]. Semantics of 
profile data has to be made explicit or based on shared standards. Thus a set of 
competences is proposed as extension in form of a view or additional section of the 
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concept of Business Partner Profiles (BPP) introduced by [24]. Formal representation 
of competence descriptions as suggested in section 2 would allow applying techniques 
such as information retrieval to collect information from network partners.  

In our opinion continuous analysis of company’s business processes reveals 
competence gaps and supports strategic decisions and planning concerning make-or-
buy-decisions. In figure 3 for instance a collaborative business process can be 
automatically supported by a broker – process requirements can be met by suggested 
suppliers (see process step competence requirements), if requirements and profiles are 
provided adequately. Thus business processes analysis and modeling should in future 
take into account competence requirements. Furthermore information of competence 
requirements has to be exchanged amongst business partners forming the value chain. 
This necessitates a common language or formal representation allowing exchange of 
information or data stored in respective HR-systems. Typically, systems do fulfill 
required interoperability because data models do not match [17]. Secondly means of a 
service oriented platform can address data exchange itself, however a bunch of issues 
(e.g. security and confidentiality) has to be solved by such a platform. 

 

Fig. 3. Collaborative Network Scenario 

5   Conclusion 

In collaborative networks data exchange between participating actors and the 
challenge to match available information of resource profiles comes to the fore. 
Standards to ensure exchange of competence requirements and definitions between 
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organizations are needed. On basis of the presented modeling language and method 
interoperable resource profiles can be described and analyzed. The presented resource 
modeling language (RML) demonstrates the potential of the combination and 
extension of known concepts in resource modeling, competence modeling and 
business process management. Competence and resource models of human resource 
departments can be re-used for the modeling of business process relevant 
requirements to resources. Furthermore existing competence models can be adapted to 
the actual business process requirements. In network scenarios organizations can 
create and exchange comparable resource models by employing the out method of 
goal oriented modeling guidelines.  

Therefore models can be used to improve sound recruitment of new partners. To 
extend concepts outlined in this paper, we plan to develop mechanisms for 
competence gap analysis and automatic aggregation of competence profiles. Finally 
we strive to generate resource models automatically from existing data by the usage 
of transformation rules in regard to the goal oriented modeling guidelines. In order to 
validate the given theoretical approach and future calculation methods the evaluation 
in a service oriented broking scenario will be desirable. 
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Abstract. The last decade has been characterized by times of change, including 
increasing levels of globalization and competition. Collaboration allowed SMEs 
to respond effectively to the development of new complex products and 
services but presented new barriers concerning the management of their 
business processes and relations with partners. This paper presents a new 
collaborative aggregate planning for non-hierarchical business networks, where 
SMEs collaborate in the selection of partners and definition of the operations 
plan required to specify, manufacture and distribute a custom made products. 
The proposed approach is based on negotiations undertaken by the partners in 
order to promote the creation of alternative operations plans and allow a multi-
criteria evaluation of the involved costs and delivery dates. The proposed 
approach promotes the reduction of communication between partners, a reactive 
analysis of changes to planning and associated impact, enhancement of trust 
(since all partners have the same weight on the decision process). 

Keywords: Collaborative, virtual organization, aggregate, planning. 

1   Introduction 

Manufacturing companies are facing one of the most difficult periods after Industrial 
Revolution. The worldwide crisis has reduced significantly the levels of market 
consumption, having a high impact on the resellers' orders increasing even more 
competition levels. On the other side, market demand for innovative and complex 
products and services, require more agile organizations, leading to unique 
opportunities for SMEs.  

This new business reality required a higher flexibility for companies and forced 
them to focus on business processes integration (internal and external to their 
organization), aiming to reduce the effort on virtual organization’s management (like 
setup and delivery times, changes’ control and associated impact evaluation to the 
planning, etc). Companies searched for methods and tools which could help on the 
support of sustainable decisions and become more reactive to market uncertainty.  

This research work addresses particularly the collaborative aggregate planning of 
operations that takes place during the formation of non-hierarchical business 
networks, supporting the definition of lead times and costs for custom made and 
complex products. 
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This work presents (on the first two chapters) the scope and areas of research, 
which resumes the methodology applied and definition of concepts related with 
collaborative networks. The next chapters focus on the possible approaches for 
collaborative planning and the proposed solution to deal with aggregate planning 
(which derives from a high-level product design phase). Finally, this work ends with 
the major conclusions and future works. 

2   Background 

This research was developed under the European RTD project Net-Challenge [Ref.: 
FP7-CP-FP229278-2], whose goal is to design and develop an integrated framework 
to support SMEs implement new business models and establish dynamic and non-
hierarchical business networks for complex products manufacturing.  

The scope definition and requirements for this research work were extracted from 
the analysis of the six companies involved in the project; two belonging to the textile 
and garment sector, two from the shoe industry and the last two from the machine tool 
industry. 

Some authors [3] resumed these requirements and proposed, as methodology for 
non-hierarchical collaboration networks, two main levels to be considered: 
management of the Business Community activities and management of the temporary 
Virtual Organization. Regarding answering to these two levels, the author presented 
four major phases: Build, Form, Operate and Dissolve. The first and last phases to 
respond to the first level; and the second and third phases to respond to the last level.  

During the Form phase, partners collaborate to specify the product, find solution 
for the customer needs and set up a price and lead-time to manufacture the production 
batch. For this research work, the focus has been dedicated to this phase, concerning 
to collaborative planning and partner’s quotation evaluation, which requires ICT tools 
to support managers in decision making. 

3   Related Research Areas 

A collaborative network (CN) is constituted by a variety of entities (organizations and 
people) that are largely autonomous, geographically distributed and heterogeneous in 
terms of their operating environment, culture, social capital and goals [1]. Usage of 
computer networks to support collaborative networks and the shared belief of a win-
win relationship to achieve a goal which would never be possible working 
individually are some of their major characteristics. When integrating such kind of 
networks, companies aim to build a new organization of larger dimension, access new 
markets and produce new products and services, share risks, develop synergies for 
investigation and supply a wider service (upstream and downstream) for their 
customers. These kinds of networks are characterized by an intensive exchange of 
detailed data with its suppliers and customers who may consider, for example, actual 
and future load of machines, availability of resources, forecasting and orders’ 
progress.  
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Considering governance model, business networks can be hierarchical or non-
hierarchical [4]. The hierarchical relationship (hierarchical network) is characterized 
by the existence of one leading partner that controls the network and settles the 
operational rules. It is the superior partner that makes the rules and dictates. In a non-
hierarchical network, all partners have the same status, that is to say, no one has a 
special position or leads the network. Therefore, all decisions affecting the partnership 
are mutually agreed upon. In this type of networks, one partner may assume the 
coordination responsibilities, but has no dominant status over the other partners. 

4   Collaborative Planning Approaches 

Production planning is one of the most critical business processes on traditional 
industrial companies and assumes the same importance on CNs. The major challenge 
of production planning on CNs arises of how to link and coordinate planning between 
the different parts that comprise the network. The need for a process of negotiation 
(coordination scheme between two or more parties) was detected by several authors, 
to ensure the synchronization between production plans from distinct organizations. 
 
Planning as a negotiation process 
Some authors defined a coordination scheme, through which plans of two or more 
decision-making units are aligned [5]. This scheme requires all members to adapt 
their individual plans in order to be developed an overall planning acceptable by all 
supply chain members, and refusing to follow any centralized planning approach that 
do not consider an active contribution of all partners. The same author defined 
Collaborative Planning (CP) as a joint decision making process of individual (“local”) 
production plans (supply chain partners), with the aim of achieving coordination to 
create an overall optimized solution for a business opportunity. CP might also be 
defined as a connection of planning processes; local to their planning domains, but 
that collaborates in order to create a common and mutually agreed upon plan [7]. This 
collaboration is achieved through an exchange of relevant information. Thus, input 
data is updated faster and planning results become more accurate. 

Collaborative planning involves activities by means of which individuals 
coordinate their planning processes [6]. Individuals predominantly plan according to 
the goals of their own department, but in cooperative relationships they additionally 
try to create possibilities for the optimization of others’ planning. Thus, CP includes 
aspects that enable the other person to recognize how individual plans should be 
adapted, according to which criteria the planning can be optimized, and which 
restrictions in the common planning must be accepted. In short, CP describes how 
individuals are able to orient their plans towards each other to reach a joint 
optimization of the planning across departmental boundaries. 
 
Centralized and decentralized planning approaches 
The choice of applying a collaborative approach has revealed several challenges to 
organizations. One of the most challenging is the idea of a centralized planning that 
must be followed and achieved to guarantee the overall success. Some authors 
presented some doubts about the appropriateness of a centralized planning approach 
[8]. Some of the constraints pointed by these authors are the multi-network 
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involvement of partners (since they participate on several networks, the probability of 
interference on their planning activities is extremely high) and unwillingness to share 
information (most of the time, companies are not available to share information about 
resources and capabilities).  

When working on a centralized planning approach, all decisions lead to an optimal 
solution at a first try, since the calculation is provided by a unique entity, based on the 
theoretical capacity of each partner. A lack of transparency of the overall decision-
situation leads to poor coordination in decisions involving several of these intra-
organizational planning domains [8]. To establish coordination in this situation, 
centralized collaborative planning solutions provide remedy by offering decision 
models and processes. The delivery time calculation is performed using traditional 
sequence algorithms, assuming each partner as a local resource that is fully available. 
Such kind of planning approaches are only possible when the supply chain partners 
belong to the same group of companies or when partners have a dedicated capacity 
(which is assumed from the beginning of the business opportunity). This approach 
was defined as hierarchical organized coordination [9].  

When working with actual and complex business scenarios (like the textile sector, 
for instance), the centralized approach presents several constraints, like the loss of 
local autonomy, which is not accepted by most companies. Supply chains are most 
commonly planned and controlled on a decentralized basis, which are less 
advantageous and profitable than the centralized approach [8]. The coordination 
required for this planning approach is provided via bilateral negotiations with relevant 
partners on the supply chain [9]. The authors assume that the first step should be the 
definition of the best planning for the organization; then, it should only depend on the 
direct customers and direct suppliers. This could reduce drastically the conflicts and 
the loss of confidential information. 

5   Aggregate Collaborative Planning 

5.1   Scope and Major Requirements 

Business companies have revealed that a daily major concern is dedicated to manage 
the articulation between their local productions planning with the requirements of 
their customers, especially when depending on partners' responses about their own 
availability [2]. According to key-users of these companies, this is one of the most 
expensive processes due to the high number of activities dedicated for control and 
communication (considered as non-value added activities) as well the required 
number of iterations to achieve a common agreement (between the internal production 
plan and partners' availability). 

Another important issue presented by these key-users [2] was the need of a quick 
and accurate response to customer's requirements about delivery date and cost, which 
occur in two different moments. The first moment is triggered after the contact of the 
customer with one company, where the business opportunity is presented and a first 
prediction on delivery dates and costs is requested from the company. Usually, the 
company analyses the business opportunity and (when doesn't have enough 
knowledge about all manufacturing phases) requests some help to other companies to 
define the major product design phases and to calculate the needed time for each 
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operation. The next step includes the definition of precedence between all operations 
and, finally, a rough plan is developed according to the theoretical capacities of each 
company (defined at the beginning of each year), to calculate the delivery time. 
Regarding prices, the cost of all operations are summarized. Finally, the proposal is 
sent to the final customer. 

The second moment is triggered when the company receives the customer order. 
The business case company requests the participation of the other companies 
(contacted on the first moment) in order to validate if the previous agreements 
(considering cost and availability) remain valid for the customer order. A detailed 
approach is performed, taking the product design phase to lower levels of the product 
structure, defining detailed bill-of-materials and routings. A high number of technical 
documents are exchanged requiring many activities of control and communication. 
Also the availability of each partner is validated in this moment, asking for each 
partner to confirm their capacity and propose new dates if necessary. Every change 
(to the defined plan) needs to be evaluated (since each company analysis the new 
proposal on their local planning) requiring a great effort for to achieve a common 
understanding. Also, since this planning is not visible to all companies, it's very 
difficult to work for an optimal global solution, increasing the number of iterations to 
achieve a final agreement. The same situation occurs anytime a change is requested 
by one partner, for example, due to a delay of his raw material supplier. In this case, 
the partner will not follow the predicted plan, and all members need to re-adjust their 
plans.  

The choice of the best alternative plans was also referred by key-users as a 
difficult activity, due to several aspects. One of the presented arguments was related 
to the criteria used (and the associated indicators) which differ from the type of 
business, the company's goals and even the type of business opportunity. Besides this 
complex approach, it was also referred the different types of data assumed for each 
indicator and the high number of possible plans (due to the combinations of different 
partners for each operation) which make almost impossible, for key-users, to select 
the best proposal without using empirical techniques. Key-users are aware of the 
uncertainty of empirical decisions and desire an effective method to help them on this 
type of decisions. 

5.2   Multi-criteria Planning Methodology 

Net-Challenge’s project designed a collaborative aggregate planning based on a 
negotiation process, as a response to the needs of the first phase of the production 
planning (described on the previous chapter). The term “aggregate” was used to express 
the definition and planning of major operations (and not detailed operations planning for 
shop floor control) which are assigned to partners in the virtual organization (VO) being 
formed, leaving the operation’s details for partner’s own management. This approach is 
based on a decentralized negotiation model, which allows partners to propose new 
delivery dates and costs, represented graphically at Image 1. 

The proposed approach for aggregate collaborative planning includes two steps: 

• The customer presents the business opportunity requirements to the Broker 
(company that identified the business opportunity and is responsible for the 
interaction with the customer). After the elicitation of the major requirements 
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on the required custom made product, the product concept/design is defined by 
the Broker and by the new partners that are invited to join the VO, based on 
their specific competencies and availability [3]. These partners are called “core 
partners” since they integrate Product Design activities and share some risk in 
responding to the overall business opportunity. In this context, the necessary 
main operations of the virtual organization are defined by the Broker and core 
partners, with its sequence and timing restrictions (start, finish and leading 
times), taking into account the due date specified or expected by the customer 
and theoretical capacities defined on each partner’s profile.  

• In the beginning of the planning process the criteria for partner selection are 
defined and agreed by core partners. 

• Additional partners (called “potential partners”) are invited to participate on 
several operations. Their selection is performed according a criteria (for 
example, certification or feedback from previous negotiations) previously 
defined by the Broker and core partners. This gives rise to a first operations 
“rough” plan that the Broker proposes to all the members in the VO; 

• Partners receive the first “rough” plan and a set of requests for quotations, one 
for each operation allocated to him. Each partner proceeds then to a local 
analysis of their local production capacity to evaluate if it is possible to accept 
the proposed dates and lead time for the indicated quantity. A quotation is then 
formulated, accepting the proposed plan or proposing an alternative for the 
request. 

 

Fig. 1. Aggregate planning approach 

This approach, although centralized when considering the supporting ICT architecture 
(for the graphical view and management of requests and quotations), promotes a 
decentralized approach on the definition of the VO’s planning, since each partner is 
capable of proposing and participating actively on the characterization of each 
required operation and to request from any other partner a change on the plan 
(through the creation of a request for quotation).  

The major characteristic is the inexistence of a major partner imposing a plan to 
the others; every core partner has the same “weight” on the decision process over the 
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operations planning of the network (major condition for non-hierarchical networks). 
The Broker has the responsibility to coordinate this process and promote the 
resolution of any conflicts. Major advantages can be resumed as follows: reduction of 
the “traditional” communication, like e-mails and phone calls, between partners (since 
the planning is shared and available for any partner in the VO); accurate control of 
any change and evaluation of the associated impact, with the ability to apply the 
necessary events to handle those changes; enhancement of trust, due to the increased 
visibility and to the fact that core partners have the same weight on the decision 
process. Each change proposed by any member in the VO will create new possible 
plan which, after been analyzed and accepted by the involved partners, will create a 
new (accepted) plan which will be evaluated following common criteria (defined in 
the very beginning of the process); this topic is explained on the next chapter. 

5.3   Solutions Quality Evaluation 

Each partner can propose new delivery dates, lead times and costs, directly on a web-
based planning graphical tool which is available and shared by all VO’s partners. 
Every time a partner proposes a change on a given operation, he is (in fact) asking the 
affected partner to accept this change (and declare its cost) or to make a counter-
proposal. Each negotiation round correspond to a pre-defined time period (for 
example, 2 days) available to discuss/negotiate delivery times and costs, allowing 
partners to present quotations for each request-for-quotation (RFQ) performed by 
other partners. For each change proposed (which “triggers” RFQs to all involved 
partners), it is asked to the partners to present quotations which might answer, 
integrally, to the asked RFQ or even suggest new changes. When a proposal has 
100% agreement of all partners (“no pending notifications”) it will be considered a 
plan; although it still allows to be changed by any VO’s partner, as long as the 
negotiation time period doesn’t expired. This plan is serialized according multi-
criteria (previously defined by the Broker and core partners). If the negotiation time 
period expires and some changes are still waiting for partner’s quotations, they will be 
avoided and it will only be invoked the “effective” plans. Image 2 presents a 
flowchart representing the steps taken to create a plan. An overall scheme is presented 
on Image 3, representing a negotiation round. 

The criteria to be used are, collaboratively, defined by the Broker and core 
partners in the initial setup of the VO, thus specifying the criteria that will support 
subsequent decisions in the process. For each of these criteria, it’s possible to define a 
degree of importance, using a percentage score as a final weighting factor, which will 
used for calculate the best partner proposal. So each criteria considered do not have 
the same importance but each has an importance expressed by a ranking system. One 
of the major concerns of the criteria definition is to include criterions which maximize 
the probability of gain of the customer’s proposal and not only the internal efficiency 
of the network. This is an important step to assure the requirements of non-
hierarchical networks. 

The requirements analysis carried out with business case companies confirmed the 
two criteria are considered is most situations: price and delivery date. However, in 
the model proposed, it is included additional criteria to promote a wider approach and 
business application. 
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Fig. 2. Creation of an alternative plan 

 

Fig. 3. Negotiation round 

In order to perform a multi-criteria analysis and assist in decision making, 
normalization criterion must be defined and used. For the case in question, linear 
normalization was selected. The basic principle for this standardization was the 
definition of minimum and maximum values, and assignment of simple formulas for 
the normalization of attributes for benefits and costs. For each indicator, it must be 
defined if it’s considered a cost or benefit, in order to apply different formulas 
(presented on Image 4). 
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Fig. 4. Formulas used for attributes’ normalization 

 

Fig. 5. Example of algorithm calculation for evaluation of alternative plans 

All values are summed (costs and benefits), resulting in a value between 0 and 1, 
which represents the score of the alternative plan (closest to 1, the better result). 

Image 5 shows an evaluation of four alternative plans, considering five criteria 
elements: delivery date, cost, confidence level, partner’s certification and location. 
The tables presented on the left side of Image 5 present the indicators and the Gantt 
charts of the four possible plans being evaluated. The tables on the right side of the 
same image resume the formulas used (for benefit and costs) and the calculation for 
the normalization process. The algorithm is responsible for data normalization 
(applying the related formulas) and applies the weight factor for the indicators of each 
alternative plan. As final operation, the algorithm sorts the results, defining the best 
plan to the higher result retrieved (closest to 1). 

6   Conclusions and Further Developments 

In this research work, it has been studied several concepts related with virtual 
business networks and collaborative planning processes. Integrated on the Net-
Challenge European project it proposes an innovative collaborative planning 
approach, based on a truthful concept of negotiation between partners. It includes the 
definition and organization of operations and a concrete set of activities, with the goal 
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of defining and organizing the operations that are required by the product’s high level 
design, and given the customers’ specific requirements (delivery date and price 
among others). The proposed approach reveals several major advantages, like the 
reduction of the traditional communication means (since all information is centralized 
and shared by all partners), ability of partners to suggest new delivery dates in a 
decentralized negotiation model, evaluations of alternative plans based on multi-
criteria and a guarantee of partner’s data privacy, since other partners don’t access to 
partner’s local planning information. This approach assumes a major role for 
managers to provide sustainable decisions on their companies. At the moment, the 
presented approach is being developed by Net-Challenge’s partners and will be tested 
on the business case companies described. 

As future work, it’s expected to validate the proposed approaches on several 
industries and evaluate the possibility of including new capabilities of integration with 
local information systems (in order to allow managers for an automatic production 
capacity validation with their local production planning). 
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Abstract. The rate and intensity of large scale disasters, natural and induced by 
humans via deforestation, carbon emissions, terrorism etc appears to be steadily 
increasing. At the same time, mankind appears to create increasingly complex 
systems to sustain its survival, quality of life and evolution. Ensuring that the 
people and their vital systems survive and cope with the natural disasters 
require proper preparation, response and recovery. Unfortunately, often the 
organisations put in place to deliver emergency services operate in a sub-
optimal way due to a plethora of factors, with a prominent role played by the 
lack of proper inter-operation and collaboration. This paper proposes the use of 
Collaborative Networks (CN) concept in Emergency Services from an 
Enterprise Architecture (EA) perspective so as to take advantage of the wealth 
of knowledge accumulated in these domains. Following an introduction and a 
brief review of the state-of-the-art, the paper justifies the adoption of the CN 
paradigm and demonstrates the use of an EA approach previously tested for the 
CN domain, in the Emergency Services area. 

Keywords: Disaster Management, Emergency Service, Enterprise Architecture, 
Collaborative Networks. 

1   Introduction 

Natural and man-made disasters appear to affect mankind in a more profound way 
than ever before. Globalisation, climate change and the increasing complexity of the 
systems ensuring our well-being and survival are a few crucial factors. Due to 
historical, administrative and geographical reasons, the organisations put in place to 
prepare for and assist the society in coping with the consequences of disaster events 
have evolved independently. The result is a heterogeneous collection of emergency 
services worldwide that often have significant difficulties in cooperating and 
interoperating in order to achieve a much needed synergy – as typically, handling 
disaster events require resources and capabilities beyond those of any individual 
organisation, whether local, state or national. 

This paper proposes the use of a Collaborative Network (CN) approach in order to 
tackle some of the causes that cannot be addressed in the short amount of time 
available to respond to a disaster event. It argues that the interoperability-related 
issues must be addressed in advance and in a holistic manner – so that when a disaster 
event occurs, an efficient, collaborative task force can promptly be put together. 
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2   Collaborative Disaster Management – The Problems 

Emergency Services cooperation is often mandated by laws and frameworks at state, 
national and international level (e.g. [1-4]). However, simply mandating / coercing 
organisations into cooperation and using high-level generic frameworks does not 
bring true collaboration and / or interoperability. Consequences include extended 
response time, confusion / dispute as to who is in charge and when, difficulty in 
coordinating with other teams / systems due to incompatibilities in infrastructure and 
delays in validating and using the inevitable flood of information generated by a 
disaster event. For example, lack of agreement on the type and delivery format of 
warning messages may result in a lack of / delay in warnings or in the saturation of 
the intended audience with ambiguous/irrelevant warnings, leading to delayed or no 
preventive / evacuation action from the recipients and subsequent injury and life loss. 

The typical approaches taken in trying to eliminate the above-mentioned problems 
have been either leaning towards centralisation / hierarchical command or towards the 
federalisation of emergency services. However, both alternatives have been criticised 
by authors and community response [5-7] because irrespective of the approach used, 
proper emergency response and cooperation has still not been achieved. The lack of 
preparedness and readiness appears to be caused by inadequate information and 
knowledge flow and quality between the participants [8, 9], lack of trust, 
organisational confusion and even misguided perception of competition. An 
alternative approach [10] proposes the use of military operations-inspired network-
enabled capabilities as the backbone of disaster management. However, the authors 
recognise that this model works only as a component of the overall disaster 
management effort and could lead to excessive reliance on the infrastructure alone. 

In finding a solution to this apparent conundrum, it must be recognised that true, 
prompt and efficient collaboration requires that organisational cultures, processes and 
resources of the participants must display the required preparedness [11]. This 
requires access to a plethora of interdisciplinary information and knowledge not 
always obvious or readily available to planners and disaster managers.  

The above-described situation is significantly similar to that of commercial 
enterprises that need to cope with a global business environment requiring them to 
tackle projects beyond their own resources and knowledge. A typical response to this 
problem in the commercial domain is to set up or join Collaborative Networks (CNs) 
that act as ‘breeding environments’ for Virtual Organisations (VOs) that can be 
promptly created in order to bid for, win and complete projects requiring combined 
resources and know-how.  

3   Adopting a Collaborative Network Approach 

Calls to set up and improve cooperation through various collaborative artefacts are 
common in medical / emergency response reports, conferences and journals; 
unfortunately, the actual implementation of such recommendations is still limited. 

Firstly, it is often difficult to even achieve stakeholder consensus (common image) 
on the present (AS-IS) situation, which hinders progress towards defining the optimal  
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future (TO-BE) state of affairs. This is often accompanied by lack of agreement on an 
optimal roadmap to achieve the TO-BE caused by the various ways of ‘getting things 
done’ used by the participants, showing organisation, culture and even language gaps 
that result in a semantic interoperability barrier between the participants especially at 
middle and upper management level. Interoperability is paramount in the efficiency 
and survival of a CN – therefore it has been (and still is) extensively researched with  
aspects and dimensions identified and partial solutions proposed (e.g. [12, 13] and 
many others). The difficult area of organisation and culture has also been tackled (e.g. 
[14]). This wealth of interoperability knowledge could be applied to the disaster 
management area under the CN paradigm. 

Secondly, it appears that there is insufficient emphasis laid on the life cycle / life 
history aspect of the participant organisations, potential network and other relevant 
entities - including the disaster event(s). The interactions required to collaborate and 
interoperate must be considered in this context because all entities of interest are 
continuously evolving. 

Adopting a CN approach for disaster management / emergency response 
organisations would result in multiple benefits. Technical (infrastructure) and 
syntactic interoperability aspects could be addressed in the beginning. However, 
importantly, the participants will also have the time to address the organisational / 
cultural interoperability aspect by getting to ‘know each other’ and thus build trust. 
Such human-related processes cannot be rushed and thus be successfully performed 
during the very limited set-up time or the operation of the disaster management task 
force (when all efforts and resources should be focused on the disaster event).  

Enterprise Architecture (EA) is a change management approach bridging 
management and engineering best-practice.  An EA perspective, by means of artefacts 
such as EA frameworks and an EA-based guiding methodology would complement 
the CN approach by facilitating common understanding among all stakeholders and 
formulating methods to set up / operate Disaster Management Collaborative Networks 
(DMCNs) covering all aspects relevant to the envisaged emergency response tasks. 

3.1   Specific Features of the Disaster Management Collaborative Network 

A DMCN would have some specific features that must be observed in order to 
achieve a working model. Thus, the time available for set-up of a Disaster 
Management VO (DMVO) is significantly shorter than that available for a project 
bidding process. In addition, the DMCN, its participants and the DMVO(s) produced 
would operate under tighter / legislated operational guidelines set by the relevant 
Governments and national / international frameworks. The commercial and 
competitive motivations of the typical CN participants would be transformed into the 
efficiency / interoperability motivation translated into lives and physical / intellectual 
property rescued. Thus, the classic decision processes to create / join / remain / leave 
the CN for most partners would be mandated from outside. Partial (reference) models 
should be abstracted out of the lessons learned from past disasters and used to speed 
up VO creation. They could be classified on type reflecting the location (e.g. flooding, 
tornadoes, wildfires, severe storms in Australia [15]) and customised to allow for 
specific intensity, duration, side-effects and consequences. 
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The DMVO produced by the DMCN will not bid for projects, but rather be created 
for and assigned a specific one, namely the management of the disaster event. The 
management structure, communication infrastructure, and other organisational 
interoperability issues would have been sorted out in advance, ensuring prompt 
response (readiness) and thus addressing a frequent weakness of crisis management. 
Human-related aspects requiring time such as trust, culture, and recognition (the latter 
featuring prominently in volunteer-based organisations [16, 17]) could be more 
specifically tackled using the concept of an ‘emergency services academy’ with local 
(state based) branches providing training based on a unique interstate curriculum (see 
[18] for an early initiative). 

The ‘lead’ (initiating) partner(s) within the DMCN could be the major government 
bureaus / agencies (e.g. Attorney General’s Office, Federal Emergency Management 
Agency etc) while normal partners could be local and volunteer-based emergency 
services, contractors and other relevant third parties.  

In conclusion, while significant challenges in the domains of CN [19] and 
Enterprise Interoperability [14, 20] remain, adopting the CN paradigm allows to use 
tested research results and more mature artefacts. The EA perspective adds the life 
cycle dimension and ensures a whole-system, consistent approach as further shown. 

4   Using Enterprise Architecture Artefacts in the Approach 

In order to test the concept, in this research we have selected a reference Architecture 
Framework (AF) obtained by generalising several other AFs and thus potentially 
expressive enough to contain all the elements necessary to express all relevant 
disaster management aspects using EA artefacts. This AF is GERAM (Generalised 
Enterprise Reference Architecture and Methodology), described in ISO 15704:2005 
[21]. Among others, GERAM has been used in practice to guide EA projects [22], 
assess other enterprise AFs [23-25], build a structured repository of AF elements for a 
project management decision support system [26] and to define an Environmental 
Management approach for CNs [27]. The main component of the reference 
architecture of GERAM is a MF (called GERA) containing an extensive set of aspects 
including life cycle, management, organisation, human and decision, corresponding  
to various stakeholder concerns [28]. For more details on GERAM and GERA see 
[21].  

Subsets of GERA MF can and have been used towards modelling formalisms used 
in the creation of life cycle-based business models. For example, Fig. 1 shows on the 
left hand side a high level representation of a disaster event, taking into account its 
relevant life cycle phases and possible relations to other events. The typical GERA 
‘Detailed Design’ and ‘Implementation’ life cycle phases can designate particular 
features of the event(s) – e.g. earthquake time, epicentre and duration, or tsunami 
epicentre, spread, wave speed, height etc. Note that the detail of the diagram is limited 
as a high level business model and some irrelevant life cycle phases have been 
omitted (shown dashed in the figure). 
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Fig. 1. Disaster event mapping and modelling using a GERA-based formalism 

Using this kind of representation, it can be conveyed for example that a Primary 
Disaster Event (PDE) can trigger / influence other events (SDE, TDE). For example, 
an earthquake event (PDE) can trigger a tsunami (SDE) that can in turn trigger a 
partial nuclear meltdown (TDE). However PDE can also influence TDE directly. The 
diagram also shows that events can influence themselves (see arrows from Operation 
to Implementation within same entity) e.g. in the case of chain reactions etc. The right 
hand side of Fig. 1 shows how the life cycle phases of a disaster event can be mapped 
to typical disaster management activities [2]. Such graphical diagrams are useful in 
getting all the stakeholders to grasp a common understanding of disaster event aspects 
and help overcome the ‘fuzzy’ cultural / linguistic semantic interoperability barriers. 

The paper argues that an EA approach can also provide an overarching life cycle-
based approach in setting up and operating an emergency management CN aiming to 
produce emergency response VOs dealing with disaster events. In order to test this 
assumption, the author has used a ‘method to build methods’ applicable for specific 
types of EA tasks (projects), based on an original approach abiding by EA principles 
and tested in several case studies (e.g. [26, 29]). In a first step, the user is prompted to 
create a list containing entities of interest to the project in question, including project 
participants and target entities (organisations / systems being created). A second step 
comprises the creation of business models showing the relations between the 
previously identified entities in the context of their lifecycles, i.e. illustrating how 
entities influence each other during their life histories. The third and final step assists 
the user in inferring the set of project activities by reading and interpreting the 
previous representations for each life cycle phase of the project and other target 
entities. The resulting activities can be decomposed to a level deemed suitable for the 
intended audience. Due to its scope and to space limitations, the paper will cover only 
the first and second meta-methodology steps, focusing on the benefits of creating 
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business models showing all relevant aspects of the participating entities. For 
comprehensive details on all meta-methodology steps see [29].  

5   Modelling the Emergency Services CN and VO 

Fig. 2 shows a possible business model of the creation and operation of a DMCN 
using a modelling formalism derived from the GERA MF. The level of detail in the 
figure has been purposely kept low (life cycles and management / production views 
only) so as to avoid confusion and to promote common understanding. If required, 
several diagrams may be added, focusing on various aspects – in which case attention 
must be paid to maintaining information consistency across models. 

DMCN CNP
Govt

DE

CL

DMVO

EMC

D

Op

I

DD

PD

R

C

Id

EML

Life cycle phases: Id: Identification; C=concept; R=requirements, PD=preliminary design, DD=detailed design, 
I=implementation, Op=operation, D=decommissioning. Other aspects: P=Production / Service, M=management
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Fig. 2. Life cycle-based business model of DMCN and DMVO creation / operation 

The figure shows how a disaster event DE can be managed by a DMVO which is 
quickly put together by a DMCN, using suitable reference model(s) DMRM (if 
applicable). As can be seen, the DMVO would manage only the ‘urgent’ life cycle 
phases of DE (i.e. short-term preparation, response and recovery), while prevention 
and long-term preparation phases would be managed by the DMCN and possibly also 
by individual network members (CNP). Due to the importance of disaster 
management, significant parts of the CNP and DMCN life cycles are influenced 
directly by the local / federal Gvt and by national / international laws and treaties. 
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The ‘clients’ (CL in Fig. 2) are businesses and population that are being assisted in 
case of DE and who provide feedback used to improve Gvt and DMVO in the future. 
Emergency management contractors EMC (or other third parties such as foreign 
rescue teams etc) contribute to DE management. While not necessarily part of the 
DMCN or DMVO, they must coordinate their efforts with the DMVO (arrow from 
DMVO operation to EMC management). 

The arrow from DMVO’s Management side of the Operation life cycle phase to 
some of its upper phases represents a very important ‘partial redesign’ capability, 
showing a need for the DMVO to be agile and adapt in real time in the face of rapidly 
changing conditions on the ground that are typical of some disaster events. Any major 
redesign will involve the DMCN, CNP, and Gvt and will be reflected in the 
subsequent DMVOs being created. Lessons learned in the operation of the DMVOs 
should be used towards building a repository of reference models (DMRM) that will 
help accelerate DMVO creation and thus improve emergency services readiness. 

6   Conclusions and Further Work 

Collaboration and interoperation are necessary and required in disaster management. 
Unfortunately, this often occurs in a sub-optimal manner due to the typical difficulties 
encountered when attempting to put together a heterogeneous task force in a very 
limited time. Lack of trust, different organisation / geographic cultures, diverse 
communication infrastructures and a limited or missing life cycle-based perspective 
of the disaster event(s) and of the participants’ roles are decisive factors that can be 
addressed by prior preparation in a suitable environment. This paper has argued that 
emergency response organisations could significantly benefit by adopting a CN 
paradigm applied from an EA perspective to ensure a whole-system approach and has 
attempted to support this hypothesis by providing a high-level example involving EA 
artefacts. Further work is required to validate the proposed approach in several case 
studies involving various types of disaster events so as to triangulate the findings. 
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Abstract. This paper illustrates how nuclear crisis are managed in France. It 
proposes IT solutions dedicated to event management that could help to resolve 
such a crisis by facilitating coordination between actors and increasing 
situational awareness. This study has been conducted as part of the European 
project PLAY. Requirements have been collected from different stakeholders 
through reviews of the literature, internal reports and websites, and interviews. 
Our proposal consists in the construction of a simulation tool to validate the 
complex-event processing architecture and the associated platform. The aim is 
to show the potential added value from the PLAY platform in the context of the 
response to a nuclear crisis.  

Keywords: Complex-event processing, distributed systems, crisis management, 
modeling, collaboration. 

1   Introduction 

A large quantity of radioactive substance is accidentally released in the atmosphere, 
due to a critical accident in a French nuclear plant. To resolve this crisis, a lot of 
heterogeneous actors may be involved. The services provided by these actors are also 
diverse and varied, ranging from psychological assistance to traffic duty. This 
heterogeneity is probably the main cause of the difficulty to manage such a crisis 
situation. But there are many other difficulties to cope with. For instance, there are a 
lot of critical dependencies between the actions of these heterogeneous actors. A 
decision to evacuate will depend on the actual level of radioactivity measured, but 
also on weather forecasts and assessments of the situation in the nuclear plant. 
Collaborative processes describe the chronology of activities but also how activities 
might be pre-condition or post-condition for each other’s. Besides, crisis situations are 
obviously the kind of context where agility, especially reactivity and flexibility, is one 
critical point. It is crucial that workflows and actions remain perfectly adapted to the 
situation and its possible changes. Japan’s last disaster provides many examples of the 
vital importance of timely and accurate diffusion of information between actors, but 
also toward population. 
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To help to resolve such a crisis, our research work consists in developing IT 
solutions that could facilitate coordination between actors. We have chosen to 
develop a simulation tool that should be used with the complex-event processing 
architecture and the associated platform designed and built within the framework of 
the ongoing European project PLAY [14]. The main benefit of using the platform 
built for PLAY is that the management of the crisis would be facilitated by the 
increased situational awareness provided by the platform. In addition to that, the 
platform would ensure a timely and adequate diffusion of information to relevant 
actors. All these characteristics make this nuclear use case an accurate illustration for 
Internet of Services, although it is not easy to imagine this context as a strongly 
computed environment where services could easily send their events to the clouds. 

To reach this goal, we have developed a two-step approach. The first step is to 
gather knowledge about the current situation and to propose a structured analysis of 
the situation, as it would be if PLAY platform was used to facilitate the management 
of the crisis (process description and analysis). The second step is to build a tool to 
simulate various collaborative workflows, actors’ behavior, and event production.  

 

Fig. 1. Nuclear Crisis Use Case, Actors and Events 

This article develops this approach in order to turn the whole “natural language” 
use case description into a set of relevant, representative and usable business process 
models containing the numerous pieces of information, interactions and events to take 
into account in such a situation. In order to build a simulation tool dedicated to run the 
nuclear crisis example use case, we have to identify and characterize all the involved 
services and the events generated by these services from heterogeneous partners. At 
this condition, we will be able to experiment the elastic and reliable architecture for 
dynamic complex event driven interaction of the PLAY proposal. 
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Concretely, the purpose of this part of the research work is to collect data and 
identify the processes of realization, in order to identify specific requirements for each 
of them. Specifically, this analysis will identify the strengths and weaknesses of the 
current situation in order to successfully acquire end-user requirements. But as many 
stakeholders are involved in the crisis management process (see. Figure 1), 
discussions with IRSN, France’s public service expert in nuclear and radiation risks as 
well as with Nuclear plants technical experts or field actors such as firemen are 
undergoing. A review of the literature, available reports and websites has also 
complemented those discussions. See [11] [4] [2] [5] among others.  

2   The Nuclear Crisis Cell: A Need for a Interoperable IT Platform 

To resolve the crisis, many stakeholders are involved. The crisis cell, in charge of 
operation, is managed by the prefect (representative of the national authority), outside 
the nuclear plant. Inside the nuclear plant, the company in charge of the plant is 
managing operations. Delegates of each actor are present in the crisis cell. Firemen, 
policemen, and any other actor involved in the response processes has one 
representative in the crisis cell, to validate the feasibility of decisions, link with the 
field and ensure communication between actors. Consequently, this crisis cell is 
distributed. Most of the decisions are made locally, where prefect and delegates are 
gathered, but decisions may also come from the national authority, local or national 
responsible of the nuclear plant or experts. (See. figure 2).  

 

Fig. 2. Distributed crisis cell and actors 
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This distributed cell, combined with the lack of a proper IT system to ensure timely 
and accurate exchange of information often results in delays or inconsistence at many 
levels. No one has a clear awareness of the situation or a precise knowledge of all 
latest information. For example, mid-March 2011 in Japan, many dysfunctions 
regarding communication of information have been deplored. “Employees confirmed 
a second blaze at the reactor, but it took another 35 minutes for them to inform a fire 
station in nearby Tomiokamachi” [13]. “Complicating matters, a lack of phone 
service meant that they had little input from upper management” [3]. Japan’s prime 
minister deplored that “though there was a direct broadcast of explosions on national 
TVs, it took [TEPCO, the electric power company] more than an hour to inform the 
government.” [8] A few days later, communication had not improved. For example, it 
took nine hours between the publication of an sky-high level of 134 iodine, which 
created panic among international experts, and the communication of corrected 
values, without any information on the new number, except that it was “under the 
limit” nor any explanation on why the first figure was wrong. [1] 

3   Step 1: Gathering and Structuring Knowledge  

We have chosen to follow a Business Process Modeling approach to implement our 
research work. Consequently, in this first step, our objective consists in transforming 
the three classical levels of business processes that exist in any system (decisional, 
operational and support processes) in workflows in order to support the agility of both 
orchestration (internal business processes) and choreography (interactions between 
actors) of the coordination.  

Concretely, to resolve the nuclear crisis described in introduction, seven sub-
processes have been identified and divided into the three levels evoked before (see. 
figure 1). 

• 1. Strategic level - To manage nuclear crisis: This first level is dedicated to 
present the decisional part of the process cartography. It concerns decision 
taking during the crisis management. 

• 2. Operational level - To resolve nuclear accident and its consequences: This 
second level deals with the concrete operational part of the process 
cartography. It concerns mainly the actions performed on the crisis site. 

• 3. Support level - To support nuclear crisis response: This last level concerns 
the supporting activities dedicated to provide means to other processes and to 
ensure logistic aspects of the crisis management. 

From the seven business processes identified during the global analysis, we decided to 
focus our attention only on the five that concentrate the main coordination problems. 
Concretely, those business processes concern activities that occur outside the nuclear 
plant. Moreover, decisions and operations within the plant are not managed by the 
same authority than the rest of the crisis. They also depend on the nuclear plant itself, 
and the technology it uses. Furthermore, those operations are really technical, not 
always available, and does not affect the rest of operations (radioactive measurements 
and previsions are sufficient).  
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Those business processes are as follow: 

1.2 To plan and control relief process and means (Decisional) 
2.2 To protect population (Operational) 
2.3 To provide aid to employees and population (Operational) 
3.2 To back relief operations (Support) 
3.3 To assess situation (Support) 

 

From these five business processes, we detailed sixteen sub-processes, as described in 
figure 3.  

 

Fig. 3. Low-level structure: 16 sub-processes identified 

4   Step 2: Supplying the Simulation Platform with Events 

In our case of nuclear crisis management, the scenario is very complex and as 
explained before, a lot of sub-processes are involved. We plan to simulate this use 
case through a demonstration platform able (i) to run all these sub-processes in a 
Service Oriented Architecture (SOA) context, and (ii) to simulate the CEP platform. 
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Implementing a real exercise implying all the expected actors, services and events 
is not an easy task. The simulation tool compensates this difficulty and enables the 
validation of the complex-event processing architecture. We suppose that a business 
service matches with a single technical operation (i.e. a single operation of a 
WebService). 

The demonstration platform provided will be based on SOA principles [10] and on 
the ESB PETALS [7]. Such a technical infrastructure requires describing processes as 
workflows in a runnable language (for instance BPEL, Business Process Execution 
Language [6]). In order to make that task easier and to ensure coherence into the 
whole approach, all the sub-processes will be described with BPMN language 
(Business Process Modeling Notation) [9][12]. Furthermore, this language is not only 
strongly aligned with computer implementation of workflows but also structurally 
event-oriented (events are represented through circles and can be typed). BPMN is so 
perfectly at the intersection between PLAY project specificities (event-based) and 
technical requirements of the demonstration platform to be provided (proximity 
between BPMN and workflow language). Figure 4 shows one of the BPMN built for 
this project.  

 

Fig. 4. One example of BPMN – To protect population 
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5   Motivations 

Three main elements make this use case a relevant illustration for Internet of Services, 
although it is not easy to imagine this context as a strongly computed environment 
where services could easily send their events to the clouds:  

• The heterogeneity of actors is taken into account. Actors involved operate 
with their own information system, which may already use web services, but 
may also be fairly basic. 

• High volumes of heterogeneous information is exchanged 

• Changes in orchestration (internal business processes) or in choreography 
(interactions between processes) are possible. and driven by events 

With its complex-event processing architecture, European project PLAY can 
contribute significantly. The management of the crisis would indeed be facilitated by 
the increased situational awareness provided by PLAY’s platform for event 
processing. In addition to that, PLAY would ensure a timely and adequate diffusion of 
information to relevant actors.  

Acknowledgements. This study is part of a project, PLAY, supported by the 
European Commission through the Seventh Framework Programme. We would like 
to thank all the partners for their involvement.  
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Abstract. The length and sheer scale of the current economic crisis has 
surprised managers, who were completely unprepared to deal with such an 
unanticipated situation. Standing at the heart of their businesses and providing a 
link between executives and employees, these managers need to limit the 
impact of the crisis in an environment in which various constraints, unexpected 
events and social tensions are on the increase. Restructuring and cost-killing are 
the first port of call, which makes buyers very busy people. However, some 
buyers are pioneering a new kind of collaborative management which, instead 
of increasing the pressure on suppliers and reducing risk-taking to a minimum, 
advocates taking new initiatives that are not aimed solely at maximising profits 
in the short-term. This article offers an overview of this new, foresight-based 
Procurement practice. After highlighting recent Procurement function 
developments, which were largely responsible for the consequences of the 
crisis, our constructivist methodology proposes to interview 12 buying experts 
in order to develop scenarios and identify the features of the Collaborative 
Procurement. The final section then presents: (1) new forms of internal and 
external collaboration; (2) the roles and specific skills of this type of the "buyer 
of the future"; and (3) how the globalised economy is becoming an increasingly 
community-based, collaborative virtual environment. 

Keywords: Procurement function, Economic crisis, Collaboration, Collaborative 
Buyer, Foresight. 

1   Introduction 

As firms have refocused on their core business there has been a rapid, significant 
increase in the importance of managing the Procurement function. This increase in 
purchasing volumes automatically puts greater pressure on the control of costs, 
quality and lead-times (Ballaz, 2002). It is accompanied by a new development in the 
Procurement function whereby buyers, in addition to managing supplies, listen to the 
market in order to detect new trends and technical progress resulting from 
technological innovation (Allal-Cherif, 2007). The 2009 economic crisis has put 
businesses, and especially Procurement departments, in a particularly difficult 
situation. Faced with dwindling order books and significant financial losses, the initial 
reaction is to embark on a drastic policy of cost-killing and procedural restructuring. 
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Objectives are all scaled down, investment projects and recruitment are frozen and 
output is slowed or even stopped in some cases. 

Buyers are the first levers in cost reduction, particularly in industrial companies 
such as Caterpillar, Schneider Electric, Nestlé, Thales or PSA, where they manage 
over 65% of turnover. However, the Procurement function is faced with a dilemma: it 
needs to reduce spending significantly without increasing the pressure on suppliers 
that are already on the verge of bankruptcy. Buyers therefore need to manage risk and 
prepare for the end of the crisis by implementing root and branch changes to business 
practices and consolidating the competitive advantages deriving from better 
management of supplier relations. The major multinationals have thus realised that 
the reason some of their suppliers have completely disappeared is not for the want of 
customers, but rather a lack of cash-flow; these suppliers are often paid 60, 90 and 
even 120 days after the billing month (Benassy-Quéré et al, 2009). Despite their order 
books being full, many of them had accepted trading conditions that were too 
dangerous for their financial stability, which the crisis ended up undermining. 

This paper presents a new, “collaborative buyer” approach to the management of 
the Procurement function, as applied by 12 Procurement Directors or Managers in 
their companies. During the course of our interviews a new approach to managing the 
Procurement function emerged, with different objectives and new methods. In the first 
part, traditional Procurement practices will be analysed in light of the current crisis in 
order to underline their limitations and the need for innovative approaches to internal 
and customer-supplier relations. The second part will present the two-pronged 
research methodology: occupational foresight and the scenario approach. The profile 
of the “Procurement experts” interviewed and the interview guide will be described. 
The third part will present several hypothetical scenarios that have been co-
constructed, along with recommendations for best Procurement practice. 

2   Procurement and the Economic Crisis 

2.1   Polymorphic Management of the Procurement Function 

Over the past 15 years, the Procurement function has evolved significantly: it has 
played an increasingly important role in the life of firms and has become highly 
strategic. This traditionally low-profile function involving between 2% and 5% of 
employees in multinational firms has emerged as a key profit centre that is managed 
meticulously by head office (Lurin and Beloeuvre, 2005). In addition to their normal 
tasks, i.e. to maximise quality while minimising costs and optimising lead-times, 
buyers create value by identifying their suppliers’ new techniques, developments or 
inventions (Vlcek, 2002). They are at the heart of the innovation process because they 
are best placed to know the suppliers that they might bring into a potential partnership 
to work together on a new product or new technology (Teece et al. 1997). Buyers now 
work proactively: they find solutions through strategic alliances involving several 
links of the same industrial value chain, enabling them to access resources, 
technologies and levers which the firm would not be able to access alone. They can 
see how the talents of several companies may be combined to produce key 
competitive advantages (Rodriguez Ruiz, 2005). 
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After a long period lasting until the late 1990s in which buyers tended to be 
recruited for their expertise in reducing costs and streamlining the supply chain, they 
are now much more likely to be selected for their ability to anticipate market changes 
and to propose new development projects rather than in response to any accounting 
concerns. Cost and lead-time optimisation quickly reaches a ceiling which 
technological progress can ignore and it is in this race for innovation than most 
companies are now seeking a technological advantage (Calvi and Barreyre, 1997). 
Groupings – whether between competitors or between customers and suppliers – are 
on the increase, in order to secure financial, material and human resources and greater 
expertise. The teams subsequently set up systematically involve buyers who use 
information and communications technology to improve business intelligence, 
information-sharing, collaboration, knowledge capitalisation and project management 
(Bressler and Grantham, 2000; Schubert and Ginsburg, 2000; Brousseau, 2002). 

2.2   A Strategic Function That Needs to Develop Significantly Before Being 
Mature 

In the 1990s, despite early studies showing the strategic role of the purchasing 
function, most buyers were acting as “cost-killers”, their main role being to minimise 
supply costs. Fierce pressure was exerted on prices and suppliers, which gave rise to 
unfair trading conditions accompanied by destabilising manoeuvres and bargaining 
tactics. These harmful approaches were often approved by management, with its 
inadequate knowledge of the business of Procurement and managing customer/ 
supplier relations. Outsourcing an activity was considered like outsourcing the 
problems related with this activity and companies didn't want to know about it. The 
emergence of sustainable development in companies with a focus on ethical, fair and 
environmentally-friendly trading has changed the rules of the game and radically 
altered buyers’ behaviour (Carter et al., 2007). 

Today, purchasing is considered as a key function, involved in the global strategy 
of a firm and contributing to the creation of sustainable value and decisive 
competitive advantage (Cavinato, 1999). However, this function as to be structured by 
specific processes, competencies and tools to reach a high level of maturity and 
develop its full potential (Cousins and al., 2006). The economic crisis is an 
opportunity to improve and to have a new vision of the way to do business: it's time to 
accept that suppliers have their own expertise, that maybe it would be a good thing to 
adapt the organisation to their schedule, and that they need money to invest in 
improving production and creating new technology (Tassabehji and Moorhouse, 
2008). Buyers have to build strong long term partnership with their most strategic 
suppliers and to develop collaboration and knowledge management (Ordanini, 2006). 
They even have to protect their suppliers from financial difficulties by helping them 
in paying them faster and investing in their projects to get exclusivities. The trust 
relation is essential to share the risks and work together to reach ambitious objectives 
(Ratnasingam and al., 2005). 
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2.3   The Future of Procurement: The Cooperative Management Approach 

There are several factors behind the current radical rethink of traditional management 
methods. An accelerating economy leads to a frantic race to innovate in a bid to be the 
“first mover” to exploit a killer technology. Globalisation requires a much more 
highly-developed, sophisticated competitive intelligence, capable of detecting faint 
signs of opportunities or threats at a very early stage. The rise of Information and 
Communication Technologies (ICT) has helped to strengthen horizontal 
communication and opportunities for coordination between players within and outside 
the company. The new Generation Y now accounts for 20% of the workforce, but 
should rise to 40% within 5 years (INSEE). The economic crisis has shown the 
limitations of the traditional models of managing the Procurement function by 
revealing the interdependence of companies operating in the same market and the 
risks ensuing from stiff competition between competitors or when the customer/ 
supplier power relationship is heavily skewed. 

Thus, the cooperative management approach to the Procurement function is only 
present in a few pioneering companies with a high level of maturity such as Schneider 
Electric, IBM and Nestlé. This method has gained many followers since the beginning 
of the economic crisis, both in terms of internal and external collaboration. Internally, 
it can be achieved through: (1) synergies between Procurement and other functions 
such as Research and Development or Marketing; (2) co-decisions between 
hierarchical levels; (3) buyer-led cross-project management. Externally, the main 
forms of cooperative management of the Procurement function involve: (1) 
technological co-development and product co-design with suppliers; (2) sponsorship 
of innovation; (3) assisted production planning; (4) integration of information 
systems; (5) automation or outsourcing part of the Procurement function; and (6) 
collaborative strategic management (Allal-Cherif, 2007). 

3   A Constructivist Methodology: Foresight and Scenario Method 

3.1   Procurement Foresight: towards Structural, Functional Anticipation  

This paper aims to carefully co-construct a common picture of the future of the 
Procurement function, based on interviews with twenty experts (Thamain, 2009). This 
“anticipation, however imperfect, of changes, discontinuities, contingencies” of the 
Procurement function is not covered by managerial foresight (Boyer and Scouarnec, 
2009).  Given the increasingly sustained, violent turbulence affecting the business 
world, foresight has become essential for companies to prepare to challenge their 
competitors, who are also trying to look ahead and find their place in the world of the 
future. Preparing to adapt will always be much more effective than reacting to the 
unexpected and it is through the use of foresight to identify potential problems that 
solutions are most likely to be found and implemented in time (Julien et al., 1975).  

“Occupational forecasting is an approach that involves anticipating possible futures 
in terms of the skills, activities and responsibilities of an occupation. It enables us to 
envision the knowledge and qualifications, expertise or professional know-how and 
the attitudes and social skills that might, in future, best serve the individual and the 
organisation. To achieve this, the experts in the occupation/s under analysis need to 
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co-construct a picture of the potential future of that occupation or those occupations. 
It therefore involves reflecting on the individual occupation and the way work is 
organised.” (Boyer and Scouarnec, 2009). 

3.2   Selecting the Procurement Experts and the Interview Protocol Used 

In order to carry out this foresight study, we chose 12 experts in the field, working in 
various sectors such as Textile, IT or energy and from heterogeneous size. This 
diversity allows for a sufficient variety of viewpoints to cover most of the buyer’s 
skills, activities and responsibilities being studied. In order to minimise the effects of 
any subjectivity and interpretation, only half of these experts were previously known 
to the interviewers. However, even those experts who were unknown to the 
interviewers before the survey were approached by the researchers, following a 
recommendation, in order to promote the climate of trust and confidence required by 
the nature of the research. Table 1 summarises some of the characteristics of the 
Procurement experts and assigns them a code which will be referred to when quoting 
verbatim. 

Table 1. Panel of Procurement Managers/Directors interviewed 

Buyer 
code  

Position Size of firm 
(employees) 

Turnover Sector 

A1 Procurement Manager 400 000 €€ 104 billion IT  
A2 Procurement Manager 270 000 €€ 75 billion Foodstuffs 
A3 IT Procurement 200 000 €€ 19 billion Electricity 
A4 Procurement Director  120 000 €€ 180 billion Energy 
A5 Procurement Manager 100 000 €€ 40 billion Machinery 
A6 Buyer 70 000 €€ 20 billion Cosmetics 
A7 Procurement Manager 55 000 €€ 10 billion Distribution 
A8 Procurement Director 9 000 €€ 5.1 billion Telecoms 
A9 Procurement Director 8 000 €€ 2.5 billion Textiles 

A10 Procurement Director 1 400 NA Public Health 
A11 CEO 47 €€ 200 million Equipment 
A12 CEO 20 €€ 50 million IT consulting 

3.3   The Interview Guide and Method 

The interview guide was based on a review of the literature by the authors, all 
Procurement function professionals for between 10 and 30 years, and ten contact 
interviews used to present the project to the experts. Noting the individual interests 
and specialisations of each expert, we tailored the interview guide to reflect their 
experience and style. A first round of informal exploratory talks was conducted with 
the 12 Procurement experts in order to identify development pathways for the 
Procurement function. During these initial interviews, no reference was made to the 
responses given by other interviewees. A second round of semi-structured interviews 
was then held to confirm and expand on the previous interviews. These were 
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conducted in reverse order so as to revisit all the pathways identified and to get a 
more accurate picture of the views of the experts.  

The purpose of these interviews was to get respondents to express their views and 
their vision of the future straightforwardly and with a certain amount of risk on their 
part. The first non-structured part of the information gathering exercise thus consisted 
of conversations in which the interviewers did not attempt to guide the interviewees 
but did prompt them to give further information (Thiétart et al, 2007). A semi-
structured interview guide specifically tailored to each expert was then designed in 
order to obtain additional information and examples. This second interview not only 
allowed each interviewee to clarify his point of view but also to comment on the 
views expressed by others.  

4   A More Collaborative Buyer, Both Internally and Externally 

4.1   More Internal and External Collaboration: Creating a Competitive 
Advantage  

A1 says that the role of the project buyer, the cross-buyer and the purchasing 
coordinator will grow considerably at the expense of product buyers or national 
buyers. Buyers will assist project leaders and in some cases even replace them, from 
one project to the next. “The same person will source all the components for the 
project and then move on to the next one.” This method differs significantly from that 
most commonly used, in which one person sources a class of products or services for 
a large number of different projects. Furthermore, the project buyer organises all the 
Procurement activity for his projects, whereas the product buyer is part of a very rigid 
hierarchy, having to report to several higher levels and being responsible for the tasks 
delegated to the lower levels. The buyer of the future will therefore need to have a 
much broader vision of the company. This is borne out by current trends in the 
internal interfaces with which he has to operate. Rather than imposing new 
constraints, these actually constitute new prerogatives for buyers. A8 is concerned, 
however, about the need to manage them with the utmost care, given that there is 
considerable potential for drift. 

Sustainable, responsible and ethical Procurement will also become a standard 
feature of all supply operations rather than merely a side-line of this function. New 
forms of collaboration between customers and suppliers are emerging, such as in the 
automotive, electronics or food processing industries, where supplier integration is 
increasingly a key factor in strategic success. When it achieves a high level of 
maturity, the Procurement function has a major influence on the adoption of 
sustainable practices. Stable partnerships and the need to promote innovation and 
develop new projects are prioritised over economic calculations. Unilateral decisions 
in the interests of a single link in the supply chain are no longer made; instead, 
collective decisions are taken in a bid to consolidate the whole venture. 

When the whole process is taken into account, sustainable value is created – and 
not just an ad hoc basis. It can therefore be argued that the members of the logistics 
chain gradually establish partnerships by pooling their resources, risks and profit. The  
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relationships thus established are extremely complex. Information, goods and capital 
flows need to be managed scrupulously. Collaboration and anticipation yield 
considerable reductions in transportation costs as the logistical synergies emerge. A2 
says that in his firm, the “road map is modelled on the road map used by our 
suppliers. We adapt to their pace and organise ourselves around their projects and the 
innovations they can bring to us. If we have no overview of their business, then we 
have no overview of our own.”  

4.2   Managing Procurement Expertise: Lead Project Buyer and Talent Manager  

The buyer recruitment procedure is highly elitist. Employers are looking for 
specialists with 5 years of post-high school education in either engineering or 
business. Experience is less important than the initial training, which must be solid 
and enable young graduates to avoid the traps laid in heated negotiations. Buyers are 
becoming a pro-active force: by forming strategic alliances between different links in 
the same value chain, they can access resources, technologies and levers which the 
firm would not be able to access alone. C4 highlights the creative side of the buyer: 
“The character of the buyer is increasingly important: the best buyers are the most 
forceful and resourceful. They have to think outside the box and come up with 
original solutions. They need to shape, from the countless items at their disposal, the 
most appropriate response to the needs of their firms. They have an element of 
intuition that a computer cannot replicate.” 

The foresight skills of the buyers of the future, identified together with the 
Procurement experts we interviewed, are as follows: the ability to operate in virtual 
environments and to detect faint signs of opportunities or potential threats; the use and 
optimisation of information and communication technology, especially collaborative 
platforms, social networks and the virtual communities of practice that constitute 
strategic intelligence tools, as well as benchmarking, management of expertise, 
collaboration and facilitation of professional networks; being a global responsibility 
activist by combining sustainable development, fair trade and ethical work; the ability 
to bring suppliers on board and secure exclusive innovations; flexibility and multi-
tasking, naturally dipping in and out of several projects or cultures; highly mobile, 
etc; highly creative and spontaneous: questioning existing solutions and with a strong 
ability to innovate; strong leadership with senior management potential. 

For A6, “the new people think that our firms are still living in the Stone Age.” This 
view is shared by most of the experts we interviewed. In their opinion, firms are 
lagging behind society. In some cases, it is no longer the private sector that innovates 
for the public sector, but the public sector that innovates for the private sector. Firms 
take some time before adopting the new practices: “they are increasingly lagging 
behind”. A gap is also gradually emerging, but more quickly between traditional 
buyers and those of the Internet generation: they don’t use the same methods, tools, or 
even the same language. Given that one side is under the impression that the other 
side is trying to push them out of the door, we can imagine the tensions and problems 
involved in managing such a wide variety of profiles.  



 Procurement Information Systems: Collaboration to Fight against Crisis 501 

4.3   Towards a Virtual, Community-Based Collaborative Economy 

A5 says that “the crisis made us realise that we needed to treat our suppliers better. 
We decided to be just as concerned about them as we are about ourselves because we 
are interdependent. We changed our payment policy and we now settle our invoices in 
8 days instead of 3 months.” Companies thus prefer their money to be with their 
suppliers so that it can be used to innovate and keep them going rather than being 
parked in the bank to earn interest. Consequently, investment and long-term gains are 
prioritised over structured finance. Some companies even go as far as paying their 
suppliers’ suppliers, so that their business will not be put at risk by financial 
difficulties. The spate of bankruptcies which the financial crisis has produced in a 
huge domino effect has induced buyers to pay more attention to their strategic 
partners. However, this type of chaperone policy may be seen as interfering and as a 
perverse way of extending control, with over-intrusive concern for the way a 
sovereign company manages its finances. 

A3 stresses the importance of modern means of communication, which also play a 
key role in the new relationships between firms. Companies are gradually organising 
themselves as professional virtual communities that share the same values and 
cooperative closely on a wide range of activities. This type of “meta-company” 
requires a “meta-network”, an intelligent network enabled by the new information and 
communication technologies. It allows member companies to pool their intelligence, 
their technical expertise and some of their business costs. It also gives them three 
precious gifts: ubiquity, omnipresence and omniscience. The more responsive, more 
flexible joint ventures will have a considerable advantage over individual companies 
as they are able to share costs and expertise simultaneously. “In a virtual universe of 
exchange networks, we now need to optimise value added chains between partners” 
and “roll out new forms of cooperative business.” The fact that these potential 
suppliers are grouped together in the same community, making it possible to submit 
problems and directly compare the solutions proposed by each of them, provides 
incalculable gains in terms of time, money and quality. 

5   Conclusion 

Traditional Procurement practices were an aggravating factor in the consequences of 
the financial crisis of 2009. They caused value chains to be weakened and called 
supplier relationship management practices into question. Some firms ended up 
weakening themselves by overshadowing and oppressing respected players in their 
own market and which they helped to eliminate. Cooperative management, which is 
still at the experimental stage, has become a much more credible alternative to the 
drastic policies of cost-cutting and fierce competition achieved through radical, 
automated sourcing methods. The Procurement function thus acts as a pioneer in 
developing new forms of internal and external collaborations and adopting a 
partnership approach with all key suppliers in order to address the economic crisis and 
prepare to emerge from it. There is still some scepticism surrounding these new 
methods, which the drastic situation has helped to highlight and make more popular. 
However, in large multinational companies, the profile of buyers has changed 
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dramatically. Their role is no longer confined to satisfying internal needs and 
automatically reducing costs: it now involves maximising the sustainable value 
created jointly with their partners. From initially managing transactions and then 
information, they have now moved on to relationship management, which calls for 
very specific skills. They have replaced a confrontational, systematically comparative 
approach with a process of association and coordination. Buyers are no longer content 
to meet current needs; they now try to anticipate future ones. They run projects in 
which they need to combine complementary talents in order to co-build a key 
competitive advantage. The buyer’s buying role is increasingly less important: they 
are becoming mediators who ensure a healthy market; watchmen who anticipate 
dangers and look out for opportunities; and project managers who prepare for the 
future of the company and ensure its long-term survival. 
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Abstract. In this study, we analyze firms’ membership in R&D (Research and 
Development) cooperation networks trough simulation methods. Our main 
research hypothesis is that the membership in cooperation networks is related to 
the degree of the knowledge spillover. The approach has two scenarios: cost 
symmetry and cost asymmetry. We first develop an analytical model with three 
stages: firstly, firms decide whether to participate in a cooperative research 
network; secondly they simultaneously choose the level of R&D output, and 
finally they choose the level of output. Then we proceed with computational 
simulations to verify our hypothesis. From our results, we were able to 
conclude that cooperation leads to an improvement on RJV firms’ position in 
the market as they produce more than others with the same production 
conditions. Additionally, cooperating firms have to spend fewer resources on 
research, which turns the network a tremendous success on the productive 
efficiency level.  

Keywords: R&D, cooperation, networks, spillover; simulation, RJV. 

1   Introduction 

In recent years, cooperation networks are one of the most appealing topics to study, 
gathering researchers from different scientific fields, such as biology, economy, 
management and computer science. 

It is generally recognized that R&D activities have some public good features, as 
firms cannot fully appropriate the returns of their R&D investments, due to the 
existence of R&D spillovers. As a result, R&D expenditures are usually less than 
socially optimal. For this reason, R&D cooperation frequently emerges, so as to 
internalize spillovers. 

Cooperation in R&D is usually identified with research collaboration and it is often 
investigated in the context of two-stage oligopoly models in which firms make their 
R&D decisions in a first pre-competitive stage and their quantity/price setting in a 
second stage. The most influential article on R&D cooperation is due to [8], who 
assumed that there are spillovers in R&D output. Another prominent work is [10], 
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which proposed spillovers in R&D expenditures and allowed for different R&D 
organization models that may involve R&D expenditures cartelization and/or full 
information sharing. Since these starting articles, a lot of scientific models emerged 
around the topic of R&D cooperation, providing numerous extensions to those 
original models (e.g. [12] and [11] on oligopolistic markets; [13] and [1] on R&D 
spillovers; [7] and [9] on absorptive capacity; [3] and [4] on spillovers asymmetry; [6] 
on welfare). In this study we analyze the membership and profitability of cooperation 
networks. Our main research hypothesis is that the membership in a cooperation 
network is associated with the degree of R&D spillovers.  

This approach tries to extend existing literature on R&D cooperation networks by 
focusing on an oligopolistic scenario with asymmetric production costs and a previous 
membership stage. The work has been conducted in two parts, each of them divided 
in two steps. In the first part, we assume that firms are symmetric in what respects the 
marginal cost of production, R&D costs and the spillover outside the network. In the 
second part, we consider that firms may have different marginal costs of production. 
As for the steps, we propose developing (i) an analytical model, followed by (ii) a 
computational approach. 

The main conclusions reached driven us to the fact that firms prefer R&D 
cooperation. Principally when there is cost asymmetry, we find that a network, for 
some level of spillover, would arise, containing some of the companies in the market. 
These companies benefit from higher profits and from R&D from other companies 
which reduced their production costs. The number of firms keeps stable as the firms 
inside the RJV did not allow new companies to enter. This may allow us to infer that 
cooperation networks play a great role on firms’ interaction and benefit some of them 
by giving a way to improve efficiency of companies that joined the RJV through a 
positive impact on internal productive  

2   Part I: R&D Cooperation under Symmetric Marginal Costs 

By extending the model of [8] to an oligopolistic scenario with partial-industry 
agreements between cost-symmetric firms, we develop a three-stage game where 
firms decide about entering in the R&D cooperation network, then about its R&D 
expenditures and afterwards they compete in the output market. 

There are n firms that produce a homogeneous output, whose inverse demand 
function is given by: 

.bQaP −=   
(1) 

where the parameter a captures the market size and b is a constant. Q is the total 
output given by the expression: 


=
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 (a, b>0 and Q ≤ a/b) . (2)

As it is typical in R&D cooperation models (e.g. [8]), we assume that R&D output is 
cost reducing through an additive formulation, that is: 
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where ci is firm i's marginal cost of production, iα  accounts for stand-alone marginal 

costs (0 < 
iα  < a), xi measures firm i's R&D output and β is the spillover (0 ≤ β ≤ 1). 

Additionally, and as in [8], we consider a specific functional form for the R&D cost 
function: 

C(xi) = 0,5γxi²  .  (4)

where γ > 0 represents the R&D cost. The profit of firm i is then given by: 
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where qi is firm i's output. The game is organized in three stages, as follows:  
 

(i) In the first stage (membership stage), firms decide whether to participate (or 
not) in a cooperative research network. For simplicity, we will assume that within the 
cooperative network, the degree of information sharing is set at its maximum level 
(β=1), a structure known as the Research Joint Venture (RJV) [10]. Additionally, we 
will consider that insiders can obstruct the entry of an additional firm if it reduces 
their profits, while an outside firm will join the RJV only if it increases its profits. The 
conditions are defined according to those usually adopted in the literature (e.g. [11]; 
[2]): the conditions are the following, for a RJV of size m: 
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where  (t) represents the profit of an insider and  (t) the profit of an outsider 
when the RJV is of size t.  (m) represents the average profit of firms in network of 
size m and  (m-1) represents the average profit of firms in network of size m, not 
taking into account one specific firm. 

(ii) In the second stage (development stage), firms simultaneously choose the 
level of R&D output, independently or under cooperation. If firms cooperate, then 
they will coordinate R&D output in order to maximize their joint profits. 

(iii) At last, in the production stage, firms simultaneously choose the level of 
output through Cournot competition. 

Due to the complexity of the analytical solution for the equilibrium R&D output, we 
use numerical simulations to model the game described before. We were able to 
arrive to some interesting conclusions regarding the behaviour of companies in terms 
of network formation. Simulation results are presented in Table 1.   
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Table 1. Results of the simulation for n= 5 firms and for different values of Beta (β) 

 

Firstly, we may observe that all firms outside the RJV want to make part of the 
network and, simultaneously, insiders do not obstruct the entry of those additional 
firms. There is stability when all firms are inside the network and therefore there is no 
entrance or exit of firms to and from the RJV. Whatever is the number of companies 
in the market and for every spillover levels, companies will sooner or later enter in the 
RJV and there will be a huge cooperation network between all companies in the 
market, after interaction starts. 

From our computational exercise, we first observe that there is a direct relationship 
between the R&D spillover outside the network (β) and firms’ profit (Figure 1). In 
fact, we may conclude that an increase of the R&D spillover outside the RJV will 
make firms to benefit from other firms’ knowledge, and, therefore, to increase its 
profits. And this is true for both RJV and non-RJV firms, while in the first case, 
profits are higher due to a maximum spillover among cooperating firms. A correlation 
coefficient of 0,997 between the spillover and firms’ profit was found to be 
statistically significant.  

 

 

Fig. 1. Profits evolution with the spillover between non-cooperating firms (beta) 

Additionally, when we focus on the R&D investment, we observe that it is higher 
for non-cooperating firms when compared with cooperating firms, except for a high 
degree of information sharing among non-cooperating firms (Figure 2). At the same 

Marginal cost=50 and R&D cost ( )=50
Beta ( ) -          0.2 0.4 0.6 0.81 0.91
RJV Profits 48.90      49.58      50.09      50.42      50.58      50.59      
Non-RJV profits 24.75      24.92      25.06      25.17      25.25      25.28      
RJV R&D output  0.05        0.11        0.11        0.11        0.11        0.11        
Non-RJV R&D output 0.14        0.11        0.09        0.07        0.05        0.04        

Marginal cost=50 and R&D cost ( )=90
Beta ( ) -          0.2 0.4 0.6 0.81 0.91
RJV Profits 49.34      49.75      50.05      50.25      50.35      50.35      
Non-RJV profits 24.85      24.95      25.03      25.10      25.15      25.17      
RJV R&D output  0.03        0.07        0.07        0.07        0.07        0.07        
Non-RJV R&D output 0.08        0.07        0.06        0.04        0.03        0.02         
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time, we observe that for non cooperating firms, there is an inverse relationship 
between the level of knowledge spillover and the investment in R&D. This result is 
rather intuitive: higher degree of information sharing means lower appropriateness of 
R&D efforts and, therefore, lowers R&D investments.  

 

 

Fig. 2. R&D output evolution with the spillover between non-cooperating firms 

We can also see that whenever we repeat the simulation for different number of 
firms in the market (n), we observe that as n increases, the R&D output decreases. 
This fact can be explained by the inverse relationship between the R&D output and 
the spillover. Therefore, as the number of firms in the market increases the R&D 
output decreases due to the fact that the spillover is greater for larger number of firms 
in the market and the need for R&D output is inferior. 

3   Part II: R&D Cooperation under Asymmetric Marginal Costs 

The results given in the previous simulation were very interesting and gave some 
insights on the behaviour of firms. However, it seems worthwhile to consider a more 
appealing framework where there is cost asymmetry between firms, giving literature a 
better perspective through simulation.  
So, now we considered both equations 1, 2 and 3, that have been introduced in part I, 
while equation (3’) captures the existence of diverse marginal costs of production 
between firms: 

.
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where αi accounts for stand-alone marginal costs (0 <αi < a), xi measures firm i's 
R&D output and the R&D spillover has the same properties, β ∈ [0, 1]. As written 
before, it will be assumed that there are diminishing returns to R&D expenditures, 
that is, C′( xi) > 0 and C′′( xi) > 0. 

The profit function has changed so that it reflected the differences on marginal 
costs of production between firms:  
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The same three-stage game used in Part I is proposed: firms decide about cooperation 
membership, R&D and then about the output. However, and in order to find different 
structures and the responses of network formation to these types of frameworks, we 
assume three different decision criteria on the members’ decision of letting non-
members enter or not the network. Each one of these three options is used to find out 
how network formation can show different features by changing this condition. 
Following the literature (e.g. [11]; [2]), we add these new three criteria:  

(1)  The average profit inside the network increases with the entrance of a non-
member firm; 

(2) The profit of the firm that will enter is higher than the network’s average 
profit;  

(3) The profit of the firm with highest income (a kind of “leader” firm) remains 
the same or increases with the entrance of a new member.  

From the simulation considered in Part II we could observe several aspects that differ 
from the previous simulation in Part I. As regarding firms’ cost asymmetry, it is 
possible to say that, in general, firms with low marginal production costs have higher 
profits, produce more output and are those who do more research, which means that 
they have higher R&D output. We then test some combinations of firms, with 
different marginal costs of production, in order to evaluate if there are some changes 
in the firms within the network. Not in all combinations but in most of them, network 
stability occurs for low levels of spillover. This means that when the spillover reaches 
a lower level, firms prefer to join the R&D network in order to benefit from a total 
share of research output and then have less production costs and so higher profits, 
contrasting with same background firms. The network advantages make possible 
firms with same marginal costs of production have different profits, as the ones inside 
the RJV reduce more their production costs due to R&D output spread between them. 
That is why their profits are normally superior.  

A relevant fact is that some networks are formed by a mix of firms with better and 
worse production skills. Therefore, with some exceptions, cooperation takes place not 
only between firms with high or low efficiency, but they are formed by middle 
marginal cost companies or joint “extreme marginal cost” firms where the ones with 
the lowest production efficiency are the most benefited by cost reduction. On the 
profits issue, we can state that they tend to diminish with the fall of the spillover since 
the marginal production costs are not so reduced by efficiency achievements. Only if 
the firm belongs to the RJV then its profit increases in the first moment when the 
company joins the network. From the example in Table 2, where we show one of the 
simulation results, we see that firms that enter the RJV increase greatly their profits, 
while the others that have the same level of profits maintain that level and watch them 
decreasing when spillover increases. Mostly important, we also observe that firms 
with different levels of marginal costs (reflected in the different levels of profits), join 
together to form a strong and beneficial network. As we can see, from the three 
groups of firms here, we have in the network, for a spillover of 0.27, one firm from 
the first group and two from the third group.   
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Table 2. Firm’s profits determined on the simulation experiments made 

 

These results are confirmed by empirical literature. [5] study the effects of 
incoming spillovers and appropriability on having cooperation. Using data from 
Belgium they found that incoming spillovers have a positive and significant effect on 
the probability of firms cooperating. They also find that the higher appropriability, the 
higher the probability of network cooperation. However, they show that it may 
depend on the kind of partners firms deal with. In addition, some non-spillover 
determinants of cooperation are also examined, and they found that larger firms are 
more likely to cooperate, which is partially confirmed in our study as the results show 
that firms with lower marginal costs usually engage easily in cooperation. 

Statistical tests were used in order to corroborate the relationships and the effects of 
the variables in the experiments. One–way ANOVA has been computed, considering 
the effect of several values of the marginal cost (here used as a factor/qualitative 
variable), over the profit of the firms. The overall null hypothesis has been rejected, 
meaning that different marginal costs produce different levels of profits in the firms. 
Post-hoc multiple comparisons tests (Tuckey HSD) have been performed and we were 
able to conclude that lower marginal costs are associated with higher profits.  

We have also compared the profits between networked and non networked firms.  
The result of the Mann-Whitney test is that statistically significant differences exist 
between those kinds of firms: firms in networks have higher profits than those not in 
networks.  

Concerning R&D output, we can notice that it has a propensity to increase as a 
result of a diminishing spillover (Table 3). Nevertheless, if some firms start to 
cooperate and their R&D output decreases, as a result of the full knowledge sharing 
benefit that the network agreement provides. As they will share all the research they 
make, they will not spend so many resources on R&D and then their private R&D 
output decreases. Continuing using the previous example, we see that R&D output 
decreases with the entrance in the network but it still increases if the spillover 
decreases outside the network. This happens because firms will have to invest more 
so that they can maintain themselves producing in the market, and also because their 
investment will almost not flow to other firms outside the network. Since the spillover 
is lower, which decreases free riding behavior, firms outside the network need to 
increase their R&D output.  

 
 

Firms     

Spillovers 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 

075 419 421 419 110 110 110 649 649 649 

0,5 417 419 417 109 109 109 646 646 646 

0,3 416 416 416 109 108 108 645 645 645 

0,29 415 415 415 112 108 108 655 655 644 

0,27 415 415 426 107 107 107 657 657 643 

0,1 412 412 428 106 106 106 659 659 640 

0,03 412 412 428 106 106 106 660 660 639 
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Table 3. Firm’s R&D output determined on the simulation experiments made 

 
 
Finally, regarding the output or production level (q), we see that it depends on the 

type of firms existing in the network, more precisely, the asymmetry between firms’ 
marginal cost of production. In fact, when there are firms with different levels of 
efficiency, those who are more productive normally tend to increase their output, 
while the less efficient ones see their output being reduced. However, this situation 
changes if a network arises: in this case, cooperating firms produce more than in a 
non-cooperation scenario, mainly if compared with other firms with the same 
parameter profile. 

Concerning the interactions between network formation and stability, we know that 
companies inside the network have, in this algorithm, the last word on letting or not 
outside firms to enter in it. Three different entering criteria were defined that turned 
different numerical results mostly significant on network stability, as it was explained 
(Figure 3). Considering the above mentioned criteria, the second one, where outsiders 
enter the network if their initial profit is higher than the average profit, originates the 
highest frequency of networks. It contrasts with all other criteria, where the last 
criterion is the one with worse results in what respects network formation.  

Generally it is possible to visualize which criterion is more flexible, making the 
entrance easier to new companies inside the RJV. As we can see in Fig. 3, the 
spillover necessary to build a network is higher for criterion 2, followed by criterion 1 
and then 3, the least advantageous criterion. Considering the third criterion, only in 
four experiments a network was formed. On the other hand, in the experiments with 
the second criterion there is always a network formed. Therefore, as explained above, 
circumstances necessary to generate a RJV are less tough in the second criterion than 
for the other possible criteria. 
 

 

Fig. 3. Spillover value needed to form a network for each criterion 
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4   Final Remarks 

In this study, we analyzed the membership in R&D cooperation networks and its 
impact on some economic indicators. Our main research hypothesis was that the 
membership in cooperation networks is related to the degree of the knowledge 
spillover. We first developed an analytical model where we considered that 
production costs were symmetric between all companies in the market. We then used 
numerical simulations to verify our hypothesis. The conclusions obtained were that 
the profit of firms in the network is higher than the corresponding profit outside the 
network. We also observed that as the number of firms in the market increases the 
R&D output decreases due to the fact that the spillover is greater for larger number of 
firms in the market and the need for R&D output is inferior. 

However, all firms entered in the network independently of the environment they 
faced in the market. So, in order to get close to the reality, a new approach was 
attempted by introducing cost asymmetry. By doing this we could find that a network, 
for some level of spillover, would arise but without all companies entering it. Only 
some would be able to join together and benefit from R&D cooperation and then 
benefit from higher profits and from R&D of other companies which reduced their 
production costs. The number of firms kept stable as the firms inside the RJV did not 
allow new companies to enter, maintaining cooperation benefits just for them.  

Nevertheless, networks also depended on how companies manage the RJV. The 
formation and maintenance of a network depended on what were the entrance and exit 
decisions defined by firms. As seen before, there were types of decisions that leaded 
to easier network formation and others did not, depending on what were the minimum 
requirements for companies to belong to the network. By comparing the two 
approaches we reached the conclusion that the second was more close to reality. In 
both cases the number of firms in the network kept stable but on the first model 
companies entered into the network regarding any kind of situation while in the 
second model there was entrance only for some levels of spillover and in only some 
circumstances making the simulation more alike to reality.  

But, whatever the approach was, the gains to companies that joined the network 
were higher. And its impact on profits was showed vital to their performance on the 
model. 
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Abstract. Information technology, with the recent developments towards 
Future Internet, creates expectations for enterprises and collaboration networks 
about ease of use and high business benefits. However, the benefits are not an 
automatic outcome of an IT system take-up.  In addition to technical aspects, 
organizational implementation is needed, with user participation and enterprise 
collaboration in the process. This paper discusses the challenges and barriers of 
IT implementation in collaborative networks, with the aim to identify success 
factors for achieving the benefits. The study is based on previous research and 
uses the experience of collaboration business cases of COIN project (EU FP7 
ICT 216256).   

Keywords: Collaboration networks, IT utilization, interoperability, SMEs. 

1   Introduction 

Most SMEs today operate in some kind of collaboration networks, offering efficiency, 
flexibility and access to knowledge, capabilities and customers which they could not 
reach alone. There are different forms of cooperation, from the long term 
collaboration networks to short term consortiums or virtual organizations (VO) [20]. 
The long term networks may have different levels of preparedness [31], from more 
sustainable and prepared “VO breeding environments” [3] to less tight business 
ecosystems [24]. Today collaboration is spreading increasingly from traditional 
manufacturing to other areas like co-creation, product development and service 
provision, to support the whole product lifecycle. 

Information and communication technology systems and services are not only 
support but also enablers for collaboration. Efficient information exchange with 
supporting infrastructure is not any more a competitive edge but a necessity for 
SMEs. Especially globally distributed operations, requiring enterprise collaboration 
and interoperability, benefit from Information technology (IT) services. IT, 
developing towards Future Internet systems, enables also SMEs to participate in 
global activities as part of supply chains, collaborative networks or business 
ecosystems. Advanced platforms, tools and services to support Enterprise 
collaboration and interoperability have been developed for example in past EU-
funded research projects ECOLEAD and ATHENA and recently in COIN 
(Collaboration and Interoperability in networked Enterprises) [5]. This paper is based 
on the work performed in COIN. The development in COIN has been performed in 
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continuous interaction with 6 end user organizations, representing collaboration 
networks (CN), supply chains (DC) or business ecosystems (BE) in different 
industrial fields, including automotive, aerospace, aeronautics, pulp& paper 
engineering, healthcare and ICT-industry . These organizations which have been 
involved in the development from requirements to testing are called COIN end users 
in this paper. 

Recently, supporting business innovation has been seen to become an important 
objective for future enterprise systems [10]. The visions in Future Internet Enterprise 
Systems and cloud computing foresee services to be available “on-fly”, with low cost 
and with more flexible configuration, scalability and openness [9]. The services will 
be available through generic service platforms and the need for local technical 
software set-ups will decrease. Thus, the technical barriers for IT utilization are 
envisaged to decrease. The availability of low cost services should also remove some 
economic constraints, at least for “mass-services”.  

However, showing the full benefit of the ICT requires that not only technology but 
organizational aspects, how to use the technology in the organization and between 
organizations, are taken into account in the take-up process. It is foreseen that “the 
power in the development of future enterprise systems will progressively move from 
IT specialists to business experts” [10].   As the technology is expected to evolve into 
easier and more usable systems and services, the significance of the organizational 
take-up process will increase.  

2   IT Implementation Challenges  

Information technology providers claim remarkable gains when using their services. 
However, for companies, especially SMEs, it may be challenging to achieve the 
expected benefits by IT take-up. It is often difficult to understand how to use the 
technology, what are the objectives behind and how the processes should be changed. 
The high resources, knowledge and capabilities required for the take up seem to 
restrain the adoption of IT in SMEs: “Often small and medium-sized companies will 
not have the knowledge or resources available to carry out the configuration, 
adaptation, or integration work by themselves” [8]. “The actual implementation of use 
of ICT in business processes, especially those involving customers and suppliers, 
remains limited.” [9]   Especially SMEs suffer of unfinished IT projects, unrealized 
savings, delays and exceeding the take-up costs. Experiences gained in earlier 
implementation projects affect the future user’s attitudes for a new implementation 
project [19] and may hinder the will to start new implementations. 

Lack of awareness of the possibilities and benefits that ICT could offer is also 
considered as one barrier for ICT adoption by SMEs [9]. The technology and vendors 
with approaches from onsite to cloud-based solutions make many SMEs confused and 
willing to wait until the market settles down [29]. On the other hand, when always 
following others’ the enterprises cannot be in the lead, gaining the potential 
competitive advantages [22].   

Additionally, there is the problem of sharing the benefits: Some manufacturing 
SMEs see that the benefits of IT utilization do not come for them but accumulate at 
the end of the manufacturing process [32].  A similar observation can be seen on user 
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level [7]: “the value may be obvious at the level of an enterprise but not as evident at 
the individual level”. This decreases the motivation for change which is needed at the 
end user level, to make success at the company or network level. 

The barriers are familiar also for enterprises interested in innovative solutions. The 
six end users of COIN project [5] identified the following main obstacles: not 
knowing about the potential and the benefits clearly enough, the benefits going to 
someone else, high costs, additional work, risks, resistance to change, too complex 
implementation, not believing in security, not knowing the sustainability of the 
solution etc.  To overcome these obstacles they suggest strategic approach, success 
stories and demonstration of benefits as well as service provider support. Also 
customers requiring the take-up of novel solutions would contribute to the 
implementation of new solutions and processes.   

The benefits created by technology are of course dependent on its usability. 
However, the same IT solution does not necessarily give the same advantages in 
different companies. The same system may not fit all the cases and the main question 
often is, how the technology is used in the organization. The decisions are made and 
realized in the organizational implementation process. That is why, in addition to 
software usability, the implementation process is important [15]. It does not only 
affect the costs or schedule of the start-up of the system, but also how the system is 
used in the long run and how the processes of the organization are modified, the roles 
defined etc. [18].  

In the take up process the organizations must be able to determine which goals they 
wish to reach with the system [28],  often the processes need to be re-defined and the 
individual end users need to be committed to the system use. The implementation 
project has proved to be challenging. Some previous studies have shown failure in 
about half to two-thirds of information system projects [28].  Even business losses 
have been reported [34, 17].  For complex IT systems, like ERP (Enterprise Resource 
Planning), the failure percentage has been assessed to be even higher: in early take-
ups in 1990’s about 90% of the implementation projects were reported to fail at the 
first attempt [12] or “three quarters of ERP system installations were judged 
unsuccessful by the companies paying the bills” [13]. Still in 2000’s “Many ERP 
implementation projects are geared towards failure, out-of-budget deployments, 
implementations unable to deliver the expected functionality or, in the best case, 
delays.” [2]. Because of the challenges, the IT implementation success has become a 
relevant research issue, not only in the ERP field, but also in e-Business, enterprise 
portals, web applications etc [for example 2,4,23,26]. The need for organizational 
implementation has been identified.  

IT implementation is defined as ”the entire process from needs analysis and choice 
of technological solution, to the realization of the full benefits from the technology” 
[25]. Other terms used for the task are system roll-out and system transition [16]. The 
starting point is as soon as the decision about the IT implementation has been made 
and the focus is on the implementation in the organization, not in software 
development.  

As seen above, the take-up of complex IT systems is challenging already in one 
organization. In collaboration networks, in an inter-enterprise environment the 
challenges of IT take-up are even higher: 
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• The partners are independent enterprises, they have greater autonomy [25] 
and the decision-making is distributed. It may be difficult to reach a common 
decision about the IT take-up and understanding about the new processes. 
Take-up of systems or services supporting collaboration is not fully 
successful if all partners are not interested and capable of using them.  

• The systems or services are not always as beneficial for each enterprise – for 
some they may create benefit, while for some others the system may mean 
only additional work.  

• Inter-enterprise environment has additional complexity because of more 
units, functions, and locations. 

• There are more differences in concepts, cultures, processes, practices, skills 
and management styles between network partners.  

• Openness is not always accepted between organizations. Thus more careful 
specification of access rights is needed than inside one organization. 

• Companies may collaborate within several networks. They are not willing to 
take up and use many parallel systems.   

Thus, the organizational implementation process needs to be extended to an inter-
organizational process. Inter-organizational ICT implementation may be defined as 
the process and actions required to adopt the ICT tools & services into operational use 
in the network, including the necessary process changes and end user participation.  

3   Development Approach  

As described in the previous sector, the availability of an IT solution does not 
guarantee the business benefits when taking it into use. Thus, from the research point 
of view, it is not enough to develop new technology. It is important also to consider 
how the technology could be best utilized and through which processes and actions 
each organization and network can achieve the benefits. One way to approach this is 
to identify the best practices or critical success factors for take-up of EC & EI 
solutions. They could serve as guiding principles or a check list of actions, processes 
or conditions that need to be fulfilled to achieve the expected results in an inter-
enterprise environment. 

This paper focuses on the identification of critical success factors for the context of 
Enterprise Collaboration (EC) and Enterprise Interoperability (EI) services. As a 
starting point research about IT adoption, organizational implementation and 
conditions for enterprise system success has been reviewed.  Critical success factors 
of IT implementation identified in previous research were reviewed and consolidated 
to a list of 17 items. This is described in chapter 4.1. The research base was enriched 
and adapted using the experience of COIN end users. The preliminary views of the 
end users were collected by interviews and survey templates and discussed in 
workshops.  The list was added with specific factors relating to the context of inter-
organizational collaboration, coming from the observations of the end users. The 
resulting list of 23 factors is presented in chapter 4.2. 

Finally, to validate the critical success factors in the context of EC & EI take up, 
the list was developed into a questionnaire to the end users. The questionnaire asked 
the end users to assess for each factor: 
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- the importance of the factor in the context of IT supporting collaboration and 
interoperability (with scale not important.. highly important), 

- the current level of practice: Is the factor currently considered and put into 
practice  in the network/ ecosystem of the end user organization when taking 
up IT solutions (always-often-sometimes-seldom-never)?  

The questionnaire was distributed to COIN end users. Because of the project internal 
use only, the group of respondents was, of course, quite small but on the other hand, 
the replying end users especially represented enterprises for which collaboration is 
important. The results are described in chapter 4.3. 

In addition to the identification of the importance of the presented factors the 
results can be used to indicate which factors (processes, practices) have the largest 
gaps within this group of end users. The gaps have been measured for each factor as 
the ratio of average importance rating and the average current usage:  

Gap = average importance rate / average current level of practice, 

where  
the average importance rate is the average of different users’ assessments given 
with scale from 1..5 (not important .. very important) and the average current level 
of practice is the average of the users’ assessments given also by 1..5 (with never-
seldom-sometimes-often-always). 
Thus the gap “indicator” should identify the factors which are important but 

seldom taken into account in the organizations and which would thus need more 
attention.  The results can be used to emphasize both the important and the usually 
ignored practices and for developing guidance for end users when taking up EC & EI 
services. 

4   Critical Success Factors (CSFs) for EC and EI Take Up 

4.1   Previous Research of CSFs in IT Implementation 

To support successful implementation, IT research has identified best practices as 
critical success factors, guiding the activities of organizations in the implementation 
process. Critical success factors (CSF) are defined as “the limited number of areas in 
which results if they are satisfactory, will ensure successful competitive performance 
of the organization” [27] or “key areas of performance that are essential for the 
accomplishment of a mission or project, i.e. the fields in which satisfactory results 
ensure the attainment of goals”. [2] Thus CSFs describe the activities and conditions 
for success, not only being in time and budget but also achieving the expected 
benefits.  IT research has reviewed the CSFs for ERP implementation, e-commerce or 
enterprise portals, mainly for single organizations [27, 33]. The focus has been in  
organizational change [21], measuring the relevance of CSFs with benefits based on 
case experiences [14,23,30], studying the interrelations [1], timing of CSFs in 
different phases of the implementation [11], in different types of organizations [2] etc. 
The factors given in different sources are largely similar and overlapping, even if their 
order of importance may be different for different application areas [27].   
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4.2   Adaptation for Inter-organizational Environment 

Critical success factors of EC & EI implementation represent the factors that are 
needed to ensure the success of EC & EI solution take-up. To define the CSFs for EC 
& EI context the factors presented in previous research were collected and 
consolidated together into a list of 17 success factors, classified into 6 groups. 

In a collaboration environment the success is not dependent alone of one company 
but may require the participation of several organizations. Thus some of the factors 
were modified because of the inter-organizational aspect. Based on the preliminary 
discussions with COIN end users also 6 factors relevant for collaboration environment 
were added (marked with * below). This resulted to the following list of 23 potential 
factors: 

1. Management and vision: 
1.1 Top management support, participation, commitment and involvement 
1.2 The vision of the collaboration is clear and shared* 
1.3 The take-up has clear goals and objectives. 
1.4 Common decision of the take-up* 

2. Solution selection 
2.1 Selection with minimal customization 
2.2 Sustainability of the service* 
2.3 Service offering future innovation* 
2.4 The solution business model & prizing clear and acceptable* 

3. Organization of take-up 
3.1 Take-up team has sufficient competencies and skills. 
3.2 Excellent Take-up Project management 
3.3 Consideration of multi-site issues - Local champions. 

4. System and process adaptation 
4.1 Adaptation of existing practices, identify inter-organizational processes affected 
4.2 Readiness of organizational culture for cooperation, change and participation 
4.3 Take into account balance of power and homogeneity 

5. Practices towards end users 
5.1 User involvement into the take-up processï

5.2 Collaboration maturity* 
5.3 Adequate training program 
5.4 Strong communication inwards and outwards 
5.5 Creation of incentives for collaboration, participation and information sharing 

6. Take-up phases  
6.1 Time box philosophy 
6.2 Phased take-up approach 
6.3 Analyze the interfaces with legacy/other systems 
6.4 Managing post-implementation process. 

 The content of the factors and their sources have been described more in [6].  

4.3   Results of End User Assessment 

This list, with supporting descriptions, was used as the basis for the identification of 
their relevance in the EC & EI context, using a questionnaire to the end users [6], as 
described above. The responding group was quite small; with six end user 
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organizations of which seven replies were received. Thus the results should also be 
assessed with this restriction; they are not telling the final importance of the factors 
but give anyway some preliminary information from users knowing well the EC & EI 
domain challenges. The results of the questionnaire showed that all the success factors 
which were considered critical in previous IT research, were assessed important also 
in this group of collaborating enterprises: they all had the average rate above 3,5 
(scale 1..5) and most of them had an average rate above 4. All the additional factors 
relating to collaboration had the average rate above 4.  Within this group of 
enterprises the following factors were seen most important: 

• Having or creating a clear and shared vision of collaboration:  The partners in 
the CN/BE/SC need to understand the benefits and goals of collaboration and 
have a common vision of the future. 

• Using time box philosophy in the take up: take-up plan offering benefits at 
different stages. Performance measures of benefits should be followed. 

• The services should offer future innovation, possibility for scaling up and 
further development. 

• The take-up team must have sufficient competencies and skills, including 
knowledge from past deployments and technology readiness. 
Multifunctional/organizational team is recommended. 

• The take-up should be supported by excellent project management at the 
CN/BE/SC level, depending on the take-up size and scope. Purposeful 
planning with formalized project plan, project monitoring and controlling, use 
of steering committee, risk management, competent project manager are 
recommended. 

• Collaboration maturity of the participating organizations, including trust, 
should be at sufficient level in the network. Previous experience of 
collaboration is needed. 

Thus, according to this group, these practices and conditions are the most important to 
take into account when taking up EC & EI solutions in a collaborative environment. 
However, their importance is not highly different from the other factors. Thus the list 
should not be “cut” but all the factors should be taken into account. A more detailed 
presentation of the observed rates of importance within COIN end user group is 
presented in [6].  

Even if all the factors were generally identified important, the companies are not 
usually following these practices. The rate of practice or factor usage was below 3,2 
for all the factors and for most factors less than 3 (meaning that the practice is 
sometimes applied). Thereby it seems that these practices are not commonly taken 
into practice even if the enterprises recognize them important and belong to the group 
of enterprises interested in innovation. Thus there is a need for this type of guiding list 
to support enterprises in their take up processes. 

When comparing the importance and the usage with the “gap indicator” (as 
described in chapter 3) the largest gaps were identified for the following factors:  

• The end users would like to be able to select the solution/ service business 
model, for example as a service or as a utility. The prizing is clear and 
acceptable. Currently they are not able to do this. 
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• The organizational change management, adaptation of existing practices, 
designing to-be processes, identifying inter-organizational processes affected 
and aligning the functionality with the business processes are considered 
important but not sufficiently considered in practical take-up cases of 
collaborating organizations. 

• According to the end users the take-up teams do not usually have sufficient 
competencies and skills. 

• The multi-site / multi-organization issues are not considered sufficiently. Local 
champions, translating the take-up vision into reality from the local viewpoint 
and solving problems, is recommended to support the take-up in a distributed 
organization / different organizations.  

• The balance of power and homogeneity, group cohesion and social capital are 
not sufficiently handled in organizations and networks within the take up. 
Psychological safety and recognition decrease the resistance and increase 
motivation of users.  

Three of these gaps come from low level of usage (seldom) and only one of the 
factors assessed in the six most important belong to this group. The full list of the 
values of the gap indicators is presented in [6].  

5   Conclusions 

This paper discusses the challenges of IT implementation in inter-enterprise 
environment, in the context of Enterprise Collaboration and Enterprise 
Interoperability services. The main focus is in the identification of critical success 
factors for EC & EI service take up.  Based on previous research and COIN end user 
experience critical success factors were identified, organized and finally validated by 
industrial end users participating in COIN project. 

The analysis within this group of six networked end user organizations showed that 
all the criteria defined for the single organizations were relevant also for inter-
organizational take up, but additionally six factors coming from the EC & EI context 
were needed. These consider, for example, collaboration maturity, common vision of 
the collaboration, common decision of the take up and offer for future innovation and 
scalability. Furthermore, the application of the different practices or principles behind 
the critical success factors was studied within the end user group. The result was that 
the common level of application or usage was low for most factors. This is partly due 
to underestimating the resources needed to create common understanding about the 
future concept which the IT is aimed to support. A measure of “gap indicator” was 
defined as the ratio of average importance rating and the average current usage of a 
factor. The gap indicator is able to reveal factors or practices that are not taken into 
practice sufficiently even if they are recognized important.  

The analysis was in this phase restricted in quite a small, COIN internal group. In 
future it would be interesting to extend it to larger user groups to see if there are 
differences in the importance or in the current practices between application fields. 
The reasons behind the gaps should be analyzed more in the future. Within the 
development towards Future Internet Enterprise Systems, which are expected to offer 
more ease of technical take up, it is important to increase the awareness of both end 
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users and the supporting software providers about the organizational requirements of 
IT implementation.  Future Internet research should also include a topic about IT 
innovations, from the end user viewpoint, taking into account user-oriented and user-
involved development.  
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Abstract. Cooperation is a key success factor for small and medium enterprises 
(SME) in most of the countries. At the beginning of the 2000s, a large European 
study has analysed the extent and the effect of cooperation between SMEs. 
However, how successful have been cooperation of SMEs during the economic 
crisis of the last years? Has the cooperation rate decreased or increased? What 
are the drivers and obstacles of SME cooperation? Based on an empirical study 
in a SME-rich region in Germany, which was finished in January 2011, these 
and further questions will be answered in detail. 

Keywords: Cooperation, Small and Medium Enterprise, Empirical Study, 
Collaborative Network, Virtual Breeding Environment. 

1   Introduction 

SMEs are a crucial economic factor in nearly every country in this world [1]. This 
fact has been recognized by the European Union at an early stage. In order to improve 
the monitoring of the economic development of SMEs and consequently to offer 
political support for the SME-sector, which is important in terms of economic policy, 
but also has a weak lobbying, the Observatory of European SMEs has been created in 
December 1992 by the European Commission, and replaced in 2008 by the SME 
Performance Review. 

However, the effort of this analysis of the SME-sector is enormous. Due to the 
legal form and the size only limited statistical data on SME are available (e.g. from 
business registers and tax authorities), SME-analyses are often conducted in the form 
of interviews with the companies. For example, in the 2007 Observatory survey  
more than 17,000 SMEs were interviewed over the telephone within one month  
EU-wide [2]. 

Although the scientific discipline of the Collaborative Networks (CN) has been 
well established in the meantime [3] and cooperation is considered essential 
especially for SME [4], only little empirical data on cooperation in SMEs is existent. 
In 2003, the extent and the effect of cooperation between European SMEs were 



528 J. Schütze et al. 

analysed in a large-scale study [5]. Unfortunately, this research line was not 
continued. Most of the following empirical analysis by the Observatory of European 
SMEs and the SME Performance Review have not reflected cooperative aspects. In 
addition, other SME-analyses, like the British CBR SME Survey [6] or the Canadian 
Stats Link SME Report [7], hardly allowed any conclusions on cooperative questions 
in SMEs. The only reliable access to empirically based data marks case studies in 
collaborative networks of SME (e.g. [8], [9]). 

In light of this, it appeared meaningful to conduct a survey on cooperation in SMEs 
and especially to include the experiences during the global economic and financial 
crises of 2007 to 2010. In the following, a survey about German SMEs will be 
presented dealing with this problem. 

2   The SMEflex Survey 

SMEflex is a German collaborative research project dealing with the stability-
conducive use of flexibility strategies in SME.1 The project started in autumn 2009 
and first gained a wide range of established flexibility approaches, which are 
mentioned in the literature. 50 internal and 74 external flexibility instruments had 
been identified and were clustered in seven groups. One of these flexibility groups 
comprised all kinds of cross-company collaboration.2 

The survey was carried out from September 2010 to January 2011 in 131 SMEs. It 
was designed as a multi-hour personal interview with the company owner, the 
executive board or the upper management level (e.g. chief financial officer). The 
surveyed enterprises belong to the following industrial sectors and regions: 

• Mechanical and plant engineering in the region East Germany 
• High performance composite materials in the federal state of Saxony-Anhalt 
• Precision technology and precision engineering in the federal state of Saxony 
• Renewably energies in the federal state of Berlin-Brandenburg 

All size ranges of SMEs were surveyed3: (1) micro-enterprises with a maximum of 9 
employees and an annual turnover of up to 2 million Euro, (2) small enterprises with a 
maximum of 49 employees and an annual turnover of up to 10 million Euro as well as 
(3) medium-sized enterprises with a maximum of 249 employees and an annual 
turnover of up to 50 million Euro (balance sheet total of up to 43 million Euro). Due 
to country-specific characteristics and on the basis of the SME definition given by the 
German Institute for SME Research [13], additional another size range of SMEs was 
surveyed: (4) medium-sized enterprises with a maximum of 499 employees and an 
annual turnover of up to 50 million euro (balance sheet total of up to 43 million Euro). 
For comparative purpose, two large scale enterprises (LSEs) were surveyed too. The 
questionnaire was tested and improved in all four sectors and regions. 

                                                           
1 The research agenda of the project is described in [10]. 
2 Details on the flexibility groups can be found in [11]. The present article focuses only on  
   cross-company collaboration. 
3 According to the EU definition of SMEs [12]. 
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3   Empirical Results 

3.1   Extent of SME Cooperation 

As the EU-study of 2003 [5] already stated, the extent of cooperation is subject to 
considerable country-specific differences. Whilst nearly 70% of all SMEs in Finland 
cooperated, it was only 10% in Portugal. The cooperation rate in German SMEs 
totalled at less than 30% according to this study [5:24]. 

Compare to that, the SMEflex survey of 2010/11 shows a strong increase in the 
cooperation rate since 2003 – 72% of the surveyed SMEs stated that they are 
cooperating. It is striking that the extent of cooperation correlates with the enterprise 
size. Whilst only up to 46% of the micro-enterprises participate in cooperation, 
already up to 67% of the small enterprises and up to 82% of the medium-sized 
enterprises act likewise. The cooperation rate in medium-sized enterprises with more 
than 250 employees (German SME definition, see chapter 2) and large scale 
enterprises, mounted up to 100% (figure 1). 

 

Fig. 1. Cooperation rate in German SMEs (n=131+2) 

3.2   Objectives of SME Cooperation 

The objectives enterprises associate with cooperation are exceedingly multifaceted. 
Table 1 outlines the pursued objectives. Altogether, a large percentage of SME 
cooperation aims at economic aspects: By cooperating, 61% of the SMEs aim at 
improving their profitability, 59% at using synergies, 51% at achieving cost 
reductions and 47% at saving time. Market-oriented objectives are in second place: 
By cooperating, 56% of the SMEs would like to enter new markets, 42% want to 
create new market strengths or improve their negotiating position and 24% target on 
overcoming market and mobility barriers. Further objectives like representation of 
interests and risk splitting only play a subordinate role. 
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Table 1. Reasons for SME cooperation (n=94) 

 Percentage of SMEs* 
Improve profitability 62% 
Use of synergies 61% 
Entering new markets 55% 
Realising qualitative competitive advantages  54% 
Cost reduction 51% 
Optimisation of the value-added chain 49% 
Time-savings 48% 
Taking up activities not realisable by the power of a single enterprise 46% 
Create market strength/improve negotiating position 43% 
Representation of interests 35% 
Changing market and mobility barriers  24% 
Risk splitting 19% 
Remedying competitive situation 17% 
Prestige reasons 15% 
Unification and standardisation of inter-company procedures 13% 
Others 15% 

* Multiple answers allowed 

 
A better qualification of the employees, development of new products, improve 
customer loyalty, creating fixed relationships and gaining information on trends and 
tendencies of the industry at an early stage were named as other aims. The categories 
used in the EU-study of 2003 [5] are apparently not sufficient to cover the entire 
range of cooperation objectives.4 

3.3   Drivers of SME Cooperation 

Which factors have had a positive influence on the cooperation with other SMEs? 
This central question documents the actual experiences made by the SMEs whilst 
cooperating (Table 2) and is a major factor in providing support for Virtual Breeding 
Environments and finally CN creation [14]. 

The achieved know-how profit is pointed out as a positive effect by 54% of the 
enterprises. When cooperating, already existing business relationships are considered 
advantageous by 51% of the SMEs and 43% associate an improved corporate image 
with cooperation. Likewise, 43% of the surveyed SMEs improved their market 
position by cooperating, whilst 31% observed rationalisation effects and 21% a more 
efficient business organisation in their enterprises. If there is no existent business 
relationship between the cooperating partners so far, 27% found it advantageous to 
have a structural similarity between the partners and 16% preferred a similar 
organisational culture. A reduced risk of non-productive time could be observed by 
11% of the SMEs. Only 2% of the surveyed SMEs were not able to detect any 
positive factors occurring out of cooperation. Confidence, a reduction of the 
processing time and an advance in new technologies were named as other drivers. 

                                                           
4 The following objectives were differentiated: access to new and bigger markets, to expanded 

procurement options for products, access to know-how and technologies, additional 
production capacities, lower costs, access to labour, access to capital and others [5:19]. 
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Table 2.  Enhancers of SME cooperation (n=94) 

 Percentage of SMEs* 
Achieving know-how profit 55% 
Already existing business relationships 51% 
Improved image of the own company 43% 
Improved market position 43% 
Rationalisation effects 32% 
Structural similarities of the partners 28% 
More efficient business organisation 21% 
Similar business culture 16% 
Reduced risk of non-productive time 12% 
Others 15% 
No enhancers 2% 

* Multiple answers allowed 

3.4   Obstacles to SME Cooperation 

Of course, it is important as well to name those factors that could negatively affect 
cooperation or maybe even avoid their initiation. The answers documented in Table 3 
exclusively result from companies that already took part in cooperation, i.e. have own 
experiences. The apprehensions of non-cooperating SMEs are not included. 

Basically, two important categories can be recognised: organisational and 
confidence barriers. The following barriers can be counted among the category 
organisation: 31% of the surveyed SMEs considered the organisational effort 
emerging from cooperation to be negative and 20% stated longer decision-making 
times because of the cooperation. The category confidence is considerably more 
multifaceted: 25% of the companies rated arising dependencies as a barrier, 22% had 
difficulties in finding appropriate cooperation partners, 20% were afraid to lose know-
how, 10% feared unequal power distribution between the cooperation partners, 8% 
worried about an opportunistic behaviour of a cooperation partner, 8% criticised a 
lack of communication and 7% a lack of confidence. 18% of the surveyed SMEs  
 

Table 3. Barriers to SME cooperation (n=94). 

 Percentage of SMEs* 
Organisational effort 31% 
Arising dependencies 25% 
Difficulties in finding appropriate cooperation partners 21% 
Fear of losing know-how 20% 
Longer decision-making times 19% 
Fear of unequal power distribution between the cooperation partners 11% 
Fear of opportunistic behaviour of a cooperation partner 9% 
Lack of communication 9% 
Lack of confidence 7% 
Unclear advantage of the cooperation 7% 
Others 4% 
No barriers 18% 

* Multiple answers allowed 
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observed no cooperation barriers and the advantage of the cooperation was not clear 
to 7% of the companies. In comparison to the EU-study “SME and cooperation”, a 
similar categorisation of the cooperation barriers could be detected, even though the 
prioritisation of the factors is, to some extent, considerably varying [5:36]. 

3.5   SME Cooperation and Competitive Strength 

In the SMEflex survey, it was attempted to evaluate how the competitive strength of 
an SME is influenced by cooperation. “The measurement of the relationship between 
SME co-operation and competitive strength is complex, ambiguous and difficult” 
[5:33] already found the ENSR Survey 2003. 

Thus, in a first step the SMEs were asked according to their satisfaction in relation 
to introduction, achievement, employee acceptance, business benefit and crisis 
aptitude (Figure 2). 

 

Fig. 2. Satisfaction with cooperation (n=94) 

Since these statements are subjective and tends to be too positive after recovery 
from crisis, additionally the staff acquisition was analysed. As shown in Figure 3, the 
percentage of SMEs with staff inflow in 2009 was in the cooperating enterprises 
significantly higher than in those without staff acquisition (76% vs. 52%). 

 

Fig. 3. Staff acquisition in SME during 2009 (n=116) 
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4   Conclusions 

This report provides an overview of the current (post-crisis) situation in the SME 
sector of East Germany. It could only be given a brief outline. However, even these 
few empirically-based data show the importance of cooperation for SMEs and what 
factors contribute to help or hinder the creation process of cooperation. A 
consolidated view indicates that the smaller the company, the more potential there is 
for cooperation. 

Therefore, the creation of a cooperative milieu, particular in regions with a high 
share of SMEs5, is crucial to their economic survival. The approaches from the 
European FP6 ECOLEAD project or the German Collaborative Research Center 457 
„Non-hierarchical Regional Production Networks” provide a sound base for this but 
need a stronger policy support. 

A deeper analysis of the empirical data with multivariate statistics is envisaged as 
the project continues. 
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Abstract. Collaboration is a term commonly used to refer to a type of inter-
organizational relationship. However, in real business assessments, many 
collaborative relationships fail due to the lack of understanding of the factors 
influencing collaboration sustainability. For this reason, enterprises, prior to 
engage to a collaborative relationship, need to understand further which the 
main factors influencing collaboration relationships are, how they are structured 
and how they interact so that decision makers that desire to engage in a 
collaborative relationship/network focus not only on improving performance 
indicators but also on the factors that influence the results of those performance 
indicators. The purpose of this paper is to present a critical literature review of 
factors influencing collaborative relationships in order to perform a comparative 
study of the works for identifying main strengths and gaps for future research.  

Keywords: Collaboration, collaborative networks, conceptual issues. 

1   Introduction 

In the current complex business environment, enterprises adopt different strategies 
and business models to remain competitive in the marketplace. In order to be 
efficient, enterprises focus on their own core competencies and rely on other 
enterprises for developing activities that are related to non-core competences. In fact, 
enterprises engage in diverse types of relationships that differ in their scope and 
broadness ranging from transactional type (punctual relationship) to collaborative 
relationship (long-term relationship). Enterprises must know which type of 
relationship they need to engage as not all types of relationships are suitable for all the 
business purposes. For example, in [1], it is presented a classification of four types of 
relationships among organizations depending on the degree of interaction: 
networking, coordinated networking, cooperation and collaboration. From a global 
perspective, collaboration relationships are the ones that involve the greatest degree of 
interaction and, for that reason, are the most complex. Collaboration involves two or 
more independent enterprises working together to align their processes with the goal 
of creating value to end customers and stakeholders with greater success than acting 
alone [2]. However, collaborative relationships may fail if they are not properly 



536 M.-J. Verdecho, J.-J. Alfaro-Saiz, and R. Rodríguez-Rodríguez 

managed [3-4]. The Supply Chain Management Review and Computer Science 
Corporation [5] performed a survey and observes that collaboration is cited as the 
single most important topic; but how to achieve it is not well understood. The survey 
showed that 44 percent of the organizations in the sample have functions specifically 
for supplier and customer collaboration. However, only about 35 percent of the 
collaboration initiatives turned out to be even moderately successful. As [4] suggest, 
perhaps, it is because not all participants in every supply chain have embedded 
collaborative values. In [6], it is indicated that the lack of understanding of 
collaboration structure and dynamics is considered the main cause of failure of 
collaborative initiatives. Then, it seems important that enterprises that desire to 
engage into a collaborative relationship understand the complexity of collaboration, 
which are the main factors influencing collaboration, how they are structured and how 
they interact so that so that decision makers that desire to engage in a collaborative 
relationship/network focus not only on improving performance indicators but also on 
the factors that influence the results of those performance indicators. 

The aim of this paper is twofold. The first purpose is to provide a literature review 
of works that analyze factors influencing collaborative relationships (section 2). The 
second purpose is to perform a comparative study of the works reviewed for 
identifying main strengths and gaps for future research (section 3 and 4).  

2   Literature Review 

In this section, it is presented a review of works that deal with inter-organizational 
and collaborative relationships in order to analyze the factors that influence inter-
organizational relationships (in general) and collaborative relationships (in particular). 
It has to be noted that inter-organizational relationships embed all types of 
relationships, as collaborative relationships are the most complex type involving the 
greatest degree of interaction. From the literature review, a typology composed of 
three groups has been defined (see Fig. 1).  

 

Fig. 1. Relevant factors influencing collaborative relationships: a typology 
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The first group consists of works that identify factors influencing inter-
organizational relationships (type 1). The second group present works that propose 
conceptual frameworks of collaboration (type 2), and finally, the third group is 
composed by works that present empirical models of collaboration (type 3). The 
typology is then structured from a lower to a higher degree of interaction among 
factors (type 1 only describe some conceptual interaction among factors, type 2 
structures the interaction among factors under a conceptual framework and type 3 
structures the interaction among factors under a framework and quantifies their 
relationships empirically). 

2.1   Works That Identify Factors Influencing Inter-organizational Relationships 

There are numerous works in literature that deal with inter-organizational 
relationships. It is out of the scope of this paper to review all these works, but a 
selection has been performed with the aim of identifying the main factors influencing 
inter-organizational relationships. Within this group of the typology, we have 
considered two main subgroups of works. One subgroup consists of works that 
present classifications of inter-organizational environments according to the level of 
maturity reached in different aspects of their relationships, i.e. they present supply 
chain evolutionary models (from lower to higher level of collaboration). Within this 
subgroup, in [3], it is presented a supply chain classification depending on two main 
aspects: strategic value of the relationship and technology used to support it. From a 
process perspective, in [7], it is developed a model to classify supply chains based on 
the maturity of their processes. Each level is characterized according to different 
factors such as alignment of processes, organizational structure, cooperation, process 
performance and trust. In [8], a typology for supply chain characterization related to 
Fiske [9] social relationships theory and the interdependence concept is exposed. In 
[10], it is presented a classification of supply chains according to the presence of three 
factors in the CPFR (Collaborative Planning, Forecasting and Replenishment) 
process: collaboration form, ICT and coordination mechanisms. In [1], organization 
relationships are classified into four groups depending on four types of factors: 
communication and information shared; complementary, compatible and/or joint 
objectives; activity alignment and joint responsibility. In addition, the authors 
highlight the need of measuring collaborative performance and importance of 
relationships attributes such as trust. 

The second subgroup comprises works that identify the main factors influencing 
partnerships. In [11] it is considered five factors of inter-organizational relationships: 
degree of absolute and relative commitment, symmetry of rewards, extent of 
uncertainty, degree of mutual trust, and length of the relationship. [12] identifies 
seven factors for partnering contexts: business processes, people, trust, technology, 
structure, financial resources and culture. [13] analyzes eight factors from different 
disciplines of theory (marketing, economy, strategy and management) that may 
influence the evolution on supply chain management. The eight factors are: trust, 
power, dependency, economy, collaboration, assets, risk and communication. 

From the review, we can group the key factors influencing inter-organizational 
relationships into: strategic value of the relationship and goal congruence; information 
shared; ICT and Information Systems (IS) role; joint decision-making, activities and 
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problem solving; process approach and management levels; relationship attributes 
such as trust, commitment, interdependence and coordination; equity or symmetry of 
investments, risks and rewards; and performance measurement.  

2.2   Conceptual Frameworks of Collaboration 

In this work, a conceptual framework that characterizes collaboration is defined as 
‘the set of elements that organized and interrelated allow the representation of the 
collaboration relationships within inter-organizational environments in a generic 
manner’. [14] proposes a conceptual framework that associates variables of 
relationships (commitment, cooperation, interdependence/power, technology, trust, 
mutual goals, etc.) to different stages in relationship process (partner selection, 
defining purpose, setting relationship boundaries, creating relationship value and 
relationship maintenance). It exposes the interaction among some of the variables 
describing how they may evolve when an event happens during the different stages. 
Nevertheless, the work could be further extended by including collaborative processes 
and performance measurement. 

In [15], it is developed a conceptual framework for cross-enterprise collaboration 
that identifies processes, competencies and capabilities. Key process performance 
objectives for each process are established. In this sense, the inclusion of performance 
objectives for the leadership process sustained by the ‘relationships’ competence is 
noticeable. However, the relationships competence does not consider important 
relational attributes e.g. trust.  

[16] presents a conceptual framework structured in three levels: strategic, 
collaborative and cultural elements. The framework considers inter-organizational 
process alignment through the organizations, performance indicators for the whole 
SC, the connection between SC performance indicators and the cultural elements, and 
identifies technology as strategic factor. However, the connection among some of the 
elements is not explicit. For instance, there is no direct connection between 
performance indicators and joint decision-making.  

Other works reviewed are [17], [18], [19], [20] and [21]. From the review, we can 
conclude that although the reviewed conceptual frameworks present some aspects that 
can be extended, they are a foundation for understanding which are the main factors 
and interrelations influencing collaborative relationships. Therefore, these works 
facilitate to analyse further the connection of these collaborative factors although they 
do not use quantitative techniques that allow measuring the degree of influence 
among the different factors what is reviewed on the next type of works.  

2.3   Empirical Models of Collaboration 

The works presenting empirical models have gained attention in the literature in the 
last years as they test relationships among variables (factors) based on real data. [22] 
develop a model of commitment-trust theory suggesting that trust and commitment 
are mediating variables between other factors such as cooperation, conflicts, 
communication, opportunism and benefits.  

[23] identify from an empirical study the characteristics that contribute to 
successful partnerships: relationship attributes (coordination, commitment, and trust), 
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communication behaviour (participation, and communication quality) and joint 
problem solving techniques. 

The works [24], [25], [26] and [27] expose models with trust as a key factor to 
increase commitment in relationships as well as a mediator between commitment and 
the other collaboration factors. The authors suggest that commitment improves with a 
higher degree of adaptation, shared values, communication, satisfaction and 
cooperation. [28] presents a model with interdependence, commitment and trust 
factors. This work details that there is two types of commitment, calculated and 
affective, and analyze to what extent they are influenced by interdependence and trust 
in the supply chain. [26] also distinguish types of commitment: affective, continuity 
and normative. The work aims to study the impact of affective and continuity 
commitment in supply chain integration and increases coordination among partners. 
On the other side, normative commitment allows establishing objectives and shared 
values. Other works, [29] and [30] do not include in their works the commitment 
factor but they consider trust an essential factor of collaboration. [29] analyze the 
impact of three factors: trust, ICT, and information network on the joint efforts 
(planning and conflict resolution). In [30] trust is a mediator factor between other 
factors such as participation, communication, learning capability, and ability to share 
knowledge to finally obtain inter-organizational knowledge share. Other works 
reviewed include [31] and [32].  

After analyzing the works it is observed that there is not a consensus reached 
among the authors regarding what are the main factors of collaborative relationships 
and which are the influences among them. In fact, there are some factors, e.g. trust 
that is modeled in two different manners (mediator variable and dependent variable). 
It has to be noted that the most modeled factors are trust, commitment and 
communication. Each work establishes different objectives for their models but the 
most commonly used dependent variable are joint action, trust and commitment. This 
means that this type of models mostly try to analyze the effects of the other 
collaborative factors on these three factors in order to achieve sustainable 
relationships. 

3   Comparative Study 

Table 1 presents a comparative study of the works reviewed. For that purpose, eight 
most commonly cited factors have been considered so that different perspectives of 
enterprises are covered: strategic, process, culture, communication infrastructure and 
performance measurement (management). This is because the works that integrate 
different enterprise perspectives constitute a sound basis for understanding 
collaboration relationship dynamics. The reviewed factors are: common strategy (S), 
collaborative processes (P), collaborative culture (in general) (CC), trust (T), 
commitment (C), information shared (IS), ICT and performance measurement (PM). 
The criteria established to compare the works ranges from absence of the factor 
(blank) to high degree of consideration (++). 
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Table 1.  Comparative study of the works reviewed 

Tip. References S P CC T C IS ICT PM 

1 

Birnbirg (1998)   + ++ ++  + + 
Boddy et al. (2000) + + +    + + 
Sabath and Fontanella (2002) ++ + +   + ++  
Handfield and Bechtel (2004) +  + ++  ++  + 
Lockamy and McCormack 
(2004) 

+ ++ + 
+  

+  + 

Lejeune and Yakova (2005) +  + ++  ++   
Danese (2006) +  +   + ++  
Camarinha-Matos et al. (2009) ++ + + + + + + + 

2 

Wilson (1995) +  + + + + + + 
Bowersox et al. (2003) ++ ++ +  + ++ ++ + 
Barratt (2004) + ++ + + + + + + 
Min et al. (2005) ++ ++ +   ++ + + 
Simatupang and Sridharan 
(2005) 

++ ++ + 
+ + 

++ ++ + 

Burgess and Singh (2006) ++ ++ + +  ++ ++ + 
Giannakis (2007) ++ ++ + ++ ++ + +  
Gruat La Forme et al. (2007) + ++ +   ++  + 

3 

Morgan and Hunt (1994) +  ++ ++ ++ ++  + 
Mohr and Spekman (1994)   ++ ++ ++ ++  + 
Geyskens et al. (1996)   + ++ ++    
Zineldin and Jonsson (2000)  +  ++ ++ ++ ++  + 
Coote et al. (2003),    ++ ++ ++ ++   
Wu et al. (2004) + ++ ++ ++ ++ ++   
Handfield and Bechtel (2002) +  + ++  ++  + 
Kwon and Suh (2005)   + ++ ++  ++  
Pimentel et al. (2006)    + ++  ++   
Matopoulos et al. (2007) + ++ + +  ++ ++  
Cheng et al. (2008) +  + ++  ++ +  

4   Conclusions and Research Implications 

From the table, the main conclusion obtained is that there is not a consensus regarding 
what are the main factors of collaborative relationships and which are the influences 
among them. First, the different groups present different insight into the factors. For 
example, type 2 and 3 provide more insight than type 1. However, type 2 and 3 differ 
on the factors treated. Type 2 deepens more on strategy, processes, information shared 
and ICT while type 3 deepens more on collaborative culture, trust, commitment and 
information shared. It has to be noted that other factors such as performance 
measurement are only treated in low detail in these works. Thus, one future research 
line is to analyse how performance measurement frameworks developed for 
collaborative enterprises can be connected to the conceptual frameworks and 
empirical models reviewed in this work to conceptualize further and measure factors 
influencing collaborative relationships. 
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Second, the interrelations among collaborative elements identified by the different 
works of type 2 and 3 of the typology differ and only cover some of the factors. Even 
in the type 3, there are some factors, e.g. trust that is modeled in two different 
manners (mediator variable and dependent variable). Further research is needed to 
model all the factors influencing collaborative relationships, establishing the 
interactions among them and quantifying under the same model all the existing 
influences. It may seem that complex models do not capture the essence of what is 
analysed. However, simple models do not capture the dynamics of complex 
phenomena. Further research should encounter a balance of both aspects for the 
different situations. 

Third, some interactions among factors have been analysed in more detail e.g. trust 
and commitment, while other interesting interactions have been less treated e.g. 
strategy and trust or strategy and performance measurement. Further research should 
consider these issues into their scope. Finally, it is important to note that it will be 
interesting to analyse combinations of all types of factors as all of them influence 
each other in a collaborative relationship. 
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Abstract. A Green Virtual Enterprise (GVE) is an emerging sustainable 
manufacturing and logistics networked enterprise model focused on offering, 
delivering and recovering green products to/from the market, under a lifecycle 
thinking and supported by its source network. In this paper, a GVE Breeding 
Environment Reference Framework is proposed as a common architectural 
framework offering a clear approach for conceiving sustainable and fully 
flexible forward and reverse supply networks, within a breeding environment 
context, based on a set of five building blocks: targets, main actors, operating 
principles, lifecycle and supporting technologies, to create and manage GVEs. 
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Industrial Symbiosis, Sustainable Industrial Development. 

1   Introduction 

The Green Virtual Enterprise phenomenon is nowadays gaining attention worldwide, 
be it in the form of sustainable supply chains, finding its way as a promising paradigm 
in manufacturing and service industries to help enterprises to cope with the challenges 
of turbulent market conditions in the context of economic, environmental and social 
pressures to achieve a sustainable industrial development model. However, traditional 
sustainable supply chain practices tend to value innovations that are incremental in 
nature. As a result, current sustainable supply chain strategies are appropriate to make 
the supply chain “more sustainable”, rather than “fully sustainable”, as a fully 
sustainable approach may require a complete re-engineering of the whole supply 
chain. In this sense, the Green Virtual Enterprise (GVE) initiative [1] aims a radical 
value innovation approach as a response to the difficulties of dynamically creating 
and managing different but integrated flexible forward and reverse supply networks, 
better known as ‘closed-loop supply networks’, to address the market dynamic 
changes and divergent customers’ buying behaviour in a sustainable way.  By 
enhancing the traditional sustainable supply chain practices [2] with the dynamic VE 
principles [3], the GVE Breeding Environment (GVBE) Reference Framework goal is 
to support the creation and management of short-term and dynamic coalitions of 
green enterprises, that may be tailored within a GVBE, to respond in a sustainable 
way to collaboration (business) opportunities, by integrating the green skills or core-
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competencies and resources required to meet or exceed the quality, time and cost 
frames expected by the customer, striving always the triple bottom line.  

In this paper, a GVBE Reference Framework is proposed as a common 
architectural framework offering a clear approach for conceiving sustainable and   
fully flexible forward and reverse supply networks, within a breeding environment 
context, based on a set of five building blocks: targets, main actors, operating 
principles, lifecycle and supporting technologies, to create and manage GVEs. 

2   Green Virtual Enterprise Breeding Environment Base Concepts 

For a complete understanding of the GVBE Reference Framework building blocks it 
is important to first define the following base concepts: 

Green Enterprise – is an enterprise that strives to meet the triple bottom line by 
ensuring that all products, processes, manufacturing and logistics activities in its 
business operation address the sustainable principles [1]. 

Green competencies – are those environmentally conscious business practices and 
strategies such as [1]: For forward supply networks: Design for the Environment 
(DFE), Green Product Lifecycle Management (G-PLM) and Lifecycle Analysis, Lean 
Manufacturing, Total Quality Environmental Management (TQEM), Environmental 
Management Systems (EMS), Green Supply Chain Management (G-SCM), Green 
Logistics, ISO14000 series’ requirements. For reverse supply networks: inspection, 
diagnostic and recondition techniques to obtain the most value from a recovered 
product through a re-use (e.g. spare parts), refurbish (e.g. repair or re-manufacturing), 
recycling (e.g. scrap) and/or safe disposal (e.g. hazardous wastes treatments) strategy. 

GVE Breeding Environments (GVBEs) – are long-term strategic alliances of green 
enterprises and their related support institutions aimed at offering the necessary 
conditions (human, financial, social, infrastructural and organisational) to support the 
rapid and fluid configuration of GVEs. GVBEs act as closed-loop systems where 
material, energy, information and technology among their members are recycled or 
shared to achieve a sustainable efficiency strategy (e.g. industrial symbiosis). GVBEs 
are intelligent networks for competencies and resources management from different 
green enterprises aiming to combine their green capabilities and capacities   to deploy 
innovative and cost-effective green technologies and practices to promote a 
sustainable industrial development through F-GVEs and R-GVEs creation [1] [4] [5].  

GVEs as dynamic forward supply networks (F-GVEs) – are temporary alliances of 
green enterprises that come together in order to better respond the market demands 
through the most efficient use of their complementary skills or core-competencies and 
shared resources, for developing and delivering in a sustainable way new products to 
the customer with a minimal environmental impact - within a GVBE [1] [4] [6]. 

GVEs as dynamic reverse supply networks (R-GVEs) – are temporary alliances of 
green enterprises that come together in order to better respond a business opportunity 
based on a sustainable reverse logistics and end-of-life manufacturing approach for 
recovering products, parts, subassemblies and/or scrap through the most efficient use 
of their complementary skills or core-competencies and shared resources for their 
direct-use (re-use), repair, re-manufacture, recycle or safe disposal - within a GVBE [1]. 
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3   GVE Breeding Environment Reference Framework 

A Green Virtual Enterprise (GVE) is an emerging sustainable manufacturing and 
logistics networked enterprise model focused on offering, delivering and recovering 
green products to/from the market, under a lifecycle thinking and supported by its 
source network. As shown in Fig. 1, the GVBE Reference Framework can be 
described based on five building blocks to create and manage GVEs in their both 
modalities: forwards and reverse supply networks. 
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Fig. 1. GVE Breeding Environment Reference Framework 

3.1   GVE Breeding Environment and Green Virtual Enterprises Targets 

The GVBE model potential, to target the achievement of sustainable and fully flexible 
supply networks, resides in its ability to dynamically configure forward and reverse 
supply networks (e.g. GVEs), according to the needs and opportunities of the market 
and keep them operational as long as these opportunities persist, suggesting a number 
of sustainable benefits, among which the following can be emphasised [see also 3]: 

Agility – represented by the ability to react in a short time to a competitive market 
opportunity through the rapid configuration of a GVE - within a GVBE.  

Leanness – represented by the ability to focus on efficiency and lowest cost-to-serve   
by searching, assessing and selecting the most suitable green enterprises (GVE partners) 
according to different sustainable quantitative and qualitative metrics [7] in order to 
reduce production and logistics costs, and environmental impact. 
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Greenness – represented by the ability to minimise the environmental impact by 
integrating different green competencies and technologies available in several green 
enterprises (GVBE members) within a GVE. 

Flexibility – represented by the ability to offer and/or respond with “unlimited” 
capabilities and capacities to the market demand variations and picks by adding either 
more green enterprises with complementary competencies to enhance engineering 
capabilities and/or more green enterprises with the same resources to increase 
production capacity to a GVE. 

Collaboration – represented by the ability to share costs and integrate resources 
and capabilities from multiple green enterprises in a GVE to exploit collaboration 
(business) opportunities in the most sustainable way. 

Specialisation – represented by the ability to integrate the best green technologies 
and practices (core-competencies) available in multiple green enterprises in a GVE to 
offer, deliver and recover green products to/from the market. 

3.2   GVE Breeding Environment and Green Virtual Enterprises Actors 

Eight kinds of actors or stakeholders can be identified within a GVBE and its GVEs, 
including [5] [8]: 

GVBE member – basic role played by a green enterprise registered at the GVBE 
and ready to participate in the GVBE activities. GVBE members are green enterprises 
adhering to a base long-term cooperation agreement and to the adoption of sustainable 
supply chain practices and ‘industrial symbiosis’ approaches in order to make their 
individual and collective operations more sustainable by collaborative means. 

GVBE administrator – role played by a green enterprise responsible for the overall 
GVBE operation and evolution from a network management perspective, and from a 
sustainable industrial development model perspective for the promotion of ‘industrial 
symbiosis partnerships’ among the GVBE members by exploring material, energy, 
information and/or technology flows within the breeding environment that can be 
used to find resources-based synergies, devise strategies to increase the cycling of 
resources, and identify gaps in current green competencies and resources management 
and solve them by searching and recruiting new green enterprises into the GVBE. 

GVE broker or simply broker – role played by one or more GVBE members 
responsible for the identification and acquisition of new collaboration (business) 
opportunities in the market (e.g. green products development and/or green services 
provision) by marketing the GVBE green competencies to potential customers, and 
for the identification and development of new complementary businesses for existing 
GVBE members’ activities or creation of new ones based on core-competencies and 
resources synergies. GVE brokers should assess each opportunity based on its 
technical feasibility, economic advantage and environmental impact. 

GVE planner or business integrator – role played by a green enterprise responsible 
for a GVE creation in any of its two modalities: F-GVE or R-GVE. GVE planners are 
responsible for the identification of the necessary green competencies and capacities, 
as well as the GVBE members that possess those competencies (potential GVE 
partners) to deliver and/or recover a green product to/from the market.  
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GVE coordinator – role played by a green enterprise responsible for the GVE 
operation, following the sustainable principles in all its sourcing, production and 
distribution/logistics activities, in order to achieve the GVE goals in a sustainable way. 

GVE partner – basic role played by a green enterprise (GVBE member) involved 
in a GVE (in any of its two modalities), contributing with its green capabilities and 
capacities to the GVE goals achievement.  

GVE customer – role played by a green consumer that may be an individual or an 
organisation with an environmental conscious and interested in purchasing green 
products and/or services from the GVBE by triggering the formation of GVEs.   

GVBE support institution or service provider – a green service provider offering 
complementary services, supporting tools and/or mechanisms to the GVBE, such as: 
environmental certifications, eco-labels and/or green standards to support the GVBE 
sustainable industrial model. 

3.3     GVE  Breeding  Environment  and  Green  Virtual  Enterprises Operating 

Principles 

At GVBE level, some main operating principles to be considered are: 

Standardisation – GVBE members will adopt common working and sharing 
principles, common interoperable infrastructures and a common ontology in order to 
reduce the barriers towards successful collaborations [8]. 

Resources sharing – GVBE members will create a resource pool (bag of assets) 
with different tangible and intangible shared resources in order to eliminate redundant 
assets within the GVBE and manage their ownership costs in an efficient way [8].   

Collaboration – GVBE members will share information, resources, responsibilities, 
risks and rewards to jointly plan, implement and evaluate sustainable initiatives [9]. 

Industrial symbiosis – GVBE members will follow a cooperative approach to a 
sustainable industrial development model and sustainable supply networks involving 
links/exchanges/sharing of material, energy, information, technology and other tangible 
and intangible assets and by-products based on a collaboration strategy supported by 
shared use of assets, logistics, expertise and knowledge transfer [1] [10]. 
 

At GVE level, some main operating principles to be considered are: 

Collaborative logistics – GVE partners (shippers, carriers and suppliers) will create 
a green logistics network to reduce the costs and environmental impact related to the 
transportation of raw materials, components and products by sharing logistics services 
assets such as trucks, trailers, warehouses and/or containers [11]. 

Sustainable supply networks – GVE partners will integrate/adopt the sustainability 
principles into their forward and reverse supply networks, from product design (green 
designs and green products), to material sourcing and selection (green materials and 
green suppliers), to manufacturing processes (green production), to the delivery of  
the final product to the customer (green packaging and green logistics/transportation), 
as well as into the end-of-life management of the product after its useful life (green 
recycling) [1] [2]. 

Green manufacturing – GVE partners will attempt to reduce the environmental 
impact of their manufacturing activities without sacrificing product quality and cost 
by focusing on the adoption of those green materials, green processes and green 
technologies that reduce waste, pollution and energy consumption [12]. 
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3.4   GVE Breeding Environment and Green Virtual Enterprises Lifecycles  

GVBEs lifecycle scenario:  
All GVBEs will go through the following lifecycle stages [1] [5] [8]: (a) creation – 
planning the creation of a new breeding environment by identifying potential areas for 
eco-industrial networking among the potential GVBE members, defining the GVBE 
business model targeting specific industry sectors with sustainability benefits and 
potential GVBE members with a competitive (green) differentiation, and establishing 
the business processes, (ICT) infrastructures and governance model for populating 
and launching the GVBE; (b) operation/metamorphosis – GVBEs will operate striving 
for the diversity of green- enterprises, materials, processes, technologies, products and 
services that may enhance the industrial symbiosis partnerships within the breeding 
environment, promoting the creation of truly dynamic and sustainable supply 
networks (GVEs) offering, delivering and recovering green products and/or services 
to/from the market, and creating the necessary (common interoperable) infrastructures 
to facilitate the linking, exchanging and sharing of tangible and intangible assets and 
by-products as part of the GVBE industrial symbiosis strategy [10] [13]; and (c) 
dissolution – in the case of a GVBE closing, a knowledge transfer of best practices 
and lessons learned should be made to other GVBEs (see Table 1). 

Table 1. GVBE Detailed Lifecycle Stages [1] [5] [8] [13] [16] 

Lifecycle Stages Description 
Identification of the potential industry sectors and (green) enterprises that could 
be involved in the GVBE. Modelling the GVBE to reveal potential collaboration 
(business) opportunities to build-up symbiotic industrial networks (GVEs). 
Identification of the infrastructures and support services to be provided  
by the GVBE to enable effectiveness and efficient in doing green businesses and 
collaborating in industrial symbiosis initiatives. 

Initiation & 
Recruiting 

Recruitment of the right mix of industries and green enterprises to achieve  
a critical mass to create successful industrial symbiosis partnership (GVEs). 

C
re

at
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n 

Foundation 
Establishment and set-up of the business processes, infrastructures and 
governance model needed to support the GVBE members’ industrial symbiosis 
partnerships (GVEs). 

Operation 

General management of all activities needed to support the GVBE smooth 
operation such as: strategic and marketing management; financial, accountability 
and resources management; governance management; bag of assets management; 
value systems management; ontology management; ICT management; support 
institutions management; membership and structure management; profiling and 
competency management; trust management; performance management; etc. [16] 

Metamorphosis 
GVBEs as natural ecosystems, or properly said industrial ecosystems, will adapt 
their strategies, business processes and structure to tactically respond to new 
sustainable market changes and trends. 

Dissolution 
If a GVBE may cease to exist, knowledge and technology transfers’ initiatives 
such be promoted as part of a meta GVBEs’ industrial symbiosis network. 

 
GVEs lifecycle scenarios:  
All GVEs, in their forward or reverse supply network modalities, will go through the 
following lifecycle stages within a breeding environment [1]: (a) creation – a new 
green business opportunity will be identified (by a GVBE member acting as broker) 
and will trigger a F-GVE formation for a new green product development or a R-GVE 
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formation for a product repair, re-manufacturing, recycling and/or safe disposal; 
managing both kind of supply networks within a GVBE makes possible to achieve 
real closed-loop supply networks in any manufacturing industry; (b) operation/ 
evolution – F-GVEs will operate following sustainable engineering, manufacturing 
and logistics principles in order to offer and deliver green products to the market, and 
R-GVEs will operate following sustainable logistics, end-of-life manufacturing and 
safe disposal principles in order to recover (green) products from the market in order 
to re-use, re-manufacture, recycle and/or make a safe disposal of them; operating in 
this way as truly sustainable supply networks supports the journey to a sustainable 
industrial development model; and (c) dissolution – since F-GVEs and R-GVEs were 
created within a breeding environment, after the product delivery or recovery, the 
GVBE will continue with its industrial symbiosis [10] strategy, acting as a closed-
loop system, in where any surplus and/or abandoned resources/scrap after a F-GVE 

 
Table 2. F-GVE Detailed Lifecycle Stages [1] [6] [14] [15] [16] 

Lifecycle Stages Description 

Collaboration 
Opportunity 

Identification 

Identification of a collaboration (business) opportunity for manufacturing a 
green product and/or offering a green service to a customer. A collaboration 
opportunity can be detected by a green broker or promoted as part of the GVBE 
strategy to introduce new green products and/or services to the market. 

Collaboration 
Opportunity 

Characterisation  

Identification of the main features of the collaboration (business) opportunity, 
including the green competency requirements and opportunity constrains:  
(a) green product manufacturing – needed green design, materials and process 
for designing, engineering and manufacturing a green product or (b) green 
service – needed green knowledge and skills to offer a green service. 

Rough 
Planning 

Identification of the required F-GVE partners competencies and capacities,  
as well as the F-GVE possible configurations (supply network topologies)  
to respond in a sustainable way to a collaboration (business) opportunity. 

Partners Search & 
Selection 

Identification of the potential F-GVE partners and their assessment and selection 
based on their green degree. F-GVE partners will be evaluated based on their 
green capabilities (design, materials, processes, technologies and logistics)  
to design, produce, supply or distribute a green product or service.   

Negotiation 
Interactive process to integrate the most suitable F-GVE partners in a dynamic 
sustainable supply network to produce and/or offer the required green product 
and/or service by the customer or demanded by the market.   

Detailed Planning 
Definition of the final F-GVE topology and its F-GVE partners’ activities 
schedule, including tasks assignments, budget allocation and green performance 
indicators (clean production and forward logistics). 

C
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Contracting 
Formulation of the F-GVE contract, paying special attention to the environmental 
regulations (laws, trades, taxes, fines). 

Operation 
F-GVEs will operate following all sustainable principles in order to reduce  
the environmental impact of their manufacturing and logistics activities. 

Evolution 

In case of unexpected events or disruptions during the F-GVE operation,  
the F-GVE coordinator will re-configure and/or re-schedule the F-GVE partners 
and their activities (tasks, budget) in order to try to keep the original production 
and/or offering plan for the promise product and/or service.  

Dissolution 

As part of the GVBE industrial symbiosis strategy, any resource that could have 
a secondary usage will be placed in the GVBE bag of assets for any possible 
usage. Additionally, as part of the F-GVEs product stewardship other GVEs may 
be launched in order to provide after-sales services to the customer/market. 
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Table 3. R-GVE Detailed Lifecycle Stages [1] [6] [14] [15] [16] 

Lifecycle Stages Description 
Collaboration 

Opportunity 
Identification 

Identification of a collaboration (business) opportunity for a green product recall 
based on a reverse logistics and an end-of-lifecycle manufacturing strategy. 

Collaboration 
Opportunity 

Characterisation  

Identification of the main features of the collaboration (business) opportunity, 
including the green competency requirements and opportunity constrains for:  
(a) product re-use – dealing with the direct-use of product components as spare 

parts, (b) product re-manufacturing – dealing with the product for restoring  
or rebuilding, (c) product recycling – dealing with the product for reclaiming  
the valuable of its raw materials, or (d) product safe disposal – dealing with  
the product hazardous wastes. 

Rough 
Planning 

Identification of the required R-GVE partners competencies and capacities,  
as well as the R-GVE possible configurations (supply network topologies)  
to respond in a sustainable way to a collaboration (business) opportunity. 

Partners Search & 
Selection 

Identification of the potential R-GVE partners and their assessment and selection 
based on their green degree. R-GVE partners will be evaluated based on their 
green capabilities (receiving, separating, dismantling, sorting, testing) to handle 
the end-of-life of a product.   

Negotiation 
Interactive process to integrate the most suitable R-GVE partners in a dynamic 
sustainable supply network to recover a green product from the market.   

Detailed Planning 

Definition of the final R-GVE topology and its R-GVE partners’ activities 
schedule, including tasks assignments, budget allocation and green performance 
indicators (end-of-life manufacturing, reverse logistics, hazardous wastes 
management). 
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Contracting 
Formulation of the R-GVE contract, paying special attention to the environmental 
regulations (laws, trades, taxes, fines). 

Operation 
R-GVEs will operate following all sustainable principles in order to reduce  
the environmental impact of their reverse logistics and end-of-life manufacturing 
activities. 

Evolution 

In case of unexpected events or disruptions during the R-GVE operation,  
the R-GVE coordinator will re-configure and/or re-schedule the R-GVE partners 
and their activities (tasks, budget) in order to try to keep the original end-of-life 
manufacturing plan. 

Dissolution 

As part of the GVBE industrial symbiosis strategy, any resource that could have 
a secondary usage will be placed in the GVBE bag of assets for any possible 
usage. Additionally, as part of the R-GVEs hazardous wastes management 
activities, a specialised GVE may be tailored for their safe disposal. 

 
dissolution will be placed in the GVBE bag of assets for its direct-use (re-use), repair, 
re-manufacture, recycle and/or safe disposal, and any output after a R-GVE 
dissolution will take two possible paths: to be returned immediately, if possible, as an 
input to active F-GVEs within the GVBE or will trigger a GVE formation specialised 
in hazardous wastes disposal. 

3.5   GVE Breeding Environment and Green Virtual Enterprises Technologies 

GVBEs supporting technologies (as concepts, methods or tools) [see 16 for more]: 
Brokerage – Set of management activities and supporting tools that will support 

the identification of new collaboration (business) opportunities in the market that will 
trigger the formation of new GVEs and/or inside the GVBE that will lead to industrial 
symbiosis opportunities and/or collaborative investments (shareable infrastructures, 
joint purchases > better negotiation power, joint promotion > green marketing, etc.). 
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Profiling and competency management – Set of management activities and 
supporting tools for creating and maintaining the GVBE and its members’ profiles. 

Partners search and selection – Set of management activities and supporting tools 
to identify, assess and select potential GVBE members and GVE partners.  

Governance – Set of management activities and supporting tools that will facilitate 
any approach to collaboration (principles, rules, bylaws, values) and will guarantee 
the sustainability and correct behaviour/performance of all GVBE stakeholders. 

Performance management – Set of management activities and supporting tools for 
planning and monitoring the GVBE strategies and rating and rewarding the GVBE 
actors’ actions towards the GVBE goals achievement. 

Bag of assets – Set of management activities and supporting tools to administrate  a 
common virtual and physical warehouse to make easier the share of tangible and 
intangible assets between the GVBE members for different collaborative purposes [1]. 

Infrastructure management – Set of management activities and supporting tools   
for handling the GVBE infrastructures (ICT-based and physical-based) that will allow 
GVBE actors to interoperate and collaborate for different collaborative purposes. 

GVEs management – Set of managing activities and supporting tools to manage   
the GVEs during its lifecycle [14] [15]. 

GVEs supporting technologies (as concepts, methods or tools): 
Green product/service – refers to a product or service whose manufacturing or 

offering, purchase and use allows a sustainable economic development.  
Green design – refers to a product or service design that puts special consideration 

into its environmental impact during its whole lifecycle. 
Green materials – refers to a material that preserves natural resources and reduces 

the environmental impact, including those materials composed of recycled materials 
or can be recycled at the end of its lifespan. 

Green processes – refers to a process that eliminates the environmental burden in 
its resources input, energy consumption, and outputs impact.  

Green production – refers to a production system that puts a strong effort to lessen 
its environmental impact by conserving raw materials (using more recycled and/or 
renewable materials), minimising energy use and emissions, and wastes. 

Green packaging – refers to the use of green materials in packaging, comprising 
recycled content, or reusable or degradable packaging materials to minimise landfill 
waste and transportation costs. 

Green logistics – refers to any environmental friendly logistics strategy such as: 
commuting and shipping products together, using alternative fuel vehicles, reducing 

overall packaging, sharing warehouses and containers, etc. 
Green recycling – refers to any of the 5R strategies: repair, re-manufacture, recycle, 

re-use or re-generated to reduce environmental impact. 

4   Conclusions and Further Research 

Defining a comprehensive reference model for GVBEs is a long-term endeavour, 
nevertheless based on the significant empirical knowledge (frameworks, models, 
concepts, methods and tools) and existing (eco-) industrial cases from the Industrial 
Ecology and Collaborative Networks scientific disciplines, it was realistic for the 
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authors of this paper to try to design the first steps for a gradual definition of a 
“GVBE reference model”. Future looks for sustainable industrial development models 
and current technological advances are leading to the formation of strategic alliances 
of enterprises that are geographically distributed, but work together to increase 
economic gains and minimise their environmental impact. Further research aims to 
work on a detailed model and management framework for GVEs and their breeding 
environments.   
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Abstract. End-of-life strategies, such as remanufacturing, have gained ground 
in order to promote product reuse, reduce environmental impacts and costs, as 
well as to win new markets. The remanufacturing process preserves part of the 
product’s raw materials and added value during its manufacturing. This study 
addresses the system that includes remanufacturing in order to understand it and 
to define its elements, as well as to characterize the supply chain that permeates 
and leads to the effective functioning of this system. To this end, a Systematic 
Literature Review on remanufacturing was conducted. Moreover, the RS 
proposed was based on the General Systems Theory. 

Keywords: Remanufacturing, Reverse Supply Chain, System, Elements. 

1   Introduction 

Increased competition in the market, environmental concerns, changing customer 
requirements and the emergence of new laws regarding the products’ end-of-life 
management has led companies to seek new operation models to maintain and expand 
their market share [1] [2]. Thus, adopting end-of-life strategies for products, as for 
instance remanufacturing, have become increasingly important in today’s business 
operations.  

The remanufacturing process preserves part of the product’s raw materials and 
added value during its manufacturing, which enables productivity and profit gains for 
the companies [3]. Additionally, due to its environmental benefits, remanufacturing is 
increasingly gaining ground on the world stage. 

However, companies often encounter difficulties in implementing remanufacturing 
due to the lack of knowledge on the subject [4], the lack of strategic remanufacturing 
issues [5] and studies that indicate how to implement it [6]. This issue is new to 
Brazilian companies and is still in the exploratory phase, therefore justifying the 
importance to conduct a structured literature review on remanufacturing.  

Furthermore, the overall outlook on matters relating to remanufacture in an 
integrated and systematic manner is not an easy task. A system is a set of 
interdependent elements that interact to reach an objective and perform a determined 
function [7] and considered to be the elements and the relationships between them 
which determine how the system works, forming a whole unit that is organized and 



 Remanufacturing System: Characterizing the Reverse Supply Chain 557 

complex [8]. This demonstrates the need to develop a model for the Remanufacturing 
System (RS). This need particularly falls on the importance of understanding how the 
supply chain for remanufacturing works, which requires integrating different players 
and implementing various activities [2] to reach a successful RS operation. 

Taking into account the aforementioned facts, it is possible to observe the 
importance of regarding remanufacturing as a system, as well as its elements, 
features, players, challenges and practices, in order to assist the implementation of 
this system into organizations and also to provide an outline of the activities and 
players that make this system work through the supply chain. Thus, the objective is to 
identify the elements that comprise this system to then characterize the supply chain 
associated to it. 

Below is the work methodology used to develop this study. 

2   Methodology 

The study herein was conducted using the Systematic Literature Review [9]. Therefore, 
articles were searched that addressed the words: Remanufacture; Remanufacturing; 
Remanufactured; Design for environment; Design for remanufacturing; Reverse 
logistics; Product recovery; Reverse supply chain; Closed loop; Closed loop supply 
chain; End of life; Lifecycle, as well as the translation of these words into Portuguese. 
223 abstracts of the studies found were read, of which 91 research studies that dealt 
with practices to implement remanufacturing were selected and 24 were used because 
they presented remanufacturing practices related to reverse supply chain. 

Since these elements are to be presented within a systemic outlook, the General 
Systems Theory was used, whose objective is to study the elements that comprise a 
system, as well as the interaction between them [10]. Given that, this interaction is 
critical to understanding the system as a whole [7].  

Thus, after completing RBS on remanufacturing, the organization of concepts was 
carried out to obtain the definition and characterization of the Remanufacturing 
System and of the elements inserted into this system, presented below. 

3   Remanufacturing System 

Based on the literature, the Remanufacturing System (RS) in this study is addressed 
as a system that encompasses all the elements involved in remanufacturing, from the 
reverse supply chain steps up to the return of the already remanufactured products to 
be sold on the market [11]. The elements and sub-elements adopted in this work are: 

• Element 1: Remanufacturing Design;   
• Element 2: Reverse supply chain (RSC) 

• Sub-element 2.1: Relationship with the supplier of the used product; 
• Sub-element 2.2: Reverse Logistics;  

• Element 3: Remanufacturing Operation; 
• Element 4: Sales of the remanufactured product; 
• Element 5: Information flow in the Remanufacturing System; 
• Element 6: Employees’ knowledge and skills on remanufacturing. 
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Figure 1 shows the Remanufacturing System model developed in this research work. 
The first element is the Remanufacturing Design, a part of the Product Development 
Process, aimed at facilitating remanufacturing. The Reverse Supply Chain is 
composed of two sub-elements: acquisition/relationship with the used product 
supplier and reverse logistics. The main players in this system are the customers who 
purchased the new product and that become the supplier of the product’s end of life, 
the player responsible for reverse logistics, the company responsible for the 
remanufacturing and selling of the remanufactured product and the customer who 
buys such a product. 

The information flow in the RS is considered an element that permeates and 
interconnects all the others. It should also be considered that the employees’ 
remanufacturing Knowledge and Skills are crucial for the system and should be 
present in all the processes. 

 

Fig. 1. Remanufacturing System Model 

After presenting remanufacturing as a system, the next section focuses specifically 
on the reverse supply chain as well as on the analysis and description of this element 
and its sub-elements. 

3.1   Reverse Supply Chain (RSC) for Remanufacturing 

According to Guide and Van Wassenhove [12], reverse supply chain (RSC) is the set 
of steps necessary to collect a used product, followed by the desired end-of-life 
strategy application (remanufacturing, reuse, recycling or disposal) [2]. The RSC 
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begins with the collection of products from customers and/or companies in different 
links of the supply chain, given that the collection sources tend to be geographically 
dispersed. Next, there is the inspection stage or the tests performed at the collection 
site, at a receiving center or place where the product will be recycled and reused. At 
this point, the fate of the recovered product is decided, which has various reuse 
possibilities, such as remanufacturing [13]. 

• Difficulties and practices 

Leite [14] reports that the RSC stages are treated as a series of independent and 
isolated steps, without considering their integrated nature. Moreover, with regard to 
RSC, both in business and in academia, little is being undertaken concerning its 
strategic issues [2]. Most research studies address technical and operational issues, 
since focusing on the technical activities is considered attractive for initial 
investigations [15]. 

Some of the features of Reverse Supply Chain make it difficult to manage and plan 
its stages and activities.  For example, when a company collects the used products, its 
provider is usually the final customer, which complicates the access to the appropriate 
number of products at the time of return. Another complication is that the quality of 
used products varies, hence requiring efficient inspection [16]. Moreover, there is the 
need to disassembly the products collected, structure a reverse logistics network and 
deal with the high processing time variability [17]. 

Some recommendations to achieve efficiency in the reverse supply chain are: (i) to 
structure a specialized team to have contact with the supplier of the used product, (ii) 
to perform demand prediction for the products’ return time, using its sales and 
lifetime as a base and (iii) to align the RSC with the Direct Supply Chain and achieve 
effectiveness in the activities of the closed Supply Chain Flow [18]. 

• Interdependence and interaction with other RS elements 

The degree of structuring of a RSC can be defined depending on the existence of 
structured organizational practices relating to the return of the used products, the 
relationships between companies belonging to the reverse chain, as well as the level 
of resources made available by these companies, as for example, employee skills for 
remanufacturing [6] [13] [14] [19]. 

The appropriate management of reverse chains can also serve as an excellent 
source of information about the customers’ habits and expectations [13]. Next, the 
sub-elements of the reverse supply chain are discussed. 

3.1.1   Sub-Element 2.1: Relationship with the Supplier of the Used Product  
Sundin [20] cites that the relationship of the remanufacturer with its used products 
supplier is an important aspect to the effectiveness of the business. If the recovered 
product is intended for remanufacturing, it is important that before the product is 
selected to return to the reverse flow, a “pretrial” of its remanufacturing should be 
performed to prevent it from being transported without the proper conditions to be 
reused, which would generate additional costs. This trade-off between the potential 
for reuse and additional costs is difficult to predict and to do this, employees with 
certain skills and experiences are needed [21]. The large number of small-quantity 
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suppliers of used products and the manifold conditions of these products makes 
quality control difficult by the companies that receive them for remanufacturing.  

There are cases when the raw-material suppliers for Remanufacturing Operations 
are the consumers themselves, who discard the product due to the end of its useful life 
or due to other reasons, such as the launching of a more modern product. In this case, 
there are some problems regarding the lack of incentive these customers receive to 
return the used products to remanufacturing companies [22], such as the lack of 
contact the remanufacturer has with the customer [23] and the consumer’s lack of 
information and trust regarding remanufacturing [24], as for instance the economic 
and environmental advantages of remanufacturing. Thus, companies that desire to 
have success with remanufacturing need to have strategies that encourage the 
consumers to return these items [23]. 

3.1.2   Sub-Element 2.2: Reverse Logistics (RL) 
According to the Council of Logistics Management [19], Reverse Logistics is the 
process of effectively planning, implementing and controlling the flow of 
components, materials under processing, the final product and related information 
from the consumption point to the point of origin, with the objective of recovering 
and adding value or achieving the most appropriate disposal [18]. Adding value can 
be of various types: economic, ecological, corporate image, among others [14]. 

RL is a major challenge for RS, due to the difficulty to predict the return volume 
and timing and the products’ quality conditions, making Remanufacturing Operation 
difficult to plan [1].  Some of the difficulties in implementing RL by businesses are: 
the lack of a system that integrates direct logistic activities with those of reverse 
logistics [25], difficulty in measuring the impact and controlling the return of the 
products and materials and the fact that the reverse flow is considered a cost for 
companies, thus receiving little or no priority as a business strategy [19]; the lack of 
studies by companies to assess the impacts of the RL practices in the success of 
organizations [26]; the relationship between the players involved in the activities of 
reverse logistics is not very structured; there is low proximity between the factories 
and suppliers of used products; and the freight costs are higher due to the lower 
volumes transported [27]. 

Unlike the distribution in direct logistics, which is designed to carry large volumes 
of the same product from the producer to a few local clients, in reverse logistics the 
volume may considerably low. This can set back the economy in the transport. 
Another aspect to consider is that unlike direct logistics, the used products that are 
collected are not packaged and are therefore unprotected and at risk of damage, which 
limits its reuse. Thus, a packaging system is necessary to protect the product [21].  

Pires [27] raises other drawbacks to RL, such as the tendency for products to 
remain longer in the reverse channels, which results in higher inventory, 
transportation and storage costs, as well as the decrease in revenue due to the 
possibility of obsolescence and degradation of the product. 

According to Lacerda [28], the six major factors to minimize the challenges of 
reverse logistics activities are:  

• good entry and exit controls; 
• mapped and formalized processes; 
• reduced cycle times; 
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• accurate information systems; 
• planned logistics network and; 
• collaborative relationships between customers and suppliers.  

Reverse logistic activities require skills to properly execute the transportation, storage 
and stockpiling of used products, in addition to information on how the product was 
designed. 

4   Conclusions and Contributions 

This work enabled to organize the knowledge on remanufacturing through the 
proposition of the Remanufacturing System concept and the elements included in this 
system. It was also highlighted the characteristics of reverse supply chain involved in 
the RS, indicating the related steps, actors, practices and difficulties and the 
importance of relationship of the remanufacturer with used products users and reverse 
logistics to the success of the entire system. 

When investigating the literature that addresses remanufacturing, no model was 
found that integrates remanufacturing issues in a system or that broached the elements 
that are part of a Remanufacturing System. This work consolidated and organized the 
elements of this system, enabling a better understanding of remanufacturing by 
highlighting the chain and the main interdependencies between the elements.  

Therefore, the RS proposed contributes to an integrated outlook and to the 
expansion of theoretical knowledge on the subject. Such contributions are intended to 
facilitate the development of future works in this area, as well as to assist companies 
that are structuring remanufacturing practices or intend to start them. 

Moreover, this work aims to stimulate the development of studies on 
remanufacturing and the supply chain for remanufacturing in Brazil, since there are 
few domestic companies that remanufacture and few studies on remanufacturing. 
Additionally, this work seeks to encourage companies to implement remanufacturing, 
as this study provides a holistic outlook on the operation of this system with features 
of its supply chains.  

With regards to the supply chain for the Remanufacturing System, some of its 
features and difficulties were shown. For future works, it is then recommended that 
the practices that seek to overcome such difficulties should be studied and analyzed. 
Besides, studies on remanufacturing companies are required to demonstrated the 
status of remanufacturing in Brazil. 
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Abstract. Industrial Symbiosis is an important component of Industrial 
Ecology which studies the collaboration and coexistence of companies to 
achieve mutual benefits. Its concepts have traditionally focused on eco-
efficiency and its direct benefits such as costs reduction, resources optimization 
and environmental impacts reduction. The paper introduces the use of 
externalities and collaborative networks as tools to amplify the spectrum of 
opportunities and, consequently, the potential value of Industrial Symbiosis 
development. Externalities are related to side effects of companies’ decisions 
and acts. They offer a broader systemic view to Industrial Symbiosis planning 
and execution. Sustainable value brings up intangible value drivers such as 
institutional, organizational and relationship capital as well as risk management 
consideration. It helps companies to visualize the totality of potential value of 
Industrial Symbiosis.  

Keywords: Collaborative Networks, Industrial Symbiosis, Externalities. 

1   Introduction 

Industrial symbiosis concept has originated from industrial ecology in allusion to the 
mutualism between living beings, and it has been studied by academics with great 
impulse since the 1990s. It is an important form of collaboration between companies 
when considering that the value created by them becomes greater than the sum of the 
eventual value created by each one individually. Industrial symbiosis traditionally 
offers three types of opportunities: infrastructure sharing, services sharing and reuse 
of energy and materials (water and co-products). Their benefits include primarily 
economies of scale from physical assets, prevention of negative externalities and 
promotion of positive ones. 

Externality denomination was pointed for the first time by economists, and refers 
to the positive or negative effects of a business decision over those who do not take 
part in it. It is constructive to apply the externality approach into the searching for 
symbiotic opportunities between industries or service companies, as it can enhance 
the potential for generating positive impacts over a larger group of stakeholders. 

The goal of this paper is to present externality control and collaborative networks 
importance for industrial symbiosis development. The collaboration between partners 
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from the symbiotic network is able to generate value to a more diverse public. If 
analyzed from a business perspective, can minimize risks, maximize eco-efficiency, 
reduce costs, and generate revenue and increase institutional, organizational, 
relationship and intellectual capital. 

2   Industrial Ecology: Concepts and Eco-industrial Parks 

The study of industrial systems that operate more like natural ecosystems is known as 
Industrial Ecology (IE) [13]. The term was coined in the early 1990s, but the current 
concepts involved have been around for decades. They involve the sustainable 
philosophies of Reduce, Reuse, Recycle applied toward industry. It is based on 
environmental awareness and good economic sense. 

Industrial Ecology has numerous aspects including pollution prevention, product 
life cycles, design for environment and green accounting [6]. A key concept is that 
processes and industries are seen as interacting systems rather than comprising 
isolated components in a system of linear flows. This provides a basis for thinking 
about ways to connect different waste-producing processes, plants or industries into 
an operating web that minimizes the total amount of industrial material that goes to 
disposal sinks or is lost in intermediate processes. The focus changes from 
minimizing waste from a particular process or facility (i.e. pollution prevention), to 
minimizing waste produced by the larger system as a whole, as well as reducing 
materials inflow [17, 4]. 

Since the introduction of Industrial Ecology, the Industrial Symbiosis (IS) concept 
has been put in a new perspective. Chertow [6], defines the concept of Industrial 
Symbiosis as “(…) part of the emerging field of Industrial Ecology, demanding 
resolute attention to the flow of materials and energy through local and regional 
economies. Industrial Symbiosis engages traditionally separate industries in collective 
approach to competitive advantage involving physical exchange of materials, energy, 
water, and/or by-products. The keys to industrial symbiosis are collaboration and the 
synergistic possibilities offered by geographic proximity”.  

Based on the principles of Industrial Ecology and Industrial Symbiosis, a new 
concept has been developed. An Eco-Industrial Park, or EIP, is a public/private 
partnership where the Industrial Ecology and Industrial Symbiosis approach to 
industry is contained in one development. Cote [8] define EIP as “ (…) an industrial 
system which conserves natural and economic resources; reduces production, 
material, energy, insurance and treatments costs and liabilities; improves operating 
efficiency, quality, worker health and public image; and provides opportunities for 
income generation from use and sale of wasted materials.” 

The benefit of this arrangement is that the waste material or product of one 
company can be recycled into the manufacturing process of one or more companies 
with minimal transportation and production costs. EIPs are designed to produce 
minimal emissions, minimal noise and ground pollution, and minimal waste. EIP 
firms are designed to fit the environment instead of adjusting the environment to fit 
the firm [10]. 

There are three primary opportunities for resource exchange in EIP: 1) By-product 
reuse - the exchange of firm-specific materials between two or more parties for use as 
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substitutes for commercial products or raw materials. The materials exchange 
component has also been referred to as a by-product exchange, by-product synergy, or 
waste exchange and may also be referred to as an industrial recycling network. 2) 
Utility/infrastructure sharing - the pooled use and management of commonly used 
resources such as energy, water, and wastewater. 3) Joint provision of services - 
meeting common needs across firms for ancillary activities such as fire suppression, 
transportation, and food provision [5] 

These resource exchanges are aimed to avoid disturbing the environment where the 
companies are located. Relocating the resources reduces the impacts since landfills, 
pollution and residues are reduced as well as natural resources necessity is reduced 
due to re-use. These are important tasks in Industrial Ecology and the limit of its 
development is known as Circular Corporation. According to Yang and Feng 
“Circular economy is an abbreviation of ‘Closed Materials Cycle Economy or 
Resources Circulated Economy’, aiming at the efficient use of resources, taking 
reducing, reusing and recycling as principles and ‘closed materials cycles and 
recycled use of energy’ as features” [20].  

Technical reports [12,16] on Eco-Industrial Park show that they differ a lot 
depending on geographical location, participant companies, government involvement 
and motivation for establishing it.  Independently of how Eco-Industrial Parks are 
initiated or developed, they have the potential to bring several benefits to 
communities, environment and business. Some of them are listed in Table 1. 

Table 1. Potential benefits from Eco-Industrial Parks [7] 

Communities Environment Business 
Larger tax base Better resource use Enhanced market image 
Community pride Reduced waste Increased employee productivity 
Improved 
environmental health 

Increased protection of 
natural ecosystems 

Access to financing 

Enhanced quality of life 
in area near EIP 

Innovative 
environmental solutions 

Reduction in disposal costs 

Good jobs Increased protection of 
natural ecosystems 

Income from sale of by-products 

3   Business Externalities 

Companies referred to as leaders in sustainability are those which bear responsibility 
on their externalities, Externalities is the term used to signal the “side effects” on the 
operations of a business, whether positive or negative ones. They are the impacts a 
business produces in broad terms, be it directly or indirectly, but not being obliged to 
pay for them, or rather, consider them during their decision-making processes. [16]. 
“Externalities are those consequences of a production process, imposed on society or 
the environment, which are not taken into account in the product price. They are 
produced whenever production processes, or consumers` utility, are affected by 
variables not controlled by themselves, but by other economic agents. These effects 
may be positive (external benefits) or negatives (external costs)” [18], p.469. 
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As it is shown in Figure 2, an appropriate way to develop symbiotic relationships 
between enterprises in different economic sectors is based on the identification of 
negative externalities which penalize one or more groups of individuals to then enable 
actions that transform the problem into a new opportunity of revenue generation and 
intangible gains. 

Hence, Table 3 contains real examples of externalities and industrial symbiosis as 
solution to cope with. This table was constructed following the externalities approach 
of five steps. The case of the power plant in Denmark, which used to lose some of the 
heat generated from coal without there being some kind of compensatory benefits for 
the company and society, is a good example of how industrial symbiosis has come to 
bring economic, environmental and social benefits to stakeholders. In this case, the 
company, in partnership with the city of Kalundborg, invested in numerous 
underground pipes so that the heat that used to be wasted would be taken to the 
residences in the city, which in turn allowed better energetic efficiency to the burning 
process. The externality associated with the non-efficient consumption of non-
renewable resources has been circumvented, and used  to generate additional 
revenues, reduce the population cost of living and, more importantly, to make 
disappear the environmental impact of burning fuel oil in residential buildings, no 
longer existing. 

Table 3. Main business externalities and alleviation acts via industrial symbiosis [1,11] 

Business Externality Symbiosis Outcome 
Mining 
(Gladstone, 
Australia) 

Use of water 
from local 
reserves 
during 
drought 

8.5 km pipeline so that 
secondary treated 
effluent from 
Gladstone sewage 
treatment plant could 
be used for its mud 
washing process 

During drought alumina refinery was 
able to continue to operate at full 
production; 
no need to install tertiary treatment AT 
Gladstone sewage treatment plant; 
water source conservation; no city 
effluents discharged to local 
waterways 

Chemical; 
production 
of titanium 
dioxide 
(Kwinana, 
Australia) 

Production of 
contaminated 
acid water 

Hydrochloric acid 
reuse 

Revenue from sale 

 
Common goals and close collaboration are prerequisites to create industrial 

symbiotic connections among companies in different business sectors. According 
with Bititci [2, p.7], collaboration is “a process in which organizations exchange 
information, alter activities, share resources and enhance each other’s capacity for 
mutual benefit and a common purpose by sharing risks, responsibilities and rewards”. 
The same author ratify that collaboration arises from the inability of organizations to 
generate sustainable value working alone, aside from society. Therefore, companies 
should work mutually to generate positive externalities and to act against negative 
ones. 
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by-products exchanges and services sharing. Our intention was to point out 
externalities control and sustainable value generation as additional information for 
symbiosis development. Their use can be more attractive for business companies and 
theirs stakeholders. Collaborative networks are the vehicles where this data can be 
concretized on symbiotic relations, leading to sustainable value generation. 
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Bernus, Peter 421
Biennier, Frédérique 3
Boucher, Xavier 351
Bryans, Jeremy W. 314

Camarinha-Matos, Luis M. 29, 95, 177,
377, 400

Campos, Pedro 507
Cardoni, Andrea 413
Cardoso, Tiago 377
Carneiro, Davide 271
Carneiro, Luis 105, 140, 465
Carpinetti, Luiz Cesar Ribeiro 77, 225
Charles, Aurélie 486
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