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ABSTRACT 

 

Characterization of Interfaces between End-users in Agile and Virtual 

Enterprises 

 

The growing importance of Web-based communication systems in organizations has become 

increasingly evident over the last years. The rapid and successful deployment of these systems 

is often critical to the business strategy of many organizations – particularly with respect to the 

way in which they interact with customers, clients, and/or business partners. 

Today, in order to produce a product that meets the market requirements, one of the ruling 

factors of success is the organizations’ capability of fast adaptability to the market needs. This 

implies flexible access to the optimal resources (products, operations, services) for each of the 

organization’s functions. Competitiveness is achieved through the emerging Virtual Enterprise 

(VE) organizational model, in particular the Agile/Virtual Enterprise model since it is capable 

of managing all business and manufacturing functions, independently of distance. 

Virtual Enterprises may be defined as “agile” enterprises, in other words with the capacity of 

integration and reconfiguration in limited time (in “real time”). However, in order to achieve 

and to manage the VE dynamic reconfiguration, it is essential to minimize the VE 

reconfiguration time, as one of the dynamic reconfiguration factors. This may be achieved by 

reducing the interaction/communication time between the virtual enterprise participants 

through an efficient interface that not only satisfies the requisites for the efficient access of the 

globally distributed resources, efficient negotiation between them, but in particular, guarantees 

the communication between the various participants. 

The main objective of this doctoral project is to identify the requisites of communication 

architectures, with a friendly interface for distributed environments, agile and virtual, 

defending that a virtual interface between the interacting entities is more efficient. In order to 

do so, two user-interface architectures, based on the BM_Virtual Enterprise Architecture 

Reference Model (BM-VEARM), are validated and compared. 
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The validity of the proposed user-interface architectures (Direct Communication and Virtual 

Communication Architecture – DCA and VCA, respectively) for agile and virtual enterprises 

is demonstrated by the following results:  

1. There is a significant difference in the response time of the DCA and the VCA users; 

the latter present a lower response time. 

2. There is no significant difference relative to the comfort demonstrated by the DCA and 

the VCA users. 

3. There is no significant difference relative to the confidence demonstrated by the DCA 

and the VCA users. 

4. The familiarity users have with programs like MSN has no significant correlation with 

the time they take to reply in the DCA and in the VCA. 

5. There is no significant relation with the response time in the DCA and the VCA and 

the sex of the users. 

6. The users who try the two architectures generally prefer the DCA over the VCA. 

7. The familiarity users have with programs like MSN has no significant correlation with 

their perception of either architecture. 
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RESUMO 

 

Caracterização de Interfaces entre “End-users” em Empresas Ágeis e Virtuais 

 

A crescente importância dos sistemas de comunicação baseados na web nas organizações tem-

se tornado cada vez mais evidente nos últimos anos. O rápido e bem sucedido 

desenvolvimento destes sistemas é muitas vezes crítico para a gestão estratégica de muitas 

organizações – particularmente no que diz respeito ao modo como interagem com clientes, 

e/ou parceiros de negócio.  

Actualmente, para que se consiga produzir um produto que satisfaça os requisitos do mercado, 

um dos principais factores de sucesso é a capacidade da organização se adaptar rapidamente às 

necessidades do mercado. Isto implica um acesso flexível aos recursos (produtos, operações, 

serviços) para cada função da organização. A competitividade é obtida através do 

aparecimento do modelo organizacional baseado na Empresa Virtual (EV), em particular o 

modelo Ágil/Virtual uma vez que é capaz de gerir todas as funções de gestão e de produção, 

independentemente da distância. 

As Empresas Virtuais podem ser definidas como empresas “ágeis”, por outras palavras com a 

capacidade de integração e de reconfiguração em tempo limitado (em “tempo real”). No 

entanto, para se alcançar e gerir a reconfiguração dinâmica da EV, é essencial minimizar o 

tempo de reconfiguração da EV, como um dos factores da reconfiguração dinâmica. Isto pode 

ser conseguido ao reduzir o tempo de interacção/comunicação entre os participantes da 

empresa virtual através de um interface eficiente que não só satisfaz os requisitos para o acesso 

eficiente dos recursos globalmente distribuídos, negociação eficiente entre eles, mas em 

particular, garanta a comunicação entre os vários participantes. 

O principal objectivo deste projecto de doutoramento é identificar os requisitos de 

arquitecturas de comunicação, com uma interface amigável para ambientes distribuídos, ágeis 

e virtuais, defendendo que a interface virtual entre as entidades que interagem entre si é mais 
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eficiente. Para que isto seja possível, são validadas e comparadas duas arquitecturas, baseadas 

no modelo BM_Virtual Enterprise Architecture Reference Model (BM-VEARM). 

A validação das arquitecturas propostas (Arquitectura de Comunicação Directa e de 

Comunicação Virtual – ACD e ACV, respectivamente) para empresas ágeis e virtuais é 

demonstrada através dos seguintes resultados: 

1. Existe uma diferença significativa no tempo de resposta dos utilizadores da ACD e da 

ACV; os últimos apresentam um menor tempo de resposta. 

2. Não existe uma diferença significativa relativamente ao conforto demonstrado pelos 

utilizadores da ACD e da ACV.  

3. Não existe uma diferença significativa relativamente à confiança demonstrada pelos 

utilizadores da ACD e da ACV.  

4. A familiaridade dos utilizadores com programas como o MSN não está 

significativamente correlacionada com o tempo de resposta na ACD e na ACV.  

5. Não existe uma relação significativa entre o tempo de resposta na ACD e na ACV e o 

sexo dos utilizadores.  

6. Os utilizadores que experimentam as duas arquitecturas geralmente preferem a ACD 

em relação à ACV. 

7. A familiaridade dos utilizadores com programas como o MSN não está 

significativamente correlacionada com a percepção que têm de cada arquitectura. 

 



Table of Contents  vii  

Patrícia Gonçalves 
 

TABLE OF CONTENTS 

Acknowledgements....................................................................................................................................i 

Abstract....................................................................................................................................................iii 

Resumo......................................................................................................................................................v 

Table of Contents ...................................................................................................................................vii 

Index of Figures.....................................................................................................................................xiii 

Index of Tables .....................................................................................................................................xvii 

Index of Graphs.....................................................................................................................................xix 

List of Abbreviations.............................................................................................................................xxi 

CHAPTER ONE – INTRODUCTION...................................................................................................3 

1.1. Framework/Motivation.....................................................................................................................3 

1.1.1. Project Objectives ..................................................................................................................4 
1.1.2. Project Structure.....................................................................................................................5 
1.1.3. Organization of the Dissertation/Dissertation Outline ...........................................................6 
1.1.4. Phases of the Research ...........................................................................................................9 

PART I - STATE-OF-THE-ART ANALYSIS, USER NEEDS IDENTIFICATION AND 
DEFINITION OF PROJECT DETAILED OBJECTIVES................................................................15 

CHAPTER TWO - VIRTUAL ENTERPRISES .................................................................................15 

2.1. Functionalities of Virtual Enterprises ......................................................................................15 

2.1.1. The Meaning of Virtual........................................................................................................17 
2.1.2. Importance of Dynamic Organizations.................................................................................18 
2.1.3. Importance of Communication.............................................................................................20 
2.1.4. Importance of Trust ..............................................................................................................20 
2.1.5. Globalization Leads to Virtual Teams..................................................................................21 
2.1.6. Functioning of Virtual Teams ..............................................................................................22 

2.1.6.1. Conflict Resolution in Virtual Teams ...........................................................................23 
2.1.6.2. Trust Building in Virtual Teams ...................................................................................24 
2.1.6.3. Team Performance and Trust.......................................................................................27 
2.1.6.4. Contracting Discussion Builds Trust............................................................................27 
2.1.6.5. Virtual Team Lifecycle .................................................................................................28 

2.1.7. Virtual Enterprise Models/Approaches ................................................................................30 



viii Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

2.1.7.1. The Extended Enterprise...............................................................................................31 
2.1.7.2. Virtual Enterprise/Organization Approach ..................................................................32 
2.1.7.3. Agile Enterprise/Manufacturing Model........................................................................36 
2.1.7.4. Supply Chain Management...........................................................................................38 
2.1.7.5. BM_VEARM Agile/Virtual Enterprise Model...............................................................39 
2.1.7.6. One-Product-Integrated-Manufacturing (OPIM).........................................................53 

2.1.8. Traditional Enterprise vs. Virtual Enterprise Potentials .......................................................55 
2.1.9. Business Alignment Requirements and Dynamic Organizations .........................................57 

2.2. The Virtual Enterprise Reference Model BM_VEARM.........................................................61 

2. 2. 1. Reference Models .................................................................................................................61 
2. 2. 2. The BM_Virtual Enterprise Architecture Reference Model.................................................62 

2.2.2.1. The Hierarchical System Model ...................................................................................62 
2.2.2.2. BM_VEARM Structure .................................................................................................64 
2.2.2.3. The VE Demonstrator Based on BM_VEARM..............................................................66 

2.3. Examples of Virtual Enterprise Projects..................................................................................68 

2.4. Project on VE at the University of Minho ................................................................................69 

2.5. A Discussion on Project Models of Virtual Enterprises ..........................................................70 

CHAPTER THREE – HUMAN-COMPUTER INTERFACE MODELS .........................................75 

3.1. The Evolution of the Human-Computer Interface ..................................................................75 

3.2. Human-Computer Interaction and Usability...........................................................................77 

3.2.1. Interaction Requirements......................................................................................................78 
3.2.1.1. Usability .......................................................................................................................78 
3.2.1.2. Navigation ....................................................................................................................80 
3.2.1.3. Readability....................................................................................................................84 

3.3. Human-Computer Interface Design .........................................................................................87 

3.3.1. Design Features of the Human-Computer Interface .............................................................87 
3.3.1.1. Significant Types of Human-Computer Interface Design .............................................90 

3.3.2. Human-Computer Interface Types .......................................................................................91 
3.3.3. Design Models......................................................................................................................96 
3.3.4. Criteria for User-Centred Interface Evaluation.....................................................................97 

3.4. An International Standard Proposal for Interfaces ................................................................98 

CHAPTER FOUR – HUMAN-COMPUTER INTERACTION INTERFACE IN VIRTUAL 
ENTERPRISES ....................................................................................................................................103 

4.1. Human-Computer Interaction/Interface in VE .....................................................................103 

4.2. An Example of Interaction from the University of Minho....................................................104 

4.2.1. Teleoperation......................................................................................................................104 



Table of Contents  ix  

Patrícia Gonçalves 
 

4.2.2. Aurora98 ............................................................................................................................107 

4.3. A Comparison of Virtual Enterprise Projects .......................................................................108 

CHAPTER FIVE – FUNCTIONAL REQUIREMENTS FOR THE IMPLEMENTATION OF AN 
INTERFACE MODEL IN AGILE/VIRTUAL ENTERPRISES.....................................................115 

5.1. Functional Requirements for the Implementation of an Interface Model in Agile/Virtual 
Enterprises............................................................................................................................................115 

5.1.1. Set-up Time........................................................................................................................117 
5.1.2. Functional Requirements....................................................................................................120 

CHAPTER SIX – SOFWARE AGENTS AS SUPPORTING TECHNOLOGY FOR 
VIRTUALITY ......................................................................................................................................125 

6.1. Software Agents........................................................................................................................125 

6.1.1. Microsoft Agent Software for Agile/Virtual Enterprise Reconfiguration ..........................127 
6.1.2. Basic Microsoft Agent Programming.................................................................................131 
6.1.3. Other Agent Possibilities....................................................................................................133 
6.1.4. Examples of Human-looking Agents .................................................................................133 

PART II – FUNCTIONAL SPECIFICATION OF THE VIRTUAL INTERFACE MODEL FOR 
AGILE AND VIRTUAL ENTERPRISES INTEGRATION AND OPERATION.........................139 

CHAPTER SEVEN – FUNCTIONAL SPECIFICATION, INTEGRATION AND OPERATION 
OF THE VIRTUAL INTERFACE MODEL.....................................................................................139 

7.1. A Model of Communication Architecture..............................................................................139 

7.2. Importance of User-Interface Architectures in the Dynamic Reconfiguration Process.....141 

7.3. The Conceptual Design of the DCA (MSN Messenger) ........................................................142 

7.4. The Conceptual Design of the VCA (E-Mask).......................................................................144 

7.4.1. Client Application ..............................................................................................................144 
7.4.2. Server Application..............................................................................................................145 
7.4.3. Application Interface..........................................................................................................146 

7.5. A Comparison Between the DCA and the VCA ....................................................................148 

7.6. Time Model ...............................................................................................................................150 

7.6.1. Specification of Time Model..............................................................................................150 

PART III – DEVELOPMENT OF A DEMONSTRATOR FOR THE PROPOSED MODEL.....157 

CHAPTER EIGHT – DEVELOPMENT OF A DEMONSTRATOR FOR THE PROPOSED 
MODEL.................................................................................................................................................157 

8.1. Demonstrator Parameters .......................................................................................................157 



x Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

8.2. DCA – Direct Communication Architecture Solution Used Microsoft Agent.....................158 

8.3. VCA – Virtual Communication Architecture Solution Used Microsoft Agent...................158 

8.4. Experiment Method..................................................................................................................160 

8.5. Sample .......................................................................................................................................165 

8.6. Procedure ..................................................................................................................................165 

8.6.1. First Experiment Procedure ................................................................................................167 
8.6.2. Second Experiment Procedure............................................................................................169 

8.7. Testing and Data Collection.....................................................................................................171 

8.8. Recording of Response Timings ..............................................................................................172 

8.9. Questionnaire Distribution ......................................................................................................172 

8.10. Expected Results...................................................................................................................174 

8.11. Discussion on the Demonstrator’s Limitations ..................................................................175 

8.11.1. The Physical Demonstrator Limitations .............................................................................176 
8.11.2. Reconfigurability Dynamics Demonstrator ........................................................................176 
8.11.3. The Time Analysis Demonstrator.......................................................................................176 

PART IV – VALIDATION OF THE PROPOSED MODEL ...........................................................181 

CHAPTER NINE – VALIDATION OF THE PROPOSED MODEL .............................................181 

9.1. Result Analysis and Research Hypothesis validation ............................................................181 

9.2. Comparative Study on Performance and Simulations ..........................................................189 

9.2.1. Experiment Data Analysis ..................................................................................................189 
9.2.1.1. DCA Groups ...............................................................................................................191 
9.2.1.2. VCA Groups................................................................................................................192 

9.2.2. Architecture Comparison....................................................................................................193 
9.2.3. Simulation with Time Model..............................................................................................195 

9.3. Summary Table of Validation .................................................................................................200 

PART V – EXPLOITATION PLAN FOR THE PROPOSED MODEL .........................................207 

CHAPTER TEN – Conclusions...........................................................................................................207 

10.1. Contributions and Limitations of the User-interface Architectures for VE Dynamic 
Reconfiguration ....................................................................................................................................208 

10.1.1. Main Contributions of the User-interface Architectures.....................................................208 
10.1.2. Main Limitations of the User-interface Architectures ........................................................210 



Table of Contents  xi  

Patrícia Gonçalves 
 

10.2. Contributions and Limitations of the Research Project ...................................................210 

10.2.1. Main Contributions of the Research Project.......................................................................210 
10.2.2. Main Limitations of the Research Project ..........................................................................211 

10.3. Proposal for Future Research Directions...........................................................................212 

Bibliography .........................................................................................................................................215 

Appendix 1 – Virtual Enterprise Projects..........................................................................................229 

Examples of Virtual Enterprise Projects ............................................................................................229 
BIDSAVER .....................................................................................................................................229 
E-UTILITIES ..................................................................................................................................231 
EXPIDE..........................................................................................................................................232 
FASHIONME .................................................................................................................................233 
INTELLECT ...................................................................................................................................235 
MEDIA-ISF ....................................................................................................................................236 
PROVE-SME..................................................................................................................................237 
SMART SME...................................................................................................................................237 
ADVICE .........................................................................................................................................238 
ELEGAL .........................................................................................................................................240 
GIDA ..............................................................................................................................................241 
GLOBEMEN ..................................................................................................................................242 
OCTANE ........................................................................................................................................243 
TOVE..............................................................................................................................................244 
ECOLEAD......................................................................................................................................244 
ATHENA.........................................................................................................................................245 
SEEMSEED....................................................................................................................................246 
THINKCREATIVE..........................................................................................................................250 

Appendix 2 – Instructions to perform the experiment with MSN Messenger ................................252 

Appendix 3 – Instructions to perform the experiment with E-Mask...............................................253 

Appendix 4 – Script A (used in group 1 – DCA) ...............................................................................254 

Appendix 5 – Script B (used in group 1 – VCA)................................................................................258 

Appendix 6 – Script B (used in group 2 – DCA)................................................................................263 

Appendix 7 – Script A (used in group 3 – VCA) ...............................................................................268 

Appendix 8 – Questionnaire A (used in group 1 and 2) ....................................................................272 

Appendix 9 – Questionnaire B (used in group 3)...............................................................................277 

Appendix 10 – Questionnaire C (used in group 1) ............................................................................282 



xii Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

 

 

 

 

 

 

 

This page was intentionally left blank. 



Index of Figures xiii  

Patrícia Gonçalves 
 

INDEX OF FIGURES 

Figure 1 – Feedback loop between the recipient and the sender (Spence, 1994) .................................... 20 

Figure 2 – Virtual team lifecycle phases (Tavcar et al., 2005)................................................................ 30 

Figure 3 – Change Proficiency Metrics (Dove, 1995)............................................................................. 38 

Figure 4 – Elementary structure for an integrated and open hierarchical multilevel system control 
(Putnik, 2000b) ............................................................................................................................ 43 

Figure 5 – Elementary structure for a distributed hierarchical multilevel system control (Putnik, 
2000b). ......................................................................................................................................... 45 

Figure 6 – Networking dynamics considers a succession of network’s states along the time (Putnik 
et al., 2005a)................................................................................................................................. 46 

Figure 7 – Elementary structure for an agile hierarchical multilevel system control (Putnik, 2000b) .... 48 

Figure 8 – Agile enterprise operation scheme – elementary structure (Putnik, 2000a)........................... 50 

Figure 9 – Elementary structure for a virtual hierarchical multilevel system control (Putnik, 2000b). .. 51 

Figure 10 – Virtual Enterprise operation scheme – elementary structure (Putnik, 2000a)...................... 52 

Figure 11 – Selection of Primitive Resources from the Global Market for OPIM Systems (Putnik, 
1997) ............................................................................................................................................ 54 

Figure 12 - A/V E Extended Life Cycle (Cunha, 2003a) ........................................................................ 56 

Figure 13 – Performance analysis of: multi-product company (a) and (c); network structure (b) and 
(d) (Cunha & Putnik, 2005) ......................................................................................................... 59 

Figure 14 – Networking dynamics considers a succession of network’s states along the time (Cunha 
& Putnik, 2005)............................................................................................................................ 60 

Figure 15 – A hierarchical multilevel system (Cunha, 2003a)................................................................ 63 

Figure 16 – BM_Virtual Enterprise Architecture Reference Model Elementary Structure (Putnik, 
2000a) .......................................................................................................................................... 64 

Figure 17 – BM_Virtual Enterprise Reference Model and the corresponded Normalised Virtual 
Enterprise (NVE) Model (Putnik, 2000a) .................................................................................... 66 

Figure 18 – An informal scheme of the virtual enterprise demonstrator based on the BM_VEARM 
(Putnik, 2000a)............................................................................................................................. 68 

Figure 19 – Example of a well constructed site for navigation ............................................................... 81 



xiv Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

Figure 20 – Example of the "Back" and "Forward" button ..................................................................... 82 

Figure 21 – Example of the "Previous Page" and the "Next Page" buttons............................................. 83 

Figure 22 – Example of a Button Bar (www.dartmouth.edu/~sources) .................................................. 83 

Figure 23 – Representation of teleoperation and teleservice systems for computer aided 
manufacturing (Putnik et al., 1998)............................................................................................ 106 

Figure 24 – Prototype developed by Moreira (1998) ............................................................................ 107 

Figure 25 – a) Set-up time in DCA without a change in the interlocutor; b) Set-up time in DCA 
with a change in the interlocutor................................................................................................ 118 

Figure 26 – a) Set-up time in VCA without a change in the interlocutor; b) Set-up time in VCA 
with a change in the interlocutor................................................................................................ 120 

Figure 27 – Microsoft Agents: Genie, Merlin, Peedy and Robby ......................................................... 129 

Figure 28 – Microsoft Agents: E-Man and E-Woman .......................................................................... 129 

Figure 29 – Character details of E-Man ................................................................................................ 130 

Figure 30 – Character details of E-Woman ........................................................................................... 130 

Figure 31 – Character details of Robby................................................................................................. 131 

Figure 32 – Human-looking Agent Characters...................................................................................... 134 

Figure 33 – User interface scheme in VE: a) informal presentation, b) formal presentation – logical 
structure (Sousa, 2003)............................................................................................................... 140 

Figure 34 – A formal presentation of Communication Architecture logical structure scheme in VE 
(Sousa, 2003) ............................................................................................................................. 140 

Figure 35 - Download Interface (text in Portuguese) of Sapo Messenger............................................. 143 

Figure 36 – Global Architecture of the VCA ........................................................................................ 144 

Figure 37 – Client Application Architecture ......................................................................................... 145 

Figure 38 – Server Application Architecture......................................................................................... 146 

Figure 39 – VCA (E-Mask) Application Interface ................................................................................ 147 

Figure 40 – Example of Robby, the agent, introducing himself ............................................................ 147 

Figure 41– The MSN Messenger Interface (“Direct” Communication Architecture) ........................... 158 

Figure 42 – The E-Mask Interface (“Virtual” Communication Architecture)....................................... 159 

Figure 43 – A videoconference between two students (DCA) .............................................................. 160 



Index of Figures xv  

Patrícia Gonçalves 
 

Figure 44 – The E-Mask interface......................................................................................................... 161 

Figure 45 – Example of the E-Man agent introducing himself ............................................................. 162 

Figure 46 – Text (in Portuguese) is copied into the Server Interface of the E-Mask Application......... 163 

Figure 47 – Text (in Portuguese) is pasted into the Server Interface text box of the E-Mask 
Application in order to be read aloud by the selected agent ...................................................... 163 

Figure 48 – Two students are acting as tutors ....................................................................................... 168 

Figure 49 – Student on the client-side of the E-Mask application ........................................................ 169 

Figure 50 – Probability Density Functions of the two DCA groups ..................................................... 192 

Figure 51 – Probability Density Functions of the two VCA groups ..................................................... 193 

Figure 52 – Probability Density Functions of the DCA and VCA same tutor groups........................... 194 

Figure 53 – Probability Density Functions of the DCA and VCA tutor change groups........................ 194 



xvi Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

 

 

 

 

 

 

 

This page was intentionally left blank. 

 

 

 



Index of Tables xvii  

Patrícia Gonçalves 
 

INDEX OF TABLES 

Table 1 – Virtual team lifecycle phases and definitions (Tavcar et al., 2005) ........................................ 29 

Table 2 – “Traditional” Enterprise vs. Virtual Enterprise potentials (Putnik et al., 2005d) .................... 57 

Table 3 – ISO 9241 (Parts 10-17): Status as of 3Q96 (Blanchard, 1997) ............................................... 98 

Table 4 – A comparison of some characteristics of the Virtual Enterprise Projects and the Project 
on VE at the University of Minho (“Virtual” Communication Architecture)............................ 109 

Table 5 – Functional Requirements and corresponding Interaction Requirements of the two 
architectures ............................................................................................................................... 120 

Table 6 – A comparison between the two architectures........................................................................ 148 

Table 7 – Implementation of the DCA and the VCA in VE Projects.................................................... 149 

Table 8 – Time Model for the Communication Architectures DCA and VCA Total Time per user..... 151 

Table 9 – Time Model for the Communication Architectures DCA and VCA Total Time 
considering all users................................................................................................................... 152 

Table 10 – Script Distribution through the Experiment ........................................................................ 166 

Table 11 – Tutor allocation for the first experiment ............................................................................. 167 

Table 12– Tutor allocation for the second experiment.......................................................................... 170 

Table 13 – Questionnaires used in the first experiment ........................................................................ 172 

Table 14 – Questionnaires used in the second experiment.................................................................... 173 

Table 15 – Correlation of Familiarity with Programs like MSN and Response Time .......................... 187 

Table 16– Correlation of Familiarity with Programs like MSN and Perception of the DCA................ 189 

Table 17 – Descriptive Statistics of the Samples (total time in seconds) .............................................. 190 

Table 18 – Frequency Distribution in Classes (DCA Same Tutor) ....................................................... 191 

Table 19 – Frequency Distribution in Classes (DCA Tutor Change).................................................... 191 

Table 20 – Frequency Distribution in Classes (VCA Same Tutor) ....................................................... 192 

Table 21 – Frequency Distribution in Classes (VCA Tutor Change).................................................... 193 

Table 22 – Probabilities of Time Spending in Percent (Same Tutor).................................................... 194 



xviii Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

Table 23 – Probabilities of Time Spending in Percent (Tutor Change)................................................. 195 

Table 24 – Summary table of the research hypothesis validation ......................................................... 200 

 

 

 



Index of Graphs xix  

Patrícia Gonçalves 
 

INDEX OF GRAPHS 

Graph 1 – Means of the Response Time of Users in Group 1............................................................... 182 

Graph 2 – Means of the Response Time of Users in Group 2............................................................... 183 

Graph 3 – Means of the Response Time of Users in Group 3............................................................... 184 

Graph 4 – Means of the Comfort Demonstrated by Users in Group 2 .................................................. 185 

Graph 5 – Means of the Comfort Demonstrated by Users in Group 3 .................................................. 185 

Graph 6 – Means of the Confidence Demonstrated by Users in Group 2 ............................................. 186 

Graph 7 – Means of the Confidence Demonstrated by Users in Group 3 ............................................. 186 

Graph 8 – Means of the Architecture Preference Demonstrated by All Groups ................................... 188 

Graph 9 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up 
Time equal to the experiment..................................................................................................... 196 

Graph 10 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up 
Time equal to the experiment..................................................................................................... 196 

Graph 11 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up 
Time lower than the experiment ................................................................................................ 197 

Graph 12 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up 
Time lower than the experiment ................................................................................................ 197 

Graph 13 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up 
Time higher than the experiment ............................................................................................... 198 

Graph 14 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up 
Time higher than the experiment ............................................................................................... 198 

Graph 15 – Average Total Time (per user) of the DCA and VCA with a Tutor Change frequency 
equal to the experiment .............................................................................................................. 199 

Graph 16 – Average Total Time (per user) of the DCA and VCA with a Tutor Change frequency 
higher than the experiment......................................................................................................... 200 

 

 

 



xx Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

 

 

 

 

 

 

 

This page was intentionally left blank. 

 

 

 

 

 



List of Abbreviations xxi  

Patrícia Gonçalves 
 

LIST OF ABBREVIATIONS 

 

ADVICE Virtual Sales Assistant for the complete Customer Service Process in Digital 
Markets 

ATHENA Advanced Technologies for interoperability of Heterogeneous Enterprise 
Networks and their Application 

ARIS Architecture of Integrated Information Systems 

A/V E Agile/Virtual Enterprise 

BIDSAVER The Business Integrator Dynamic Support Agents for Virtual Enterprise 

BM_VEARM BM_Virtual Enterprise Architecture Reference Model 

CIM Computer Integrated Manufacturing 

CIMOSA CIM Open System Architecture 

CORBA Common Object Request Broker Archietcture 

ECOLEAD European Collaborative Organisations Leadership Initiative 

ELEGAL Specifying Legal Terms of Contract in ICT Environment 

E-UTILITIES Transforming Utilities into Customer-Centric Multi-Utilities 

EXPIDE Extended Products in Dynamic Enterprises 

FASHIONME Fashion Shopping with Individualized Avatars 

GIDA Generic Information-based Decision Assistant 

GLOBEMEN Global Engineering and Manufacturing in Enterprise Networks 

GRAI-GIM GRAI Integrated Methodology 

GUI Graphical User Interface 

HTML  HyperText Mark Up Language 

HTTP Hyper Text Transfer Protocol 

ICAM Integrated Computed Aided Manufacturing 

ICT Information and Communication Technologies 

IDEF Icam DEFinition Method 

IMS Intelligent Manufacturing Systems 

INTELLECT Intelligent Online Configuration of Products by Customers of Electronic Shop 
Systems 

ISA Information Systems Architecture 

ISO International Standards Organisation 



xxii Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

LAN Local area network 

MEDIA-ISF Media-Information Sans Frontieres 

NVE Normalised Virtual Enterprise 

OCTANE Open Contracting TransActions in the New Economy 

OPIM One-Product-Integrated-Manufacturing 

PC Personal Computer 

PERA Purdue Enterprise Reference Architecture 

PLC Programmable Logic Controller 

PROVE-SME Promoting Virtual Enterprises out of SME’s 

ROVs Remotely Operated Vehicles 

SA Structured Analysis 

SADT Structured Analysis and Design Technique 

SCM Supply Chain Manangement 

SEEMSEED Single European Electronic Market 

SME  Small and Medium Enterprises 

SMART SME Smart Forms of Collaboration among Inter-Networked Manufacturing SMEs 

STEP Standard for the Exchange of Product Model Data 

SWOT Strengths, Weaknesses, Opportunities and Threats 

TOVE Toronto Virtual Enterprise 

URL  Uniform Resource Locator 

VE Virtual Enterprise 

VO Virtual Organisation 

VDTs Visual Display Terminals  

WAN Wide Area Network 

WWW World Wide Web 

W3C World Wide Web Consortium 

XML eXtended Markup Language 

 



 

 

 

 

 

1 Para a numeração dos títulos – depois por em branco para não imprimir 

CHAPTER ONE – INTRODUCTION  

 

 

 

1 

INTRODUCTION 



2 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

 

 

 

 

 

 

 

This page was intentionally left blank. 

 



Chapter 1. – Introduction  3 
  

Patrícia Gonçalves 
 

CHAPTER ONE – INTRODUCTION  

This chapter is divided into several sections in order to clearly introduce the goals of this 

dissertation. It begins with the framework/motivation and is followed by project objectives, 

structure and organization (which briefly summarizes each chapter). Finally, we conclude with 

the phases of the research. 

1.1. FRAMEWORK/MOTIVATION 

Virtual enterprises (VE) may be defined as “agile” enterprises, in other words with the 

capacity of integration and reconfiguration in limited time (in “real time”). They are integrated 

from “cells” or independent enterprises, primitive or complex1, or resources, with the aim of 

taking profit from a specific market opportunity. Once the need that motivated the integration 

of the enterprise is satisfied, this one is dissolved and integrates itself in a new virtual 

enterprise, or reconfigures itself to try to keep answering in a competitive manner a new 

market need.  

Three main characteristics may be identified for this organizational model: 

1. The acquisition process of the candidate resources to integrate a virtual enterprise, is 

meant to be flexible and almost instant, as well as the negotiation processes between 

them and its integration; 

2. The global distribution of the independent resources (“cells”, enterprises), candidates 

to integrate a virtual enterprise or the independent participating resources in a virtual 

enterprise. 

3. The interaction or collaboration between the virtual enterprise participants, aiming at 

the concretization of the proposed objectives. 

                                                           
1 For the independent enterprises, candidates to integrate a virtual enterprise, we will use the designation “resources provider”, in 

the sense that from the point of view of the virtual enterprise, these enterprises represent the candidate “resources” for 
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The first characteristic implies the existence of a market of independent resources candidate to 

integrate a virtual enterprise. The role of this market is: (a) provide the environment and 

technology (procedures, rules, protocols) for the efficient access to the resources, efficient 

negotiation between them and an efficient integration; (b) provide a domain for the selection of 

participating resources in a virtual enterprise large enough to guarantee the best options (or 

configurations), i.e. to provide the global domain to immediate access to any potential 

resource; and (c) minimize the integration or reconfiguration time. 

The second characteristic implies the use of information and communication technologies, in 

order to make possible the operation of the market resources.  

The two characteristics described above are partially based on the form of communication and 

interaction between the participants in the creation/reconfiguration process of the virtual 

organization - server (resource provider) and client (owner of the virtual organization to 

integrate or reconfigure). 

The third characteristic consists in the own dynamic interaction, that requires efficient 

interfaces. 

The user does not have direct access to the internal computer system nor to the virtual 

enterprise, only through the interface. The purpose of the interface is to turn the system 

accessible, efficient and user friendly. When it comes to interaction, the most critical qualities 

of a computer interface are its usability and its time saving capability. These factors will be 

explored in this project. 

1.1.1. Project Objectives 

The main objective of this doctoral project is to identify the requisites of communication 

architectures, with a friendly interface for distributed environments, agile and virtual, 

defending that a virtual interface between the interacting entities is more efficient.  

The proposed model should not only satisfy the requisites for the efficient access of the 

globally distributed resources, efficient negotiation between them and efficient integration, 

                                                                                                                                                                        
integration. The designation of “resource” is applied to a product (component or assembly), an operation or a service, required 
by the virtual enterprise product. 
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which corresponds to the two aspects referred before (1. and 2.), but in particular, guarantee 

the communication between the various participants (3.). 

1.1.2. Project Structure 

The project structure and work plan are based on a five-stage project development model. The 

five-stages of this model are: 

1. State-of-the-art analysis and user-needs identification and definition of detailed project 

objectives; 

2. Functional specification of the virtual interface model for agile and virtual enterprises 

integration and operation; 

3. Development of a demonstrator for the proposed model; 

4. Validation of the proposed model; 

5. Exploitation plan for the proposed model. 

The main tasks of the work plan are listed bellow: 

1. State-of-the-art analysis and user-needs identification and definition of detailed 

project objectives 

− Analysis of the communication and collaboration requisites in an agile and virtual 

enterprise environment; 

− Analysis of the applicable interface models; 

− Definition of the detailed objectives of the project; 

− Identification of the functional requisites and project parameters for the interface 

model; 

 

2. Functional specification of the virtual interface model for agile and virtual 

enterprises integration and operation 

− Specification of the architectural and communications requisites for efficient 

resource access, efficient negotiation between them and their efficient integration, 
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and for the operation and management of the resources in agile and virtual 

enterprises; 

− Specification of an interface to operate in agile and virtual enterprises; 

− Definition of the proprieties of the proposed model. 

3. Development of a demonstrator for the proposed model 

− Specification of the components of a prototype demonstrator of the proposed 

model; 

− Specification of the tools and synthesis environment, i.e. project of the prototype 

demonstrator for the proposed model; 

− Synthesis and implementation of the prototype demonstrator of the proposed 

model. 

4. Validation of the proposed model 

− Definition of specific metrics, i.e. the definition of appropriate performance 

measures of the proposed developed model; 

− Functional and performance test of the prototype demonstrator of the proposed and 

developed model; 

− Evaluation of the performance of the proposed and developed model for real 

applications.  

5. Exploitation plan for the proposed model 

− Definition of the application domains of the developed model; 

− Organizational implications for the implementation of the developed model;  

− Identification of problems to be solved in the next phase of investigation. 

1.1.3. Organization of the Dissertation/Dissertation Outline 

The dissertation is composed of eleven chapters (including the present one), nine of which 

correspond to the five phases of the Work programme, as follows: 

Chapter 1. – Introduction  
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Part I – STATE-OF-THE-ART ANALYSIS, USER NEEDS IDENTIFICATION AND 

DEFINITION OF PROJECT DETAILED OBJECTIVES –, includes: 

– Chapter 2. – Virtual Enterprises 

– Chapter 3. – Human-Computer Interface Models 

– Chapter 4. – Human-Computer Interaction Interface in Virtual Enterprises 

– Chapter 5. – Functional Requirements for the Implementation of an Interface 

Model in Agile/Virtual Enterprises 

– Chapter 6. – Software Agents as Supporting Technology for Virtuality 

Part II – FUNCTIONAL SPECIFICATION OF THE VIRTUAL INTERFACE MODEL 

FOR AGILE AND VIRTUAL ENTERPRISES INTEGRATION AND 

OPERATION –, consists of: 

 – Chapter 7. – Functional Specification, Integration and Operation of the Virtual 

Interface Model 

Part III – DEVELOPMENT OF A DEMONSTRATOR FOR THE PROPOSED MODEL –, 

consists of: 

–  Chapter 8. – Development of a Demonstrator for the Proposed Model 

Part IV – VALIDATION OF THE PROPOSED MODEL –, consists of: 

–  Chapter 9. – Validation of the Proposed Model 

Part V – EXPLOITATION PLAN FOR THE PROPOSED MODEL –, consists of: 

–  Chapter 10. – Conclusions  

 

In Chapter 2, we perform a requirements analysis justifying the emergence of dynamic 

organizational models and virtual teams. We start off with a brief introduction of the 

functionalities of Virtual Enterprises, the role of virtual team work as an inter-enterprise and an 

intra-enterprise function and how trust and communication affects the relationship between 

team members. We present a framework for virtual enterprises and review some of the most 

popular models:  Extended Enterprise, Virtual Enterprise/Organization Approach, Agile 

Enterprise/Manufacturing, Supply Chain Management, BM_VEARM Agile/Virtual Enterprise 
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and OPIM (One Product Integrated Manufacturing) and discuss their potentials in relation to 

traditional enterprises. Some examples of virtual enterprise projects are referred to and a brief 

presentation of the project on VE at the University of Minho is included. In the end there is a 

discussion about project models of VE.  

Chapter 3 defines the human-computer interface, otherwise known as the user interface, and 

exemplifies how it has evolved over the years. To clarify this concept, the importance of 

human-computer interaction is discussed as well as the main interaction requirements: 

usability, navigation and readability. Finally, to conclude, some interface design models as 

well as examples of user-centred design and evaluation criteria are presented.  

Chapter 4 presents the notion of the human-computer interaction interface in a VE, discusses 

its importance and exemplifies what has been done until now in an attempt to achieve it. 

Chapter 5 introduces the requirements for the implementation of user-interface architectures 

for Agile/Virtual Enterprises.  

Chapter 6 describes software agents in general, discusses some applications and mentions 

some basic programming of Microsoft Agent technology in order to introduce the application 

of software agents as supporting technology for virtuality. In the end we discuss other agent 

possibilities and show some human-looking agents. 

Chapter 7 corresponds to the functional specification, integration and operation of the Virtual 

Interface Model. It includes six parts: (1) a functional specification of the model of 

communication architecture, (2) the importance of user-interface architectures in the dynamic 

reconfiguration process, (3) the conceptual design of the DCA (MSN Messenger), (4) the 

conceptual design of the VCA (E-Mask), (5) a comparison of the DCA and the VCA, and 

finally, (6) the specification of the time model to allow a further time analysis of the model 

performance. 

Chapter 8 corresponds to the definition of the conditions for the validation of the proposed 

Virtual Interface Model, which will take place in chapter 9. Details about the solutions used 

can be found in sections 8.2 and 8.3. In sections 8.4. to 8.9. all of the experiment details can be 

found. We present the expect results in section 8.10. We conclude this chapter by mentioning 

the main limitations of the demonstrator (section 8.11.).  
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Chapter 9 validates the thesis hypotheses. It indicates some functionalities required by the 

Virtual Communication Architecture interface that can be implemented using the software 

platform we developed, and presents a comparative study on the project performance versus 

the performance of the traditional Direct Communication Architecture interface. In section 9.2. 

we use the experiment data in a slightly different way to validate the project under the time 

parameter. To conclude, we present a table with the statistical tests used for the validation of 

the hypotheses and summarise the situations where the VCA can contribute to increase the 

A/V E model efficiency (section 9.3.). 

Finally, chapter 10 concludes the thesis, by remarking the main contributions and limitations 

of this project and identifying further possible research directions.  

1.1.4. Phases of the Research 

Our research started in the late 2003, with a first phase including (1) analysis of the 

communication and collaboration requisites in an agile and virtual enterprise environment; 

(2) analysis of the applicable interface models; (3) definition of the detailed objectives of the 

project; and (4) identification of the functional requisites and project parameters for the 

interface model. This phase lasted until the end of 2004, and led to the phase of the Functional 

specification of the virtual interface model for agile and virtual enterprises integration and 

operation based on the reference model BM_VEARM. This phase consisted of the 

specification of the architectural and communications requisites of an interface to operate in 

agile and virtual enterprises and the definition of the proprieties of the proposed model. 

By mid 2005, the demonstrator for the proposed model was developed and during June and 

September of 2005 the demonstration and validation phases were conducted. The validation 

phase lasted until late 2006 since the literature review was updated and the exploitation plan 

was done at the same time. The project was concluded in the first trimester of 2007, with the 

revision of texts and the final production of this thesis. 
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PART I - STATE-OF-THE-ART ANALYSIS, USER NEEDS 
IDENTIFICATION AND DEFINITION OF PROJECT DETAILED 
OBJECTIVES 

CHAPTER TWO - VIRTUAL ENTERPRISES 

In this chapter the functionalities of Virtual Enterprises are discussed and the meaning of 

“virtual” is unveiled. The importance of dynamic organizations and virtual team work as an 

inter-enterprise and an intra-enterprise function is also tapped with important issues like trust 

and communication. We present a framework for virtual enterprises and review some of the 

most popular models: Extended Enterprise, Virtual Enterprise/Organization Approach, Agile 

Enterprise/Manufacturing, Supply Chain Management, BM_VEARM Agile/Virtual Enterprise 

and OPIM (One Product Integrated Manufacturing). In the end we discuss their potentials in 

relation to traditional enterprises.  

2.1. FUNCTIONALITIES OF VIRTUAL ENTERPRISES 

Today’s business environment is more competitive than ever. New, strongly time-oriented 

organizational concepts, allied with high performance and concerned with cost and quality, do 

not cease to appear. These are a must in order for companies to be permanently aligned with 

business opportunities. 

In the past, manufacturers were the drivers (pushers) of supply chain management activities, 

today customers are themselves the drivers (pullers) of the supply process. Manufacturing 

takes place in a global context where local markets are subject to global standards and where 

customers are more demanding. State-of-the-art information technology and communication 

technology is enabling cross-boundary business activities. Several factors appear as supreme 

factors of competitiveness, namely: (1) the organizations’ capability to achieve and explore 

competitive advantages in synergy, by using or integrating the optimal available resources for 

the functions that the organization undertakes; (2) the capability of fast adaptability to the 
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market, together with (3) the capability of managing all business processes independently of 

distance and (4) the ability to learn with history. The recent Virtual Enterprise (VE) 

organizational models traduce these factors (Cunha & Putnik, 2002). 

The field of Virtual Enterprises (VEs) is very inter-disciplinarily, therefore, researchers may be 

swallowed in many areas. Sciences like engineering, communications, computer science, 

economy, law, business management and sociology appear to be some of the most commonly 

approached areas in VE studies.  

One of the problems that occur when research begins in this new form of organization is in 

finding the right definition for the virtual enterprise. Each definition given by different authors 

has its own characteristics which may collide when compared with others. Until today, there is 

not a universally accepted definition, or model, of the VE. However, most definitions of  the 

VE incorporate the idea of extended and collaborative outsourcing to suppliers and 

subcontractors, in order to achieve a competitive response to market demands (Webster et al., 

2004).  

Other related problems may be: information exchange, secure communication, integrated 

project management, supervision of the VE members, quality guarantee of the finished 

product, trust in the information given by the enterprises, etc.  

Franke (2001) identifies two major driving forces towards virtual enterprise concepts:  

1. The changing market conditions – consumers are demanding more specialised products, 
which automatically leads to a broader product range that companies have to develop and 
produce; the individualisation of products means that companies have to tailor their 
output according to individual customer wishes, with the effect that the complexity across 
all organizational functions increases; specialisation and individualisation of products 
leads to shorter production cycles, which in turn increases the investment and cost of 
R&D, production, and sales; another influential market change is the internationalisation 
of markets and the globalisation of competition. 

2. Fast development of ICT – within the last two decades has dramatically improved the 
speed, quantity and quality of communication, and especially the coordination of 
economic actions and transactions. 

 

Both of the external forces lead to a changing business understanding and different business 

strategies. In order to improve their flexibility and to decrease complexity, companies employ 

the core competence strategy, which means that the economic actors concentrate on what they 
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can do best, specialise in certain areas, develop and constantly improve their core 

competencies. 

However, a core competency de per si does not create any value, and companies have to 

search for value chains where to integrate their core competencies, which are then flexibly 

configured in different value chains, leading to an optimum value creation process (Cunha, 

2003a). 

2.1.1. The Meaning of Virtual 

Bultje and Wijk (1998) present interesting interpretations of the term “virtual”. They have 

identified four different sub-concepts of “virtual”, in an attempt to define the essence of virtual 

organizations. 

The authors mentioned above define the concept of virtual in the following manner: 

− Virtual means “unreal, looking real”: Virtual reality is a good example of this sub-

concept. 

− Virtual means “immaterial, supported by ICT”: means that something does not 

physically exist, it is only created by data, as for example the Virtual Library or the 

Virtual Classroom. The roles normally played by people are substituted by information 

and communication technologies. 

− Virtual means “potentially present”: an organization has the potential to exist; but only 

when it is needed. It only becomes active when the opportunity emerges.  

− Virtual means “existing but changing”: the dynamic network follows this meaning of 

virtual; the organizational unit exists, but the composition of partners is temporary, and 

the organization reconfigures itself permanently, it is dynamic and progressive. 

A Virtual Enterprise is “virtual” to Parunak & VanderBok (1998) because it relaxes the 

conventional restrictions that an enterprise be a single legal entity, headquarted in a single 

place, with close synchronisation among its various functions. 
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2.1.2. Importance of Dynamic Organizations  

As mentioned in the Iacocca Institute report “21st Century Manufacturing Enterprise Strategy” 

(Nagel & Dove, 1993), the main trends of the actual economical context are: (1) to meet the 

rapidly changing needs of the marketplace; (2) to shift quickly between product models or 

between product lines, in order (3) to respond in real-time to the customer demands. 

Due to the accelerated changing needs of customers and demand for a shorter time to design, 

develop and manufacture, as well as cost reduction and increased quality, enterprises must 

increase their ability to introduce new products, while responding to increasingly dynamic 

markets. In the past a product could exist without great changes however, today, besides its 

shorter lifespan, it suffers several redesigns in order to be competitive, i.e., aligned with market 

demands. 

The driving force of business is to fully satisfy more demanding and more global customers, 

with products at the right time, price and with the highest quality. As expectations increase, 

higher levels of competition are required. Thus, business alignment is a main requisite for 

competitiveness. By business alignment we mean the actions to be undertaken to gain synergy 

between business, that is, a market opportunity, and the provision of the required product, with 

the required specifications, at the required time, with the lowest cost and with the best possible 

return (financial or other) (Cunha & Putnik, 2005). 

A main feature of the “New Economy” consists on an increased emphasis on inter-enterprise 

collaboration within networked supply chains (Euroma, 2002). In other words, enterprises are 

no longer confined in their own walls, and the networked value chain concept is extending to 

several organizational approaches, focusing on cost and quality, and permanently aligned with 

business opportunities, in order to answer the new requirements of the business environment. 

Some of these approaches rely on dynamically reconfigurable business networks, in permanent 

alignment with the market, and strongly supported by information and communication 

technology, dictating a paradigm shift in relation to traditional organizational models. The 

leading organizational model expressing these characteristics is the Virtual Enterprise (VE) 

organizational model, characterized as a dynamic organizational model. A particular model 

characterized by high reconfiguration dynamics is the Agile/Virtual Enterprise (A/V E) model 

(Cunha & Putnik, 2005, 2006; Putnik, 2001; Putnik et al., 2005b). This model will be 

explained later on in this chapter. 
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The terminology in VE definitions often varies, and the following expressions are used 

interchangeably: collaborative networks, collaborative supply chains, networked enterprise, 

star alliances, extended enterprises, agile virtual enterprises, etc. These are all forms virtual 

enterprises may take. What distinguishes them is: the duration, the links established or 

intended to establish, the legal formalities, the scope, the sharing of responsibilities and results, 

the coordination, the reconfiguration dynamics, etc; these networks can be established on a 

temporary or a long-term basis. Temporary organizations seem to better fit the dynamics of the 

market and the typically short duration of business opportunities, while long-term 

organizations better cope with the trust building process and the investment on common 

infrastructures and practices (Cunha & Putnik, 2005).  

Dynamic organizational models represent solutions for highly customised products in highly 

competitive and changing environments where permanent business alignment is crucial. 

Partnership stability is low (sometimes very low), dependency between partners is very weak 

and reconfiguration dynamics should be as high as possible, given the permanent monitoring 

of the structure to traduce the most competitive solution at every moment of the product life 

cycle (Cunha & Putnik, 2005). Some forms of extended enterprises in stable mass production 

oriented businesses, long to medium-sizes series, traditional to semi-standardized products, are 

examples of more stable, sometimes long-term, organizations (Cunha & Putnik, 2005). 

According to the previously referred authors, the implementation of the VE model depends on 

two factors: (1) the reduction of reconfiguration costs and effort, i.e., requires a balancing 

between reconfiguration dynamics and reconfiguration time and costs and (2) the capability to 

preserve the firms’ private knowledge on products or processes. 

The VE concept aims to represent a new organizational paradigm for enterprises in general, 

and, in that way, permeating virtually the whole economy and even society (through the 

concept of Virtual Organizations). Networking and reconfigurability dynamics are the main 

requirements for Virtual Enterprise Integration (VEI). However, the main factors against 

networking and reconfigurability dynamics are the reconfiguration costs and the leakage of 

private information. 

Many authors recognize that the present solutions for VEI are either inexistent or insufficient. 

Therefore, there is a need for further effort by the community towards satisfactory and 

competitive solutions. 
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2.1.3. Importance of Communication  

Product development requires intense communication. Based on studies produced by Harvey 

and Koubek (1998) there is no difference between personal face-to-face and video 

communication in product development. In complex tasks, such as product development, the 

type of communication medium employed (email, audio and video) has a strong impact on 

effectiveness, while in simpler tasks this has no marked effect (Kayworth & Leidner, 2000). 

Communication becomes more effective once the team develops a common vocabulary 

(Kayworth & Leidner, 2000). 

As a rule, communication involves a feedback loop between the sender and the recipient, as 

shown in Figure 1. For effective communication it is very important that the sender 

immediately receives a confirmation that the recipient correctly interpreted the information. 

Whenever one writes a message, a reply is needed in order to know that the intent of the 

message was achieved. In a conversation, however, confirmation is often expressed simply 

through mimics. Within a familiar team, even a small hint will suffice and everyone will 

understand the message. However, recipients from different cultural environments or different 

types of expertise will require a clear, modified explanation. Effective communication in a 

development team requires as many communication channels as possible: audio, video and 

textual (Tavcar et al., 2005). 

 

 

Figure 1 – Feedback loop between the recipient and the sender (Spence, 1994) 

2.1.4. Importance of Trust  

In situations where trust has a direct effect on outcomes, attitudes and behaviours are direct 

manifestations of trust. In situations where trust has a moderation effect, trust guides 

individuals to selectively perceive and interpret factors that have a direct effect on behaviour. 
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For example, high trust in another party may keep a trustor from developing negative attitudes 

toward another party, even if that party does not promptly respond to a previous 

communication. Trust can thus affect the way people interpret nonresponsiveness (Jarvenpaa 

et al., 2004). 

Jarvenpaa et al. (2004) state that “the relationship between technology and trust is important 

because information technology can change the context of human relationships. The Merriam-

Webster Dictionary defines context as interrelated conditions or situations in which something 

exists or occurs. Technology can change conditions in terms of their physical infrastructures, 

tasks, and social dimensions. Changes in context can lead to differing levels of trust”. Trust 

may not reach the same level in IT-enabled relationships that are adhoc and temporary, and 

therefore void of prior social history and not tied to a known physical location as those based 

on face-to-face interaction that takes place in known physical infrastructures and with shared 

social history (Kramer, 1999). 

2.1.5. Globalization Leads to Virtual Teams  

Globalization means different things to different people. To some its the result of innovation 

and technological progress. To others it represents corporate takeover – where the superpower 

economies force smaller nations to become subordinate to corporate influence. At its most 

basic level, however, there is nothing mysterious about globalization – it is the movement of 

people (labor) and knowledge (technology) across international borders. What has changed is 

the awareness of the need to manage people and information globally and analyze issues from 

a global perspective. One thing is certain; globalization is forcing people into virtual teams. 

Global organizations are finding a competitive edge through realizing the value of the 

knowledge and competencies of their people around the world.  

The proliferation of new technology and its dropping costs has created new business models 

and has made virtual teams flourish. Virtual teams are groups of geographically and/or 

temporary dispersed individuals brought together via information and telecommunication 

technologies (DeSanctis & Poole, 1997; Jarvenpaa & Leidner, 1999; Lipnack & Stamps, 1997; 

Powell et al., 2004). Their main advantages include quicker responses, new potentials and 

greater adaptability.  
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New technology and work within virtual teams have resulted in new requirements regarding 

the character, features and skills of the participants. Remote work demands independence, 

reliability and initiative (Tavcar et al., 2005). Using available technology, individual 

contributions can be melded together without the expense and trouble of relocating members. 

In most literature about virtual teams, the majority of authors discuss experiences in the 

execution of projects that do not require intense communication and use widely accessible 

equipment, such as email, telephone, fax and the Internet (Hameri & Nihtilä, 1997; Huang et 

al., 2003; Lurey & Raisinghani, 2001).  

A study by BMW showed that 83% of all tasks in the research and development field could be 

performed at home (Tavcar et al., 2005). Working from home in combination with working at 

the office represents a gradual transition to completely virtual companies. Virtual teams are 

rapidly becoming a must, not an alternative. In the coming years, the development of 

technology will improve remote communication and reduce its price; it will become normal to 

have a videoconferencing connection in one’s home. As remote communications become 

increasingly more personal, work in virtual teams is expected to expand at an unprecedented 

rate. As much as 88% of all companies intend to increase the extent of their operations via 

virtual teams (Susman & Majchrzak, 2003). Nevertheless, the differences in work methods 

compared with development teams based in one location are not fully known. The way people 

communicate is different, as are leadership and knowledge management (Susman & 

Majchrzak, 2003).  

2.1.6. Functioning of Virtual Teams 

Virtual teams can be temporary and focused on the completion of a specific project, or they 

can be long lasting, with stable membership over several months or years (Duarte & Snyder, 

1999; Lipnack & Stamps, 1997; Townsend et al., 1998). Virtual teams have the potential to 

deliver unique strategic flexibility by enabling the rapid formation and disbanding of teams 

comprised of the best talent available (Lipnack & Stamps, 1997; Townsend et al., 1998). 

Simply put, a virtual team can be defined as a group that uses technology to work across space, 

time and organizational boundaries. Video conferencing, groupware, shared applications and 

intranets are just some of the tools that make virtual team-working possible, however, they are 

not solely responsible for a successful team and certainly do not insure that communication 

and trust between team mates is efficient.  
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Prior research has demonstrated that physically distributed virtual teams tend to be less 

effective than conventional face-to-face teams initially. However, this difference in 

effectiveness tends to disappear as team members develop shared understanding over time 

(Chidambaram, 1996; Walther, 1995). Nevertheless, if virtual teams are to address business 

problems in a timely fashion, they must quickly become effective upon formation. Therefore, 

means to enhance the initial performance of virtual teams can benefit many organizations (Tan 

et al., 2000). It may sound obvious, but it is important to remember that traditional 

communication challenges still arise in a virtual environment. Establishing credibility around 

messages and facilitating two-way communication, for example, are as important as ever. 

Many organizations are currently flying members of virtual teams around for face-to-face 

meetings in order to help them understand and work with each other better. Face-to-face 

meetings, however, are not without costs. Cross-continent face-to-face meeting attendance 

frequently requires a minimum of two days when travel time is added to the actual meeting 

itself (McDonough et al., 1999). Travel time, of course, is time which cannot be spent on 

moving the project forward. Distance also limits the amount of real-time interactive 

communication for teams, since interactive communication is severely limited when individual 

team members are on the road travelling to or from a meeting.  

It is essential to enable virtual teams to develop shared understanding quickly in order to trim 

down on the costs and time needed for travel. Also, by enabling virtual teams to work 

effectively via electronic communication, virtual teams may be able to do away with many of 

the costs and inconveniences (e.g., getting members from different time zones to meet at the 

same time) of using video-conferences and telephone conferences (Tan et al., 2000). Distance 

and reliance on communication technology add levels of complexity that ordinary teams just 

do not have.  

2.1.6.1. Conflict Resolution in Virtual Teams 

Global development team members come from different cultural environments, with different 

levels of education and different work methods. Such variety is on one hand an advantage, but 

on the other it increases the probability of conflict situations (Joshi et al., 2002). Joshi et al. 

find that conflicts between crucial team members are the greatest threat to successful project 

execution. They recommend that the situation be analysed on the basis of diagrams of intensity 

of communication, workflow and conflicts between virtual team members, after which 
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appropriate actions should be initiated (Joshi et al., 2002). Large changes brought about by 

virtual development teams cause misalignment in task setting, structure of the project team, 

and the organization. It is very important for the project team to be able to recognize and admit 

misalignment, as this opens the door to finding solutions (Susman et al., 2003). A greater 

degree of trust and work skills in a virtual development team reduces the number of conflicts 

and enables their resolution (Susman et al., 2003).  

2.1.6.2. Trust Building in Virtual Teams 

The relationship between information technology (IT) and trust is gaining increasing attention 

by academics. In virtual teams, where members rely on IT-mediated interactions, successful 

collaboration depends on trust (Jarvenpaa et al., 1998; Jarvenpaa & Leidner, 1999) for trust is 

one of the important building blocks of virtual development teams (Kasper-Fuehrer & 

Ashkanasy, 2001). Product development requires close cooperation between team members; 

this in turn requires trust.   

In most cases, virtual team members may not have met each other in person. This is especially 

true in cases where big organizations assemble knowledgeable employees from different 

locations into virtual teams to address business issues. Since team members know little about 

each other and often do not have a history of working together, new virtual teams are typified 

by a lack of shared understanding and often have differences in culture; language; semiotic 

meaning of designs; and the influence of politics or religion on work. All of these differences 

may hinder the development of trust which is essential in virtual team relationships. 

Trust is predicated on the belief that others will make good-faith efforts to honour their 

commitments and have consideration for others’ well-being (Cummings & Bromley, 1996). 

Trust can also be defined as the “willingness to be vulnerable to the actions of another party 

based on the expectation that the other will perform a particular action important to the trustor, 

irrespective of the ability to monitor or control that other party” (Mayer et al., 1995). For trust 

to develop it is necessary for team members to share a common history and have personal 

contacts; this is what trust within development teams at a single location (collocated teams) is 

built on. However, in many global virtual teams this is not possible. It is necessary to start with 

initial, “swift” trust and build on it (Jarvenpaa & Leidner, 1998).  
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Swift trust is a concept developed by Meyerson et al. for temporary teams who form around a 

clear purpose and common task with a finite life span (Meyerson et al., 1996). Swift trust was 

originally developed to describe high-risk and high-stake temporary groups such as film crews 

or cockpit crews. The researchers discovered that temporary teams are tied together by a form 

of trust with unusual properties. Meyerson et al. frame swift trust in temporary systems in 

terms of the following social characteristics: 

 Vulnerability — the belief (hope) that others will care for what is being entrusted with 

good will. 

 Uncertainty — a willingness to suspend doubt in order to execute the task 

performance. 

 Risk — a willingness to take risks. 

 Expectations — a positive expectation of benefits of temporary group activity. 

The above set of characteristics is important to members of new “temporary teams” formed in 

virtual enterprises. Compared with a traditional enterprise, the virtual enterprise presents more 

uncertainty, risk, and expectations. 

People in temporary groups have a limited amount of time to become familiar with one 

another; therefore they import trust and assign perceptions based on past personal and 

professional stereotypes. Since these groups come together to get a job done, swift trust is 

sustained and reinforced by a high level of activity. 

Jarvenpaa and Leidner (1998) extend the original concept of swift trust to an examination of 

global virtual teams. They define a global virtual team as a temporary, culturally diverse, 

geographically dispersed, electronically communicating work group. Their research analyzes 

behaviours and actions both in early and later stages of group work (Coppola et al., 2004).  

Jarvenpaa and Leidner’s study suggests that swift trust forms in global virtual teams with 

unique communication and behaviours. First, communication via the earliest keystrokes begins 

to establish trust. Task communication maintains trust while social communications (and 

explicit statements of commitment, excitement, and optimism) strengthen trust. Finally, the 

members’ initial actions as well as their responses to one another are critical to trust 

development (Coppola et al., 2004). 

Initial social contacts are important, as this is when team members really open up and get to 

know each other. Later, trust can and needs to be solidified through predictable 
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communication, quick responses and individual initiative (Jarvenpaa & Leidner, 1998). This 

portion of trust, which is built within the first 2 weeks and serves as the basis for further 

solidification of trust via appropriate communication, is what team members can rely upon 

most (Jarvenpaa & Leidner, 1998). 

Some theorists have suggested that the dispersion of team members may engender low levels 

of trust and cooperation that hamper a team’s ability to perform adequately. Over the years, 

research has sought to uncover the antecedents of team trust in the virtual context. Research 

suggests that virtual teams are able to rapidly achieve a relatively high level of trust (Iacono & 

Weisband, 1997; Jarvenpaa et al., 1998; Jarvenpaa & Leidner, 1999). As early trust can be 

established, the challenge then is to maintain it while the team moves toward completion of the 

project (Meyerson et al., 1996). Early virtual team theorists have suggested that high levels of 

trust are maintained in virtual teams that engage in continuous and frequent interaction (Piccoli 

& Ives, 2003). 

When a team is in one location, and someone has negative feelings about a team member, 

there are many opportunities for the other person to become aware of how he/she feels. He/she 

may avoid that person, cut short on conversations, use a cool tone, or avoid eye contact. One 

way or the other, the team member gets the message. When everyone is in the same location, 

members can really sense when something is wrong and try to correct the situation. 

When the team is virtual, the opportunities to detect the problem and fix it are not as present. 

Generally people do not tell the team members they are upset about something and probably 

just think that their team mates are untrustworthy. By nature, humans tend to avoid people they 

do not trust. If people in a virtual team avoid fellow team members, how can they work 

together? Most of us find it difficult to determine the trustworthiness of others – and that is 

when we see them just about every day. Obviously, it becomes more difficult to determine the 

trustworthiness when people are not physically working together; however, trust is generally 

present when communication occurs. What is the point of talking to someone you do not trust? 

In face-to-face situations, Meyerson et al. (1996) emphasize that members must observe 

behavioural evidence — others acting in a trusting manner — to maintain their trust in the 

team. In a virtual setting members cannot see each other (except through videoconferencing 

tools), such evidence comes through communication. Communication behaviour within the 

team assures a member of the others’ existence — proof that “someone else is out there” 

(Jarvenpaa et al., 1998). Therefore, we would expect the level of communication by other 
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members in the team (i.e., not including communication initiated by the individual member) to 

affect positively a member’s early trust. 

2.1.6.3. Team Performance and Trust 

Although some virtual team researchers such as Kanawattanachai and Youngjin (2002) have 

found trust to be positively associated with performance, Aubert and Kelsey (2003) failed to 

find any such positive relationship between trust and performance in a research task. They 

explained the lack of relationship between performance and trust by distinguishing efficiency 

from effectiveness. Trust reduces process losses or wasted effort to get the team to work 

together. However, on a creative task such as research, trust does not make a capable team 

incapable, nor an incapable team capable. Low trust means that team members must work 

harder to produce the same quality product compared to a team with high trust. Besides 

spending time to coordinate efforts, the members also spend effort in monitoring others. 

Although trust is likely to increase the efficiency of work, a team member’s trust in the rest of 

the team does not necessarily increase the actual quality of task performance. 

2.1.6.4. Contracting Discussion Builds Trust 

The literature on psychological contracts offers a useful starting point for the investigation of 

trust decline in virtual teams, since the breach of a psychological contract has been empirically 

linked to trust decline in collocated environments. A psychological contract is defined as an 

individual’s beliefs about the terms and conditions of a reciprocal exchange agreement 

between the person and another party (Robinson, 1996). Such contracts can be implicit and are 

defined in terms of individual perceptions (Morrison & Robinson, 1997). When a virtual team 

is formed, team mates must communicate to evaluate the project requirements, make decisions 

regarding process and content, and provide feedback on one another’s work. As the working 

relationship unfolds, team members develop expectations about individual workload, work 

processes, and individual contributions. As expectations arise about reciprocal obligations 

between team mates, a psychological contract is formed (Rousseau, 2001). 

How do conversations within a virtual team ensure the confidence that the work will get done 

and well done? In other words, how do virtual conversations allow people to establish trust? 
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According to authors Rousseau (2001) and Platt (1999), a “contracting discussion” can be the 

basis for a relationship of trust in a virtual team. 

The contracting discussion is an opportunity to clearly inform colleagues of expectations and 

to provide them with an opportunity to state theirs. In a contracting discussion people should 

talk about how they will work together. It is easy to ask for data but far more difficult to ask 

for feedback if the relationship is not working (Platt, 1999).  

Kasper-Fuehrer and Ashkanasy (2001) build trust in virtual teams on a common business 

understanding and business ethics. Common business understanding includes a correct 

understanding of the virtual team’s goals, distribution of roles, clear definition of tasks, 

management and a joint identity. This needs to be clear right from the start. Knowledge of all 

circumstances is the basis for growth of trust. Ethics cannot be built; it should be clearly 

defined at the beginning in the form of a clear division of responsibilities, set procedures and 

disciplinary measures.  A virtual organization requires clearly set rules to enable trust to be 

built (Peterson, 2003). These rules need to be understood by all. Work in virtual teams also 

requires dealing with the matters of offer and demand, as well as formalities such as drawing 

up of contracts. Modular contracts prepared in advance are among the prerequisites of virtual 

organizations (Hoffner et al., 2001). A legally regulated form of cooperation contributes to a 

more confidential relationship. 

2.1.6.5. Virtual Team Lifecycle 

In the case of virtual enterprises, many virtual teams are formed on a project, service or 

manufacturing basis so as to tap the knowledge of a physically distributed work force. 

Members of virtual teams come together to solve business problems and then disband when 

the work has been completed. Their work is facilitated by electronic communication, which 

allows them to share knowledge and information.  

Individual studies have confirmed that well-managed preparation can accelerate the building of 

virtual teams and thus increase their effectiveness (Huang et al., 2003). During their lifecycle, 

project teams pass through various phases, which need to be taken into account during team 

management. Members of each virtual team are initially strangers to each other, with a 

considerable degree of mistrust. Effective communication and functioning of the team as a 

whole begins only when trust develops between the members.  



Chapter 2. – Virtual Enterprises 29 
  

Patrícia Gonçalves 
 

During its lifecycle, each virtual team passes through several characteristic phases (Table 1). 

Members of the project team meet during the initial phase (Figure 2). Right from the start, 

team members should feel that the project is managed and it must be clear what is expected of 

each individual (Jarvenpaa & Leidner, 1998). Even in the phase of preparation (PrePhase), it is 

important for the team to be composed of complementary members as much as possible, 

because this reduces the probability of conflicts. This phase also leads to the building of trust, 

which is the basis of the team’s good functioning later on.  

In the next phase, the team is at its most effective. It has been said many times that good 

communication and creativity require trust. Now that team members know each other well and 

know what to expect of each other, they can function effectively. In virtual project teams it is 

also necessary to make sure that the project is actually completed. If necessary, support and 

maintenance should be assured for the period after the formal project conclusion. In the final 

phase, project management must again be very intense. 

 

Table 1 – Virtual team lifecycle phases and definitions (Tavcar et al., 2005) 

Phase Phase description 

PrePhase Forming of the team, technical equipment, leader’s preparations 

Initial phase Getting to know each other, common goals, determination of procedures 

for communication and work, training in the use of technical equipment 

Trust building Building of trust through work, development of the work method 

Working 

phase 

Project work – the team’s most effective phase 

Finishing 

phase 

Project conclusion, presentation of results, agreements on continued 

collaboration 
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Figure 2 – Virtual team lifecycle phases (Tavcar et al., 2005) 

2.1.7. Virtual Enterprise Models/Approaches  

The concept of a Virtual Enterprise as an organizational model has emerged relatively recently 

after a number of truly advanced organizational (and management) concepts that marked the 

decades from the seventies to the nineties, but which did not manage to follow successfully 

nowadays turbulent and unpredictable market behaviour in all required dimensions (Putnik et 

al., 2005c).  

As we mentioned before, until today, there is no universally accepted definition, or model, of 

the VE. However, the following organizational approaches have emerged during the last 

decade:  

- Extended Enterprise 

- Virtual Enterprise/Organization Approach 

- Agile Enterprise/Manufacturing Model 

- Supply Chain Management 

- BM_VEARM Agile/Virtual Enterprise Model 

- One-Product-Integrated-Manufacturing (OPIM) 
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Their main characteristic is inter-organizational flexibility, and all of them represent attempts 

to increased competitiveness and efficiency. Some of these models rely on strong alliances, 

dynamic partnerships and permanent alignment with the market. All of them have in common 

information and communication technology as a prerequisite and facilitator, or even the core. 

According to several definitions, virtual enterprises are defined as enterprises with integration 

and reconfiguration capability in useful time (agility), integrated from independent enterprises 

(resources providers), with the aim of taking profit from a specific market opportunity. After 

the conclusion of that opportunity, the virtual enterprise either reconfigures itself or is 

dissolved and another virtual enterprise is integrated, due to new market opportunities. Even 

during the operation phase of the virtual enterprise, the configuration can change, as the need 

for readjustment or reconfiguration facing unexpected situations can happen at any time, 

raising the importance of the reconfigurability dynamics (Cunha & Putnik, 2002). 

2.1.7.1. The Extended Enterprise 

The term “extended enterprise” represents the concept that a company is made up not just of 

its employees, its board members, and executives, but also its business partners, its suppliers, 

and even its customers. The extended enterprise can only be successful if all of the component 

groups and individuals have the information they need in order to do business effectively.  

According to Browne & Zhang (1999), individual companies work together to form inter-

enterprise networks across the product value chain. The extended enterprise and the virtual 

enterprise can be seen in the context of enterprise partnerships, designed to facilitate co-

operation and integration across the value chain, the first more concerned on long-term 

relationships and the second on more dynamic configuration. 

Browne (1995) states that the core product functionalities of the extended enterprise are 

provided separately by different companies who come together to provide a customer defined 

product. He also identifies the following major characteristics of the extended enterprise: 

− The manufacturing enterprise focused on its core business and technical activities, and 

outsources non-core business activities to outside suppliers and service suppliers; 

outsourcing encourages both the manufacturer and its suppliers’ competitive ability and 

enhances their mutual dependency. 
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− The manufacturer develops long-term relationships with key customers and treats them as 

important business partners. 

According to IMS International (2003), the operation of the extended enterprise requires take 

up of communications and database technologies, which are near to the current state of the art. 

However, the main challenge is organizational rather than technological. 

The extended enterprise is responsible for the whole product life cycle, from material 

procurement to component production and manufacturing, to final assembly, further to 

distribution and customer service, and in an increasing number of cases, to the dispositioning 

and, where possible, recycling of end-of-life products (Browne & Zhang, 1999). In this sense, 

the extended enterprise can be regarded as represented by all those Organizations or parts of 

Organizations, customers, suppliers and subcontractors, engaged collaboratively in design, 

develop, manufacture and deliver a product to its end user (Browne et al., 1996). It includes 

both the inbound supply chains and the outbound logistics chains.  

It is crucial to know the suppliers’ stock conditions in real-time. The customers and partners 

need to know about the latest products or services as soon as they are available. The board and 

CEO need to have the latest financial information at their fingertips in order to make 

appropriate decisions about the company’s future. The extended enterprise is a complex, 

interconnected network of information.  

These organizations are creating an environment where digital streams converge from all of a 

business’s constituents: local employees, remote workers, customers, the sales channel, 

suppliers and other partners. Technology plays a strategic role in the extended enterprise - in 

some cases driving the opportunity for change and in others facilitating collaborative 

relationships and inter-organizational operation. IT enables the information sharing, flexibility 

and adaptability that the extended enterprise demands. 

Information technology also enables customer responsiveness, speedy decision making, 

inventory control and greater visibility across the extended organization. 

2.1.7.2. Virtual Enterprise/Organization Approach 

There are several definitions of the virtual enterprise (VE). According to Camarinha-Matos et 

al. (2001), a VE is usually defined as a temporary consortium of autonomous enterprises that 
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decide to cooperate in order to achieve a common goal (i.e., to jointly respond to a business 

opportunity) and whose cooperation is supported by a computer network. There is a clear trend 

for the manufacturing process not to be performed by single enterprises anymore but rather 

every enterprise being just one node that adds some value (a step in the manufacturing chain) 

to the entire production cycle. In virtual enterprises, manufacturers do not produce complete 

products in isolated facilities. Rather, they operate as nodes in a network of suppliers, 

customers, engineers, and other specialized service functions. 

Soares et al. (2000) define the VE as a set of enterprises which behave like a single company 

through strong cooperation towards mutual goals. In these companies, planning and control 

activities can be very complex, and have to take place both within the enterprise and across the 

whole supply network in order to achieve high levels of performance. Moreover, the logistics 

associated to manufacturing products in several different plants and subcontracted companies 

become an important and critical practical issue. 

A network is a type of organization that serves as the basic project for the construction of a 

social group. These networks are stable or dynamic types of cooperation aimed at taking the 

best possible advantage of market opportunities (Bremer et al., 2001). 

Putnik (2000a) subscribes the existence of at least two approaches in the virtual enterprise 

concept definition or specification: 

In the first approach, the most important characteristic of the virtual enterprise concept is the 

dynamic networking of enterprises.  

The second approach emphasises the “virtuality” of the system as something “not physically 

existing as such but made by software to appear to do so” (Oxford Dictionary). 

In the first approach, networks are the basis of the VE model. Several authors propose 

networks as the organizational answer to the need of flexibility and adaptability to the market. 

The idea of the virtual enterprise following this, i.e., as a dynamic networking of enterprises, 

came from the Peter Drucker (1990) and the Iacocca Institute (Nagel & Dove, 1993). The 

authors Nagel & Dove define the virtual enterprise concept as a part of a wider concept called 

Agile Manufacturing or Enterprise, and many institutions, researchers and authors followed 

that idea, as for example the IMS project (IMS, 1996a) and Goldman (1995). 
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The IMS project (IMS, 1996b) defines the virtual enterprise as the next generation of 

manufacturing enterprise, which consists on a globally distributed assembly of autonomous 

work units linked primarily by the goal of profitably, serving specific customers and operating 

in an environment of abrupt and often unanticipated change.  

In (Goldman et al., 1995), the virtual enterprise concept is seen as a special case, or an 

implementation of the Agile Enterprise (or Manufacturing) concept. “A virtual organization 

structure is an opportunistic alliance of core competencies distributed among a number of 

distinct operating entities within a single large company or among a group of independent 

companies (…). While the virtual organization is opportunistic, its objective is to create 

solution products with lifetimes as long as the marketplace will allow. These products are 

expected to evolve, and as they do, so will the virtual organization’s resource requirements. 

Some participants will leave to join other groups because their competencies no longer add 

enough value to be most profitably used in the virtual organization. For precisely the same 

reasons, others will join, because they can add value as the product evolves in one direction 

rather than another (…). The virtual organization is a dynamic organizational tool for agile 

competitors. It is at once neither temporary nor permanent”. 

The fundamental idea of the virtual corporation, for Franke (2001), is that it is a partnership 

created when it is needed.  

Forbairt (1996) defends the virtual enterprise as a response to the speed and globalisation of 

the digital age. It is an enterprise that may have no physical head office, very few full-time 

workers and existing as a combination of specific skills from individuals or enterprises. 

Some authors use the term “Extended Enterprise” to refer what others classify as virtual 

enterprise. As already referred by Browne (1995), in the Extended Enterprise, core product 

functionalities are provided separately by different companies who came together to provide a 

customer defined product or service. The extended enterprise is a network of different 

companies along the supply, or value-added chain. Therefore, the competition is not “company 

against company” but “supply chain against supply chain”.  

Putnik (2000a) points out a very important characteristic of the virtual enterprise concept, that 

many authors do not refer. The virtual organization model expresses the need of agile 

competitors to create or assemble new productive resources very quickly and frequently and 

concurrently because of decreasing profitable lifetimes of individual products and services. In 
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(Kim, 1990)  an illustrative specification of the performances required for a new 

manufacturing system is given: an “ideal” manufacturing system or enterprise should (1) 

manufacture from 1 to 1,000 products simultaneously; (2) accommodate lot sizes from 1 to 

1,000,000; and (3) the system should reconfigure for a new product within 1 second (in order 

to satisfy (1) and (2)). 

According to the second approach, enterprise networking is irrelevant. Terms used in this 

approach context are “virtual factory”, “virtual manufacturing”, “virtual reality in 

manufacturing”, etc. 

In (Kim, 1990) a virtual factory is defined by a sequence of production operations 

implemented on the machinery of the physical plant. Each virtual factory supports the 

manufacture of exactly one product or output of the physical factory; its configuration is 

defined by the specification of the product to be manufactured. A virtual factory is defined by 

a sequence of processes rather than machines, therefore two consecutive products or units that 

are produced by some virtual factory may actually be treated on different machinery in the 

physical plant. 

Onosata & Iwata (1993) define Virtual Manufacturing as a concept of executing 

manufacturing processes in computer as well as in the real world. The Institute for Systems 

Research (ISR, 1995) defines Virtual Manufacturing as the use of manufacturing-based 

simulation for product design and manufacturing system design and control. 

In concordance with Jägers, Jansen and Steenbalkkers (1998) we attribute the following 
characteristics to the VE model: 

 Boundary crossing; 

 Complementary core competencies; 

 Geographical dispersion; 

 Dynamic composition; 

 Temporariness; 

 Electronic communication and information sharing. 

The approach proposed by Putnik is the one that is relevant to our study. The author believes 

that a VE is an optimised enterprise synthesised over a universal set of resources with the real-

time substitutable physical structure. The design (synthesis) and control of the system is 

performed in an abstract, or virtual, environment. 
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2.1.7.3. Agile Enterprise/Manufacturing Model 

In most literature agility is considered a competitive advantage. According to the Agility 

Forum (2002), agility was developed in the USA under a Federal programme mounted in 

response to Congressional concern about the declining profitability of American industry.  

A comprehensive, integrated set of agility business strategies, models, best practices and case 

studies was developed over six years of strategic research by The Agility Forum at the Iacocca 

Institute, Pennsylvania (affiliated with Lehigh University). Between 1991 and 1998 the Agility 

Forum, led by an industry leadership committee, ran research programmes, training and 

awareness events, a yearly national conference and regular nation-wide meetings of interest 

groups. Over 150 leading enterprises created agility programmes, including Boeing, Goodyear, 

IBM, Kodak, Pitney Bowes, Texas Instruments and Xerox. 

The Agility Forum (2002), states that Agility is considered an enterprise-wide strategy for 

responding to a competitive and changing business environment. It is based on four principles: 

 Enrich the customer  

 Master change  

 Mobilise resources  

 Co-operate to compete  

In this light, the value of agility is to increase an organization’s competitiveness which has to 

be earned through continually matching products and services that customers will buy. 

Even with its increasing popularity, the definition of the agility concept is still not clearly 

defined. The Agility Forum notes that the idea of agile manufacturing is not a specified 

technique with a list of components. We can find a few different approaches to agility. 

Nagel and Dove (1993) define agility as “(…) a manufacturing system with extraordinary 

capabilities (…) to meet the rapidly changing needs of the marketplace (speed, flexibility, 

customers, competitors, suppliers, infrastructure, responsiveness). A system that shifts quickly 

(speed and responsiveness) among product models or between lines (flexibility), ideally in 

real-time response to customer demand (customer needs and wants).” 
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Yusuf et al. (1999) suggest that “agility is the successful exploration of competitive bases 

(speed, flexibility, innovation, proactivity, quality and profitability) through the integration of 

reconfigurable resources and best practices in a knowledge-rich environment to provide 

customer-driven products and services in a fast changing market environment”. 

Kidd (1994) describes operational aspects of agility. Some of the aspects proposed by Kidd 

(1995) that we consider relevant include: (1) quick response to market opportunities; (2) 

adaptability or capability to change direction; (3) virtual corporations; (4) reconfigurability of 

corporate resources to answer to unexpected market opportunities.  

Dove (1995) proposes to define Agility along four change-proficiency inter-related metrics –

 time, cost, robustness and scope (see Figure 3) – defined as: 

 Time required to complete a change in order to respond effectively to the environment;  

 If cost is no object, everything can be changed, however, if the cost of change is too 

much in relation to the competitor’s costs, there will be a low financial performance;  

 The change process must be sufficiently robust; quick and economical change are not 

enough if the result “is balanced on the head of a pin” and does not remain functional; 

and finally,  

 Something is considered Agile because it is prepared to thrive on unpredictable 

change, when to change or what to change is not known until it occurs, and the 

dimension of scope of Agility addresses this question. Scope is the principal difference 

between flexibility and agility; flexibility is a characteristic fixed at specification time, 

it is the planned response to anticipated contingencies, while agility, on the other hand, 

repostures the fundamental approach in order to minimise the inhibitions to change in 

any direction. The system must be designed not anticipating a defined range of 

requirements, but to be deconstructed and reconstructed as needed, designed with a 

“reusable, reconfigurable, scalable strategy” (Dove, 1995). 
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Change Proficiency Metrics and Measures

Time of Change:
Time to Completion.

Cost of Change:
Cost to Completion.

Robustness of Change:
Immediate Functionality Shortfall.
Change Completion-Predictability.

Scope of Change:
Lost Opportunity Count.
Market Innovation Count.

Corporation

Group

Plant

Area

Cell

Workstation

Change of Any Kind in Any Relationship

Customers

Suppliers

 

Figure 3 – Change Proficiency Metrics (Dove, 1995) 

 

The main principle of Agile Manufacturing is to use information technology to form virtual 

enterprises which “agilely” respond to changing market demands. Dove (1996) believes 

electronic commerce, trust-based relationships and virtual enterprises are tactics, strategies or 

enablers to improve change proficiency in today’s business environment, however, they alone 

do not guarantee agility. 

2.1.7.4. Supply Chain Management 

The concept of supply chain management has gained increased attention in the last decade. A 

Supply Chain is “an integrated process wherein a number of various business entities (i.e. 

suppliers, manufacturers, distributors and retailers) work together in an effort to: (1) acquire 

raw materials, (2) convert these raw materials into specified final products, and (3) deliver 

these final products to retailers” (Beamon, 1998). 

The supply chain comprises the production and supply of materials and parts, and it serves 

both the manufacturing logistic chain and the distribution logistic chain (Huang et al., 2000), 

i.e., it encompasses all the activities associated with the flow and transformation of goods, 

from the raw materials stage, through to the end user, as well as the associated information 

flows. Supply chain includes the management of information systems, sourcing and 

procurement, production scheduling, order processing, inventory management, warehousing, 

custom service, and after-market disposition of packaging and materials (Wu et al., 2000). The 

term Supply Chain Management (SCM) seems to have its origins in the early 1980s to describe 
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the potential benefits of integrating these activities through improved supply chain 

relationships, to achieve a sustainable competitive advantage (Shee et al., 2000). 

The main goals of supply chain management (SCM) consist in coordinating and optimising 

functions of supply-demand relationships that manage the flows of products/services and 

information that carries control and feedback mechanisms (Shee et al., 2000). In other words, 

SCM aims to provide advantages in customer satisfaction, cost reduction, quality improvement 

and flexibility enhancement (Jenkins & Wright, 1998). 

Today, global markets are a reality. Not only do organizations expand through the sales of 

products to other countries, they also locate their facilities in other countries. The higher level 

of global competition motivates organizations to focus on the potential economic benefits of 

locating in countries with lower labour costs or by locating close to suppliers who offer lower 

cost, higher quality material (Murray et al., 1995). Global supply chain agility provides an 

organization with the ability to adapt in order to pursue or maintain these advantages (Cunha, 

2003a). 

2.1.7.5. BM_VEARM Agile/Virtual Enterprise Model 

In this section we introduce the BM_Virtual Enterprise Architecture Reference Model 

(BM_VEARM) proposed by Putnik (2000a; 200b) and under development at the University of 

Minho.  

This model underlies the concept of an Agile/Virtual (A/V E) Enterprise. An A/V E (or 

BM_Agile/Virtual Enterprise) is a dynamically reconfigurable global networked organization, 

networked enterprise, or network of enterprises, sharing information and/or knowledge, skills, 

core competencies, market and other resources and processes, configured (or constituted) as a 

temporary alliance (or network) to meet a (fast changing) market window of opportunity, 

presenting as main characteristics agility, virtuality, distributivity and integrability (Cunha & 

Putnik, 2006a; Putnik, 2001).  

Authors like, (Browne & Zhang, 1999; Byrne, 1993; Camarinha-Matos & Afsarmanesh, 1999; 

Cunha et al., 2000; Davidow & Malone, 1992; Preiss et al., 1996; Putnik, 2000a) defend that 

virtual enterprises are defined as enterprises with integration and reconfiguration capability in 

useful time (agility), that are integrated from independent enterprises, primitive or complex, 

with the aim of taking profit from a specific market opportunity. After the conclusion of that 
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opportunity, the virtual enterprise is dissolved and another virtual enterprise is integrated, to 

face new market opportunities. The configuration of the virtual enterprise can change, in the 

operation phase, as the need for readjustment or reconfiguration due to unexpected situations 

that can happen at any time, raising the importance of the reconfigurability dynamics (Cunha 

& Putnik, 2002).   

The BM_VEARM (Agile/Virtual Enterprise model) is defined as a hierarchical structure of 

multiple levels of inter-enterprise processes and is conceived to satisfy four requirements: 

 Integrability, 

 Distributivity, 

 Agility and 

 Virtuality. 

The general model of a hierarchical, multilevel, system, as used in (Putnik, 2000b) to build the 

reference model of a virtual enterprise and implementing the four properties mentioned above, 

is presented over two control levels:  

(Si, Si+1), i=1..n-1. 

The pair of two control levels (Si, Si+1) is an elementary structure for specification of different 

functional systems, each one of two hierarchical levels, having different terms in different 

scientific areas, for example “controller – object of control” in the area of production control 

or devices control, “client – server” in communication and database, or “principal – agent” in 

economics and organizational sciences (Putnik, 2000a). 

In the BM-VEARM context, another important term is “resource”. A resource is an enterprise 

object which is used to realise or to support the execution of, one or more processes and it is 

the subject of control (or management). In terms of implementation the resource is a physical 

support for the service realisation or execution, e.g. material, machine tool, computer, human 

operator, time, money and software. The resource is a recursive construct, i.e. resources can be 

made of resources, and therefore, we recognise primitive and complex resources. However, a 

process is not a resource. An enterprise or company is a resource (primitive or complex) 

provider when the enterprise (server) is used (contracted) by other enterprise (client) to carry 

on some service or to provide some product required by that enterprise. 
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Integrability  

Integrability is one of the most important requirements in the BM_VEARM model because it 

defines the capability for efficient access to heterogeneous candidate resources to be integrated 

in the enterprise, efficient negotiation between them and their efficient integration in the 

virtual enterprise. 

In this case, “heterogeneous” candidate resources mean that the resources work/operate 

internally in their own specific, proprietary language, but they do not conform to the same 

standard(s). Portability and interoperability among heterogeneous applications and devices 

(platforms), as well as extendibility, reconfigurability, longevity, are characteristics of the so-

called open system architecture (Cunha, 2003a). 

Open systems are defined as those that conform to internationally agreed standards defining 

computer environments that allow users to develop, run and interconnect applications and the 

hardware they run on, from whatever source, without significant conversion cost (Hugo, 

1991). The condition without significant conversion cost makes the difference from the other 

systems. 

Bernus et al. (2002) define interoperability is defined in  as the ability to exchange information 

without the need for constant human intervention to ensure correct interpretation. 

Integration is primarily the task of improving interactions among the system’s components 

using computer-based technologies with the following goals (Vernadat, 1996) quoted by 

(Cunha, 2003a): 

1. To hide underlying heterogeneity and distribution of functions, data, knowledge and 

functional entities to business applications and users, therefore ensuring portability; 

2. To facilitate information exchange and/or sharing among applications, and 

3. To provide an open environment, i.e., an interoperable “plug and play” environment 

in which new components can be easily added or connected, updated or removed, for 

integrated enterprise operations. 

As quoted in (Cunha, 2003a), the Enterprise Integration (EI) model space is multidimensional, 

as well as there can be constructed many EI model spaces. The identification of the EI model 

space is necessary in order to position or to formally specify an enterprise model. Several 
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different EI model space dimensions were identified by different contributors (Bonney et al., 

1992; Goranson, 1992) and compiled in (Petrie, 1992), such as: 

1. Language dimension (syntax vs. semantics): if two models are written in two different 

languages, then there must be some mechanism for translation between them. The 

translation mechanism, for example some standard or normative language, could 

translate syntax and, additionally, could include some semantics translation as well. 

2. Location of connectivity dimension (global vs. pair wise): given a group of models, the 

global approach provides some common intermediate model of linking all the models, 

while the pair wise approach provides links for each pair of models only as needed. 

3. Location of “intelligence” dimension (wrappers vs. translators): translator is an 

intermediate language or mechanism, as a third model that translates between two 

models within a global or pairwise approach. The other approach is to envelop each 

model with a “wrapper” that corresponds to the interchange language. 

4. Types of technology dimension (unification vs. federation): the unification approach 

assumes one central (meta) model to which all other models must translate. The 

federation approach assumes that some technology connects models as needed. 

5. Reconfigurability dimension (dynamic vs. static): an enterprise could be modelled as a 

dynamic or as a static system; within a virtual and agile enterprise, it is required the 

highest flexibility. 

6. Resources integration (intracompany vs. intercompany): intracompany integration is 

carried on over (a domain of) intracompany resources, within the company boundaries, 

while intercompany integration is carried on over (a domain of) intercompany 

resources, across company boundaries, among independent companies. 

In BM_VEARM the integration mechanism is presented through the “Integration Mechanism” 

(IM), represented in Figure 4. Conceptually, it should function like a translator mechanism 

(e.g. the file transfer mode, STEP2) and a distributed systems integration mechanism (e.g. 

CORBA3).  

                                                           
2 Standard for Exchange of Product Model Data. 
3 Common Object Request Broker Architecture. 
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 Control level i 

Integration Mechanism 
(i, i+1) 

Control level i+1 
 

Figure 4 – Elementary structure for an integrated and open hierarchical multilevel system control (Putnik, 2000b) 

 

Distributivity 

Distributivity may be seen in different views. Some views of distributivity, especially for the 

manufacturing system or enterprise, are related to the distributed control of the 

(manufacturing) enterprise, based on the multi-agent system model and the spatial (or 

geographical) distribution of the (manufacturing) enterprise functions. 

In the context of the VE reference model, the distributivity, as a VE required property, will be 

considered from the view of the VE components spacial distribution. 

As in (Cunha, 2003a), the spatial distribution of the VE components is important for the 

following reasons. 

 The VE requirement for reconfigurability, as a part of flexibility, implies the search of 

new resources to be allocated to the task to be performed, in order to satisfy the new 

circumstances (the new tasks, optimisation of old tasks, “dealdlocks”, etc.). 

 The traditional organisational model, for the problem of reconfigurability, uses the 

resources existing within the company boundaries (resources selection domain). As the 

selection domain is relatively limited, in general, it can’t provide the desired 

performances neither for actual products nor for new products. To solve the problem, 

the company tends to integrate independent resources across the company boundaries. 

To obtain the best experiences and competencies, it is desirable that as many as 

possible primitive or complex resources concur to the integration of the VE. The best 

case occurs if the integration in the VE concurs the independent resources from the 



44 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

universal4. This requisite implies that the candidate resources integrate an association, 

to fulfil a specific market opportunity, i.e., to integrate a virtual enterprise, are globally 

distributed and inter-connected using ICT, to enable the negotiation capability, (to 

integrate the association or virtual enterprise) and operation (of the virtual enterprise, 

as they got into it) in efficient, effective and real time way. The global distribution of 

candidate resources for integration on virtual enterprises implies the concept of 

“distributed” enterprises5. 

The effective and efficient access and operation of spatially distributed objects is the main idea 

under the concept of Distributed Manufacturing Systems or Distributed Enterprise. We define 

a “distributed manufacturing system or enterprise” as a manufacturing system or enterprise 

which performances do not depend on the physical distance between the enterprise elements 

(Putnik et al., 1998). 

The condition “performances do not depend on the physical distance between the enterprise 

elements” makes the difference from other elements. In other words, it is possible to access 

and operate the system virtually at any distance, but with what performance? An increase of 

distances between machines, or human agents, in a traditional manufacturing system, 

negatively affects the system’s performances. The technology applied could be a limitation to 

increase the distance, for example the use of Local Area Network technology for computer 

communication limits the distances between computers. 

The definition presented is oriented to a spatial distribution of enterprise’s elements 

(components, subsystems) and not to distributed management or distributed software 

applications. The distributed enterprise does not imply a virtual enterprise. We may say that 

distributed enterprises are an intermediate step on the development and implementation of the 

virtual enterprise concept. In the same way, we can imagine several cases where distributed 

enterprises take advantage when compared with virtual enterprises, i.e., cases where the 

application of the virtual enterprise concept does not apply. 

                                                           
4 From the implementation point of view, the universal domain is the largest domain that we could refer, or to which we could 

have access. Due to the present process of economy globalization, along with the tremendous development ICT it is obvious 
that the universal domain today corresponds virtually to the global domain. 

5 Distributed enterprises do not imply virtual enterprises. We may say that distributed enterprises are an intermediate step on the 
development and implementation of the virtual enterprise concept. In the same way, we can imagine several cases where 
distributed enterprises take advantage when compared with virtual enterprises, i.e., cases where the application of the virtual 
enterprise concept does not apply. However, from the other side the virtual enterprise will have the largest advantage if it 
includes the distributed enterprise features. 
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We do not know about any industrial installation, but there are significant efforts on the 

development of technologies for distributed manufacturing systems, see, for instance, 

Mitsuishi et al. (1992a), Moreira et al. (1998b), Erkes et al. (1996) and Hardwick et al. (1996), 

who present models of distributed applications for manufacturing information share using 

WWW and CORBA. 

In BM_VEARM, the distributivity of the VE is provided through the use of communication 

technology that enables efficient access to remote resources distributed geographically, all 

over the world (see Figure 5). 

Control level  i 

Control level  i+1 

WAN

 

Figure 5 – Elementary structure for a distributed hierarchical multilevel system control (Putnik, 2000b). 

 

Agility 

The concept of agility is, for the author of the present reference model, the capability for fast 

adaptability or fast reconfigurability in order to respond rapidly to the market (or customer 

demand) changes.  

As we have presented agility as fast adaptability or fast reconfigurability, we could say that 

agility and flexibility are synonymous. However, flexibility is a reactive concept; it is a fast 

and efficient answer to change, after its detection, while agility is a proactive concept, almost 

implying the ability to predict change. By introducing the proactiveness characteristic of the 

agility concept, we agree to consider flexibility to be part of agility (flexibility ⊆ agility). 

Putnik (2000b) defends that flexibility and agility correspond to each other. In terms of the 

application domain, flexibility could be understood as a concept defined for the manufacturing 

workshop environment, while agility could be the concept defined for the enterprise, business 

environment. When it comes to the development of the VE reference model the difference 

between “flexibility” and “agility” is irrelevant. 
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However, the reconfigurability, as part of agility or flexibility, implies the search of new 

resources, to be allocated to the task to be performed. If the enterprise searches for resources 

within its boundaries, we are talking about intra-company agility, otherwise, we are talking 

about inter-company agility. The concept of VE concerns this last one. 

Reconfiguration, meaning replacement of resources providers, can generally happen for three 

reasons: 1) during the network company life cycle as a result of product redesign in the 

product life cycle; 2) as a consequence of the nature of the particular product life cycle phase; 

and 3) as a consequence of the evaluation of the resources performance during one 

instantiation of the network, or voluntarily by rescission of participating resources. 

The intensity of change deals with the dynamics the VE is subject to. A VE is defined as a 

reconfigurable network to assure permanent business alignment, through different 

configurations along time (Figure 6). 

Network / Product lifetime  

... 

Network state 1 
(Physical structure 1) 

Time   

Network state 2 
(Physical structure 2)

Network state n 
(Physical structure n)

Network 
Network 
domain 

 

Figure 6 – Networking dynamics considers a succession of network’s states along the time (Putnik et al., 2005a) 

 

The authors, (Putnik et al., 2005a) propose two parameters of Reconfigurability Dynamics: the 

number of requested reconfigurations per unit of time (Reconfiguration Request Frequency) 

and the time to reconfigure (Reconfiguration Time). We could say, informally, that 

reconfigurability dynamics is directly proportional to the number of requests and inversely 

proportional to the time necessary to perform the reconfiguration (selection, negotiation and 

integration of resources in the VE). Reconfiguration time should tend to zero, and 

configuration durations should be according to business alignment needs, to keep VE 

performance at its maximum level.  
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VE agility must be carried on by some “organisation configuration manager”, which will be 

designated as resource manager or broker. 

As in (Cunha, 2003a), the resource manager or broker performs different particular tasks 

within the global task of the organization configuration management”. For example: 

1. Resource selection: the process corresponds to visiting all the elements belonging to 

the resources management domain, i.e., the Market of Resources, identification of 

resources appropriateness for the service required, negotiation with the candidates and 

finally the selection of the best. Due to the complexity of the task, it is necessary to 

apply some search algorithm. The negotiation parameters are, for example, resources 

availability, time to complete the service, cost, etc., but it is also necessary to check 

several types of constraints, such as resource interdependencies, conflicting resources 

priorities, variable levels of resource availability, limitations on partial resource 

allocations, etc. The resources selection process is subjected to some common access, 

appropriateness identification and negotiation protocol (global or pair wise). 

2. Resource integration: the task of integration of selected resources by passing 

integration mechanism parameters, e.g. client/server location, communication 

protocols, process plans, data formats, etc. It includes also the task of contracting, i.e., 

to establish client/server commitments. 

3. Resource integration scheduling: as the resource integration itself is a process and it 

implies various sub processes, it is necessary to define their ordering (of the sub 

processes) and their mapping onto time intervals in accordance with the resource 

integration process development. 

4. Resource (dynamic) reconfiguration: the task of integration of new resources and 

removing old ones, as the enterprise has to integrate new functionalities, new 

technologies or new knowledge, to substitute failed resources, to substitute resources 

that are not necessary anymore, or to integrate more competitive ones. 

5. Resource monitoring and reliability analysis: the task of monitoring resources 

performances in order to identify eventual failure and to define the resource properties 

evolution during the cooperation, and the resources performances control, in order to 

define negotiation policy in relation with the particular resource. 
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6. Resource control: the task of resources control within the responsibilities and 

organisational policy attributed by the manager, “principal”, or “upper control level”. 

The resource management issues also include resource control and resource maintenance, 

however, these issues are not considered as broker’s functions. They belong to the “upper” 

control level, i.e., to the client – resource control, and to the “lower” control level, i.e., to the 

server – resource maintenance as well as resource control. 

Now that we have defined agility and lightly focused on reconfigurability and its dynamics, we 

will now move on to the organization and implementation of the VE’s agility. 

In BM_VEARM the “organization configuration management”, i.e., the agility function is 

presented through the “Resource Management_1” level (Figure 7). 

 

 Control level  i 

RESOURCE MANAGEMENT_1 
Level  i+1 

Control level  i+2 

Figure 7 – Elementary structure for an agile hierarchical multilevel system control (Putnik, 2000b) 

 

Figure 8 represents a scheme of the agile enterprise elementary structure operation. It is 

important to notice that the structure proposed provides the enterprise reconfigurability 

between two operations, assuming that during one operation there is no change of the 

organizational structure (by the operation it is meant a set of processes carried on by the single 

agent, i.e., operator, machine tool, etc., performed over one piece or service, and without 

interruption). When the operation is finished the resource manager or broker can reconsider the 

organization structure and act with the objective to adapt it (to reconfigure it). The resource 

manager or broker is the principal agent of agility. 

The model could be described as operation off-line reconfigurability of the enterprise. As a 

consequence of the “operation off-line reconfigurability” model is that the underlying physical 

structure of the enterprise is not hidden to the manager, i.e. to the “principal”, as the broker 
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acts only between the operations. During the operation, the manager (the “principal”) has 

direct contact with the worker (the operator or “agent”), who provides the service (or 

operation). 

Although the model is represented as three-level hierarchical system, in practice the model can 

work as a rigorous hierarchy as well as a non-rigorous hierarchy. When it works as a rigorous 

hierarchy, during the operation the Control level i (principal, manager) and the Control level 

i+2 (agent, worker) communicate through the Resource management level (resource manager). 

In this case, the function of the resource manager is to monitor the system performances in 

order to decide about the system’s reconfiguration. When the model works as a non-rigorous 

hierarchy then, during the operation the Control level i and the Control level i+2 communicate 

directly each with other. The Resource management level is passive and only functions 

between two operations when it receives the order from the Control level i to reconfigure the 

system. 

 

Virtuality 

The aim of this dissertation is to focus on the latest requirement, i.e. on virtuality, since it is 

crucial to fully comprehend the concept of virtuality in order to understand the importance of 

user-interface roles in VE operations. 

In the BM_VEARM context, the author criticises the definition of VE as a dynamic (agile) 

networking of enterprises since that definition does not present the meaning of the word 

“virtual”. “Virtual” means something not physically existing as such but made by software to 

appear to do so. Although the VE is interpreted as an agile enterprise integrated over “inter-

company” domain, we would say that these enterprises are still only agile because they exist as 

real. 
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Diferent kinds of resources, globally distributed, 
candidates for VE integration: 

Diferent kinds of resources, globally distributed, 
integrated in the VE: 

LEGEND: 

CONTROL LEVEL i 

Principal Principal Broker 

OPERATION  i 
management 

Resources 
management 

OPERATION  i +1 
management 

CONTROL LEVEL i+1 

Agent(s) 

CONTROL LEVEL i+2 

System 
reconfiguration 

Agent(s) 

 

Figure 8 – Agile enterprise operation scheme – elementary structure (Putnik, 2000a) 

 

Within the “agile” enterprise concept, the “virtuality” is only in the design phase. During the 

design phase, hypothetical network structures are evaluated and the enterprise still does not 

exist. Once the enterprise is defined as a network, and the participants commit themselves to 

the enterprise organization and objectives, the enterprise becomes real; there is no room for the 

word “virtual”. Another argument to keep the term “virtual” for the agile networked enterprise 

could be that although we work in a real enterprise at one moment, the actual real organization 

structure will be virtually changed in some future. Thus, the actual organizational structure is a 

virtual one.  
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As for virtuality, “it provides the system with the capability of the system on-line 

reconfigurability without interruption of an operation” (Putnik, 2000a). To implement the 

“virtuality” in the enterprise Putnik proposes the introduction of an interface layer between the 

Control level i (principal, manager, “client”) and the Control level i+1 (agent, worker, 

“server”), which passes now to be Control level i+2. The role of this level is the management 

of underlying physical structure, i.e., management of resources, which will carry on the 

process ordered by the upper level. Therefore, the VE agility must be carried on by some 

organization configuration manager, i.e., resource manager or broker, similarly as for the 

concept of agility. 

If during the operation the Control level i (principal, manager) and the Control level i+2 

(agent, worker) communicate through the Resource Management level i+1, i.e., through the 

resource manager, or broker, meaning that the manager (the principal, the “client”) does not 

have the direct contact with the worker (the operator or agent, the “server”), who provides the 

service (or production), then we can say that the Control level i (principal, manager) works in a 

virtual environment, or with a virtual server on the Control level i+2 (agent, worker), and vice-

versa, the same for the Control level i+2 (agent, worker) in relation with the Control level i 

(principal, manager). Therefore, in BM_VEARM the organization configuration management, 

i.e. the function that provides virtuality is presented through the Resource Management_2 (see 

Figure 9). This is how virtuality is implemented6.  

 

 Control level  i 

RESOURCE MANAGEMENT_2 
Level  i+1 

Control level  i+2 
 

Figure 9 – Elementary structure for a virtual hierarchical multilevel system control (Putnik, 2000b). 

 

                                                           
6 In other words, the architecture provides a virtual environment for the involved actors, which are the VE network partners, 

satisfying the etymology of designation “virtual” of VE. 
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In Figure 10 we present an informal scheme of the virtual enterprise elementary structure 

operation (includes agility as well). It is important to notice that the proposed structure 

provides the enterprise reconfigurability during the principal’s, or client’s, single operation, at 

run time. The resource manager or broker, can reconsider the organization structure during the 

operation at the run time, as well as between two operations, and act with the objective of 

adapting it (reconfigure it). This way, the resource manager or broker is the principal agent of 

virtuality and agility. 
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Figure 10 – Virtual Enterprise operation scheme – elementary structure (Putnik, 2000a) 

 

The model could be described as well as operation on-line reconfigurability of the enterprise. 

As a consequence of the “operation on-line reconfigurability” model, the underlying physical 

structure of the enterprise is hidden to the manager, i.e. to the “principal”. The principal does 
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not see the real structure; he/she sees some “virtual” structure that does not exist. The broker 

must provide the transition from one physical structure to another in a way that the “principal” 

cannot be affected by the system reconfiguration, in which case the operation would be 

interrupted and split in two implying some lost time. The lost time can have two components: 

by interruption of the operation itself (e.g. set-up time for restarting the operation), and the 

principal’s adaptation time to the new specific organizational structure. 

The main reason for the application of the three-level hierarchy model is the principal’s lack of 

time or of knowledge to supervise the agent. Even if the principal has both the required time 

and knowledge to reduce processing time of the production operation and the enterprise 

reconfiguration time, it is necessary to perform them in parallel7. In the agility scheme, the 

production operation and the enterprise reconfiguration are still performed in a sequence. 

Virtuality is needed in the BM_VEARM. Virtuality in this sense (the hidden underlying 

hardware structure) is already present in distributed (software) applications. The principal does 

not see the real structure; he sees some “virtual” structure that does not exist. 

2.1.7.6. One-Product-Integrated-Manufacturing (OPIM)  

The One Product Integrated Manufacturing (OPIM) organizational concept was developed at 

the University of Minho. Its authors, Putnik and Silva (1995)  believe manufacturing systems 

conceived to produce several products are technically less efficient when compared with 

dedicated systems, and this level of efficiency or of performance reaches its maximum when 

manufacturing systems are dedicated to one single product, which corresponds to the existence 

of a productive structure for each new product. This way, this concept corresponds to a 

distributed manufacturing system at the highest level and to a highly dynamic structure. 

Product conception and productive processes may be divided into a set of particular tasks. The 

most adequate resources are selected and allocated to each task. The domain for resources 

selection is the set of all entities (machine-tools, transportation mechanisms, computers, 

production cells, etc.) that can perform the required productive tasks and that are connected by 

data transmission networks and telematics technology (Figure 11).  

                                                           
7 This is the main principle of concurrent or simultaneous engineering. 
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The process of designing the productive system is undertaken through the negotiation between 

the leader enterprise, the one that initiates the process, and the entities candidate to the 

execution of the productive tasks, including conception, planning and production control 

(Putnik, 1997). The best structure for the enterprise is constituted from primitive entities, i.e., 

from unitary resources specialised in a type of service (conception, planning, management and 

production) and in a type of product. 

 

OPIM System 
 

Global Market of Primitive Resources (Enterprises) 

   Conception Process 
 Primitive resources / Global domain for Logical interpretation  Solution 
enterprises globally distributed OPIM System creation space  Selection 

Physical structure 1 Physical structure 2          Physical structure n 

Product life time  

Figure 11 – Selection of Primitive Resources from the Global Market for OPIM Systems (Putnik, 1997) 

 

The OPIM system should be the one that offers the best performance to the product 

production. All the functions of project planning and production are based on information and 

independent of the distance between productive units (which can be geographically dispersed). 

They are connected by information and communication technology. 
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2.1.8. Traditional Enterprise vs. Virtual Enterprise Potentials 

Putnik et al. (2005d) consider the traditional enterprise as a “stable” organizational structure 

that tends to avoid organizational reconfiguration or networking because of the unavoidable 

costs. There is a tendency to protect the enterprise’s knowledge (management and technology) 

from its partners in order to maintain a competitive advantage. On the contrary, the new 

enterprise is viewed as a network that shares experience, knowledge and capabilities (Cunha & 

Putnik, 2005).  

The reconfiguration costs, internal or through networking, are called transaction costs. The 

transaction cost and the knowledge protection capability are the networking and network 

dynamics disablers. Networking and reconfiguration represent opportunities to improve, or to 

keep the efficiency.  

Cunha and Putnik (2005) believe there are three fundamental features of the VE concept that 

make the fundamental difference between the VE and the “traditional” enterprise, and that 

generate a number of consequences. These are: 

1) dynamics of network reconfiguration, 

2) virtuality, and 

3) external entities (meta- (virtual) enterprise structures) as environment for enabling, or 

supporting, the VE integration itself as well as reconfiguration dynamics. 

The first fundamental feature, dynamics of network reconfiguration, i.e. rapidness in 

reconfiguration, in order to respond competitively to the turbulent and unpredictable market is 

called flexibility, or when it is in pro-activity too, it is called agility.  

The second fundamental feature, virtuality, basically has two different approaches in the VE 

models. The first approach, widely used, interprets the virtuality as 1) “potentially present”, 2) 

“existing but changing” (Franke, 2000). This approach is criticized in (Putnik, 2001) as 

insufficient, arguing that there is a conflict with the etymology of the term “virtual” – “virtual” 

means something “not physically existing as such but made by software to appear to do so” 

(Oxford Dictionary). In (Putnik, 2001) virtuality is implemented through two “interface” 

layers, hierarchically “above” and “under” the operating unit or partner, which (layers) are 

performed by brokers, hiding the “client” and/or “server”. In other words, the operating unit, 
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or partner does not see the real structure, it sees some “virtual” structure that does not exist. In 

this way the real enterprise exists but the unit, or partner, works in a “virtual” environment 

without knowing with whom he/she cooperates with. This could be considered as the second 

approach to the virtuality in VE. This form, or VE architecture, which provides a virtual 

environment of VE agents operations, is introduced in order to minimize the “set-up” time 

when “switching” from one physical organizational structure to another one. Actually, 

“virtuality”, implemented in this form of the VE architecture, is a mechanism, or a tool, for 

further improvement of reconfiguration dynamics capability. This is the core feature we are 

addressing in this dissertation. 

Finally, the third fundamental feature is the existence of “external entities as organizational 

dynamics enablers”. These entities are specific organizations, whose function is to serve as the 

environment for enabling, or supporting, the VE integration itself, as well as the 

reconfiguration dynamics, assuring low (reconfiguration) transaction costs and protection of 

the enterprise partners’ knowledge. These organizations represent, in fact, the meta-enterprises 

for the operating VEs. These entities (organizations) are designated in Cunha et al. (2000) and 

Cunha (2003b), as Market of Resources. In Cunha (2003b), it is demonstrated that the VE 

reconfiguration dynamics is practically impossible without a Market of Resources as the 

environment for the VE reconfiguration dynamics, i.e. the Market of Resources (MR) is the 

condition sine qua non. One of the consequences of the Market of Resources is a different VE 

life-cycle model. The authors called it the “Virtual Enterprises’ Extended Lifecycle” (Cunha et 

al., 2004a), and it introduces, as the main characteristic that differs from the usual VE life-

cycle, the phase of contractualization with the Market of Resources by the enterprises that 

wants to make its resources available to integrate in the VE (see Figure 12). 

 

 Identification 
of  the 

Opportunity 

A/VE Design 
and 

Integration 
Operation Dissolution 

Contractuali 
sation with 
the Market 

 

Figure 12 - A/V E Extended Life Cycle (Cunha, 2003a) 
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In Table 2, a comparison between “traditional” enterprises and virtual enterprises potentials, 

concerning the three above-mentioned features, and a number of their consequences, is 

presented. 

Table 2 – “Traditional” Enterprise vs. Virtual Enterprise potentials (Putnik et al., 2005d) 

Nº Criteria “Traditional” 
Enterprise 

Virtual 
Enterprise 

1 Number of products by enterprise Multi One 
1.1 “Flow” of products through the enterprise Yes No 
2 Organizational reconfiguration dynamics None Yes 
2.1 Enterprise “life” time Long Short 
2.2 Inter-enterprise networking  Low High 
2.3 Organization’s reconfiguration “transaction” 

cost (networking and dynamics disabler) High Low 

2.4 Trust assurance and management (networking 
and dynamics disabler) Low High 

2.5 Organization reconfiguration time (networking 
and dynamics disabler) High Low 

2.6 “Flow” of enterprises through the product No Yes 
2.7 Number of organizational structure instances One/Low Very high 
2.8 Leanness Medium Maximum 
2.9 Agility Medium Maximum 
2.10 Operations management importance  High Low 
2.11 Organization design / integration complexity Low High 
2.12 Virtuality (dynamics enabler) No Yes 
2.13 Creativity Medium Medium 
3 External entities as organizational dynamics 

enablers No Yes 

3.1 “Meta-enterprise” as enterprise environment No Yes 

Only on the criteria “creativity” do VE not have significant differences in relation to traditional 

enterprises.  

2.1.9. Business Alignment Requirements and Dynamic Organizations  

Global competition has taken a great leap in the last years. Enterprises are now more able to 

quickly introduce new products, while responding to increasingly dynamic markets. In the past 

a product could exist without great changes (adaptations, redesigns). Today, besides the shorter 
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duration of a product, it suffers several redesigns in order to be competitive, i.e., aligned with 

market demands. In order to maintain maximum alignment with the business opportunity 

enterprises must incorporate in their products or processes the best resources available in the 

market. 

In the case of VEs the changing business environment requires the permanent adaptation of 

partner organizations, i.e., alignment with business opportunities. By alignment, in this 

context, we mean the actions to be undertaken to gain synergy between businesses, that is, 

between a market opportunity, and the delivery of the required product, with the required 

specifications, at the required time, with the lowest cost and with the best possible return 

(Cunha & Putnik, 2005). The concept of inter-organisational reconfigurability dynamics is as a 

main functional requirement for alignment to occur. Before characterizing reconfigurability it 

is important to understand the concept of networking.  

Networking has gained its place in organizational management. In Figure 13 Cunha and Putnik 

(2005) traduce the importance of networking in VEs. According to these authors “multi 

product companies i.e., those which organizational model consists on the production of various 

products, present different performance levels for the different products, as represented in 

Figure 12 (a), as a consequence of the different performances of its resources in the execution 

of the different operations of a given product, as in (c). In general, the operations performed 

with larger efficiency correspond to the core competencies of the company. Contrarily, under 

the concept of a network organization, it is possible to conceive a new physical structure of the 

production system for each new product (in Figure 12 (b), one network created for each 

product), where all the processes to produce a product are decomposed in operations 

performed by partners of the network. For each operation the partner presenting the highest 

possible performance is selected, so that the overall performance of the network is optimised 

(ideally 100%), as in Figure 12 (d)”.  
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Figure 13 – Performance analysis of: multi-product company (a) and (c); network structure (b) and (d) (Cunha & Putnik, 

2005) 

Reconfigurability, i.e., the ability of fast change face to the unpredictable changes in the 

environment (market), is a requirement of the VE to keep the partnership aligned with business 

needs and is a consequence of product life cycle dynamics, i.e., business and market dynamics. 

This requirement implies the ability of (1) flexible and almost instantaneous access to the 

optimal resources to integrate in the enterprise; (2) design, negotiation, business management 

and manufacturing management functions independently from the physical barrier of space; 

and (3) minimisation of the reconfiguration or integration time.  

Reconfiguration, meaning substitution of resources providers can happen for three reasons:  

1. Reconfiguration during the network company life cycle is a consequence of the 

product redesign in the product life cycle, to keep the network aligned with the market 

requirements, i.e., to deliver the right product. 

2. Reconfiguration as a consequence of the nature of the particular product life cycle 

phase (the evolutionary phases of the product). 

3. Reconfiguration can happen also as a consequence of the evaluation of the resources 

performance during one instantiation of the network, or a consequence of voluntary 

contract rescission by a participating resources provider, wiling to disentail from the 

network (Cunha & Putnik, 2005) . 
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Cunha and Putnik (2005) define a VE as a reconfigurable network to assure permanent 

business alignment, in transition between states or instantiations (configurations) along time, 

as represented in Figure 14. VE dynamics considers a succession of network’s states (physical 

configurations of the VE) along the time, i.e. the network reconfiguration dynamics. Dynamics 

means precisely the intensity of change the VE is subject to. 

 

 

Figure 14 – Networking dynamics considers a succession of network’s states along the time (Cunha & Putnik, 2005) 

The main factor against reconfigurability dynamics, i.e. the main factor disabling 

reconfiguration frequency is reconfiguration cost and time, reducing dynamics by increasing 

the duration of stable and sometimes less performing configurations.  

The costs of outsourcing are composed of both the explicit cost of carrying out the transaction 

as well as hidden costs due to coordination difficulties and contractual risks. The major costs 

associated with outsourcing include (1) the transaction costs and (2) the leakage of private 

information. In dynamic organizations, transaction costs are the firm reconfiguration costs, 

associated to partners search, selection, negotiation and integration as well as permanent 

monitoring and the evaluation of the partnership performance (Cunha & Putnik, 2003).  

A firm’s private information is information that no one else knows, and gives a firm an 

advantage in the market. Networking or partitioning tasks between resources providers 

increases the risk of losing control of such type of information, which only with contractual 

agreements could be secured, and furthermore, through an environment assuring trust. The 

implementation of the networked structures requires tools to enable the preservation of the 
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firm’s knowledge. When considering dynamically reconfigurable networks, the risk of leakage 

of private information increases. 

The implementation of dynamic organizations requires the existence of tools and environments 

that, by reducing reconfiguration costs and reconfiguration time, overcome these two disabling 

factors, allowing dynamics as high as required to assure business alignment. The objective of 

our work is to reduce reconfiguration time at a communication level between VE. 

2.2. THE VIRTUAL ENTERPRISE REFERENCE MODEL BM_VEARM 

Our research is based on the Virtual Enterprise reference model, named BM_Virtual Enterprise 

Architecture Reference Model (BM_VEARM), proposed by Putnik (2000a, 2000b), which was 

introduced in this section. 

2. 2. 1. Reference Models 

The reference model concept can be defined in different ways. In (NIIIP, 1996) a reference 

model is defined as “a software architecture that positions a collection of component 

technologies, identifying technologies needed to accomplish an objective as well as the 

interfaces between them”. The reference model must be independent of application(s) and 

independent of implementation(s). In (Schlechtendahl, 1989), the reference model or “frame 

architecture”, is defined as a kind of standard that set the framework and defines concepts and 

terminology for enabling the definition of well defined interfaces between interfacing layers, 

and thereby, the contents of each layer. 

According to Bernus et al. (2002), two types of reference models are being developed:  

1. Functional Reference Models (activity-, decisional- and process- as well as information-) 

which are models to establish the functional and information requirements that must be 

satisfied;  

2. ICT Reference Models (ICT architecture) to describe a sufficiently generic composition 

of systems that can then be implemented in support of the requirements models. 
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Today, only a few efforts on more rigorous definitions of the virtual enterprise concept can be 

found. Some contributions on formalisation of different topics of enterprise modelling and 

integration come from Bernus, Nemes et al. (1996), Gruninger & Fox (1996) and Menzel & 

Mayer (1996). Significant efforts on building enterprise ontologies as a base for a formal 

approach to enterprise specification and engineering, both for generic enterprise models and 

virtual enterprises come from, just to name a few, Fox, Barbuceanu, & Gruninger  (1995), 

Presley & Rogers (1996), Presley (1997). In relation to agile/virtual enterprises reference 

models, there are not too many, however, we can mention NIIIP (1996), Prodenet project 

(Camarinha-Matos et al., 1999), Globemen (Globemen_Consortium, 1999). Most of the times 

the VE definitions are presented but not the VE reference models.  

VERA or VERAM – Virtual Enterprise Reference Architecture and Methodology is a VE 

specific architecture (Bernus et al., 2002; Zwegers et al., 2001), which has been applied in 

(Tolle et al., 2002) as a structuring architecture for mapping applicable VE reference models. 

2. 2. 2. The BM_Virtual Enterprise Architecture Reference Model 

The BM_Virtual Enterprise Reference Model (BM_VEARM), conceived by Putnik (2000a, 

2000b) to cover all processes in an enterprise, from the macro to the micro level and for any 

type of production, is defined as a hierarchical multilevel model of the 

enterprise/manufacturing system control and satisfies the requirements for the integrability, 

distributivity, agility and virtuality.  

This dissertation is a contribution towards the BM_VEARM validation and, together with 

other research projects under development at the University of Minho, is expected to 

contribute to the demonstration of the VE concept based on this reference model. This section 

presents the BM_VEARM, and is mostly based on the work of Putnik (2000a, 2000b). 

2.2.2.1. The Hierarchical System Model 

BM_VEARM is based on a hierarchical system model as a global view of the enterprise / 

manufacturing system. The underlying formlisation is the theory of hierarchical multilevel 

systems by Mesarovic, Macko, & Takahara (1970). In hierarchical multilevel systems, a 

system S is specified as: 
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 S: X  Y  

where X is the set of outside stimuli and Y is the set of responses. Both X and Y are 

representable as Cartesian products, i.e., X and Y are assumed as a family of sets such that: 

 X  =  X1  x  …   x  Xn and Y  =  Y1  x  …   x  Yn  

representing the ability to partition the input stimuli and responses onto components. 

Each pair of   (Xi, Yi),  1 ≤ i ≤ n,  is assigned to a particular level of a system Si, represented as 

a mapping, as in Figure 15. 

 

C3

S1 X1 Y1

C2 W1

S2 X2 Y2

W2

Cn

Sn 
Xn Yn

Wn-1

. . . 

 

Figure 15 – A hierarchical multilevel system (Cunha, 2003a) 

 

S1 starts with X1 and only produces Y1 after receiving W1. Comand Ci determines the start of 

Si, which requires input Xi and produces output Yi after receiving Wi (1 < I < n).  

The hierarchy of the system means that there are no influences between  Ci  and  Ci+1, and  Wi  

and  Wi-1. In other words, there is a complete decomposition between two levels in a 

hierarchical system. 

By application of sequential, parallel and feedback operators for system 

composition/descomposition it is possible to represent or model different engineering systems 

and especially, manufacturing systems and its components. 

Putnik extended the model to the higher-level processes of an enterprise. The enterprise system 

is modelled as a hierarchical process based system, and is further specialised in order to build 

the specific reference model of a virtual enterprise. 
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2.2.2.2. BM_VEARM Structure 

The reference model is defined as a hierarchical multilevel model of the 

enterprise/manufacturing system control, and satisfies the requirements for integrability (I), 

distributivity (D), agility (A) and virtuality (V).  

The BM_VEARM is built up on the BM_Virtual Enterprise Architecture Reference Model 

elementary structure, synthesised over elementary structures of the VE architecture, which 

provide I, D, A and V. Thus, I, D, A and V are the design parameters of the BM_VEARM 

elementary structure and of the model as a whole. 

Recalling the general definition of the multilevel hierarchical system, Putnik (2000a, 2000b) 

specifies BM_VEARM as in Figure 16 and Figure 17. 
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Figure 16 – BM_Virtual Enterprise Architecture Reference Model Elementary Structure (Putnik, 2000a) 

 

The integration mechanism functions, i.e. the integration mechanism blocks from Figure 15 are 

not levels of the model. They only represent the interface (translation functions between 

control levels and resources management levels). 
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The author also proposes the concept of the Normalised Virtual Enterprise (NVE) Model 

(Figure 17). The NVE model is a synthesis of the translation functions that serve as an interface 

and integrating mechanism for the VE components. The expected advantage of the NVE 

definition is independence of the VE components, i.e. tools and technologies, development.  

Through the BM_VEARM the VE is seen as a general enterprise model from which all other 

enterprise models are special cases. For example, the agile, distributed, integrated and other 

enterprise models are special cases and can be derived from the BM_VEARM. 

Its objective is to contribute to the efficient development, implementation and operation of the 

VE concept, as well as the development of the VE systems engineering discipline. It sets the 

framework for modelling and integrating particular virtual enterprise models, the terminology 

and the corresponding language.  
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Figure 17 – BM_Virtual Enterprise Reference Model and the corresponded Normalised Virtual Enterprise (NVE) Model 
(Putnik, 2000a) 

2.2.2.3. The VE Demonstrator Based on BM_VEARM  

The validation of the proposed reference model is being carried out through several research 

projects under development at the University of Minho, on VE theory and VE design, control 

tools and technologies and the corresponding environment. In particular, the reference model’s 

practical objective is to serve as a framework for cooperation and coordination of this group of 

research projects  

In order to fulfil the requirements of the project validation, including the VE reference model, 

the VE demonstrator based on BM_VEARM is installed at LABVE at University of Minho 
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and is conceived as a Distributed/Virtual Manufacturing System (D/V MS) Cell, named 

AURORA98 (Putnik et al., 1998).  

In the first phase, the laboratory was used for research of distributed manufacturing system. In 

the second (present) phase the laboratory is extended with the components that are expected to 

provide the full demonstration of the VE concept based on the BM_VEARM, and includes 

projects such as: 

 Formal theory of the VE models, design and operation; 

 Flexible manufacturing systems control within the VE framework; 

 Market of Resources for VE integration; 

 Distributed simulation of the VE; 

 Concurrent engineering within the VE framework; 

 One-Product-Integrated-Manufacturing; 

 Marketing within the VE framework. 

The D/V MS Cell structure used in the first phase for the VE model validation, based on the 

reference model and therefore for its validation, (Figure 18) is composed of: 

1. Machine cell: 2 machine simulators, PLC, external sensors and actuators, robot, vision 

system, computer based local controller, etc. 

2. Broker: remote resource manager, with computer aided tools and communication 

facilities. 

3. Control centre_1: computer based remote machine cell controller. 

4. Control centre_2: computer based remote machine cell controller. 

The reconfiguration of the system consists of switching between two manufacturing cell 

controllers according with their availability, service cost and quality. The broker performs the 

function of the system configuration management. Manufacturing cell controllers, as well as 

the broker, could be located at any point in the world. 
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Figure 18 – An informal scheme of the virtual enterprise demonstrator based on the BM_VEARM (Putnik, 2000a) 

2.3. EXAMPLES OF VIRTUAL ENTERPRISE PROJECTS 

In recent years, several European projects have been launched aiming to research the new 

paradigm of the virtual enterprise (VE). In order to enhance our work, and since there are 

several approaches to the VE, we decided to present some virtual enterprises projects in the 

appendices. Most of them were funded under the 5th FWP (Fifth Framework Programme) of 

the Information Society Technologies (IST) Programme of the European Commission. 

The examples of virtual enterprise projects found in appendix 1 are: BIDSAVER, E-

UTILITIES, EXPIDE, FASHIONME, INTELLECT, MEDIA-ISF, PROVE-SME, SMART 

SME, ADVICE, ELEGAL, GIDA, GLOBEMEN, OCTANE, TOVE, ECOLEAD, ATHENA, 

SEEMSEED and THINKCREATIVE. In section 2.4., we will briefly present the Project on 

VE at the University of Minho. 
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2.4. PROJECT ON VE AT THE UNIVERSITY OF MINHO 

As described earlier, the BM_Virtual Enterprise Architecture Reference Model 

(BM_VEARM) proposed by Putnik (2000a; 200b) is under development at the University of 

Minho.  

This model underlies the concept of an Agile/Virtual (A/V E) Enterprise and is defined as a 

hierarchical structure of multiple levels of inter-enterprise processes and is conceived to satisfy 

four requirements: 

− Integrability 

− Distributivity 

− Agility 

− Virtuality 

The validation of the proposed reference model is being carried out through several research 

projects under development at the University of Minho, on VE theory and VE design, control 

tools and technologies and the corresponding environment. In particular, the reference model’s 

practical objective is to serve as a framework for cooperation and coordination of this group of 

research projects. This dissertation, which focuses on the virtuality requirement, is also a 

contribution towards the BM_VEARM validation. 

In order to fulfil the requirements of the project validation, including the VE reference model, 

the VE demonstrator based on BM_VEARM is installed at LABVE at University of Minho 

and is conceived as a Distributed/Virtual Manufacturing System (D/V MS) Cell, named 

AURORA98 (Putnik et al., 1998).  

In the first phase, the laboratory was used for research of distributed manufacturing system. In 

the second (present) phase the laboratory is extended with the components that are expected to 

provide the full demonstration of the VE concept based on the BM_VEARM, and includes 

projects such as: 

 Formal theory of the VE models, design and operation; 

 Flexible manufacturing systems control within the VE framework; 

 Market of Resources for VE integration; 
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 Distributed simulation of the VE; 

 Concurrent engineering within the VE framework; 

 One-Product-Integrated-Manufacturing; 

 Marketing within the VE framework. 

2.5. A DISCUSSION ON PROJECT MODELS OF VIRTUAL 
ENTERPRISES 

A virtual enterprise is a new production paradigm to master the dynamic changes of products, 

product components, and sales volume and to overcome problems resulting from 

manufacturing processes in different countries to reduce cost. A virtual enterprise is 

characterized by inter-enterprise integration, in which processes and activities from different 

companies are integrated, crossing several enterprise and organizational boundaries. In this 

concept, activities of various enterprises are grouped together to form integrated operations for 

the functions of marketing, research, development, production, maintenance, and so forth. 

Such a structure can be changed easily and dynamically if there is a need for it. The same idea 

is already being put to use in grouping manufacturing lines together to manufacture a specific 

product. With the increasing capabilities resulting from the telecommunication technologies, 

such as data highways together with virtual reality systems, direct cooperation among teams of 

different companies will be possible. Raczkowsky and Reithofer (1998) believe the following 

aspects must be considered if a virtual enterprise is being created: 

Realization of distributed planning and control: The main problem of inter-enterprise 

integration concerns the spatial distribution of several system components and the temporal 

distribution of the activities executed by these components. The temporal differences in the 

execution of several activities are due to the fact that the executing components may 

participate in several co operations. To overcome this problem associated with the spatial 

distribution, the appropriate communication facilities have to be developed. 

Dynamic membership in a virtual enterprise: Each member of a virtual enterprise belongs 

to the hierarchy of its specific company. This fact demands that a greater number of 

administrative and organizational tasks be performed than in the case of a single company. 
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Heterogeneous information and communication facilities and resources: In larger 

organizations, heterogeneity of information and communication facilities and other resources 

is a problem in principle. Specific interfaces must connect the various systems and system 

versions. The solution of this problem is harder to find if the interaction model is dynamic. 

This is the case in a virtual enterprise. 

Own interests of the partners: Companies involved in a virtual enterprise have their own 

interests. Conflicts will surely occur when the local objectives of the components involved in 

the virtual enterprise conflict. Therefore, an important task in organizing a virtual enterprise is 

to solve or to avoid such problems. 

Internal knowledge of each partner: On the one hand, partners involved in a virtual 

enterprise have to present their internal processes to the involved partners and customers. On 

the other hand, no one company will reveal its internal knowledge voluntarily. The question to 

be answered is, how can the virtual enterprise be organized with a high degree of 

communication and coordination without forcing the involved companies to reveal their 

internal know-how? 

Logistic problems: Because the virtual enterprise is distributed spatially, the problem of 

external transport between the involved components has to be solved. 

Cultural and human aspects: These aspects are very important for virtual enterprises. One 

way to get better interpersonal communication is to perform intercultural training. 

These points are realized for one unique company under the term agile manufacturing. It will 

bring innovative products to market very quickly, responding quickly to market and customer 

demands for new products and product (Browne & Jagdev, 1995). The production system to 

fulfil these requirements has to be reprogrammable, reconfigurable, and continuously 

changeable. A virtual enterprise will be configured by a group of agile manufacturing 

company components that are parts of different companies. This is done by selecting 

organizational resources from different companies and synthesizing them into a single business 

entity with a complete electronic information and communication system. The virtual 

enterprise is built for one particular project. If the market opportunity changes, the virtual 

enterprise dissolves and its personnel turn to other projects (Nagel & Dove, 1993). 

The most important benefit of a virtual enterprise is the accumulation of core competences and 

the optimal use of existing production resources. The re design of a virtual enterprise is a 
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project in which a consortium of partners is assembled and the common tasks are split up into 

subtasks and assigned to the partners. Among others, the following problems have to be 

solved: 

Who are the right partners? 

Where are the right interfaces? 

If, for example, a company detects a market for a new product and this product could be 

developed and manufactured in house except for one particular component, then, several other 

companies are able to fulfil this task. In order to solve the partner problem it is necessary to 

find out which of these candidates is the best one. Since the product should be developed 

concurrently, intensive data exchange is necessary. The questions to ask are: “Do the design 

departments of both companies use, for example, the same product model?” “Is it possible to 

transform the different representations?” “Is it possible to exchange the data?” 

All of these issues and many others have to be taken into account when selecting one of the 

candidates, that is, when solving the partner problem. However, sometimes the partners of the 

intended cooperation are fixed. For example, two car manufacturers know that they want to 

develop and produce a special-purpose vehicle. Both of the manufacturers have their own core 

competences, but since they have similar plants, a set of the tasks can be performed by both of 

them. Now the problem is to determine the partner performing each task, taking into account 

the existing constraints, such as the desired system throughput. This problem is called the 

interface problem, because solving it implies that interfaces must be defined between 

overlapping processes. 
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CHAPTER THREE – HUMAN-COMPUTER INTERFACE MODELS 

Our goal in this chapter is to define the human-computer interface, otherwise known as the 

user interface, and exemplify how it evolved over the years. To clarify this concept, the 

importance of human-computer interaction is discussed as well as the main interaction 

requirements: usability, navigation and readability. Finally, to conclude, some interface design 

models as well as examples of user-centred design and evaluation criteria are presented. 

3.1. THE EVOLUTION OF THE HUMAN-COMPUTER INTERFACE 

In the beginning of computer history, computers were large and complicated machines 

requiring massive amounts of electricity and the constant attention of a specialized set of 

periphericals known as “users”. Back then if people wished to use a computer they would have 

to learn many commands and codes in order to make the computer do the things they wanted. 

In spite of the increasing need for new forms of communication between human and machine, 

the sophistication of computer technology has turned this goal harder and harder to achieve, 

therefore, specialist groups have been dedicating years of study to improve human computer 

interaction (HCI). This field of study will be discussed further ahead. 

Even in the midst of the computer dark ages, there were those who believed that computers 

should be usable by regular people and not only “computer geniuses”. Stephanidis (2001) later 

defended the same idea in his book “User Interfaces for All”. Bickford (1997) stated that an 

increasing amount of research, including some work done in the 1960s, and later at the Xerox 

Corporation’s Palo Alto Research Centre (PARC) was also based on this idea. Innovations 

such as the mouse, windows, and the “desktop” environments made it possible to manipulate 

the computer without having to remember or type commands. At Apple, Macintosh computers 

introduced familiar elements as the menu bar, dialog boxes, and the trash can. Slowly, 

computing became accessible to a wider variety of users. This possibility to communicate 

effectively and efficiently with a computer through a familiar screen environment is known as 

the human-computer interface (or user interface). 
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According to the Webopedia Computer Dictionary (2004b), an interface may be defined as “a 

boundary across which two independent systems meet and act on or communicate with each 

other”. In computer technology, there are several types of interfaces, however, in the end; they 

all have the same goal, to make computers usable by people. In order to understand their 

relation to the human-computer interface (or user interface) we are going to briefly point out 

their functions centred on the user. 

 Hardware interface – the physical part of the computer which is constituted by the 

wires, plugs and sockets that hardware devices use to communicate with each other. In 

this case, the user does not necessarily need to know how the devices work in order to 

work on the computer; 

 Software interface – the languages and codes that the applications use to 

communicate with each other and with the hardware. In this case, the user does not 

necessarily need to know how the languages and codes used by the applications work 

in order to use the computer;  

 Human-computer interface (or user interface) – the possibility to “tell” the 

computer what to do through input devices such as the keyboard and pointing devices 

such as the mouse, either by typing or through executing menus and icons of a 

computer system. The user needs to be familiar with the “tools” and navigation 

structure of a given software application, multimedia program or Web site interface in 

order to interact with the operating system, the various multimedia contents or the 

hyperlinks. The less time it takes for the user to adapt to the interface the more it may 

be considered “user-friendly”8. 

The interaction between man and machine has been studied for some time by specialist groups 

all over the world. Many research laboratories have thrived to make the human-computer 

interface easier to understand and use by applying their knowledge about human psychology 

and ergonomics to computer technology. In order to understand the need to join human and 

machine it is important to comprehend the meaning of human-computer interaction, which is 

our next point. 

                                                           
8 A popular term used to describe something that is easy to use (usable). The term usually refers to systems that are pleasant to use 

and easy for beginners to learn. 
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3.2. HUMAN-COMPUTER INTERACTION AND USABILITY 

The notion of usability is one of the main themes in human-computer interaction (HCI) 

literature. The overarching goal of a majority of the HCI work has been to propose techniques, 

methods and guidelines for designing better and more “usable” artefacts (Agarwal & 

Venkatesh, 2002). In Stephanidis’s (2001) point of view, HCI is concerned with the design, 

implementation, and evaluation of interactive computer-based systems, as well as with the 

multidisciplinary study of various issues affecting this interaction. In other words, the aim of 

HCI is to insure the safety, utility, effectiveness, efficiency, accessibility, and usability of such 

systems. The user interface is the part of an interactive system, application, or telematic service 

with which the user comes into contact cognitively, perceptually, and physically (Stephanidis, 

2001).  

In a simplistic approach, HCI is commonly referred to as the interaction and communication 

between people and computers. However, the Special Interest Group on Computer-Human 

Interaction (SIGCHI) of the Association for Computing Machinery (ACM) defines HCI as 

follows: “Human-Computer interaction is a discipline concerned with the design, evaluation 

and implementation of interactive computing systems for human use and with the study of 

major phenomena surrounding them” (Hewett et al., 1992).  

The usability concept deals with how well a system or product supports people in doing their 

tasks and activities. The International Organisation for Standardisation (ISO) defines usability 

in ISO 9241, Ergonomic Requirements for Office Work with Visual Display Terminals and in 

ISO/TR 16982:2002 Ergonomics of human-system interaction -- Usability methods supporting 

human-centred design9. Standardization facilitates learning and reduces errors by taking 

advantage of knowledge the users have gained from other products or from other parts of a 

given product.  

The concept of user interfaces for all implies the availability of and easy access to computer-

based products among all people in all countries worldwide (Marcus, 2001). When it comes to 

interfaces in Web sites or software design it is crucial that people are comfortable in order to 

work in an effective and enjoyable way because if the product is not usable it will not be used. 

                                                           
9 Retrieved from the World Wide Web on 21/03/2004: http://www.iso.ch/iso/en/CombinedQueryResult. Combined 

QueryResult?queryString=usability 
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According to Agarwal and Venkatesh  (2002), there are two recurrent themes when it comes to 

usability evaluation: one is the notion that usability is multifaceted and must be assessed by 

using a variety of different measures; a second common characteristic of usability evaluation 

methods is their dependence on subjective assessments in the form of user judgements. The 

referred authors’ belief is that usability is not intrinsically objective in nature, but rather is 

closely intertwined with an evaluator’s personal interpretation of the artefact and his or her 

interaction with it. Normally, all usability evaluation approaches begin with the basic 

assumption that it is possible to identify what the features of a “usable” system might be.  

Researchers have proposed many ways of evaluating software applications and Web sites, for 

example, in the context of Web site design, some authors develop a checklist of Web site 

features that evaluators could respond to in a “yes or no” format. Responses to the checklist are 

then used to compare an overall usability index for the Web site. Microsoft, for instance, 

developed the MUG (Microsoft Usability Guidelines) which is organized around five major 

categories: content, ease of use, promotion, made-for-the-medium, and emotion. These 

categories are expected to cover the range of usability-related aspects of a Web site.  

We highlighted the concept of usability in order to acknowledge the work of HCI researchers; 

however, we will go into a more detailed description as we discuss interaction requirements.  

3.2.1. Interaction Requirements 

As mentioned above, the field of HCI has taken big steps to make it easier for people to use 

and “communicate” with computes. Users need to use what they need (usability), get where 

they want (navigation) and clearly understand the information that is presented (readability). 

Therefore, usability, navigation and readability may be considered the three main requirements 

when it comes to human-computer interaction. To enhance their importance, we are going to 

describe each one bellow. 

3.2.1.1. Usability 

The term usability may also be referred to as the relationship between tools and their users. 

Users must accomplish their tasks in the most efficient way either working with computers, 

Web sites or software. In order to create a highly usable system, designers must retrieve 
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information from the people who actually use the system. Usability is the quality of a system 

that makes it easy to learn, easy to use, easy to remember, error tolerant, and subjectively 

pleasing.  

Usability usually refers to software but is relevant to any product. According to Usability 

First10, some ways to improve usability include: 

- Shortening the time to accomplish tasks; 

- Reduce the number of mistakes made; 

- Reduce learning time; 

- Improve people’s satisfaction with a system. 

Authors like Benyon, Crerar and Wilkonson (2001), Bannon and Kaptelinin (2001) and 

Hackos and Redish (1998) extend the term usability into two perspectives: the user’s and the 

developer’s. In the first case, it is important because it can make the difference between 

performing a task accurately and completely or not, and enjoying the process or being 

frustrated. In the second case, usability is important because it can mean the difference 

between the success or failure of a system. In both cases, lack of usability can cost time and 

effort, and can greatly determine the success or failure of a system. Given a choice, people will 

tend to buy systems that are more user-friendly. 

In order to maximize usability, design is progressively refined through constant evaluation 

steps. Designers and developers can then incorporate user and client feedback until the system 

reaches an acceptable level of usability. 

One of the best methods to ensure usability is to test actual users on a working system. 

Achieving a high level of usability requires focusing design efforts on the intended end-user of 

the system. There are many ways, to determine who the primary users are, how they work, and 

what tasks they must accomplish. Checklists in a “yes or no” format, questionnaires, software 

testing, and experiments are just a few examples of methods used to determine the level of 

usability of a software system or even a Web page. However, clients’ schedules and budgets 

can sometimes prevent this approach. Some alternative methods include user testing on system 

prototypes, a usability inspection conducted by experts, and cognitive modelling.  
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In sum, usability is one of the key areas focused in the field of human-computer interaction. As 

the name suggests, usability attempts to bridge the gap between people and machines. A user 

interface (or human-computer interface) refers to the parts of a hardware and/or software 

system that allow a person to communicate with it; this includes output devices and input 

devices. Typical “output devices” include computer monitors and the windowing systems that 

run on them, but also include speakers and other devices that provide feedback. “Input 

devices” include peripherals like keyboards, mice, and joysticks, but also include microphones 

and even eye movement devices. Each of these interface components has devices 

corresponding to sight, sound, and touch channels of the brain.  

Two other important areas that require special attention when it comes to usability are: 

navigation and readability. Usability engineering studies these elements of the user’s 

experience. Until now we have given examples of usability for both program applications and 

Web sites, but since our objective is to characterize suitable interfaces for the Virtual 

Enterprise environment it is essential to look at usability features on the World Wide Web. We 

will do this by giving simple examples of navigation and readability applied to Web sites in 

the following text. 

3.2.1.2. Navigation 

According to Hackos and Redish (1998), navigation is a critical aspect of almost all interfaces, 

including software products, telephone menu systems, print manuals, online help, and Web 

sites. After all, a product (including software, other devices, documentation, etc.) is usable 

only if users can: 

 Find what they need. 

 Understand what they find. 

 Use what they understand appropriately to achieve their goals. 

If users cannot find the Web page they need, it does not matter how well designed it is. Horton 

and Lynch (2002) believe graphic navigation and interactivity links within Web pages draw 

users’ attention down the page and further into the content. By providing a consistent and 

                                                                                                                                                                        
10 (UsabilityFirst) Retrieved from the World Wide Web on 06/03/2004: http://www.usabilityfirst.com/ 
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predictable set of navigation buttons the user gets a sense of the site’s organization, logic and 

order. In Figure 19 for example, the reader is immediately drawn into the site due to the rich 

graphics and many links offered. 

 

 

 

 

 

 

 

 

 

Figure 19 – Example of a well constructed site for navigation 

Readers need a sense of context, of their place within organized information. In paper 

documents the sense of “where you are” is a mixture of graphic and editorial organizational 

cues supplied by the graphic design of the book, the organization of the text, and the physical 

sensation of the book as an object. Electronic documents provide no physical cues. When 

people see a Web hypertext link on the page they have few cues to where they will be led, how 

much information is at the other end of the link, and exactly how the linked information relates 

to the current page? Even the view of individual Web pages is restricted for many users. Most 

Web pages do not fit completely on a standard office display monitor (1024 x 800 pixels), so 

there is almost always a part of the page that the user cannot see. Web pages need to give the 

user explicit cues to the context and organization of information because only a small portion 

of any site (less than a page) is visible at one time. 

All hypertext systems share a common feature that has no direct precedent in print media: 

going “back” through a series of links that have been previously visited is not the same as 

paging “back” through the preceding pages of an ordered sequence of pages. When a user 

clicks on a hypertext link in a Web document he/she is often transported from one Web site to 
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another, maybe even from one country to another. Once made, the hypertext link is 

bidirectional; the user can “go back” to the Web site he/she just left by clicking on the “Back” 

button. Having hit the “Back” button, the user can move to the new Web site again by hitting 

the “Forward” button. Figure 20 exemplifies this: 

 

 

 

 

 

 

 

Figure 20 – Example of the "Back" and "Forward" button11 

 

If the standard Web browser “Back” and “Forward” buttons are augmented with “Next Page” 

and “Previous Page” buttons built into the page, the user will have interface tools to navigate 

through the information in the site in the sequence that was intended.  

Unlike the “Back” and “Forward” buttons, whose functions are relative only to the pages users 

have seen most recently. “Next Page” and “Previous Page” buttons in a document are fixed 

links that are provided to associated documents. By providing paging buttons and links to local 

home pages and contents pages users have the tools to understand how Web site information is 

organized, even if they have not entered through a home page or contents page. The buttons do 

not prevent people from reading the information in whatever order they choose, but they do 

allow readers to follow the sequence of pages that are laid out. See Figure 21. 
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Figure 21 – Example of the "Previous Page" and the "Next Page" buttons12 

 

Button bars are also the most logical place for links back to a home page or to other menu 

pages related to the current page. A button bar can be built with text-based links or a series of 

individual button graphics at the top or bottom of the page as can be seen in Figure 22. 

  

 

 

Figure 22 – Example of a Button Bar (www.dartmouth.edu/~sources) 

 

Bickford (1997) suggests that, as with human interfaces, perhaps the most powerful technique 

in comics is the use of icons. Icons are images used to represent things, whether they are 

people, places, ideas or actions. They provide the user with a visual shorthand of what 

otherwise might be a very complex idea. The same author believes that there is something 

miraculous about the way that comics seem to transcend age and language barriers, 

communicating the most elaborate stories using simple ink on paper. If this can be 

implemented using our high-powered technology, there will be great advances in the human 

interface. 

According to Mandel (1997), the Internet explosion shows that navigation is a simple process 

to learn – basically, navigation is the main interaction technique on the Internet and if users 

                                                                                                                                                                        
11 (WebStyleGuide) Retrieved from the World Wide Web on 08/03/2004: http://www.webstyleguide.com/interface/user-

centered.html 



84 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

can figure out how to get to pages on the World Wide Web, they have 80 percent of the 

interface figured out. People may become experienced browsers very quickly. 

Even though users can intuitively navigate through internet pages it is also crucial that they 

feel comfortable with what they “see” and find it easy to read and interpret. Readability is 

usually taken for granted but certainly plays a strong role when it comes to usability. We will 

now focus on the true meaning readability. 

3.2.1.3. Readability 

As people gaze into a computer screen they are not just appreciating the information layout or 

the exceptional (or not) design. What is the point of a Web page being well organized if users 

have to force their eyes upon it in order to understand what is written? We agree with Creek 

(2001), when he says that there is a great deal written and said about the development of 

Internet sites, with much of the emphasis being placed on usability, navigation, and 

appearance. It is now time to throw another factor — readability  

Reading text from electronic displays has now become a routine behavior in the workplace and 

elsewhere. As the computer replaces paper documents, the problems of reading text from 

electronic displays become increasingly evident. A decline in performance in display reading 

performance can be as high as 40 percent or more when compared to the same text read from 

paper (Lee, 1996). 

It is crucial to define the reader audience for certain nuances must be considered. In most 

Western languages, reading goes from left to right, from the top of the page to the bottom. 

However, in other languages, such as Hebrew and Chinese, reading is done in other directions, 

such as right to left/top, or top to bottom/right to left (Bickford, 1997).  

According to Creek (2001), two of the most frequent errors are run-on sentences and 

paragraphs that seemingly never end. Both of those mistakes can often contribute to the 

difficulty in reading material on the Web. Reading on the Internet involves a wide area for the 

eye to scan so it can become difficult to keep one’s place within a long paragraph. Therefore, 

                                                                                                                                                                        
12 (WebStyleGuide) Retrieved from the World Wide Web on 08/03/2004: http://www.webstyleguide.com/interface/user-

centered.html 
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long paragraphs should be broken into two or three shorter paragraphs to help the readers. A 

general guideline is to have no more than 45-50 words per paragraph. 

Creek (2001), points out some rules when it comes to readability: 

- Use appropriate font sizes: While technically not an error, too many Web 

sites add to the difficulty of reading on their sites by not taking into account 

the most likely readers. For example, a site that has elderly people as the 

primary target needs to make the font a bit larger. By using style sheets, 

making fonts larger or smaller is easy, and the difference in space used is not 

that much of an issue on the Internet 

- Avoid using too many fonts: Using too many font faces on a site can also be 

a distraction. Generally, one font for all the primary type and one for headline 

type is preferred. There are certain cases where other types of fonts may need 

to be used, but a general rule of thumb is that the fewer fonts used the better. 

- Be careful with regionalism: If you are writing in an area that has its own 

distinct dialect, it is fine to use that dialect for your local audience. However, 

if your target audience is much larger in scope, it is better to stick to widely 

accepted and known terms. 

- Get someone to translate for you: This applies if you are writing for an 

international audience. The reason is simply that some words do not translate 

very well, and can have a totally different meaning to people of a different 

nation. Not only can the word mean something different, it could be obscene 

in the translation. 

- Break up long writings with subheadings: Subheadings help break up the 

text, and they are also useful for transitions between subjects. 

- Colours make a difference, too: Since the Internet allows us to present sites 

in any combination of colours, it is important to select those, which allow the 

text to be easily read. Black text on a white background is the way most 

people are used to reading copy, and it remains the best. 
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It is quite frequent to find sites that have background colors that are too similar to the color of 

the text, making it virtually impossible to read with any clarity. Still others use patterned or 

scenic backgrounds making reading very arduous.  

If it is necessary to have such backgrounds, at least put a different color background behind the 

text so that it can clearly be seen. Creek (2001), Wilson (2001) and Nielson (1997) believe that 

effective readability can be achieved by: 

- Using a sans serif font (such as Arial) rather than a serif font (such as Times 

Roman). Sans serif generally is easier to read with colour or patterned 

backgrounds. Times Roman is most easily read in general copy and is what 

people are most used to reading because of its use in newspapers.  

- Text of varying colours is fine for use in a headline or a one-word type of 

thing, but it should be avoided on longer blocks of text. 

- Text alignment is another factor in readability: Flush left text is fine for 

most any use, centred text is fine for titles and short copy, and flush right also 

is suitable for short segments of text. Fully justified text is what people are 

most used to reading, but because of the way the Internet copy can appear on 

screen, it can sometimes make for some nasty type breaks. 

- Avoid using uncommon acronyms: People familiar with a subject tend to 

use acronyms for organizations and other things associated with that subject. 

However, it is wrong to assume that everyone has the same knowledge; 

therefore, it makes sense to write out the phrase and place the acronym in 

parentheses on first use. 

Readability is an area that is often overlooked in favor of appearance, but it is something that 

can detract so much from a site that positive features are lost among the errors. It does not take 

long to use a spell checker; it may take a little longer to have more than one person read a 

copy. The worst proof-reader in the world is the person writing the copy because of the 

tendency to read what was intended rather than what was actually written. Even though it is 

sometimes difficult to delight the user with words and motivate some interaction, there are 

design methods described below that may help us achieve this important goal. 
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3.3. HUMAN-COMPUTER INTERFACE DESIGN 

When users read Web documents they are not only looking at information they are also 

interacting with it. The interface of a computer system comprises the interaction metaphors, 

images, and concepts used to convey function and meaning on the computer screen. It also 

includes the detailed visual characteristics of every component of the graphic interface and the 

functional sequence of interactions over time that produce the characteristic look and feel of 

Web pages and hypertext linked relations. Graphic design is not simply used to enliven Web 

pages — graphics are integral to the user’s experience with sites. In interactive documents, 

graphic design cannot be separated from issues of interface design. 

3.3.1. Design Features of the Human-Computer Interface 

In order to correspond to user needs while interacting with computers, a large body of 

empirical research on the usability of specific HCI design features has been developed. Many 

recommendations have emerged from these findings and been incorporated into standards 

documents. Some of these are based on human physical characteristics, especially vision. Most 

are based on cognitive characteristics - how people process information - perceiving, thinking, 

learning, understanding and decision-making, etc. A few recommendations are based on 

affective characteristics - how people feel and react - preferences, excitement/entertainment, 

aesthetics, etc.  

The HCI design recommendations that often appear in standards are based on physical, 

cognitive, and affective characteristics. Buie (1999), proposes two examples of each: 

Physical Factors  

• Avoid displaying saturated red text on a saturated blue background (or vice 

versa). A condition called “chromostereopsis” makes the text virtually unreadable for 

most people. The eye focuses on different wavelengths of light (i.e., colours, whence 

“chromo”) differently. When red is in focus, blue appears slightly fuzzy, and vice 

versa. This makes red and blue seem to be at different distances from the viewer’s eye. 

(Note: Green is almost as bad as blue.) 
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• Use motion only for getting and keeping the user’s attention. Peripheral vision is 

more sensitive to motion (e.g., animation and blinking) than is foveal vision - i.e., 

movement that you see out of the corner of your eye will tend to distract you from 

anything else on the screen. 

Physically based recommendations tend to be stronger advice than cognitively or affectively 

based ones since the relevant characteristics vary less from user to user. Users may have rather 

different likes or learning styles, but virtually all users with normal colour vision experiences 

chromostereopsis in looking at red on blue.  

 

Cognitive Factors 

• When listing options for user selection (e.g., in a menu or list box), present them 

in an order that makes sense to the user’s task, grouping them if there are more 

than just a few. If there is no logical order, list the options alphabetically. For 

example, a File menu has New and Open together, Page Setup and Print together, and 

Quit at the bottom, while a font list shows the available fonts in alphabetical order by 

name. This recommendation takes advantage of the user’s understanding of the task or 

of some other organizing principle and facilitates finding items in the list.  

• Provide keyboard mechanisms (“shortcuts” or “accelerators”) for commonly 

used functions and menu items. This allows users who become familiar with the 

product to use the keyboard for what may be faster access to those functions. 

 

Affective Factors 

Affect (pronounced af’fect) is, essentially, subjective reaction. It includes emotions, values, 

preferences and satisfaction. Two examples of recommendations based on considerations of 

user affect are listed bellow:  

• Design to put users in control of the interaction. It is important to avoid giving the 

impression that the computer is telling users what to do (e.g. when loaded words such 

as “illegal” in error messages are used). 
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• Provide for some user customization of the aesthetics of the interface. Examples 

include Macintosh Appearance controls, Windows Schemes, and Motif Palettes.  

Macintosh designers who strongly believed in the importance of good user interface design 

created a set of “human interface guidelines” that covered everything from the way objects on 

the screen appear when selected, to the proper command key equivalents to be used for 

standard menu items. The 10 basic principles that drove the design of Apple’s Macintosh are 

listed bellow. Similar lists appear in the user interface development guidelines for Windows 

and other major user interfaces (Bickford, 1997). 

1. Consistency. Things that work one way in one part of the system should work the 

same in other parts. This allows users to learn something once and then apply that 

knowledge again and again as they use the computer. 

2. Aesthetic integrity. A good design is understated and lets the user concentrate on the 

information being presented. Bad designs use loud graphics. Some designers even go 

so far as to change the look of standard interface elements like buttons and scrollbars. 

This really confuses users, since they assume that the change must have been done for 

a reason. 

3. Perceived stability. Even if your program thinks it knows what’s best for the user, 

keep in mind that they’re the ones in control, and that no change in their environment 

should happen without their knowledge and permission. 

4. See-and-point, not remember-and-type. Instead of making users remember and type 

codes, command names and lists of data, the computer should always give them a list 

of valid possibilities and let them choose from it. 

5. Direct manipulation. Good graphical interfaces allow their users to feel as if they are 

directly controlling a little world inside the computer. Instead of abstracting out their 

work to a set of command words, they can just grab the things they want to work on 

using the mouse and interact with them directly. 

6. Metaphors from the real world. Most graphical interfaces represent hierarchical disk 

directories as folders. The idea is that since users know how to use folders in the real 

world (you can put things in them, give them names and put them inside other folders), 

you’ll have an idea of how to use them when you see them on a computer screen. 
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7. WYSIWYG – What You See Is What You Get. Documents on screen should match what 

they’ll look like when they’re printed. 

8. Feedback and dialog. Good programs never keep the user guessing. They react 

immediately when you perform an action, such as clicking a button. And if something 

is going to take a long time, the computer keeps you informed about not only what it is 

doing, but how long it’s expected to take. 

9. Forgiveness. Humans make mistakes. Good programs allow for this by letting them 

undo their last action, or even revert to a previous version of the document. If users are 

about to perform some potentially damaging action from which there is no going back, 

the computer should inform them of the danger and ask whether they want to proceed. 

10. User control. No matter what, the user must be the one in control at all times. Nothing 

destroys a user’s peace of mind faster than having the computer appear to be taking 

over the action. 

These “10 commandments” of human interface design is well known to almost anyone who 

has ever read an interface design guide. They are probably the most important things to keep in 

mind when it comes to having a good human interface. 

3.3.1.1. Significant Types of Human-Computer Interface Design 

GUIs have become more and more intuitive. Most users do not even realise what is behind the 

“user-friendly” interface. In order to have efficient interaction there are some significant types 

of user-computer interface design. The following list is based on a summary of our findings in 

(Bickford, 1997) and (Hackos & Redish, 1998): 

- Q&A: Questions or pop-up reminders on the computer are by turn answered 

by users. This type of design is simple and suitable with inexperienced users. 

- Menu table: Options are classified and displayed on the screen. A menu table 

is frequently used as a mechanism for connecting to the system. It is a good 

approach if the screen displays a full menu. This type of design is suitable 

with inexperienced users but boring with more experienced users. 
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- Symbols: Symbols are displayed on the screen to stand for various functions. 

They are easy to learn and they enable fast access. In fact, graphics occupy 

more space on the screen and they are not as economic as a menu table. The 

main disadvantage of symbols is their inability to describe the options lively, 

clearly and meaningfully. In order to develop symbol-dialogue, professional 

software is necessary. 

- Form: Filling in the form is a popular type of dialogue on data and data 

processing. Forms are displayed on the screen similarly to the way tables are 

arranged. The screen also displays form name, field name and instruction 

information. The advantage of a form is its close contact with users. This type 

of design is suitable to all users. 

- Language command: This is a wide but simple area consisting of both simple 

commands and grammatically complicated commands. A command will result 

in a move of the system when the user enters it. The most significant 

advantage of language command is that its flexibility is limited by the 

language’s grammar only. However, it takes time for users to learn by heart 

the commands and users are required to have background knowledge of the 

system in case there is no information displayed on the screen. Language 

command asks for great efforts while developing it. It is suitable for 

professional users. 

3.3.2. Human-Computer Interface Types 

Generally speaking, the human-computer interface may be categorized in two major types: the 

command-line interface and the menu interface, the second leading to the graphical user 

interface. We have found five basic types of human-computer interfaces in computer literature 

which are included in the two major types referred above, but we prefer to discuss them later 

to avoid confusion amongst our readers. 

Mandel (1997), distinguishes some advantages and disadvantages of a Command-Line 

Interface and a Menu Interface: 

COMMAND-LINE INTERFACE 
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Advantages 

 Quick and powerful form of interaction for experienced users. 

 Uses minimal screen space. 

 Minimal amount of typing required. 

Disadvantages 

 Little or no prompting and instructions on-screen. 

 Interface enhancements are not visible or known. 

 Difficult to learn. 

MENU INTERFACE 

Advantages 

 Users do not have to memorize complex commands. 

 Structured navigation benefits novices and casual users. 

 Can shorten user learning time and effort. 

Disadvantages 

 Uses lots of screen space. 

 Can force user through many levels of menus. 

 Requires quick screen display and refresh rates. 

The advantages and disadvantages of any interface type must be weighed against the 

characteristics of the other interface types when they are used together. When everything in a 

computer system is visible on the screen, objects and actions can be understood in terms of 

their effects immediately. This in turn, induces understanding and simplifies the learning 

process. 

The graphical user interface is an extension of the menu interface and consists of three 

elements: presentation (e.g. windows, icons, menus), dialogues (e.g. selection or invocation 

via menus, dialogue boxes, keyboards, mouse), and the application interface to the 
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underlying application. With the help of the keyboard, mouse, monitor, menus and dialog 

boxes of a graphical user interface of a computer system, the user can communicate with the 

operating system. In this case, the user has to be sufficiently knowledgeable about using input 

and output devices as well as selection tools and icons in order to interact with the operating 

system. 

The graphical user interface (GUI) may also be characterised as a program interface that takes 

advantage of computer graphics in order to make the program easier to use. When efficiently 

designed, GUIs can dismiss the user from learning complex command languages. On the other 

hand, many users find that they work more effectively with a command-driven interface, 

especially if they already know the command language. Microsoft Windows and Apple 

Macintosh are two examples of GUIs. They have the following basic components: 

 Pointer (appears as capital I symbol on the display screen to move and select objects 

and commands); 

 Pointing device (mouse or trackball that enables people to select objects on the 

display screen); 

 Icons (pictures that execute commands and represent objects found in reality); 

 Desktop (area on the display screen where icons are intended to represent real objects 

on a real desktop); 

 Windows (the screen may be divided into different areas in order to run different 

programs); 

 Menus (most GUIs let you execute commands by selecting a choice from a menu). 

The first GUI was designed by Xerox Corporation’s Palo Alto Research Centre in the 1970s, 

but it was not until the 1980s and the emergence of the Apple Macintosh that GUIs became 

popular. One reason for their slow acceptance was the fact that they require considerable CPU 

power and a high-quality monitor, which until recently were prohibitively expensive 

(Dictionary, 2004a). DOS programs are character based user interfaces and may be 

distinguished from the GUI’s because they are only capable of displaying ASCII characters. In 
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text mode, PC screens are typically divided into 25 rows and 80 columns, while graphics-

based programs display millions of pixels13. 

As referred above we found five basic types of human-computer interface types in computer 

literature. The following text will characterise them. 

It is universally accepted and defended by Gallop (2003) and Mandel (1997) that the human-

computer interface may be classified into 5 common types:  

 Command-line  

A CLI (command line interface) is a user interface to a computer’s operating system or an 

application in which the user responds to a visual prompt by typing in a command on a 

specified line, receives a response back from the system, and then enters another command, 

and so forth. 

The MS-DOS Prompt application in a Windows operating system is an example of the 

provision of a command line interface. This interfaces’ disadvantage is that commands need to 

be known, typed and spelled correctly. However, it is versatile as a number of different 

“switches” can be used to moderate the command. 

 Prompt 

When a user is running a program he/she is presented with a prompt, at which he/she can type 

the name of a command. The command may be a function, submenu, or variable. More than 

one command may be on a single line. 

 Menu 

List of options from which the desired choice is selected. The list may be in words or icons and 

may be selected by keyboard cursor, mouse or selection code. The user does not have to learn 

commands. It is an easy-to-use method that avoids ambiguous or invalid data being entered 

(most drop-down boxes only allow the options listed to be selected). 

 Icon 

                                                           
13 Pixel is short for Picture Element. A pixel is a single point in a graphic image. 
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Main feature of GUIs, icons reside on a computer’s desktop and are images that intuitively 

represent a program, document, directory, hard drive, floppy disk, etc. The user may double-

click on the icons to open them, drag and drop them into new directories, or throw them away 

in the trash can (or, for Windows users, recycle bin), which is also an icon. They should be 

intuitive and user-friendly. This is suitable for users with lower IT skills. A number of different 

applications should use the same icons in order for each one to “feel” the same. 

 Window 

Launching a program or document within a GUI, such as the Mac OS or Windows, opens a 

window. Users can have as many windows open on their desktop as computer memory allows, 

and these windows can be resized, moved around, overlapped, minimized, and maximized by 

pointing, clicking, and dragging the mouse on the appropriate button (usually located in one of 

the window’s corners). 

Windows, icons and menus are all part of the GUIs. Apple computers produced a set of 

“Human Interface Guidelines” that describe basic GUI design principles. These guidelines are 

listed bellow. Based on Gallop (2003) a GUI should: 

- Be metaphors from the real world. 

- Allow direct manipulation by user. 

- Be see and point. 

- Be consistently WYSIWYG (What You See Is What You Get). 

- Allow user control.  

- Give feedback and dialogue. 

- Allow forgiveness i.e. allow small errors and still work. 

- Have a perceived stability. 

- Have aesthetic integrity. 

The advantages and disadvantages of any interface type must be weighed against the 

characteristics of the other interface types when they are used together. When everything in a 

computer system is visible on the screen, objects and actions can be understood in terms of 
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their effects immediately. This in turn, induces understanding and simplifies the learning 

process. 

3.3.3. Design Models 

According to most authors, there are two GUI design models: user-centred and accessibility. 

Even though both focus on the user, the first is for the general public while the second is 

directed to people with special needs. Around the world, initiatives are under way to mandate 

that disabled users have equal access to Internet resources, including the guidelines issued by 

the Web Accessibility Initiative (WAI)14 of the World Wide Web Consortium (W3C) and, in 

the United States, the amendments to Section 508 of the Rehabilitation Act of 1973. The result 

is that Web interface design is intricately tied to accessibility design. It is the responsibility of 

Web designers to understand and support the needs of disabled users. 

Even though we recognise the importance of accessibility in interface design, our research 

focuses on user-centred design applied to virtual enterprises. 

GUIs are designed in order for people to feel control over their personal computers. Users now 

expect design sophistication from all graphic interfaces, including Web pages. The goal is to 

adapt Web technology to the needs of potential users’ expectations. 

Research on the needs and demographics of the target audience is crucial. It is impossible to 

design something without knowing a person’s needs. The creation of sample scenarios for 

different types of users who seek information is indispensable. Would an experienced user 

seeking specific information be helped or hindered by the page design? Would a casual reader 

be intimidated by a complex menu scheme? Testing designs and getting feedback from a 

variety of users is the best way to see whether or not the design ideas are giving them what 

they want from a site. 

                                                           
14 http://www.w3.org/WAI/ 
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3.3.4. Criteria for User-Centred Interface Evaluation 

User-computer interface designs may take many forms. The design type is required to be 

suitable to the system’s duties and to its users who will interact directly with the computers. 

Mandel (1997) defends that the first step is to define the problems that customers or users want 

solved and figure out how they do their jobs. The solution must satisfy not only the current 

needs of users, but also their future needs. The only way to find the answers is to observe users 

and ask them questions. 

UNESCO (2000) proposes significant criteria for the evaluation of dialogue type by 

classifying it in the following manner: 

- Easy to use: easy even with inexperienced users. 

- Easy to learn: easy for users to remember. 

- Processing and responding speed. 

- Easy to develop. 

Many authors, like Mandel (1997), Hackos and Redish (1998) agree that in order to obtain 

optimal results in user-interface design it is essential to follow the following steps: 

1) Determine user profiles. 

2) Perform user task analyses. 

3) Gather user requirements. 

4) Analyse user environments. 

5) Match requirements to user tasks. 

After closely studying user needs it is essential to analyse the power of screen icons. Mandel 

(1997) believes user feedback and usability testing should also be incorporated to ensure icons 

are recognizable and helpful in performing their tasks. Icon design is not priority in the 

beginning of an interface design project. Hand-drawn paper sketches of the interface’s features 

come before icon design. 
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The past several years may have been the triumph of the graphical user interface, but computer 

software applications are becoming steadily harder to use. Part of the reason is that the 

computer users of today are doing a lot more complex things with their computers than they 

did a few years ago (Bickford, 1997).  

3.4. AN INTERNATIONAL STANDARD PROPOSAL FOR 
INTERFACES 

As an addition to this section, out of curiosity, we looked for ISO standards on interfaces and 

discovered that extensive activity on human-computer interaction standards in the International 

Organization for Standardization (ISO) has happened in the last decade. Concretely, “ISO 

9241 was develpoed by Subcommittee 4 (SC4) of TC159” (Blanchard, 1997). Their work 

began on a multipart ergonomic and human-computer interaction standard for office work on 

visual display terminals (VDTs). The second half of the suite of standards, Parts 10-17, pertain 

to the design of software displayed on VDTs.  

ISO 9241 is collectively titled “Ergonomic requirements for office work with visual display 

terminals (VDTs)”, however, as shown in the Table 3, each part has a descriptive subtitle. 

Table 3 – ISO 9241 (Parts 10-17): Status as of 3Q96 (Blanchard, 1997) 

Part Subtitle Status 

10 Dialogue Principles IS 

11 Guidance on Usability DIS 

12 Presentation of Information CD 

13 User Guidance DIS 

14 Menu Dialogues DIS 

15 Command Dialogues DIS 

16 Direct Manipulation Dialogues DIS 
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17 Form-filling Dialogues DIS 

Although only some of the various parts of ISO 9241 have become ISO International 

Standards, Blanchard (1997) discovered the work of Willumeit, Gediga and Hamborg (1996) 

at the University of Osnabrück in Germany on a usability inventory they call IsoMetrics. 

According to Blanchard (1997), the questionnaire assesses usability using seven dialog 

principles set forth in Part 10 of ISO 9241 (see above). IsoMetrics was constructed from 151 

items derived from existing usability inventories in the general literature. Each item was 

assigned to one of the seven principles of ISO 9241 Part 10 (excluding 61 items which could 

not be assigned to a principle). The resulting questions were given 5-point rating scales and 

validated with 229 subjects. The IsoMetrics inventory can thus rate a software system on each 

of the seven principles, and, in this sense, can assess “conformity” to Part 10 (Blanchard, 

1997). 
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CHAPTER FOUR – HUMAN-COMPUTER INTERACTION INTERFACE 
IN VIRTUAL ENTERPRISES 

In this chapter we will present the notion of the human-computer interaction interface in a VE, 

discuss its importance and exemplify what has been done until now in an attempt to achieve it 

at the University of Minho.  

4.1. HUMAN-COMPUTER INTERACTION/INTERFACE IN VE 

When machines are to be operated at distance a friendly and robust Man-Machine-Interface 

(MMI) is required. The remote user of the system must have at each instant the notion of being 

distant, and, at same time, the illusion of having a real machine panel and a real machine in 

front of him. This way he will be better prepared to deal with new problems he will face 

(Moreira et al., 1998a). The communication between the machine and the remote operator may 

be processed through: visual and acoustic information, and many other binary and analogue 

data, like temperature, vibration, machine protection ON/OFF, tool ON/OFF, etc. 

In the implementation of the remote interface the similarities to the local Man-Machine-

Interface are obvious. Almost all the buttons have the same visual appearance, the same 

disposition in the virtual control unit panel, and are operated in the same way, although they 

are now operated with a mouse click instead of a finger touch or hand rotation. The 

functionality’s of the virtual buttons are similar to the physical buttons, but they hide the 

conversion to commands generated with button touches in a remote PC monitor and the 

communications required to send those commands from the remote PC to the machine. 

As consequence the Man-Machine-Interface (local machine interface) is substituted by a 

Human-Computer-Interface, HCI, (remote operator-computer interface) and two Machine-

Machine Interfaces (local computer to remote computer interface and local computer machine 

interface). 
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4.2. AN EXAMPLE OF INTERACTION FROM THE UNIVERSITY OF 
MINHO 

A real-time prototype of remote programming and control was implemented in the Mechanical 

Laboratory at University of Minho. The operation room is located in another building of the 

same complex. Mitsuishi (1992b) described for the first time a similar installation: between a 

machining centre in Tokyo and a operation room located in the same building, and the same 

machine controlled from George Washington University.  

The development tool used in the construction of the programs was LabVIEW 4.1 for 

Windows 95. This program development tool uses a graphical programming language – the 

“G” Language. LabVIEW has the basic graphical elements for building virtual equipment 

panels. These basic elements are LED’s, pressing buttons, rotating buttons, displays, graphs 

and so on. These elements are combined in a way to form the application Front Panel. All the 

programming tasks are done in the Block Diagram, which is a pictorial solution to a 

programming problem. LabVIEW programs are called Virtual Instruments (VI) because their 

appearance and operation can imitate actual instruments. 

According to Moreira (1998a), when the milling machine is turned ON and the server 

application is running in the local PC, Client applications (apart from the machine) can ask for 

working sessions. In order to do that a Client establishes a connection to the Server and begins 

working. The Client application can operate the milling machine in two modes: the manual 

mode and semi-automatic mode. In manual mode the remote operator makes some “clicks” in 

the buttons of the virtual machine panel and those “clicks” are converted in commands that 

will be sent to the local PC, via Internet, and from local PC to milling machine via RS232C. In 

semi-automatic mode, the remote operator selects a program from a library of programs, 

located in the remote PC, confirms that the program to be sent is really that one, by watching 

the code in the virtual machine panel, and “clicks” a button to send and execute the program in 

the machine. 

4.2.1. Teleoperation 

Teleoperation can enable new production paradigms to take place in physical factories. 

Advanced concepts of production systems, based in global distribution of manufacturing 
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equipment, can establish a new era in the way people do their work in industrial environments 

(Moreira et al., 1998a). Interfaces are required because the person in control is apart from the 

equipment location. A PC based man-machine interface with similarities to the traditional 

control panel of machines may take advantage of the familiarity users have with buttons types, 

disposition and functionality, and, at the same time, hides the complexity (in terms of network 

functions and commands generated through button touches) that his behind the virtual control 

panel.  

The devices, subject of teleoperation, are essentially robots and ROVs (Remotely Operated 

Vehicles). Computer Aided Manufacturing systems, in globally distributed environments, meet 

the requirements of the most recent organisational paradigms to the establishment of advanced 

manufacturing systems (Moreira, 1998). In such organisational models, the control functions 

to be established are at the level of elementary resources (e.g. machine-tool, robots, conveyors, 

etc.), responsible by the execution of each operation of production, transport and storing. 

However, the control functions of the productive devices (elementary resources) raise several 

implementation problems, as the selection, interfacing and real-time control must overcome 

the space and time barrier, and thus requiring special interfaces (Moreira, 1998; Moreira et al., 

1998a) 

Figure 23 represents a model of a prototype for the teleoperation of industrial devices, 

proposed by (Putnik et al., 1998). 

Figure 24 consists on the representation of the prototype developed for the demonstration of 

distance operation of industrial devices, implemented over Internet, interconnecting the 

Laboratory of Automatic Production Systems of the Department of Production and Systems of 

Minho University, where the control system is located, and the Department of Mechanical 

Engineering of Minho University, where the machine tools and virtual sensoring elements are 

physically located (Moreira, 1998). 
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Figure 23 – Representation of teleoperation and teleservice systems for computer aided manufacturing (Putnik et al., 1998) 
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Figure 24 – Prototype developed by Moreira (1998) 

 

4.2.2. Aurora98 

The validation of the proposed reference model is being carried out through several research 

projects under development at the University of Minho. The reference model’s practical 

objective is to serve as a framework for cooperation and coordination of this group of research 

projects  

In order to fulfil the requirements of the project validation, including the VE reference model, 

is implemented a laboratory installation which will serve as a demonstrator for the VE design 

and control. The VE demonstrator based on BM_VEARM is installed at LABVE at University 

of Minho and is conceived as a Distributed/Virtual Manufacturing System (D/V MS) Cell, 

named AURORA98 (Putnik et al., 1998).  

In the first phase, the laboratory was used for research of a distributed manufacturing system. 

In the second phase the laboratory is extended with the components that are expected to 

provide the full demonstration of the VE concept based on the BM_VEARM, and includes 

projects such as:  

− Formal theory of the VE models, design and operation;  

− Flexible manufacturing systems control within the VE framework; 
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− Market of Resources for VE integration;  

− Distributed simulation of the VE;  

− Concurrent engineering within the VE framework;  

− One-Product-Integrated-Manufacturing;  

− Marketing within the VE framework.  

4.3. A COMPARISON OF VIRTUAL ENTERPRISE PROJECTS 

As mentioned in section 2.3., several European projects have been launched aiming to research 

the new paradigm of the virtual enterprise (VE). In Table 4 it is possible to see a comparison of 

some characteristics of the Virtual Enterprise Projects, presented in the appendices of this 

thesis, and the Project on VE at the University of Minho (“Virtual” Communication 

Architecture). 
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Table 4 – A comparison of some characteristics of the Virtual Enterprise Projects and the Project on VE at the University 
of Minho (“Virtual” Communication Architecture) 
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FUNCTIONAL REQUIREMENTS FOR THE 
IMPLEMENTATION OF AN INTERFACE 
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CHAPTER FIVE – FUNCTIONAL REQUIREMENTS FOR THE 
IMPLEMENTATION OF AN INTERFACE MODEL IN AGILE/VIRTUAL 
ENTERPRISES 

In this chapter we introduce the functional requirements for the implementation of user-

interface architectures in Agile/Virtual Enterprises. In section 5.1.1. we present the notion of 

set-up time through Figures 25a, 25b, 26a and 26b. In section 5.1.2. (Table 5) some Functional 

Requirements (FRs) of the DCA and the VCA are presented and related with the interaction 

requirements described in chapter 3. 

5.1. FUNCTIONAL REQUIREMENTS FOR THE IMPLEMENTATION 
OF AN INTERFACE MODEL IN AGILE/VIRTUAL ENTERPRISES 

It is important to understand that today organizations are flatter, have a more diverse employee 

base and a greater use of teams. This makes communication essential to organizational 

success. Flatter organizations mean managers must communicate with many people over 

whom they may have no formal control. Even with their own employees, the days when a 

manager can just order people around are finished. The autocratic management model of past 

generations is increasingly being replaced by participatory management in which 

communication is the key to build trust, promote understanding and empower and motivate 

others. 

Since the domestic workforce is growing more diverse, an organization can no longer assume 

its employee constituencies are homogeneous. Employees reflect differences in age, ethnic 

heritage, race, physical abilities, gender and sexual orientation. Diversity is not just a matter of 

social responsibility; it is also an economic issue. Companies are realizing the advantage of 

making full use of the creativity, talents, experiences and perspectives of a diverse employee 

base. 

The ability to compete in the global economy is the single greatest challenge facing business 

today. Organizations will want to negotiate, buy and sell overseas, consider joint ventures, 
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market and adapt products for an international market and improve their expatriates’ success 

rate. All of this involves communication. 

Even though there are many communication tools used to collaborate in virtual teams, not 

many studies have suggested their global efficiency, therefore, the new challenge to cope with 

the business requirements is how to apply the philosophy of effective and efficient virtual 

communication in a VE network. Computers extend what people want to communicate 

through wide area network (WAN) technologies in a short period of time, however, sometimes 

written, verbal and body language may be momentarily misinterpreted causing the direct 

communication process to be inefficient or delayed. 

Figure 8 was explained in section 2.1.7.5 as a model of operation off-line reconfigurability of 

the enterprise. The underlying structure of the enterprise is not hidden to the manager, i.e. to 

the “principal”, as the broker acts only between the operations. During the operation, the 

manager (the “principal”) has direct contact (direct communication) with the worker (the 

operator or “agent”), who provides the service (or operation). According to the BM-VEARM, 

Figure 8, in section 2.1.7.5, represents the direct communication dynamics required for our 

study.  

In section 2.1.7.5, Figure 10 was explained as a model of operation on-line reconfigurability 

of the enterprise. The underlying structure of the enterprise is hidden to the manager, i.e. to the 

“principal”. The broker must provide the transition from one physical structure to another in a 

way that the “principal” cannot be affected by the system reconfiguration, in which case the 

operation would be interrupted and split in two, implying some lost time. The lost time can 

have two components: by interruption of the operation itself (e.g. set-up time for restarting the 

operation), and the principal’s adaptation time to the new specific organisational structure. 

During the operation, the manager (the “principal”) does not have direct contact with the 

worker (the operator or “agent”), who provides the service (or operation). The communication 

is virtual, i.e. through the broker. According to the BM-VEARM, Figure 10, in section 2.1.7.5, 

represents the virtual communication dynamics required for our study. 

In our case, the broker will be represented as an animated software character (Microsoft 

agent). Details on how the agent is programmed and its role in the virtual communication 

process will be developed later in our study. 
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5.1.1. Set-up Time 

Two different set-up times may be found in a conversation based on question/response: 1) the 

set-up time between the end of a question and the beginning of the answer given by the end-

user; (2) the set-up time between the end of the answer and the beginning of the next question 

made by the tutor. Our focus will be on the first set-up time (between the end of a question and 

the beginning of the answer given by the end-user). We will assess these times through an 

experiment using two communication architectures: the DCA (Direct Communication 

Architecture) and the VCA (Virtual Communication Architecture). These communication 

architectures will be explained in chapter 7. 

In order to achieve and to manage the VE dynamic reconfiguration, it is necessary to 

minimize, or to eliminate, in the limit, the VE reconfiguration time (set-up time), as one of the 

dynamic reconfiguration factors. It is supposed that the set-up time, i.e. the end-user adaptation 

time, will be similar with or without a change in the interlocutor during a conversation when 

using the VCA.  

Figure 25a illustrates the two set-up times: (1) the set-up time between the end of a question 

and the beginning of the answer given by the end-user; (2) the set-up time between the end of 

the answer and the beginning of the next question made by the tutor. In this case there is no 

change in the interlocutor using the DCA. This “model” could be considered as a “reference” 

model, characteristic for the communication in “traditional” enterprises or in VE that does not 

consider the reconfiguration dynamics but the “long-term” stable partnerships, i.e. mainly 

“static” organization structure (e.g. supply chains). 

It is our belief that the first set-up time, when using the DCA, will be longer if there is a 

change in the interlocutor during a conversation, which is the case of VE as dynamically 

reconfigurable structures. The corresponding time model may be seen in section 7.6.1. 

Figure 25b illustrates the two set-up times: (1) the set-up time between the end of a question 

and the beginning of the answer given by the end-user; (2) the set-up time between the end of 

the answer and the beginning of the next question made by the tutor. In this case there is a 

change in the interlocutor. 
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      b) 

where: tq1 – time of question 1 

 ts1 – “set-up” time 1, i.e. the time from the end of the question to the beginning of the answer 

 ta1 – time of answer 1 

 ts2 – “set-up” time 2, i.e. the time from the end of the answer to the beginning of the question  

 tq2 – time of question 2 

t – time  

Figure 25 – a) Set-up time in DCA without a change in the interlocutor; b) Set-up time in DCA with a change in the 
interlocutor 

 

Figure 26a illustrates two set-up times: (1) the set-up time between the end of a question and 

the beginning of the answer given by the end-user; (2) the set-up time between the end of the 

1st question to beginning of 2nd question 

ts1 tq1 ta1 ts2 tq2 

t 

t 

tq1 ta1 ts1 tq2 ts2

1st question to beginning of 2nd question 
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answer and the beginning of the next question made by the tutor. In this case there is no 

change in the interlocutor using the VCA.  

It is our belief that the set-up time will be similar with or without a change in the interlocutor 

during a conversation when using the VCA. 

Figure 26b illustrates two set-up times: (1) the set-up time between the end of a question and 

the beginning of the answer given by the end-user; (2) the set-up time between the end of the 

answer and the beginning of the next question made by the tutor. In this case there is a change 

in the interlocutor using the VCA. 
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where: tq1 – time of question 1 

 ts1 – “set-up” time 1, i.e. the time from the end of the question to the beginning of the answer 

 ta1 – time of answer 1 

 ts2 – “set-up” time 2, i.e. the time from the end of the answer to the beginning of the question  
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 tq2 – time of question 2 

t – time  

Figure 26 – a) Set-up time in VCA without a change in the interlocutor; b) Set-up time in VCA with a change in the 
interlocutor 

5.1.2. Functional Requirements 

As well as the communication “set-up” time, as a Functional Requirement (FRs), other FRs 

such as a good level of trust, for instance, should be considered. Trust, in this case, could be 

based on the authentication of the interlocutors. The end-user should be acknowledged that the 

interlocutor is registered in the company as a trustworthy employee and that regular control is 

made. Even though the interlocutor may not be seen by the end-user he/she will be trusted and 

the decision making process will be shortened, therefore the agility in the VE network will 

respond quicker to the customer’s/market’s need.  

To validate the thesis mentioned above, the presented FRs are, in fact, the hypothesis to test 

through the demonstrator which is in chapter 8. In Table 5 some FRs of the DCA and the VCA 

are presented and related with the interaction requirements described in chapter 3. We focused 

on these FR because they are important for efficient communication in VEs. 

 

Table 5 – Functional Requirements and corresponding Interaction Requirements of the two architectures 

Functional Requirements Interaction Requirements 

FR1 - There is no significant difference in the 
response time (1st set-up time) of the DCA and 
the VCA users. 

Usability/Readability 

FR1a) - There is no significant difference in 
the response time (1st set-up time) of the 
DCA users when the tutor changes and 
when the tutor remains the same. 

Usability (the user has to talk to the webcam)

FR1b) - There is no significant difference in 
the response time (1st set-up time) of the 
VCA users when the tutor changes and 

Usability/Readability (besides listening to 
the agent and talking to the webcam the user 
can also read everything the tutor says on a 
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when the tutor remains the same. balloon above the agent) 

FR2 - There is no significant difference relative 
to the comfort demonstrated by the DCA and 
the VCA users. 

Usability/Navigation 

FR2a) - There is no significant difference 
relative to the comfort demonstrated by the 
DCA users when the tutor changes and 
when the tutor remains the same. 

Usability (the user has to talk to the webcam)

FR2b) - There is no significant difference 
relative to the comfort demonstrated by the 
VCA users when the tutor changes and 
when the tutor remains the same. 

Usability/Navigation (besides listening to the 
agent and talking to the webcam the user has 
to click on the mouse to select one of the 
agents) 

FR3 - There is no significant difference relative 
to the confidence demonstrated by the DCA 
and the VCA users. 

Usability 

FR3a) - There is no significant difference 
relative to the confidence demonstrated by 
the DCA users when the tutor changes and 
when the tutor remains the same. 

Usability (if the user trusts the tutor/s) 

FR3b) - There is no significant difference 
relative to the confidence demonstrated by 
the VCA users when the tutor changes and 
when the tutor remains the same. 

Usability (if the user trusts the agent tutor) 

FR4) - The more familiar users are with 
programs like MSN the less time they take to 
reply in the DCA and in the VCA. 

Usability 

FR4a) - The more familiar users are with 
programs like MSN the less time they take 
to reply in the DCA. 

Usability (has to do with users previous 
experience with programs like MSN and fast 
adaptation to the DCA) 

FR4b) - The more familiar users are with 
programs like MSN the less time they take 
to reply in the VCA. 

Usability (has to do with users previous 
experience with programs like MSN and fast 
adaptation to the VCA) 

FR5) - There is no significant relation with the 
response time in the DCA and the VCA and the 
sex of the users. 

Usability (both sexes are able to use the 
architectures) 

FR6) - The users who try the two architectures Usability (has to do with users previous 
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generally prefer the DCA over the VCA. experience with programs like MSN since it 
is similar with the DCA) 

FR7) - The users who try the two architectures 
and are more familiar with programs like MSN 
evaluate better the DCA and the VCA. 

Usability  

FR7a) - The more familiar users are with 
programs like MSN the better they evaluate 
the DCA. 

Usability (has to do with users previous 
experience with programs like MSN and fast 
adaptation to the DCA) 

FR7b) - The more familiar users are with 
programs like MSN the better they evaluate 
the VCA. 

Usability (has to do with users previous 
experience with programs like MSN and fast 
adaptation to the VCA) 
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CHAPTER SIX – SOFWARE AGENTS AS SUPPORTING TECHNOLOGY 
FOR VIRTUALITY   

Since our objective is to design and develop an effective, efficient and user-friendly interface 

suitable for virtual communication with Microsoft Agent representatives, in this section, we 

will describe software agents in general, discuss some of their applications and mention some 

basic programming of Microsoft Agent technology in order to introduce the application of 

software agents as supporting technology for virtuality. In the end we discuss other agent 

possibilities and show some human-looking agents. 

6.1. SOFTWARE AGENTS 

Software agents can travel over networks, activate and control remote programs, and return to 

their source with information (Cunha et al., 2004b). According to Wooldridge (1997), agents 

are software systems capable of flexible and autonomous action in some environment, in order 

to meet its design objectives. A software agent acts independently on behalf of its user. Some 

agents are capable of copying themselves over the Internet, of interrogating host Web sites and 

of interacting with other agents (Cunha et al., 2004b).  

Vulkan (1999), believes that agent technology is already affecting almost every aspect of 

computing, and is expected to have an impact on electronic-based commerce as important as 

what Windows represented for Personal Computing, a relatively simple and user-friendly way 

of utilising the new technology. In this framework, individuals and organisations interact via 

the network using software agents. 

Although, agents can act separately to solve a particular problem, when it is necessary to cope 

with a complex problem involving either distributed data, knowledge or control, a complete 

system made of several different agents, has to be designed – a multi-agent system (Oliveira, 

1999). An interesting application of this technology consists on its application to implement 

distributed systems as a set of agents, where the overall behaviour of such distributed systems 

depends on the interaction and coordination of distributed elements. 
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According to Barbuceanu & Fox (1996), in a multi-agent system, the environment is populated 

by other agents, each pursuing their own goals and each endowed with their own capabilities 

for action; in this case, the actions performed by one agent constrain and are constrained by the 

actions of other agents, therefore, in order to achieve their goals, agents will have to manage 

these constraints by coordination (Barbuceanu & Fox, 1995). 

Intelligent agents have been applied to many Internet and Web applications (Bradshaw, 1997; 

Nwana & Azarmi, 1997; Sycara et al., 1996; Wooldridge, 1997). Over the years, many 

enhancements make on-line intelligent agents more human-like. Simple agents handle 

question/answer problems by looking up the question from a database. Everything has to be 

hard coded by the programmer and the agents do not work well when the questions are not in 

the database. More advanced intelligent agents reply with information that does not exactly 

match the question in the database, but has the same meaning and the reply is valid. They have 

improved ability in coming up with an answer, but they are still limited to only replying 

whatever the content in the answer field. 

The latest intelligent agents are more powerful and understand questions better (Jennings & 

Wooldridge, 1998b). They contain a knowledge base that holds searchable information with 

more generalization over hard coding the input/output relationship. These intelligent agents 

can use natural language in interaction with the user. 

Intelligent agents have great potential in e-commerce. With the increase in usage of the Web 

for sales and customer support, companies have begun to shift their emphasis from the 

telephones and postal mail to the Internet. In order to maximize the satisfaction that consumers 

receive, Web sites should be as informative and timely as communicating with a human. 

Staffing the site with intelligent agents as virtual service representatives is a viable alternative 

to having several employees working long shifts. With natural language processing and a 

knowledge base, the intelligent agent can answer questions effectively. 

Oliveira (1999) lists some specific domains where, the agent-based solution proved to be 

useful: 

− Softbots, (software robots) are agents living in virtual environments, having access to 

multiple heterogeneous and geographically distributed information sources as Internet, to 

perform active searches for relevant information, like Web pages containing information 

considered important for its user (Oliveira, 1999). 
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− Electronic Commerce, where agents can search for products /services, negotiate and manage 

the transaction, and organise bids in an electronic marketplace.  

− Virtual Organizations, we will see later, in chapter 8, a more detailed application of this 

technology. In our work, Microsoft Agents play an important role in virtual communication 

and work as a supporting technology for agile/virtual enterprise reconfiguration. Agent 

technology can also search for partners to integrate a supply chain or a virtual organisation, 

negotiate, organise auctions and manage bids, as seen in Cunha (2003a).  

For more detailed descriptions of these technologies (agents theory, architectures and 

languages) we suggest Wooldridge & Jennings (1995a; 1995b) and for agent applications 

Jennings, Farantin, Johnson, O'Brien, & Wiegand (1996), Jennings, Sycara, & Wooldridge 

(1998), Jennings & Wooldridge (1998a) and Oliveira (1999). The MIT Media Lab site 

provides interesting and valuable information on ongoing research projects at MIT’s Software 

Agents Research Group  (MIT_Media_Lab, 2006). 

6.1.1. Microsoft Agent Software for Agile/Virtual Enterprise 
Reconfiguration 

Microsoft Agent is a computer software technology that is made available to developers to 

incorporate into the user interface of their applications and Web pages. Considered entirely on 

its own, Microsoft Agent is not a complete, integral application that does something by itself − 

a separate software application or scripting code has to be run first and it is this that actually 

calls upon the services of Microsoft Agent. Consequently, it may be more accurate for us to 

consider that we run Microsoft Agent enabled applications rather than Microsoft Agent itself 

(or directly). 

The reason for drawing this distinction is to explain why some newcomers to Microsoft Agent 

may be baffled initially about how to “run” Microsoft Agent or what it “does”. The more 

correct answers to these questions would be that they actually do not “run” Microsoft Agent 

(they run applications that in turn call upon Microsoft Agent) and it does not “do” anything on 

its own (it only does whatever applications call upon it to do). The product information 
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introductory page15 provides a very short list of some possible uses for a Microsoft Agent 

character within an application. 

When an application that incorporates a Microsoft Agent character is run, how people use or 

work with that application will be mostly determined by that application’s programming code. 

Microsoft Agent provides developers with several user interface elements that they can 

optionally implement in their applications. 

It is not possible to see a character appearing on the computer screen as soon as Microsoft 

Agent is installed on any one of the following operating systems: Microsoft Windows XP, 

Windows 2000 or Windows Me. This is because Microsoft Agent, by itself, is really just a 

software technology rather than a complete, integral software application that automatically 

does something. Instead, developers need to first program the Microsoft Agent technology into 

their applications and Web sites. When the applications are run, then it is possible to see one of 

these animated characters appear and do as they have been programmed. In order for the 

Agents to run it is essential to install the following: 

Agent Requirements 

• Microsoft Agent core components  

• Microsoft Speech Recognition Engine  

• Text-to-speech engines 

• Microsoft Agent character files 

All the requirements are freely available.  The Microsoft site also offers downloads for 

development, such as: 

• SDK documentation for Microsoft Agent 

• Code samples 

• Agent Character Editor 

• Linguistic Information Sound Editing Tool 

• Character data files for Genie, Merlin, Peedy and Robby 

 

In Figure 27 it is possible to see four famous Microsoft Agents. 

                                                           
15 The product information introductory page may be seen at http://www.microsoft.com/msagent/prodinfo/ 

default.asp#usagelist 
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Figure 27 – Microsoft Agents: Genie, Merlin, Peedy and Robby 

Developers all around the world have been developing other characters16. We decided to use 

Robby, E-Man and E-Woman (see Figure 28) in our work due to their “resemblance”. 

Each character has its own programmable “personality”. E-Man my look like he is thinking or 

looking to the side and E-Woman may blink or wave. Even though Robby has less animations 

we decided that he would make a perfect “trio” with E-Man and E-Woman. You can see some 

images of their details bellow (Figure 29, 30 and 31).   

 

Figure 28 – Microsoft Agents: E-Man and E-Woman 

 

                                                           
16 Some examples may be seen in http://www.msagentring.org/chars.aspx. 
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Figure 29 – Character details of E-Man 

 

Figure 30 – Character details of E-Woman 
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Figure 31 – Character details of Robby 

6.1.2. Basic Microsoft Agent Programming 

Microsoft Agent enables Web sites and conventional applications to include an enhanced form 

of user interaction. It provides several user interface components that enable users to access 

and interact with the character, know the character’s status, and change global settings that 

affect all characters. This section describes these basic elements of the Microsoft Agent user 

interface.  

Note, while the programming interfaces of Microsoft Agent make these user interface elements 

available to developers within their applications, these developers may choose not to 

incorporate the elements. While documentation is provided on all of the available user 

interface elements, programmers should not necessarily be concerned if they do not see all of 

these when they run a Microsoft Agent application.  

Agent is compatible with a number of environments, including Microsoft .NET, C#, Microsoft 

Visual Studio, Microsoft Visual Basic, Visual C++, Microsoft Foundation Classes (MFC), 

Visual J++, HTML, Microsoft Office, and Microsoft Visual FoxPro. 
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Various technologies and software packages can be used in the implementation. Thus, the final 

design usually consists of a combination of several different programming languages. 

In our design, Microsoft Agent is used in the communication between the user and the 

computer. People generally prefer that the technology be masked behind something they can 

understand and relate to. Microsoft Agents are animated characters that simulate how a person 

would communicate.  

In communicating with users, Microsoft Agent does some of the basic text-to-speech tasks. 

The programmer can use the animated character to talk to the target audience. The code for 

adding a character to a Web page is as follows: 

<OBJECT ID= "AgentX" width=0 height=0 

CLASSID= "..." 

CODEBASE= "#VERSION=2,0,0,0"> 

</OBJECT> 

To make the character speak and move, the simple commands are as follows: 

function Play() { 

AgentX.Characters.Load("Robby", "Robby.acs"); 

Robby = AgentX.Characters.Character("Robby"); 

Robby.Show(); 

Robby.Play("Explain"); 

Robby.Speak(); 

} 
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6.1.3. Other Agent Possibilities 

The virtual agent is an automated front-end agent that is playing an emerging role in helping 

companies build smart and customer-friendly self-service on the web, on the phone, on mobile 

devices also through video-call, thus integrating and assisting contact centre agents.  

Nowadays Virtual Assistants (VA) offer online users entertaining, yet competent professional 

services: for example browser based consulting systems can be used from any computer to 

help in the area of customer care to reduce service inquiries. Natural language interaction, 

online translation, 3D-avatar technology and artificial intelligence create a powerful instrument 

to enable innovative services that are likely to find a wide acceptance among users. For 

example, the experience of an online and live communication, simulating a personal one-to-

one dialogue with an avatar of an advisor, can provide personal and entertaining opportunities 

of use. However the simplicity of interaction, the possibility of seamless integration into 

existing platforms and workflows, the very human-like nature of the avatar users, as well as 

the use of natural language to navigate within the application is an extremely remarkable 

challenge. The development of intelligent systems using innovative application designs often 

leads to new technological problems. The more the advisor looks and behaves human-like, the 

more users will expect in terms of flexibility, knowledge and intelligence. Increasing the 

intelligence of a system usually involves adding knowledge sources and processes to handle 

them. The result is another challenge: ways to improve the filtering, indexing, retrieval and 

presentation of relevant external knowledge, for example documents from websites, as a 

natural continuation of the dialogue. 

6.1.4. Examples of Human-looking Agents 

Agent enthusiasts all over the world have been developing all types of agent models (animal-

looking, cartoon-looking, alien-looking and even human-looking agents). 

In Figure 32 it is possible to see some human-looking agent examples: 



134 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

 

 

 

    

 

 

Figure 32 – Human-looking Agent Characters17 

                                                           
17 Images retrieved from: [http://www.msagentring.org/chars.aspx] and [http://www.roblindman.com/characters.php] on 

17/02/2007. 
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PART II – FUNCTIONAL SPECIFICATION OF THE VIRTUAL 
INTERFACE MODEL FOR AGILE AND VIRTUAL ENTERPRISES 
INTEGRATION AND OPERATION  

CHAPTER SEVEN – FUNCTIONAL SPECIFICATION, INTEGRATION 
AND OPERATION OF THE VIRTUAL INTERFACE MODEL 

This chapter corresponds to the functional specification, integration and operation of the 

Virtual Interface Model. It includes six parts: (1) a functional specification of the model of 

communication architecture, (2) the importance of user-interface architectures in the dynamic 

reconfiguration process, (3) the conceptual design of the DCA (MSN Messenger), (4) the 

conceptual design of the VCA (E-Mask), (5) a comparison of the DCA and the VCA, and 

finally, (6) the specification of the time model to allow a further time analysis of the model 

performance. 

7.1. A MODEL OF COMMUNICATION ARCHITECTURE 

In Figure 33 a logical structure scheme of the user interface in VE is presented, both 

informally and formally. It is structured through three levels: The level “Interface 2” provides 

a graphical interface to the operator; the level “Interface 1” provides the data and protocol 

interface to the communication network and, finally, the level “Logical Control” provides, in 

fact, the required functionality mode of the particular interface architecture in terms of “direct” 

or “virtual” communication, i.e. interface architecture.  
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a)                                   b) 

Figure 33 – User interface scheme in VE: a) informal presentation, b) formal presentation – logical structure (Sousa, 2003) 

In Figure 34 the elementary VE organizational structure in conformance with the 

BM_VEARM is presented. Obviously, depending on the solution implemented for the 

interface’s level “Logical Control”, we will have the “direct” or “virtual” communication, i.e. 

interface, architecture. 

 

 

 

 

 

 

 

 

Figure 34 – A formal presentation of Communication Architecture logical structure scheme in VE (Sousa, 2003) 

 

The figures above are based on the PHD dissertation of the cited author (Sousa, 2003) from the 

School of Engineering, Department of Production Systems at the University of Minho. 
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7.2. IMPORTANCE OF USER-INTERFACE ARCHITECTURES IN THE 
DYNAMIC RECONFIGURATION PROCESS 

This chapter presents the concept of the two user-interface architectures, based on the 

BM_Virtual Enterprise Architecture Reference Model (BM-VEARM), and their role in VE 

operations: the “direct” communication architecture (DCA) and the “virtual” communication 

architecture (VCA). In the case of our study, the DCA consists of a face-to-face 

communication through the well known videoconferencing software MSN Messenger, where 

the end-user hears and sees an interlocutor (human, person) on the computer screen. The 

designed VCA is based on a MS Agent technology interface, and the end-user can not see or 

hear the human interlocutor because he is “masked” by one of the chosen software agents. In 

the application, called E-Mask, the end-user always sees the same software agent/mask and 

hears the same (mask’s) voice. 

The main role of the “direct” communication architecture (DCA), is to be able to see and hear 

the person on the other side, physical appearance; age, race, and tone of voice are all subject to 

the user’s perception. Concerning communication in VE, as dynamic reconfiguration of VE 

occurs and the interlocutor changes, the end-user must have the capability to quickly adapt to 

these changes and continue to trust the person who appears on the screen. In order to eliminate, 

or at least minimize, these time wasting barriers, the “virtual” communication architecture 

(VCA) appears to be a solution since there is an increased concern in reducing adaptation time 

of the end-users to the new interlocutors and to eliminate physical appearance and language as 

barriers, maintaining at the same time a good level of trust based on authentication of the 

interlocutors. This authentication deals with the end-user’s knowledge that the interlocutor is 

registered in the company as a trustworthy employee and regular control is made. Even though 

the interlocutor can not be seen by the end-user he will be trusted and the decision making 

process will be shortened, therefore the agility in the VE network will respond quicker to the 

customer’s/market’s need.  

Thus, the role of user-interface in VE operations is to further improve the dynamics of the VE 

reconfiguration towards an “ideal” alignment with the market. In this sense, a specific interface 

architecture is a factor, or enabler, of the VE reconfiguration dynamics.  
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7.3. THE CONCEPTUAL DESIGN OF THE DCA (MSN MESSENGER) 

The DCA is supported by Windows Live Messenger (WLM), commonly referred to by the 

previous names of MSN Messenger or MSN for short. MSN is an advertisement-supported 

instant messaging client for Windows XP, Windows Server 2003, Windows Vista, and 

Windows Mobile, first released on July 22, 1999 by Microsoft. It is part of Microsoft’s 

Windows Live set of online services. The current version is 8.1, which was released on 

January 29, 2007. 

“MSN Messenger” (or often just “MSN”) is often also used to refer to the .NET Messenger 

Service (the protocols and servers that allow the system to operate), rather than any particular 

client. Corporations can also integrate their Live Communication Server and Active Directory 

with the network on behalf of its clients. Most major multi-protocol clients can also connect to 

the service. 

The .NET Messenger Service (often known colloquially as MSN) is an instant messaging and 

presence system18 developed by Microsoft. Its user authentication system uses Windows Live 

ID, which allows any e-mail address that is registered as a Microsoft Passport to sign in and 

communicate with other users who are logged into the network. 

This service also can integrate with Microsoft’s Windows XP operating system, automatically 

and simultaneously logging the user into the network as he/she logs into Windows. 

It is possible for any computer running with an Internet connection and a web browser to 

connect to the Messenger Service by using MSN Web Messenger. Although Microsoft only 

supports this for computers running Windows, it does not actually require Windows. There are 

also unofficial equivalents of this service (e.g. Sapo Messenger in Figure 35). 

 

                                                           
18 In computer and telecommunications networks, presence information is a status indicator that conveys ability and willingness 

of a potential communication partner - for example a user to communicate. 
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Figure 35 - Download Interface (text in Portuguese) of Sapo Messenger19 

 

LAN Manager and therefore Windows NT include a system notification service, called 

“Messenger Service”, which is sometimes used to present pop-up advertisements to users. This 

service, although it has a similar name, is not related in any way to the .NET Messenger 

Service or the Windows Messenger instant messaging client. 

Despite its name, the .NET Messenger Service is not in any way related to the Microsoft .NET 

development platform. Neither the official clients nor the protocol itself are tied to the .NET 

framework. 

Recently, many instant messaging services have begun to offer video conferencing features, 

Voice Over IP (VoIP) and web conferencing services. Web conferencing services integrate 

both video conferencing and instant messaging capabilities. Some newer instant messaging 

companies are offering desktop sharing, IP radio, and IPTV to the voice and video features. 

                                                           
19 Image retrieved from [http://messenger.sapo.pt/ - on 14/03/07]. 
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7.4. THE CONCEPTUAL DESIGN OF THE VCA (E-MASK) 

The E-Mask (virtual mask) application was developed according to the paradigm Client-Server 

in C# on the .NET platform. Figure 36 illustrates the global architecture of the software. It runs 

over the internet and, in theory, may have more than one client program communicating with 

the server program. For experimental purposes, only one client program can run over a LAN 

(local area network). 

In order to establish communication between the end-user and the agent there is a server 

program and a client program for E-Mask. 

 

Figure 36 – Global Architecture of the VCA 

 

7.4.1. Client Application 

The client application has the following implemented functions (see Figure 37):  

- Connect to the Server; 

- Select MS Agent; 

- Create repository of files per session; 

- Record Response (activated by the server). 
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Figure 37 – Client Application Architecture 

7.4.2. Server Application 

The “invisible” interlocutor, is behind the server program in order to type what he/she wants 

the agent to say (with the agent’s own voice) to the end-user after listening to the end-users’ 

responses. The end-user will have a sense that he is talking to the agent and that the agent is 

replying. 

The server application has the following implemented functions (see Figure 38): 

- Begin Server; 

- Begin Session; 

- Send Messages (or Questions); 

- Begin Recording (on the client side); 

- Stop Recording (on the client side); 

- Close Session; 

- Show/Hide the MS Agent. 

Begin Application

Select
IP Address of 

Server

Select Assistant

Beginning of Conversation
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Figure 38 – Server Application Architecture 

7.4.3. Application Interface 

The interface of the application was designed in order to assure that the interaction with the 

client was through a Microsoft Agent. This technology allows end-users to have both a visual 

(they can see the agents) and a sound interaction (they can hear one agent speak at a time). The 

objective of this interaction was to enable a practical and friendly interface for the client during 

the experiment. 

E-Mask is integrated in MSN Messenger in order to use the same audio features, however, its 

function is to mask the interlocutor, or in other words, the end-user is not able to see a person 

as the interlocutor but rather a MS Agent character (shown in Figure 39).  

The client may choose the agent he wishes to speak to. The following options are MS Agents: 

Robby, E-Man and E-Woman. 
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Figure 39 – VCA (E-Mask) Application Interface 

 

The server interacts with the client through text that is converted into sound as the chosen 

agent reads out loud what the server wrote in the appropriate text box. In the following image 

you can see an example of an MS Agent introducing himself to the client (Figure 40). The text 

that is written in the balloon is actually read by the agent. 

 

 

 

 

 

 

Figure 40 – Example of Robby, the agent, introducing himself 

 

In order to implement this technology it was necessary to download the following components 

from http://www.microsoft.com/products/msagent/downloads/user.asp: 

- a Text-To-Speech Portuguese (Brazilian) Engine (it provides speech output capabilities for 

Microsoft Agent and the Agent Character Editor); 

Hello!! My name is Robby. 
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- MS Agent characters: Robby, E-Man and E-Woman; 

- SAPI 4.0 runtime support (it is required for three reasons: first, E-Mask was programmed for 

the Windows XP operating system; second, because Robby is compiled to use the L&H 

TruVoice engine as the default speech output engine and the SAPI 4.0 runtime is necessary to 

set this characters’ TTSModeID property to use the TTS3000 engines; and third, the other 

Microsoft Agent characters also require this SAPI 4.0 runtime support to set their TTSModeID 

property. 

7.5. A COMPARISON BETWEEN THE DCA AND THE VCA 

In Table 6 a comparison of some characteristics of the “Direct” Communication Architecture 

(DCA) and the “Virtual” Communication Architecture (VCA) is presented. 

Table 6 – A comparison between the two architectures 

 “Direct” 
Communication 

Architecture 
(DCA) 

“Virtual” 
Communication 

Architecture 
(VCA) 

Virtuality  – The client (end-user) can 
not see or hear the interlocutor (human, 
person) on the PC screen; 

No Yes 

Direct “Face-to-face” communication –
The client (end-user) may see and hear 
the interlocutor (human, person) on the 
PC screen 

Yes No 

Supporting VE reconfiguration 
dynamics 

No Yes 

User-interface personalization No Yes 

Interlocutor personalization No Yes 

Comfort and confidence Yes Yes 
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Trust  Not considered Not considered 

Supporting communication through 
Vide-conferencing software 

Yes No 

Supporting communication with 
Software Agents (SA) 

No Yes 

Supporting dynamics of new 
interlocutors integration 

No Yes 

 

In Table 7 it is possible to see whether or not the DCA or the VCA is implemented in some of 

the Virtual Enterprise Projects. Some of them developed under the framework of European 

funding RD Programmes (e.g. 5th or 6th RTD Framework Programmes) and other. 

 

Table 7 – Implementation of the DCA and the VCA in VE Projects 

 DCA VCA 

BIDSAVER Not Defined Not Defined 

E-UTILITIES Not Defined Not Defined 

EXPIDE Not Defined Not Defined 

FASHIONME Yes No 

INTELLECT Yes No 

MEDIA-ISF Yes No 

PROVE-SME Not Defined Not Defined 

SMART SME Not Defined Not Defined 

ADVICE No Yes 

ELEGAL Not Defined Not Defined 

GIDA Not Defined Not Defined 

GLOBEMEN Not Defined Not Defined 
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OCTANE Not Defined Not Defined 

TOVE Not Defined Not Defined 

ECOLEAD Not Defined Not Defined 

ATHENA Not Defined Not Defined 

SEEMSEED Not Defined Not Defined 

THINKCREATIVE Yes No 

PROJECT ON VE 
AT THE 
UNIVERSITY OF 
MINHO: 
BM_VEARM  
(VCA) 

 

Yes Yes 

 

7.6. TIME MODEL 

In section 5.1.1 we described the set-up times in Figures 25a, 25b, 26a and 26b. In this section 

we will compliment those figures buy introducing the specification of our time model. In Table 

8 we present a time model for both the DCA and the VCA communication architectures and 

consider the total time per user with and without a tutor change. In Table 9 the time model 

considers the total time for all users in both architectures with and without a tutor change. 

7.6.1. Specification of Time Model 

In the tables bellow we specify our time model. 
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Table 8 – Time Model for the Communication Architectures DCA and VCA Total Time per user 

Time Model for the Communication Architectures  

DCA and VCA 

Same Tutor Tutor Change 
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Table 9 – Time Model for the Communication Architectures DCA and VCA Total Time considering all users 

Time Model for the Communication Architectures  

DCA and VCA 

Same Tutor Tutor Change 
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PART III – DEVELOPMENT OF A DEMONSTRATOR FOR THE 
PROPOSED MODEL 

CHAPTER EIGHT – DEVELOPMENT OF A DEMONSTRATOR FOR THE 
PROPOSED MODEL 

The goal of the demonstrator is to define the conditions for the validation of the proposed 

Virtual Interface Model, which will take place in chapter 9. 

Section 8.1 refers to the functional requirements described in section 5.1.2. which are, in fact, 

the hypotheses to test. Details about the solutions used can be found in sections 8.2 and 8.3. In 

sections 8.4. to 8.9. all of the experiment details can be found. We present the expect results in 

section 8.10. 

Since the demonstrator is of limited scope, a complete demonstrator would never be possible 

given the number of possible features that could be included. We conclude this chapter by 

mentioning the main limitations of the demonstrator (section 8.11.).  

8.1. DEMONSTRATOR PARAMETERS 

The validation of this thesis consists on the validation of the seven functional requirements 

found in section 5.1.2. As mentioned before, they are in fact the hypotheses to test. Just to 

recall, the requirements have to do with the following features: 

- response time 

- comfort 

- confidence 

- familiarity of similar programs and time 

- response time and user’s sex 

- familiarity of similar programs and interface evaluation 
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8.2. DCA – DIRECT COMMUNICATION ARCHITECTURE SOLUTION 
USED MICROSOFT AGENT 

In the case of our study, the “direct” communication architecture (DCA), which consists of a 

face-to-face communication, is implemented through the well-known videoconferencing 

software MSN Messenger. It is possible for the end-user to hear and to see an interlocutor 

(human, person) on the computer screen. In a VE dynamic network the “interlocutor” will, in 

the limit, constantly change, requiring a constant adaptation of the end-user to the new 

interlocutor. Figure 41 shows the MSN Messenger Interface. 

 

 

Figure 41– The MSN Messenger Interface (“Direct” Communication Architecture) 

8.3. VCA – VIRTUAL COMMUNICATION ARCHITECTURE 
SOLUTION USED MICROSOFT AGENT 

In the “virtual” communication architecture (VCA) we conceived, the end-user can not see or 

hear the human interlocutor because he is “masked” by an interface element that hide the 

interlocutors from each other, providing a “virtual” environment for them. 

The “virtual” communication architecture (VCA) we designed is based on a MS Agent 

technology interface. The end-user cannot see or hear the human interlocutor because he is 
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“masked” by one of the chosen software agents. In this application, called E- Mask, the end-

user always sees the same software agent/mask and hears the same (mask’s) voice. 

Conceptually, there is no need to adapt to a new face or to a new voice and the agents may be 

chosen. If the end-user does not enjoy hearing one of the agent’s voice he/she may chose 

another one. There is a server program and a client program in the application. In our 

application, on the server side there is a person who types in a text box what he/she wants the 

agent to say to the end-user. The end-user is on the client side and may speak to the agent 

because he will be heard on the server side. Figure 42 illustrates the E-Mask interface.  

 

Figure 42 – The E-Mask Interface (“Virtual” Communication Architecture) 

In this program three MS Agents are used: Robby, E-Man and E-Woman. Their role is to 

represent “virtual people” and facilitate communication and decision-making by end-users in 

distributed environments. Suppose the end-user clicks on E-Man, the agent would fly into the 

centre of the screen and automatically introduce itself, this applies to the other characters: 

Robby and E-Woman. 
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8.4. EXPERIMENT METHOD 

In the “virtual” architecture we designed, which is based on a MS Agent technology interface, 

the end-user can not see or hear the human interlocutor because he is “masked” by one of the 

chosen software agents. In this application, called E-Mask, the end-user always sees the same 

software agent/mask and hears the same (mask’s) voice. 

It is expected to prove that the “virtual” architecture is more efficient than the “direct” 

architecture in the situation of dynamic reconfiguration of the VE network structure. 

As mentioned before, there were two different pieces of software used to evaluate virtual 

communication – MSN Messenger and E-Mask (Microsoft Agents Interface Software). The 

first, MSN Messenger, the “direct” architecture, was used as a videoconferencing tool where it 

was possible for the end-user to see, hear and speak to one interlocutor at a time. Figure 43 

shows a videoconference between two students. The student on the top is the one who is being 

tested. The one who is on the bottom is acting as a tutor.  

 

Figure 43 – A videoconference between two students (DCA) 
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The second piece of software, E-Mask, the virtual architecture, was integrated in MSN 

Messenger in order to use the same audio features, however, its function was to mask the 

interlocutor, or in other words, the end-user was not able to see a person as the interlocutor.  

The end-user had to choose one of the three agents he wished to speak to. Figure 44 shows the 

E-Mask interface.  

 

Figure 44 – The E-Mask interface 

Suppose the end-user clicked on E-Man, the agent would fly into the centre of the screen and 

automatically introduce itself; this applies to the other characters: Robby and E-Woman (see 

Figure 45).  
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Figure 45 – Example of the E-Man agent introducing himself 

 

As the “invisible” interlocutor, I used the server program in order to type what I wanted the 

agent to say (with the agent’s own voice) to the end-user after listening to the end-users’ 

responses. The end-user would have a sense that he was talking to the agent and that the agent 

was replying. Figure 46 and Figure 47 demonstrate how I selected a sentence or question I 

wanted the agent to say to the end-user and then paste it into dialog box of the server program. 
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Figure 46 – Text (in Portuguese) is copied into the Server Interface of the E-Mask Application 

The server interacts with the client through text that is converted into sound as the chosen 

agent reads out loud what the server wrote in the appropriate text box. In Figure 47 you can see 

an example of an MS Agent introducing himself to the client. The Agent’s introduction is 

automatic and is possible because it was programmed to do so, however, the text that is written 

on the server side will also appear on the balloon and will actually be read out loud by the 

agent. 

 

Figure 47 – Text (in Portuguese) is pasted into the Server Interface text box of the E-Mask Application in order to be read 
aloud by the selected agent 
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The purpose of this experiment was to:  

• Determine which architecture had a better performance with end-users who were 

knowledgeable about the Internet (use of a browser and MSN Messenger) and had 

Windows XP experience. 

• Obtain audio records of communication of end-users during pre-defined conversations 

in a “direct” architecture (MSN Messenger) and in a “virtual” architecture (E-Mask).  

• Compare end-users audio responding time when new interlocutors (tutors) were 

introduced in the conversation (in MSN Messenger and in E-Mask). 

• Determine which architectural environment end-users better adapted to. In order to 

register end-users opinions about the experiment, three questionnaires were 

developed20. These will be explained later in the text. 

Testing of the more advanced features, or sub-features such as chat (writing), in the case of 

MSN Messenger, or preferred agent character, in the case of E-Mask were not done, since the 

evaluation of such items were not the key issue and would need a more extensive test. 

Although both MSN Messenger and E-Mask contain numerous features, the object of our 

study lies in the evaluation of oral communication timings of the end-users in both 

architectures.  

The comparison test is typically used to establish which design is easier to use or learn, or to 

better understand the advantage and disadvantages of different designs (Rubin, 1994). In our 

study, we want to assure that although the use of videoconferencing software such as MSN 

Messenger may have its advantages in Virtual Enterprise communication environments, the 

use of Microsoft Agent software may shorten the adaptation of end-users to new people, 

during a conversation, since these are represented by the same agent characters who have a 

user-friendly appearance and a user-friendly voice. The agents have interactive characteristics 

and a programmable personality in order to better correspond to the requested communication 

needs of the end-user. 

                                                           
20 The questionnaires may be seen in appendices 8, 9 and 10. 
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8.5. SAMPLE 

The sample consisted of ninety end-users ranging from 18 to 28 years of age were tested (45 in 

each experiment). All had basic Internet and Windows XP experience, which was important 

since they interacted with the Internet Explorer and MSN Messenger in both the direct 

architecture and the virtual architecture, and the operating system that was used was Windows 

XP.  

• All end-users had similar levels of education (higher education) and come from 

various courses and years.  

• All participants were very willing to participate in the evaluation. No incentives were 

necessary.  

• Most end-users had some experience with MSN Messenger although instructions21 on 

how to communicate using the videoconference option for MSN Messenger was 

given. 

• Instructions on how to enter and start using the E-Mask program was also given. 

All of the statistical testing was performed using the SPSS version 14.0 software. The 

demographic items that were analysed were, essentially, age and sex. The ninety participants 

in the experiment were, on average, 20,9 years old and were almost equally distributed by sex 

(females represented a higher percentage: 62,2%). 

8.6. PROCEDURE 

Two experiments were performed. The first was on June 13th until June 16th, 2005 and the 

second was on September 28th and 29th, 2005.  In both the experiments the end-users were 

divided into three groups. Group 1, consisted of 15 end-users, was subject to both the direct 

architecture (MSN Messenger) and the virtual architecture (E-Mask). Group 2, consisted of 15 

end-users, were only subject to the direct architecture. Group 3, consisted of 15 end-users, 

were only subject to the virtual architecture. This way, each of the architectures was tested by 

                                                           
21 The instructions may be seen in appendices 2 and 3. 
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60 different people since there were two experiment sessions consisting of the three groups. 

The 30 participants who tested both the architectures belonged to group 1 and did a 

comparison test in the end. 

In order to stimulate conversation between the end-user and the interlocutor, two different 

conversation scripts22 (A and B) were developed and used for both of the architectures. The 

scripts were designed to simulate a conversation between the tutors and the end-users and used 

as a “tool” to determine how long the end-user took to respond to questions asked in both 

architectures. In order to make the experience more interesting from the end-users point of 

view, a few tasks regarding the use of the Internet Explorer web browser (to visit web pages 

and click on certain links) were included in both scripts. The scripts had the same topic to lead 

the conversation and were roughly the same length. They offered information to the end-users 

about the characteristics and the functioning of a Virtual Campus while they performed the 

experiment. It seemed to be a good issue since it was a near future reality for the students at 

the time and they had little information about it.  

In group 1, script A was used to test the direct architecture and script B was used to test the 

virtual architecture. In group 2, script B was used to test the direct architecture and in group 3, 

script A was used to test the virtual architecture. Table 10 exemplifies this clearly. 

 

Table 10 – Script Distribution through the Experiment 

DIRECT ARCHITECTURE 

MSN Messenger 

VIRTUAL ARCHITECTURE 

E-Mask 

Group 1 – Script A 

30 end-users 

Group 1 – Script B 

Same 30 end-users 

Group 2 – Script B 

30 end-users 

Group 3 – Script A 

30 end-users 

                                                           
22 The conversation scripts may be seen in appendices 4, 5, 6 and 7. 
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Group 2 and 3 were not affected by only participating with one of the two scripts since the 

topic was easy to understand and it was not crucial to follow both scripts since the objective of 

the scripts was to maintain a conversation of interest to the end-users to be able to record their 

responding time.  

In order for the experiments to take place there were some groups of volunteer interlocutors 

who acted as tutors for the end-users, they participated in the experiment; however, they were 

not evaluated.  

8.6.1. First Experiment Procedure 

The allocation of the tutors for the first experiment was done according to the table bellow. 

Table 11 – Tutor allocation for the first experiment 

DIRECT ARCHITECTURE 

MSN Messenger (tutor changes) 

VIRTUAL ARCHITECTURE 

E-Mask (same tutor) 

Group 1 – Script A 

5 groups of 2 tutors talked to15 end-users  

Group 1 – Script B 

No volunteers were required since I was the 

“invisible” interlocutor. 

Group 2 – Script B 

5 groups of 2 tutors talked to 15 end-users 

Group 3 – Script A 

No volunteers were required since I was the 

“invisible” interlocutor. 

 

As mentioned above, group 1, which consisted of 15 participants, was subject to both the 

direct architecture (MSN Messenger) and the virtual architecture (E-Mask). There were five 

groups of two volunteer tutors who followed a predefined script that was broken into six parts. 

The two tutors had to exchange parts of the script during the conversation held with each one 

of the end-users. The script was broken into six parts (part 1, part 2, part 3, part 4, part 5 and 

part 6) and there were five breaks during the conversation. Each group of two tutors tested 

three end-users. In other words, the end-users from group 1 had to communicate via web using 
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MSN Messenger software with two different tutors who became individual interlocutors that 

rotated at certain times as they followed a pre-defined part of the script. I controlled the tutors 

during the experiment. The end-users were not notified that the interlocutors were going to 

change during the conversation; however, the end-users had a set of instructions23 on how to 

communicate using the videoconference option for MSN Messenger and then how to enter the 

E-Mask program in order to communicate with one of the three Microsoft Agents of their 

choice. As you can see in Figure 48 bellow two students are acting as tutors. 

 

 

Figure 48 – Two students are acting as tutors 

In the virtual architecture (E-Mask) I was “masked” by one of the chosen agents. When 

selected, the chosen agent automatically introduced itself (they were programmed to do so) 

and then I copy/pasted each part of the script (conversation guide) for the end-user to reply to. 

The end-user had a sense that he/she was talking to the agent that was “intelligently” 

conducting the conversation when in fact; I was “behind” the agent simply copying and 

pasting what I wanted the agent to say to the end-user. I played this role for the participants in 

group 1 (after they were finished communicating through MSN Messenger) and for the 

participants in group 3. The image bellow (Figure 49) shows a student on the client side (the 

webcam was no longer needed of course). As mentioned before, sound travelled through the 

                                                           
23 The set of instructions may be seen in appendices 2 and 3. 
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MSN Messenger program which window was minimized in order to fully interact with the E-

Mask software. 

 

 

Figure 49 – Student on the client-side of the E-Mask application 

 

Group 2 also needed five groups of two volunteer tutors that had to follow the same predefined 

scripts broken into six parts. The difference was that the scripts were changed, in other words, 

the script used in group 1 to do the experiment on the virtual architecture was also used to do 

the experiment on the direct architecture and vice-versa (e.g. script A to test the direct 

architecture and script B to test the virtual architecture in group 1, then script B to test the 

direct architecture in group 2 and script A to test the virtual architecture in group 3).  

Group 3 had the same procedure as group 1, in the case of the virtual architecture (E-Mask) 

there was no change in the tutors. 

8.6.2. Second Experiment Procedure 

The allocation of the tutors for the second experiment was done according to Table 12. 
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Table 12– Tutor allocation for the second experiment 

DIRECT ARCHITECTURE 

MSN Messenger (same tutor) 

VIRTUAL ARCHITECTURE 

E-Mask (tutor changes) 

Group 1 – Script A 

5 tutors talked to 3 end-users each 

Group 1 – Script B 

5 groups of 2 tutors for 15 end-users  

Group 2 – Script B 

5 tutors talked to 3 end-users each 

Group 3 – Script A 

5 groups of 2 tutors for 15 end-users 

 

In the second experiment, group 1, which also consisted of 15 participants, was also subject to 

both the direct architecture (MSN Messenger) and the virtual architecture (E-Mask). There 

were five volunteer tutors who followed a predefined script and talked, without interruption, to 

the end-users. In other words, the end-users from group 1 had to communicate via web using 

MSN Messenger software with the same tutor who followed a pre-defined part of the script. 

Once again, I controlled the tutors during the experiment. The end-users were not notified that 

the interlocutors were going to remain the same during the conversation; however, the end-

users in the second experiment also had a set of instructions on how to communicate using the 

videoconference option for MSN Messenger and then how to enter the E-Mask program in 

order to communicate with one of the three Microsoft Agents of their choice.  

In the virtual architecture (E-Mask) the tutors were “masked” by one of the chosen agents. 

When selected, the chosen agent automatically introduced itself (they were programmed to do 

so) and then one of the tutors copy/pasted a part of the script (conversation guide) for the end-

user to reply to. The end-user had a sense that he/she was talking to the agent that was 

“intelligently” conducting the conversation when in fact; one of the two tutors who changed, at 

the set times, during the pre-defined script was “behind” the agent simply copying and pasting 

what he/she wanted the agent to say to the end-user.  

Group 2 had two tutors that followed the predefined scripts; they also remained the same and 

tested three end-users each.  
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Group 3 had the same procedure as group 1, in the case of the virtual architecture (E-Mask) 

there was a change in the tutors. 

Both experiments required two classrooms and two computers (one in each room). The tutors 

and I stayed in one classroom while each end-user was individually sent to the other 

classroom. In order for the end-user to not feel pressured in any way he/she had to be alone in 

the room during the testing (independently of the group he/she belonged to), however, he/she 

was left with a set of written instructions and a questionnaire to fill out and bring to me at the 

end of the experiment.  

Each end-user took approximately 10-15 minutes to perform each experiment and fill out the 

questionnaire.  

8.7. TESTING AND DATA COLLECTION 

In the experiment, two portable computers were used over a 100MB modem connection on a 

LAN (local area network). The server computer was a Pentaq 2200 DT with the following 

characteristics: Pentium III, screen size 14”, 256 RAM and a hard drive capacity of 30 GB. 

The client computer (for end-users) was a HP Compaq NX9030 with the following 

characteristics: Pentium M, screen size 15”, 512 RAM and a hard drive capacity of 40 GB. 

There were also used two Webcams and two microphones with headsets (headphones). The 

webcams were only needed to test the direct architecture. Since the sample size was of ninety 

people, it was feasible to test each end-user individually rather than in a group setting. 

Individual testing often provides more accurate results (Nielson & Robert, 1994).  

The participating tutors had to read a script in order to maintain a conversation; a data show 

projector was connected to a computer beside the portable server computer. The scripts were 

displayed on the wall in PowerPoint format. In order to record speech, a MP3 recorder was 

used in the direct architecture (MSN Messenger). A set of speakers were used in order to hear 

the sound output and record it with a MP3 recorder. The headphones were basically used by 

the client. In the case of the virtual architecture (E-Mask) each answer (speech) given by the 

end-user was recorded into a repository of the application on the client side, even though the 

server side initiated this process.  
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8.8. RECORDING OF RESPONSE TIMINGS 

The end-users were timed on each response they gave to a total of nine questions and an 

overall time was taken for each user. Times were measured by replaying the sound files on 

Windows Media Player and a chronometer was used to record each individual response time. 

The responses were summed in order to have a time total (in seconds). The timings do not 

show whether the end-users are satisfied with the interface or not, they only reflect the 

dynamic communication process. 

8.9. QUESTIONNAIRE DISTRIBUTION 

In order to register end-users opinions about the experiment, three questionnaires were 

developed. Questionnaire A was filled in by users after the experiment using MSN Messenger 

(with a change of the tutor during the conversation) in group 1 and 2 (in the first experiment). 

Questionnaire A2 was filled in by users after the experiment using MSN Messenger (without a 

change of the tutor during the conversation) in group 1 and 2 (in the second experiment). 

Questionnaire B was filled in by the users after the experiment using E-Mask (with and 

without a change of the tutor during the conversation) in group 3 (in both the first and in the 

second experiment). Questionnaire C was filled in by users after they finished the experiment 

with E-Mask (with and without a change of the tutor during the conversation) in group 1 (in 

both the first and in the second experiment). Tables 12 and 13 illustrate the distribution of the 

questionnaires. 

 

Table 13 – Questionnaires used in the first experiment 

DIRECT ARCHITECTURE 

MSN Messenger (tutor changes) 

VIRTUAL ARCHITECTURE 

E-Mask (same tutor) 

Group 1  

Questionnaire A   

Group 1  

Questionnaire C 
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Group 2  

Questionnaire A 

Group 3  

Questionnaire B 

 

Table 14 – Questionnaires used in the second experiment 

DIRECT ARCHITECTURE 

MSN Messenger (same tutor) 

VIRTUAL ARCHITECTURE 

E-Mask (tutor changes) 

Group 1  

Questionnaire A2   

Group 1  

Questionnaire C 

Group 2  

Questionnaire A2 

Group 3  

Questionnaire B 

 

At the end of each experiment end-users were asked to complete the five question 

questionnaire after testing each interface. In the questionnaire, had to rank their opinions on a 

likert scale of 1-7, where 1 meant they strongly agreed with the statement and 7 meant they 

strongly disagreed with the statement.  

In the direct architecture (MSN Messenger) tested in both the first and the second experiment, 

end-users rated the following questions:  

1. How often they used programs like MSN Messenger. 

2. How often they used certain functions (chat, audio conferencing and video 

conferencing in programs like MSN Messenger). 

3. How they felt about the change of the tutors during the conversation. 

4. How they felt about the tutors change of voice and appearance. 

5. If they felt they could trust the tutors by their appearance and by their voice. 
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In the virtual architecture (E-Mask) tested in both the first and the second experiment, end-

users rated the following questions:  

1. How often they used programs like MSN Messenger. 

2. How often they used certain functions (chat, audio conferencing and video 

conferencing in programs like MSN Messenger. 

3. How they felt about their interaction with one of the agents during the conversation. 

4. How they felt about the voice and appearance of the agent they interacted with. 

5. If they felt they could trust the agent by its appearance and its voice. 

Questionnaire C continued the questions about the interaction with one of the agents, as 

described in the list above and had a comparative analysis of the two architectures, also rated 

on a scale of 1 to 7, at the end that consisted of: 

1. Classifying MSN Messenger (easy to use – hard to use, slow reply – fast reply, would 

use again – would not use again, enjoyed the experience – did not enjoy the 

experience). 

2. Classifying E-Mask (easy to use – hard to use, slow reply – fast reply, would use again 

– would not use again, enjoyed the experience – did not enjoy the experience). 

8.10. EXPECTED RESULTS 

The purpose of this study was to present two user-interface architectures for the VE dynamics 

by explaining their role in the BM_VEARM Reference Model and illustrating their potentials 

in terms of time efficiency. The “direct” communication architecture (DCA) was compared 

with the “virtual” communication architecture (VCA). 

It is expected to prove that the “virtual” communication architecture (VCA) is more efficient 

than the “direct” communication architecture (DCA) in the situation of dynamic 

reconfiguration of the VE network structure. 

The interface of the E-Mask application (VCA) was designed in order to assure that the 

interaction with the client was through a Microsoft Agent. This technology allows end-users to 
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have both a visual (they can see the agents) and a sound interaction (they can hear one agent 

speak at a time). The objective of this interaction is to enable a practical and friendly interface 

for the client during a future experiment. 

Our experimental goals are to determine which architecture has a better performance with end-

users who are knowledgeable about the Internet (use of a browser and MSN Messenger) and 

have Windows XP experience. We will need to obtain audio records of communication of end-

users during pre-defined conversations in the “direct” communication architecture (MSN 

Messenger) and in the “virtual” communication architecture (E-Mask). The object of our study 

lies in the evaluation of oral communication timings of the end-users in both architectures. We 

will also compare end-users audio responding time when new interlocutors are introduced into 

a conversation. In order to determine which architectural environment end-users perceive to 

better adapt to some questionnaires will be developed.  

In our study, we want to assure that although the use of videoconferencing software such as 

MSN Messenger may have its advantages in VE communication environments, the use of 

Microsoft Agent software may shorten the adaptation of end-users to new people, during a 

conversation, since these are represented by the same agent characters who have a user-

friendly appearance and a user-friendly voice. The agents have interactive characteristics and 

programmable personalities in order to better correspond to the requested communication 

needs of the end-user therefore, the response to the market need may also be more efficient. 

In sum, our main goal is to identify and test models for a friendly user-interface in distributed 

agile and virtual environments, defending that the “virtual” communication architecture (VCA) 

is more efficient than the “direct” communication architecture (DCA) in the situation of 

dynamic reconfiguration of the VE network structure. We also believe it may help eliminate 

body language and verbal language barriers.   

8.11. DISCUSSION ON THE DEMONSTRATOR’S LIMITATIONS 

A thorough demonstration of the validity of the Virtual Interface Model would be impossible 

under the scope of this thesis. The objective was to present the conditions to validate some 

aspects of the project. In this section we will attempt to be conscientious about the limitations, 

by identifying some of them. 
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8.11.1. The Physical Demonstrator Limitations 

The software platform we used to develop the physical parameter of the demonstrator was 

based on an existing communication tool (MSN) used by millions on a daily basis and then 

transformed to meet our project needs through the adaptation of an MS Agent technology 

interface. It would have been interesting to perform tests with other agents and to explore the 

end-user’s preferences and adaptation time.  

In order to record speech, in the DCA, a MP3 recorder was used. A set of speakers were used 

in order to hear the sound output and record it with a MP3 recorder. In the DCA more 

sophisticated form of speech recording was used. Each answer (speech) given by the end-user 

was recorded into a repository of the application on the client side, even though the server side 

initiated this process. This feature was impossible to implement in the already existing MSN 

because it is a closed system. 

8.11.2. Reconfigurability Dynamics Demonstrator 

The questionnaire is not exhaustive and the sample of the experiment participants has some 

limitations. A number of answers as well as participants from real enterprises could be 

necessary to help support the reconfigurability dynamics in the Virtual Interface Model.  

8.11.3. The Time Analysis Demonstrator 

There are many factors that could influence the time analysis. We used the questionnaires to 

help combat those limitations.   
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PART IV – VALIDATION OF THE PROPOSED MODEL 

CHAPTER NINE – VALIDATION OF THE PROPOSED MODEL 

This chapter is divided into two sections. In the first section (section 9.1.) we will undertake 

the validation of the project hypotheses, using the conditions and parameters specified as 

functional requirements in section 5.1.2. The validation of the hypotheses is done through an 

experiment using the software platform (Virtual Communication Architecture - VCA) we 

developed. This experiment demonstrates how the functionality of virtuality can be technically 

supported in the BM_VEARM and how the studied users performed in terms of (set-up) time. 

It also gives the general perception users had after trying the software. A comparison with the 

traditional face-to-face software communication tool MSN Messenger is also attended to. In 

this section, the sample population is isolated per groups in order to study each variable 

individually and avoid potential biases. 

In the second section (section 9.2.) we use the experiment data in a slightly different way to 

validate the project under the time parameter. The time is the only experiment data which is 

analyzed, but it is not restricted to set-up times, it also includes question and answer times. We 

re-group the observations related with time into four groups (DCA same tutor; DCA tutor 

change; VCA same tutor and VCA tutor change), perform a comparative analysis of them and 

conduct some simulations.  

To conclude, we present a table with a summary of the statistical tests used for the validation 

of the hypotheses (section 9.3.). 

9.1. RESULT ANALYSIS AND RESEARCH HYPOTHESIS 
VALIDATION 

As mentioned in section 5.1.2., the first hypothesis states that there is no significant difference 

in the response time of the DCA and the VCA users. In order to evaluate the hypothesis we 
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conducted a paired samples t-test24 for group 1, for which it was necessary to create two 

indices:  

1) The total time of all the DCA users in group 1;  

2) The total time of all the VCA users in the same group.  

As we can see in Graph 1, the mean of the DCA users was 7,69 while the mean of the VCA 

users was 5,07. The t-test for the difference in the means rejected the null hypothesis of equal 

means, so we can conclude that their difference is statistically significant for a 5% significance 

level25. This result may be explained by the fact that the person behind the E-Mask program is 

masked by one of the characters, so the end-user does not have to adapt to a new person at all 

and since there is no change there is also a reduction in the time response. 
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Graph 1 – Means of the Response Time of Users in Group 1 

 

The hypothesis mentioned above was then sub-divided into h1a) and h1b), since there was a 

group that had the same tutor and another which had a tutor who changed during the 

experiment.  

In relation to h1a), the objective was to compare the total time of all the DCA users (group 2) 

who did the first experiment (with a tutor change) with the total time of the ones who did the 

                                                           
24 The Paired-Samples t-Test procedure compares the means of two variables for a single group. The procedure computes the 

differences between values of the two variables for each case and tests whether the average differs from 0. 
25 All of the tests were performed on SPSS with a 5% significance level, i.e., a 95% confidence interval. 
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second experiment (with the same tutor). The mean of the DCA users’ responses was 10,99 

with a tutor change and 8,84 with the same tutor (see Graph 2). The t-test for the equality of 

the means (an independent samples t-test26) rejected the null hypothesis of equal means, so we 

can conclude that their difference is statistically significant. In this case, this can be justified by 

the fact that when there was a change in the tutor the end-user had to adapt to a new person 

with a different appearance and a different voice, therefore it took longer to respond to the 

questions, since there was a new impact, whereas in the case of talking to the same tutor there 

was only one adjustment. 

Response Time of Users in Group 2

8,84
10,99

0

5

10

15

Same Tutor Tutor Change

Direct Communication Architecture (DCA)

Ti
m

e 
(S

ec
on

ds
)

 

Graph 2 – Means of the Response Time of Users in Group 2 

 

In relation to h1b) an independent samples t-test was also performed, in order to compare the 

total time of all VCA users (group 3) who did the first experiment (with the same tutor) with 

the total time of the ones who did the second experiment (with a tutor change). The difference 

in the means of the users’ responses (6,09 with the same tutor and 5,84 with a tutor change) 

was not statistically significant (see Graph 3). This evidence is relevant because whether or not 

there is a change of the masked tutor the character remains the same to the end-user’s eyes and 

ears and since there is no significant time difference, it is possible to have the same person or 

various people behind the E-Mask program because the communication process will not take 

longer. 

                                                           
26 The Independent-Samples t-Test procedure compares means for two groups of cases. Ideally, for this test, the subjects should be 

randomly assigned to two groups, so that any difference in response is due to the treatment (or lack of treatment) and not to 
other factors. 
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Graph 3 – Means of the Response Time of Users in Group 3 

 

The second hypothesis states that there is no significant difference relative to the comfort 

demonstrated by the DCA and the VCA users and was also sub-divided into two: h2a) and 

h2b). H2a) states that there is no significant difference relative to the comfort demonstrated by 

the DCA users (group 2) when the tutor changes and when the tutor remains the same. H2b) is 

applied to the VCA users (group 3). 

An independent samples t-test was conducted for both groups by analysing the total of the 

responses, which were rated on a 1-7 scale, in questions 3) and 4a)27 from the questionnaire 

given to all users in the two experiments. Graph 4 shows that the mean of the DCA users’ 

responses was 23,33 with a tutor change and 26,33 with the same tutor; for the VCA users’ 

responses, the means were 23,73 and 27,13, respectively (see Graph 5). In both cases, the t-test 

for the equality of the means did not reject the null hypothesis of equal means, so we can 

conclude that their differences were not statistically significant. Therefore, it is possible to 

confirm that users did not feel uncomfortable with either the MSN (direct architecture) or the 

E-Mask (virtual architecture) meaning that both are easy to adapt to and intuitive. That fact 

that the end-user can see a person while using MSN and not see anybody when using E-Mask 

is irrelevant. 

                                                           
27 Some items in the questions had to be recoded in SPSS in order for the weights to be correct. 
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Graph 4 – Means of the Comfort Demonstrated by Users in Group 2 
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Graph 5 – Means of the Comfort Demonstrated by Users in Group 3 

 

The third hypothesis, which was sub-divided in h3a) and h3b), states that there is no significant 

difference relative to the confidence demonstrated by the DCA and the VCA users. An 

independent samples t-test was conducted for both groups 2 and 3, by analysing the total of the 

responses, which were rated on a 1-7 scale, in questions 4b), 5a) and 5b) from the 

questionnaires. In Graph 6 we can see that the mean of the DCA users was 23,33 with a tutor 

change and 27,07 with the same tutor. For the VCA users we obtained values of 23,73 with a 

tutor change and 27,13 with the same tutor (see Graph 7). The t-tests for the equality of the 

means did not reject the null hypothesis of equal means in both cases; therefore, we can 

conclude that their difference is not statistically significant. It is possible to confirm that users 

felt confidence in both architectures. Even though end-users were presented with a new 

architecture they were open minded enough to try it and maybe even trust it. Just like in the 
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earlier hypothesis, relative to comfort, the fact that the end-user can see a person while using 

the DCA and not see anybody when using the VCA seems to be irrelevant in terms of 

confidence. 
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Graph 6 – Means of the Confidence Demonstrated by Users in Group 2 
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Graph 7 – Means of the Confidence Demonstrated by Users in Group 3 

 

The fourth hypothesis states that the more familiar users are with programs like MSN the less 

time they take to reply in the DCA and in the VCA. This hypothesis was tested by two sub-

hypothesis: h4a) and h4b).  
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In order to measure how the variables were related we conducted a correlation test28. For 

groups 2 and 3 it was necessary to relate the total time of the users’ responses with the total of 

their responses to questions 1) and 2) from the questionnaire. The questions were initially 

coded in the following manner: 1-never; 2-less than once a week; 3-once a week; 4-two/three 

times a week; 5-everyday; 6-more than once a day. In order to be coherent with the rest of the 

results where less means better, the questions were recoded. For h4a) we found a very small 

negative correlation of -0,090 and for h4b) a small positive correlation of 0,152. Since both of 

them were not statistically different from zero, and even though some of the people who were 

tested had a greater familiarity with programs like MSN, it appears that that fact did not 

interfere with their time response (see Table 15). 

Table 15 – Correlation of Familiarity with Programs like MSN and Response Time 

Correlation of Familiarity and Response Time - Groups 2 and 3 

  Pearson Correlation Sig. (2-tailed) 

DCA -0,090 0,493 

VCA 0,152 0,422 

 

The fifth hypothesis states that there is no significant relation with the response time in the 

DCA and the VCA and the sex of the users. In order to conduct a Pearson’s Chi-Square test29 

(for a 2×2 table), it was necessary to divide the variable “time response” into two categories. 

To do so we computed the average respondent’s time, which we found out to be 8 seconds, and 

then considered all numbers bellow 8 as “fast” and all numbers above that value as “slow”. 

The test was then applied giving us a non-significant value of 0,591, meaning that there was no 

significant relation between the response time in both the architectures and the sex of the users.  

The sixth hypothesis states that the users who try the two architectures generally prefer the 

direct architecture over the virtual one. A paired samples t-test for group 1 was conducted by 

analysing the total of the responses, which were rated on a 1-7 scale, in questions 6) and 7) 

                                                           
28 The measure of association used was Pearson’s correlation coefficient. Correlations measure how variables or rank orders are 

related. Pearson’s correlation coefficient is a measure of linear association; in this case, we related familiarity with programs 
like MSN with users’ time response. 
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from the questionnaire. In Graph 8 we can see that the mean of the DCA users was 6,77 and 

the mean of the VCA users was 9,03. The t-test for the difference in the means rejected the 

null hypothesis of equal means, so we can conclude that their difference is statistically 

significant and that our initial belief was confirmed. We can justify this result by saying that 

most users were already familiar with programs like MSN and that some already had a lot of 

experience using them. Since the E-Mask program was something new to all of the users in 

both the experiments it was natural for them to have a better perception of the direct 

architecture. 
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Graph 8 – Means of the Architecture Preference Demonstrated by All Groups 

 

The seventh hypothesis states the users who try the two architectures and are more familiar 

with programs like MSN evaluate better the DCA and the VCA. This hypothesis was also 

divided in two: h7a) and h7b).  

In order to measure how the variables were related we conducted a correlation test30. For group 

1 it was necessary to relate the total familiarity with programs like MSN for the users who 

tried the direct architecture with their total perception of both the architectures, which was the 

total of their responses to questions 6) and 7) of the questionnaire; the same was applied to the 

users of the virtual architecture (group 3).  For h7a) we found a small positive correlation of 

0,128 (see Table 16) and for h7b) a very small negative correlation of -0,079; both were not 

                                                                                                                                                                        
29 The Chi-Square (χ2) Test procedure tabulates a variable into categories and computes a chi-square statistic. This goodness-of-fit 

test compares the observed and expected frequencies in each category to test that all categories contain the same proportion of 
values or test that each category contains a user-specified proportion of values. 

30 The measure of association used was Pearson’s correlation coefficient.  
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statistically different from zero (see Table 16). Therefore, it seems that even though some of 

the people who were tested had a greater familiarity with programs like MSN, that fact did not 

interfere with their perception of either architecture. 

Table 16– Correlation of Familiarity with Programs like MSN and Perception of the DCA 

Correlation of Familiarity and Perception – All Groups 

  Pearson Correlation Sig. (2-tailed) 

DCA 0,128 0,499 

VCA -0,079 0,677 

9.2. COMPARATIVE STUDY ON PERFORMANCE AND 
SIMULATIONS 

We evaluated the hypotheses mentioned above by isolating the data per groups, in order to 

avoid potential biases. Our analysis indicated a significant difference in the response time 

between the two architectures and also when there was a tutor change (even though it was only 

with the DCA).  

As mentioned above, in this section the experiment data is used in a slightly different way. 

First of all, we re-group the observations related with time into four groups: DCA same tutor; 

DCA tutor change; VCA same tutor and VCA tutor change. Furthermore, we do not only 

consider the first set-up time. In order to provide a global perspective, the question times, the 

set-up times and the answer times are also included. 

9.2.1. Experiment Data Analysis 

Table 17 presents some descriptive statistics of the experiment data related with total times, 

namely: the mean, median, maximum and minimum values, standard deviations, skewness, 
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kurtosis, the Jarque-Bera test statistic31 and its associated probability32, and, finally, the 

number of observations. 

Table 17 – Descriptive Statistics of the Samples (total time in seconds) 

 
DCA same 

tutor 
DCA tutor 

change 
VCA same 

tutor 
VCA tutor 

change 
 Mean 8,48 9,13 5,32 5,72 
 Median 8,40 8,60 5,20 5,80 
 Maximum 13,90 16,20 8,70 8,40 
 Minimum 5,30 4,80 2,70 3,70 
 Std. Dev. 2,20 2,91 1,63 1,24 
 Skewness 0,72 0,82 0,45 0,26 
 Kurtosis 2,97 3,01 2,41 2,42 
Jarque-Bera 2,62 3,37 1,44 0,77 
 p-value (JB) 0,27 0,19 0,49 0,68 
 Observations 30 30 30 30 

As we can see in the table above, each of the four groups has a total of 30 observations. It is 

clear that whether or not there is a tutor change, the mean of response the time of the DCA is 

significantly higher than the one of the VCA. Besides this, with the DCA we have a greater 

dispersion in the data (higher standard deviations). By analyzing the Jarque-Bera statistic and 

its associated probability, we can see that, for a significance level of 5%, the null hypothesis of 

a normal distribution can not be rejected for all of the four groups. 

The experiment data was classified into 6 classes, each with a 3 second amplitude. The number 

of classes usually depends on good common sense; however, one of the most consensual 

procedures consists of using a number of classes approximately equal to the square root of the 

number of observations (in our case 5,48). 

                                                           

31 The Jarque-Bera test statistic is used for testing whether the series is normally distributed or not. It measures the difference of 
the skewness and kurtosis of the series with those from the normal distribution. The statistic is computed as: 
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where S is the skewness, K is the kurtosis, and k represents the number of estimated coefficients used to create the series. 

32 Under the null hypothesis of a normal distribution, the Jarque-Bera statistic is distributed as χ2 with 2 degrees of freedom. The 
reported Probability is the probability that a Jarque-Bera statistic exceeds (in absolute value) the observed value under the null 
hypothesis of a normal distribution. 
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In section 2.1.7.2., Putnik (2000a) refers that the virtual organization model expresses the need 

of agile competitors to create or assemble new productive resources very quickly and 

frequently and concurrently because of decreasing profitable lifetimes of individual products 

and services. The illustrative specification of the performances required for a new 

manufacturing system is given in Kim (1990) as: an “ideal” manufacturing system or 

enterprise should (1) manufacture from 1 to 1,000 products simultaneously; (2) accommodate 

lot sizes from 1 to 1,000,000; and (3) the system should reconfigure for a new product within 1 

second (in order to satisfy (1) and (2)).  

Since the reconfiguration time in VE is mostly measured in seconds and the system should 

reconfigure for a new product within 1 second we also opted to use seconds to measure time in 

our experiment.  

9.2.1.1. DCA Groups 

Tables 18 and 19 contain the absolute frequencies, relative frequencies and cumulative relative 

frequencies for the DCA same tutor and the DCA tutor change groups, respectively. 

Table 18 – Frequency Distribution in Classes (DCA Same Tutor) 

Time (sec) Frequency (f) Percent (f/n) Cumulative Percent 
[0; 3,0[  0 0% 0% 

[3,0; 6,0[  3 10% 10% 
[6,0; 9,0[  17 57% 67% 

[9,0; 12,0[  6 20% 87% 
[12,0; 15,0[  4 13% 100% 
[15,0; 18,0[  0 0% 100% 

 Total 30 100%   

 

Table 19 – Frequency Distribution in Classes (DCA Tutor Change) 

Time (sec) Frequency (f) Percent (f/n) Cumulative Percent 
[0; 3,0[  0 0% 0% 

[3,0; 6,0[  3 10% 10% 
[6,0; 9,0[  14 47% 57% 

[9,0; 12,0[  7 23% 80% 
[12,0; 15,0[  4 13% 93% 
[15,0; 18,0[  2 7% 100% 

 Total 30 100%   
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As we can see in Figure 50, the Probability Density Function (PDF) of the two DCA groups is 

characteristic of normal distributions, since they are bell-shaped and symmetric around their 

means. The intersection points are 4,84 and 10,37. To reinforce the arguments presented 

above, with the tutor change we not only have higher response times but also a higher 

dispersion of the data.  
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Figure 50 – Probability Density Functions of the two DCA groups 

 

9.2.1.2. VCA Groups 

Tables 20 and 21 contain the absolute frequencies, relative frequencies and cumulative relative 

frequencies for the VCA same tutor and the VCA tutor change groups, respectively. 

Table 20 – Frequency Distribution in Classes (VCA Same Tutor) 

Time (sec) Frequency (f) Percent (f/n) Cumulative Percent 
[0; 3,0[  1 3% 3% 

[3,0; 6,0[  21 70% 73% 
[6,0; 9,0[  8 27% 100% 

[9,0; 12,0[  0 0% 100% 
[12,0; 15,0[  0 0% 100% 
[15,0; 18,0[  0 0% 100% 

 Total 30 100%   
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Table 21 – Frequency Distribution in Classes (VCA Tutor Change) 

Time (sec) Frequency (f) Percent (f/n) Cumulative Percent 
[0; 3,0[  0 0% 0% 

[3,0; 6,0[  17 57% 57% 
[6,0; 9,0[  13 43% 100% 

[9,0; 12,0[  0 0% 100% 
[12,0; 15,0[  0 0% 100% 
[15,0; 18,0[  0 0% 100% 

 Total 30 100%   

 

As we can see in Figure 51, the Probability Density Function (PDF) of the two VCA groups is 

also characteristic of normal distributions. The intersection points are 4,68 and 7,85. In this 

case, with a tutor change there is a limited impact in terms of response times (with an 

insignificant increase of this parameter), as mentioned in the previous section, and a slight 

reduction of the data dispersion. 
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Figure 51 – Probability Density Functions of the two VCA groups 

9.2.2. Architecture Comparison 

In this section we perform a comparison of the DCA and the VCA, with and without a tutor 

change, in terms of total time and model efficiency. 

Figures 52 and 53 present the PDF functions for both architectures with the same tutor and 

with a tutor change, respectively. The intersection points are -4,04 and 6,99 in Figure 52 and 

2,44 and 7,48 in Figure 53. 
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Figure 52 – Probability Density Functions of the DCA and VCA same tutor groups 
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Figure 53 – Probability Density Functions of the DCA and VCA tutor change groups 

 

As we can see in Figures 52 and 53, the VCA is characterized by lower response times and 

lower data dispersion. These arguments confirm the superiority of the virtual architecture and 

reinforce the findings in section 9.1. To further illustrate this superiority we calculate the 

probability that a user has of spending less than a specific amount of time in all situations 

(Tables 22 and 23). 

Table 22 – Probabilities of Time Spending in Percent (Same Tutor) 

Time (less 
than X secs) 

DCA Same 
Tutor 

VCA Same 
Tutor 

Difference  
(VCA – DCA) 

4 2% 21% 19% 
6 13% 66% 53% 
8 41% 95% 54% 
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10 76% 100% 24% 
12 95% 100% 5% 
14 99% 100% 1% 
16 100% 100% 0% 

 

Table 23 – Probabilities of Time Spending in Percent (Tutor Change) 

Time (less than 
X secs) 

DCA Tutor 
Change 

VCA Tutor 
Change 

Difference 
(VCA – DCA) 

4 4% 8% 4% 
6 14% 59% 45% 
8 35% 97% 62% 

10 62% 100% 38% 
12 84% 100% 16% 
14 95% 100% 5% 
16 99% 100% 1% 

 

As we can see in the tables above, the probability of spending less than a specific amount of 

time is always greater in the VCA, with differences that reach up to 54% with the same tutor 

and 62% when we consider a tutor change. This makes us believe that the more tutor changes 

there are, the greater the differences between the two architectures. This is one of the things we 

will try to demonstrate, through simulations, in the next section. 

9.2.3. Simulation with Time Model 

Our simulation analysis is based on the estimation of the average total time (per user), 

depending on the number of questions asked during an interview, in both architectures, taking 

into account the following scenarios: 

a) Without tutor exchange time: 

a1) set-up time equal to the experiment; 
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Graph 9 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up Time equal to the 
experiment 
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Graph 10 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up Time equal to the 
experiment 

 

In Graphs 9 and 10 we can see that, as the number of questions increases, the differences 

between the two architectures are more noticeable, especially when there is a tutor change. The 

superiority of the VCA remains unquestionable, whether or not there is a tutor change. Besides 

this, when there is a tutor change there is an increase of time in relation to the same tutor that is 

only significant in the DCA. 
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a2) set-up time lower than the experiment (approximately equal to a quarter of the 

experiment time); 
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Graph 11 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up Time lower than the 
experiment 
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Graph 12 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up Time lower than the 
experiment 

 

If we consider a set-up time lower (see Graphs 11 and 12) than the one we came across in the 

experiment (for instance, approximately equal to a quarter of that time), we observe a natural 

decrease in the total times in all cases. The most relevant difference in relation to the scenario 

above is the existence of a smaller difference in the performance of both architectures when 

the tutor remains the same, meaning that if we have only one tutor a decrease in the set-up time 
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leads to a reduction of the VCA superiority over the DCA. With a tutor change, the differences 

in the performance of the DCA and the VCA remain almost the same.    

 

a3) set-up time higher than the experiment (approximately 2,5 times greater than the 

experiment time). 
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Graph 13 – Average Total Time (per user) of the DCA and VCA with the Same Tutor and a Set-up Time higher than the 
experiment 
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Graph 14 – Average Total Time (per user) of the DCA and VCA with a Tutor Change and a Set-up Time higher than the 
experiment 
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If we consider a set-up time higher (see Graphs 13 and 14) than the one found in the 

experiment (for instance, approximately equal to 2,5 times greater), we observe an expected 

increase in the total times in all cases. The most relevant difference in relation to scenario a1) 

is the existence of a higher difference in the performance of both architectures when the tutor 

remains the same and also when there is a tutor change. This means that an increase in the set-

up time leads to a higher degree of superiority of the VCA over the DCA, independently of 

changing the tutor or not.  

b) With tutor exchange time and same set-up time of the experiment: 

b1) changing tutors every 3 questions (like in the experiment); 
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Graph 15 – Average Total Time (per user) of the DCA and VCA with a Tutor Change frequency equal to the experiment 

 

In Graph 15 we can observe that the differences between the architectures remain the same as 

the tutor exchange time considered is equal for both. It is obvious that the total times increase, 

as a consequence of this tutor exchange time. 

b2) changing tutors every 10 questions. 
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DCA vs VCA - Tutor Change
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Graph 16 – Average Total Time (per user) of the DCA and VCA with a Tutor Change frequency higher than the 
experiment 

 

Graph 16 shows us that the total increase in time is proportional to the frequency of the tutor 

change: the more tutor changes the more time is spent. 

9.3. SUMMARY TABLE OF VALIDATION 

In sum, Table 24 shows whether or not the initial hypotheses are true and the statistical test 
that was applied. 

Table 24 – Summary table of the research hypothesis validation 

Hypothesis True Statistical Test Used 

H1 - There is no significant difference in the 

response time (1st set-up time) of the DCA and 

the VCA users. 

No Paired samples t-test 

H1a) - There is no significant difference in the 

response time (1st set-up time) of the DCA users 

when the tutor changes and when the tutor 

remains the same. 

No Independent samples t-test 
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H1b) - There is no significant difference in the 

response time (1st set-up time) of the VCA users 

when the tutor changes and when the tutor 

remains the same. 

Yes Independent samples t-test 

H2 - There is no significant difference relative to 

the comfort demonstrated by the DCA and the 

VCA users. 

Yes Independent samples t-test 

H2a) - There is no significant difference relative 

to the comfort demonstrated by the DCA users 

when the tutor changes and when the tutor 

remains the same. 

Yes Independent samples t-test 

H2b) - There is no significant difference relative 

to the comfort demonstrated by the VCA users 

when the tutor changes and when the tutor 

remains the same. 

Yes Independent samples t-test 

H3 - There is no significant difference relative to 

the confidence demonstrated by the DCA and the 

VCA users. 

Yes Independent samples t-test 

H3a) - There is no significant difference relative 

to the confidence demonstrated by the DCA users 

when the tutor changes and when the tutor 

remains the same.  

Yes Independent samples t-test 

H3b) - There is no significant difference relative 

to the confidence demonstrated by the VCA users 

when the tutor changes and when the tutor 

remains the same. 

Yes Independent samples t-test 

H4) - The more familiar users are with programs 

like MSN the less time they take to reply in the 

DCA and in the VCA. 

No Correlation test 
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H4a) - The more familiar users are with programs 

like MSN the less time they take to reply in the 

DCA. 

No Correlation test 

H4b) - The more familiar users are with 

programs like MSN the less time they take to 

reply in the VCA. 

No Correlation test 

H5) - There is no significant relation with the 

response time in the DCA and the VCA and the 

sex of the users. 

Yes Chi-Square test 

H6) - The users who try the two architectures 

generally prefer the DCA over the VCA. 

Yes Paired samples t-test 

H7) - The users who try the two architectures and 

are more familiar with programs like MSN 

evaluate better the DCA and the VCA. 

No Correlation test 

H7a) - The more familiar users are with programs 

like MSN the better they evaluate the DCA. 

No Correlation test 

H7b) - The more familiar users are with 

programs like MSN the better they evaluate the 

VCA. 

No Correlation test 
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PART V – EXPLOITATION PLAN FOR THE PROPOSED MODEL 

CHAPTER TEN – CONCLUSIONS 

This thesis focused on studying the interaction or collaboration between virtual enterprise 

participants and by identifying the requisites of two communication architectures – DCA 

(Direct Communication Architecture) and VCA (Virtual Communication Architecture) –  with 

a friendly interface for distributed environments, agile and virtual; defending that the virtual 

interface between the interacting entities would be more efficient.  

The validation of the thesis was obtained through a general literature review about virtual 

enterprises, human-computer interfaces and software agents, as supporting technology for 

virtuality, as well as several practical experiments using the proposed communication 

architecture models. 

Even though many roads have been traveled with the objective of one day finally arriving at 

this “location” – conclusions – it is undeniable that this “arrival” seems to provoke a sense of 

mixed feelings. On the one hand, it is a true joy to achieve some sort of “finish line”, on the 

other, the feeling of incompletion still prevails since another literature review, and the 

performance of other experiments, would undoubtedly uncover more findings. 

Unfortunately, the project study time has elapsed and we must now reflect about three aspects: 

1) the main contributions and limitations of the user-interface architectures proposed in this 

project; 2) the main contributions and limitations of this research project and 3) the 

identification of possible further research directions. We are sure great accomplishments will 

be made in the years to come! 
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10.1. CONTRIBUTIONS AND LIMITATIONS OF THE USER-
INTERFACE ARCHITECTURES FOR VE DYNAMIC 
RECONFIGURATION 

In this section we will draw attention to the main contributions and limitations of the proposed, 

and tested, user-interface architectures for VE dynamic reconfiguration. 

10.1.1. Main Contributions of the User-interface Architectures 

The contributions of the user-interface architectures are demonstrated through the validation of 

most of our initial hypotheses, which are briefly, in sum: 

1. Response time when using interface; 

2. Comfort using interface; 

3. Confidence using interface; 

4. Familiarity of similar programs and time using interface; 

5. Response time and user’s sex; 

6. Familiarity of similar programs; 

7. Interface evaluation. 

When it comes to our first hypothesis “There is no significant difference in the response time 

(1st set-up time) of the DCA and the VCA users” our analysis indicated a significant difference 

in the response time between the two architectures. The tested hypothesis proved that the total 

time with and without a tutor change was less in the VCA.  

In the VCA, the fact that the person behind the E-Mask program was masked by one of the 

characters eliminated the end-user’s adaptation time to a new person and explains the VCA 

result. However, when there was no tutor change in the DCA there was also an obvious 

reduction in the time response, which led us to believe that the total time, in the DCA, was less 

when the tutor remained the same. When the tutor changed the end-user had to adapt to a new 

person with a different appearance and a different voice, therefore it took longer to respond to 

the questions. 
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It is also possible to conclude that, in the VCA, the total time was practically the same whether 

or not the tutor remained the same. Since there was no significant time difference, it is possible 

to have the same person or various people behind the E-Mask program, for the communication 

process will be shorter than in the direct architecture. 

When it comes to our second hypothesis “There is no significant difference relative to the 

comfort demonstrated by the DCA and the VCA users” it is possible to confirm that users did 

not feel uncomfortable with either the MSN (direct architecture) or the E-Mask (virtual 

architecture) meaning that both were easy to adapt to and intuitive. That fact that the end-user 

could see a person in the DCA and not see anybody in the VCA proved to be irrelevant. 

Our third hypothesis stated that “There is no significant difference relative to the confidence 

demonstrated by the DCA and the VCA users” and we confirmed that users felt confidence in 

both architectures. Even though the VCA was a new architecture to the end-users they 

demonstrated their confidence in it.  

We tested familiarity through the fourth hypothesis “The more familiar users are with 

programs like MSN the less time they take to reply in the DCA and in the VCA” and concluded 

that some of the people who were tested had a greater familiarity with programs like MSN 

Messenger, however, that fact did not interfere with their time response in either architecture. 

This fact helps reveal the user-friendliness of the VCA. 

The fifth hypothesis, “There is no significant relation with the response time in the DCA and 

the VCA and the sex of the users”, which concluded that there was no significant relation 

between the response time in both the architectures and the sex of the users, may be considered 

a curiosity rather than a contribution. 

In the case of our research, we consider the result of the sixth hypothesis a slight “limitation” 

that will be explained in the next section. 

Finally, through the seventh hypothesis, “The users who try the two architectures and are 

more familiar with programs like MSN evaluate better the DCA and the VCA”, which we 

consider a mere curiosity rather than a contribution, we verified that even though some of the 

people who were tested had a greater familiarity with programs like MSN Messenger, that fact 

did not interfere with their perception of either architecture. 
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10.1.2. Main Limitations of the User-interface Architectures 

Both of the proposed user-interface architectures have advantages and disadvantages. The 

sixth tested hypothesis proved that most of the users, who tried the two architectures, generally 

preferred the DCA over the VCA given they were already familiar with programs like MSN 

Messenger and some had a lot of experience using them. Since the E-Mask program was 

something new, it was natural for them to have a better perception of the direct architecture 

(DCA).  

To a computer newbie it may seem awkward to speak to an “animated character” (software 

agent), rather than a “live person”, while deciding whether or not to purchase the company’s 

missing goods list, however, since the “set-up time” turned out to be less in the VCA, this 

factor seemed to outweigh the slightly higher perceived preference of the DCA.  

In our experiments, the “set-up time” was always higher in the DCA than in the VCA, whether 

or not there was a change in the tutor. This leads us to believe that communicating, in direct, 

with a “live person” and the necessary changes of “staff” that are required, when it comes to 

transnational enterprises, in order to cope with geographical barriers, such as time fuses, is 

more time consuming than using software agents to mask their identities. The more “switches” 

in the “live person” the more time is spent. 

10.2. CONTRIBUTIONS AND LIMITATIONS OF THE RESEARCH 
PROJECT  

Even though most research projects have their limitations, and ours is no exception, it is 

important to have a perception of the slightest contributions. Only time and patience will 

resolve the limitations in the future. In this section we will do our best to address these issues. 

10.2.1. Main Contributions of the Research Project 

The time analysis validation allowed us to portray the performance of the end-user interfaces – 

DCA and VCA. Through our time model (presented in section 7.6), the VCA offered us a 

reduced reconfiguration time in relation to the traditional (direct) way of communication. 
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In section 9.2.2., we performed a comparison of the DCA and the VCA, with and without a 

tutor change, in terms of total time and model efficiency. The VCA was characterized by 

portraying lower response times and lower data dispersion. These findings confirmed the 

advantage of using the virtual architecture. Just to recall, the efficiency of the VCA was also 

calculated through the probability the user had of spending less than a specific amount of time 

in all situations (Tables 22 and 23). 

As shown in the referred tables, the probability of spending less than a specific amount of time 

was always greater in the VCA, with differences that reached up to 54% with the same tutor 

and 62% when we considered a tutor change. We may conclude that the more the tutor 

changes, the greater the differences between the two architectures.  

The simulations performed in section 9.2.3., showed us that, as the number of questions (in a 

conversation/interview) increased, the differences between the two architectures were more 

noticeable, especially when there was a tutor change. In terms of time, the advantages of using 

the VCA remained unquestionable, whether or not there was a tutor change.  

Besides the obvious time contribution found in the VCA, the user-interface and the 

interlocutor personalization are also evident advantageous characteristics, when it boils down 

to finding a more user-friendly interface. 

It is our belief that, the thesis hypothesis “the VCA is capable of supporting VE 

reconfiguration dynamics, as well as the integration of new interlocutors in the A/V E model, 

more efficiently than the DCA and that it is able to cope with the A/V E model requirements” 

has been validated. 

It was also demonstrated that the VCA can be implemented with the existing technologies. The 

use of virtual communication may be seen as a “complement of” and not as a “total 

replacement of” direct communication. 

10.2.2. Main Limitations of the Research Project 

In this field, new developments appear everyday but in order to undertake the requirements 

proposed in this research project, in due term, we had to concentrate on the existing 

technologies we knew best and not explore other possibilities. As an example, we could have 

developed our own software agents, for the VCA, rather than use the pre-existent agents 
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developed by Microsoft. It is our belief that their design could have influenced the end-users’ 

interaction and perception of the software. 

Even though we studied other attributes, the scope of our research was centered on end-user 

interaction time with the proposed communication architectures. We wonder if time could 

have been influenced by other interface characteristics, in the case of the VCA, or the use of 

another software application, in the case of the DCA. 

We believe that, as in any experiment, the choice of a different sample population could 

influence the results; however, in our study for instance, when considering the time a person 

takes to answer a simple question, the age, social standing, intelligence and even sex of the 

user seem to be irrelevant. To what extent could the performance of the experiments on people 

who work in enterprises and/or are geographically dispersed, bring different results? This is a 

question that will prevail in our mind and may be considered a limitation in our study. 

10.3. PROPOSAL FOR FUTURE RESEARCH DIRECTIONS 

The future, nobody knows but we feel optimistic about it. It is certainly important to see the 

limitations pointed out in the previous section as future research directions.  

A deeper analysis of the available technologies, to design and implement new software agents, 

as well as their functionalities, in the VCA for example, could be done in a multidisciplinary 

team in order to give continuity to this research. 

The study of other attributes that could influence end-user time and even the issue of trust, 

when using an interface like the one proposed in the VCA, could be tested not only with other 

sample populations but also with other software applications. 
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APPENDIX 1 – VIRTUAL ENTERPRISE PROJECTS 

In this appendix we will focus on presenting some examples of virtual enterprise projects: 

BIDSAVER, E-UTILITIES, EXPIDE, FASHIONME, INTELLECT, MEDIA-ISF, PROVE-

SME, SMART SME, ADVICE, ELEGAL, GIDA, GLOBEMEN, OCTANE, TOVE, 

ECOLEAD, ATHENA, SEEMSEED and THINKCREATIVE.  

Examples of Virtual Enterprise Projects 

In recent years, several European projects have been launched aiming to research the new 

paradigm of the virtual enterprise (VE). In order to enhance our work, and since there are 

several approaches to the VE, we decided to present some virtual enterprises projects, most 

funded under the 5th FWP (Fifth Framework Programme) of the Information Society 

Technologies (IST) Programme of the European Commission.  

BIDSAVER 

The Business Integrator Dynamic Support Agents for Virtual Enterprise (BIDSAVER) Project, 

funded under the 5th FWP (Fifth Framework Programme) of the Information Society 

Technologies (IST) Programme of the European Commission, began on January 1st, 2000 and 

was completed on June 30th, 2002.  

According to CE- Consulting (2006), the project aimed at the assessment and development of a 

framework for the constitution and operation of Virtual Enterprises, with the participation of 

SMEs searched through web based information agents, dynamically organized according to 

best fit criteria. 

BIDSAVER developed a methodological, technological and legal frame to support SMEs’ 

competitive potential through the constitution and operation of Virtual Enterprises (VE), 

joining geographically dispersed SMEs to catch business opportunities, and managed on the 

basis of competitiveness-oriented criteria by a new entity, the Business Integrator (IST, 

2006e).  
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CE- Consulting (2006), organized the project in the following logic steps:  

 Definition of market based requirements on VEs; this was conducted through a 

bottom-up approach, starting from the space satellites and the mechanical equipment 

market sectors, and from two VE types, the value network oriented and the supply 

chain based VE;  

 Definition of the operational concept for VEs and associated methodology, allowing 

for the definition of the required legal framework and for the identification of the 

conceptual structure of supporting functions and methods;  

 Development of a reference system prototype according to an incremental 

methodology, to exploit feedback from pilot operations. The system was composed of 

a set of commercial solutions for VE operation (Project management, active cycle,...), 

plus three management modules:  

 a Business Breakdown Structure (BBS) management module, allowing the 

management of evolution of VE through a model (BBS) that accommodates 

cross mapping of product physical/functional items, tasks and associated 

resources/risks/timing, and responsible entities/Organizations with associated 

contractual elements;  

 an information capturing agent, responsible for the actual search on the web of 

potential partners and for providing updated information on co-operation 

opportunities;  

 the Business information integration module, integrating operational 

functions, that leverage on e-Commerce and Internet technology, and on pre-

selected commercial solutions to be configured according to VE requirements.  

 Developing and testing the pilot application for the methodology and ICT solution, 

applied to actual industrial cases:  

 the value network pilot focusing on the development of micro-satellites;  

 a supply chain pilot, to cover a Virtual Enterprise for mechanical equipment. 

Results from pilot operations were used to upgrade both the methodology and the work 
environment concept and implementation. 
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E-UTILITIES 

The Transforming Utilities into Customer-Centric Multi-Utilities (E-UTILITIES) Project, 

funded under the 5th FWP (Fifth Framework Programme) of the Information Society 

Technologies (IST) Programme of the European Commission, began on January 1st, 2001 and 

was completed on February 28th, 2003. 

The project’s aim was to develop solutions and platforms that will enable utilities to provide 

the European consumer with better, more cost effective services and products, in a flexible and 

dynamically adaptive manner. The project addressed a specific business requirement: How can 

utilities, driven by European Union initiatives towards deregulation, be transformed so that 

they can offer the consumer a better, more competitive and diverse set of services?  

The “e-utilities” project utilised technologies such as knowledge modelling and business 

change support, data warehousing and mining, and e-commerce so as to deliver the following: 

1. The Customer Profiling Component: this will be concerned with ways of better 

understanding customer behaviour towards customising existing services or developing 

new ones. To achieve this, the project will make use of enterprise modelling to capture and 

formalise business goals and rules, data warehousing to collect and cleanse customer data, 

data mining to discover new rules, and business re-engineering for improving business 

processes;  

2. The Virtual Utility Market Component: this will be an Internet portal which will make 

different utility products and services available to customers. This component will utilise 

existing business-to-customer e-commerce technologies. It will also provide the means of 

analysing customer requirements and dynamically customising the web pages to these 

requirements; 

3. The Virtual Utility Shop Component: this will comprise a separate web site for each 

retailer through which individual services will be offered. They will essentially deal with 

customer transactions, once a consumer has made a choice of retailers and services. 

Applications will be developed for dealing with contracting, billing and payment; 
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4. The Standards for Change Component: this will be a knowledge base that will represent 

two complementary types of best practice descriptions: process patterns dealing with the 

way of conducting change and product patterns representing the resulting states of the 

change. It will empower enterprises faced with change situations by providing a means to 

share and repeat the experience gained in conducting similar transformations in other 

settings. 

The traditional utility today finds itself facing the most challenging market conditions that it 

has ever experienced. Deregulation is bringing in new competition, not only from other 

utilities but, potentially from competitors with very different backgrounds. The main theme of 

this project is better value to energy consumers (IST, 2006e). 

EXPIDE 

The Extended Products in Dynamic Enterprises (EXPIDE) Project, funded under the 5th FWP 

(Fifth Framework Programme) of the Information Society Technologies (IST) Programme of 

the European Commission, began on October 15th, 2000 and was completed on April 14th, 

2003. 

The EXPIDE cluster ideas were created in 1999 during the IST conference in Helsinki. 

Representatives from different European companies and Universities discussed the notion of 

extended products in dynamic markets. In order to prepare an initiative several meetings took 

place in the first quarter of 2000 in Brussels. As a result a research proposal was submitted to 

the European Commission’s IST (Information Society Programme) and was successfully 

evaluated. The European Commission (EC) provided a framework for implementing a project 

cluster “which shall analyse all projects in the area of extended products in dynamic markets” 

(IST, 2006e). The EXPIDE cluster aims to provide a coherent view about extended products in 

dynamic enterprises. The development of digital business concepts and systems realised in 

both business to business (B2B) and business to consumer (B2C) research projects must be 

synthesised. EXPIDE is a forum to bring ongoing research projects closer to each other in 

order to identify collaboration opportunities, mainly in promoting, disseminating and 

exploiting the expected project results in industry and in providing advice to the European 

Community. 
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The EXPIDE cluster aims to build up a community for research activities about new business 

processes in dynamic enterprises in Europe in order to identify, analyse and evaluate methods, 

tools, application areas and implementation procedures for extended products. The EXPIDE 

cluster:  

• Analyses innovative projects dealing with extended products driven by developments 

in multi-mode business  

• Identifies existing and emerging approaches in terms of technologies, infrastructures, 

applications, methods and tools to support the definition, development, manufacturing, 

operation, maintenance, disposal, etc. of Extended Products  

• Establishes a forum for EU-funded IST-research projects that are concerned with the 

development of RTD solutions for Extended Products 

• Brings together experts for e-business/e-commerce in Europe  

• Defines a conceptual model for the notion of extended products  

• Analysis trends in Europe, develops strategic visions and defines roadmaps  

• Links all leading research institutions dealing with extended products  

• Provides a web portal for interactive access to all resources  

• Stimulates and co-ordinates special interest groups  

• Engages strong involvement of the E- and mobile or M-business community 

competition of Europe (EXPIDE, 2001). 

FASHIONME 

The Fashion Shopping with Individualized Avatars (FASHIONME) Project, funded under the 

5th FWP (Fifth Framework Programme) of the Information Society Technologies (IST) 

Programme of the European Commission, began on January 1st, 2000 and was completed on 

December 31st, 2001.  

FashionMe pursued the goal to develop a platform, which will serve as a central starting 

address for the fashion industry online. Under the address, http://www.fashionme.iao.fhg.de, 
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the results and developments, as well as the Links to the project two first pilot applications are 

available. This web address was used for the first prototype. FashionMe focuses on the 

interface customer and provider, and the development of concepts and tools for this market 

(FashionMe, 2006). 

Research work on the usability, attractiveness and application of tools and concepts for this 

market was the central focus point of the FashionMe project. FashionMe produced a customer 

application for a virtual fitting room with individualised Avatars and animated articles of 

clothing, which was sold upon completion of the project as a concept and tool set to further 

suppliers and producers in the fashion industry.  

A world-wide unique platform was developed, which provides an enormous competitive edge 

in the global market for the European clothing industry. With the application of innovative 

technologies and concepts, a new global market for the European fashion industry will be 

opened. The possibility of offering tailored clothing for the world-wide market with the good 

reputation and high quality materials and manufacturing of European providers could open an 

enormous sales potential for the enterprises involved. 

With this service, the customer will be able to interactively visualise, in a static or pre-

computed moving position, his personalised 3D body dressed with a 3D virtual garment that 

fits. The virtual garment is selected from a particular apparel company’s collection. Different 

fabrics colours and patterns can now be tested and the quality and accuracy of the size 

checked. The background can be changed as well and the end-user can “navigate” in the 3D 

environment. Furthermore, an on-line consulting session directly with the customer can be 

provided by the service, for further help. This on-line consulting session can be provided via a 

simple text chat, or a more sophisticated commercially available multi-user virtual 

environment (with or without audio-conference or video conference support). 

Finally, the customer can order the personalised products he/she desires, directly from the 

FashionMe service. Later he will receive them by normal mail. This concept offers new 

possibilities besides the functions of an existing online mail order house, which depicts only 

pictures of models. FashionMe focuses on the individualisation of the presentation of the 

clothing with a realistic representation of the face and figure of the customer. Colour 

combinations can be tested, styles fitted to the body and different lengths checked (IST, 

2006e). 
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INTELLECT 

The Intelligent Online Configuration of Products by Customers of Electronic Shop Systems 

(INTELLECT) Project, funded under the 5th FWP (Fifth Framework Programme) of the 

Information Society Technologies (IST) Programme of the European Commission, began on 

January 1st, 2000 and was completed on March 31st, 2002. 

The INTELLECT project aimed to contribute to a new type of trade in the business sector of 

trading and shopping in Europe. The project developed an electronic shop system including an 

online configuration module for products which are represented by 3D/virtual reality 

techniques and advanced user assistance and advice to improve the business opportunities for 

European service providers and consultants as well as for manufacturers, wholesalers, sellers, 

and their customers. 

This project’s objectives were to enable the suitable representation of products including all 

practicable variants in electronic commerce systems to achieve the most realistic possible 

visualisation. Industrial target groups are bicycle manufacturers, suppliers, and wholesalers, 

distributors of computer equipment and networking products and in addition average 

customers. The conception of the system is generalised in order to facilitate the transfer to 

other industrial sectors. 

The use of the INTELLECT system will support the close co-operation of companies and 

customers inside of the European production, supply and trade chain to strengthen the 

enterprises involved in the European market against the world-wide acting non-European 

competitors.  

As a result of the project’s activities, the developed e-commerce system prototype was ready 

for commercialisation and the end users involved in tests and demonstrations were able to use 

the system for their core business and then extended to the Internet. 

In case of unanswered questions the customer has the possibility to call the company’s hot line 

or call centre with the application via the Internet. The technologies that are used are Internet 

telephony with screen sharing and/or video conferencing. The electronic shop module takes the 

order of the customer over a secure connection via the Internet. At this time a human employee 

could carry out a spot check of the order to attest the customer the correctness of the order. An 
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acknowledgement with complete details of the order will be returned automatically to the 

customer. 

The overall INTELLECT result will be an electronic commerce system for products which can 

be configured on-line in virtual reality. Company’s in-house databases, security and privacy 

demands, a configuration module include management of variant dependencies, and a user-

friendly assistance module will be integrated. From the customer’s point of view the system 

must be usable as easy as possible and should reflect the proceedings of a “real” shopping 

event one to one. The goal is to open the world of electronic purchase to the average consumer 

without any (computer related) specialised knowledge. On-line configuration using 3D 

interfaces integrated into electronic shop systems will lead to a new type of trade in the 

business sector of trading and shopping (IST, 2006b). 

MEDIA-ISF 

The Media-Information Sans Frontieres (MEDIA-ISF) Project, funded under the 5th FWP 

(Fifth Framework Programme) of the Information Society Technologies (IST) Programme of 

the European Commission, began on August 1st, 2001 and was completed on November 11th, 

2002. 

The MEDIA-ISF project aimed at establishing new ways of providing and exchanging EU 

information for the benefit of media organizations, local, regional and national governments, 

SMEs and, more broadly, all those interested in EU affairs. The novelty of the model comes 

from the unique combination of different type of services customised for different sectors and 

regions in the same structure, enhancing business co-operation, showcasing the benefits and 

facilitating their deployment in SMEs (IST, 2006d). 

In order to achieve the proposed goals, the project partners set up two starting content groups, 

the “Media on EU Enlargement” group and the “Virtual Organization” group. The first 

implementation of the principal information services was organized around the specific digital 

contents of “Media on EU Enlargement” and “Virtual Organization”. The participants of the 

“Virtual Organization” content group shared their knowledge and existing practices with the 

media content group by providing the novel organization structure of the MEDIA-ISF model 

and the combination of technologies and tools available as results of previous European 

developments (such as NQA Integrated Teamwork and Network based Quality Assurance 
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model and tool, EFQM Excellence Model, multi-media based information services, Internet 

technology). The implemented virtual organization structure helps to put the media content on 

the front, and offers access of SMEs from different regions and business sectors to a borderless 

co-operation in the digital economy (EJC, 2006). 

PROVE-SME 

The Promoting Virtual Enterprises out of SME’s (PROVE-SME) Project, funded under the 5th 

FWP (Fifth Framework Programme) of the Information Society Technologies (IST) 

Programme of the European Commission, began on November 1st, 2000 and was completed on 

January 1st, 2002. 

The objective of the project was to define and experiment best practices to put very small 

enterprise, with high collaboration potential, in a position to constitute real Virtual Enterprises 

(VEs) able to compete in a market context with bigger enterprises, whose internal 

organizational models are well formalised. In order to achieve this, it was necessary to supply 

efficient methodological and technological supports, both during the delicate phase of VE 

constitution and during its normal operative phases. The final objective of the project was to 

guarantee a wide adoption of the achieved results (IST, 2006f).  

The project intended to develop best practices addressed to Very Small Enterprise groups with 

the aim of testing and improving their conditions for participating in Virtual Enterprises (VE). 

SMART SME 

The Smart Forms of Collaboration among Inter-Networked Manufacturing SMEs (SMART 

SME) Project, funded under the 5th FWP (Fifth Framework Programme) of the Information 

Society Technologies (IST) Programme of the European Commission, began on October 1st, 

2000 and was completed on March 31st, 2002.  

Ten SMEs from four countries (Greece, Portugal, Germany, Norway) have identified a 

common business problem: in order to improve their competitiveness on the market they need 

to establish new smart forms of strategical cooperation. Three typical partnerships were 

identified as being of the highest relevance to be examined in the pilots. SMEs have detected 

that they have to considerably improve the coordinated planning and monitoring of their 
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collaborative work. Therefore, they introduced proven IST solutions supporting, planning and 

monitoring across virtual enterprises based on information/knowledge sharing (IST, 2006d).  

The main common business objectives of the ten SMEs in the consortium were:  

(a) to maintain and further improve their competitiveness on the market based on innovative 

collaborative work within an inter-networked organization; 

 (b) to identify and eliminate bottlenecks in the current, traditional forms of mutual cooperation 

and find ways to resolve problems related to resistance to a stronger, active partnership 

 (c) to identify the appropriate forms of collaborative work 

 (d) to improve their ability to exploit the opportunities offered by the digital economy by 

improvement of skills and to prepare themselves for further networking with other companies. 

In order to achieve the stated business objectives, SMEs have identified that they have to 

considerably improve their co-ordinated planning and scheduling of resources as well as the 

monitoring of their collaborative work.  

It is likely that the solutions identified in the scope of the project will be replicable by a large 

number of SMEs in Europe. Today, one of the objectives is to disseminate the results obtained 

to both regional and European audiences (SmartSME, 2006). 

ADVICE 

The Virtual Sales Assistant for the complete Customer Service Process in Digital Markets 

(ADVICE) Project, funded under the 5th FWP (Fifth Framework Programme) of the 

Information Society Technologies (IST) Programme of the European Commission, began on 

January 1st, 2000 and was completed on April 30th, 2002.  

The overall objective of the ADVICE project was the development and real-world testing of an 

intelligent virtual sales and service system beyond simple product listing or intelligent product 

search. ADVICE offers intelligent product advice and guides through the selection of products, 

instructs the application of products and provides step-by-step solutions for technical 

problems. The system was designed to consult craftsman tools and the architecture was 

designed to be as flexible as possible to enable the adaptation of the system to other products 

or languages. 
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The agent-based distributed architecture provides the supporting intelligence for the virtual 

assistant. This enables the assistant to understand the needs of the potential customers and 

offer the most appropriate products according to these needs and the evolution of the user-

system dialogue. It provides the possibility of adapting the selection of the products or services 

to be offered not only to the specific aspects of the product declared by the user but also to the 

characteristics of the user (experience, sales record). In order to be prepared for the future the 

ADVICE system is multimodal (using text, graphics, speech), so that is accessible from a 

broad variety of devices, like the Internet, I-TV or mobile devices using the wireless 

application protocol WAP (IST, 2006c). 

The ADVICE system is an agent-based system that simulates the competence of a human 

assistant in this activity domain. To achieve a flexible and coherent performance of the system 

(intelligent system behaviour) within the problem scenario and during customer interaction, a 

knowledge-based approach is selected in order to support an independent management of 

available knowledge and data. Several AI technologies (rules, frames, constraints) can be 

integrated to provide the optimal solution for each problem. This solution has been 

successfully used to develop systems in specialised domains where humans perform tasks 

based on their problem-solving experience (medicine, mechanical design, financial decisions, 

etc) as in FLUIDS, KITS (European funded projects) and will now be adapted to electronic 

commerce scenarios.  

The ADVICE software architecture needs to include domain-dependent knowledge to offer the 

assistant services in which the ADVICE system is specialised. In order to support human-

computer-interaction through natural language, ADVICE system has to include Linguistic 

Knowledge. In the particular case of the ADVICE domain, a knowledge-based solution is also 

useful to model the different types of problem-solving strategies:  

During customer interaction: To manage dialogue-based interaction, considering well-

known dialogues in such scenario or previous experiences (conversation models or dialogue 

scripts), client profile (frame of features), kind of explanations needed etc. 

During assessment: To search for appropriate products according to the user needs, 

considering factors such as the client preferences, general characteristics of the products at 

different levels of abstraction, relations between products and preferences, constraints about 

certain product configurations, market strategies, etc.  
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The virtual sales assistant focuses on an intuitive interaction between the user and the system. 

The virtual reality mark-up language (VRML) is used in order to allow a free movement of the 

assistant.  

ADVICE is expected to deliver new research results on intelligent multi-agent based systems 

for the electronic commerce. The user interface contains new methods for the multimodal 

interaction (text input/output, point and click) between the customer and the virtual sales 

assistant. The interaction models are validated by usability testing (IST, 2006c). 

ELEGAL 

The Specifying Legal Terms of Contract in ICT Environment (ELEGAL) Project, funded 

under the 5th FWP (Fifth Framework Programme) of the Information Society Technologies 

(IST) Programme of the European Commission, began on November 1st, 2000 and was 

completed on October 31st, 2002.  

A barrier for the practical use of modern ICT (Information and Communication Technologies) 

is the lack of regulations in this environment. The result is that ICT is used for information and 

documentation exchange in parallel to the use of paper, leading to extra costs. The tools 

developed in this project defined a framework for legal conditions and contracts regarding the 

use of ICT in project business, which makes it possible to get rid of the paper-based mentality. 

Participants in a virtual enterprise are now able to communicate electronically, without using 

paper any more (IST, 2006a). 

The goal of this project was to define a framework for legal conditions and contracts regarding 

the use of ICT in project business. The objective was to specify user requirements, implement 

legal support tools and promote an enhanced business practice in which the use of ICT in inter-

enterprise information exchange is contractually stipulated. The measurable and tangible 

objectives of e-LEGAL were to: define industrial requirements, define the legal basis for 

contracts on ICT use in virtual enterprises, develop tools for contract negotiation and 

authoring, test and validate results, promote deployment by IT vendors, legal experts and 

industry (eLEGAL, 2003). 

The main focus of e-LEGAL was on inter-enterprise contracts and the use of ICT in project 

oriented business such as construction and large scale engineering.  
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The project consisted of seven Work Packages: (1) User requirements for legal support 

(2) Legal development (3) Tool development (4) Implementation (5) Dissemination & 

exploitation planning (6) Assessment and evaluation (7) Project management. 

GIDA 

The Generic Information-based Decision Assistant (GIDA) Project, funded under the 5th FWP 

(Fifth Framework Programme) of the Information Society Technologies (IST) Programme of 

the European Commission, began on September 1st, 2001 and was completed on August 31st, 

2003.  

The project’s aim was to contribute to the scientific and technological development of the 

Community by creating a novel service type in the financial investment business. Its principal 

objective was the development of an integrated Internet platform for generic information 

services. The unique integration of existing technologies and techniques in financial decision 

support models, content-based personalization, information retrieval and Natural Language 

Processing is where its innovation lies (IST, 2006a). 

The technical objectives were to: 

- develop a generic execution platform by integrating predictive models for 

financial analysis with existing advanced text processing techniques for 

information retrieval, information extraction and language processing. This 

provides customised information filtering and consulting services; 

-  fully automate service execution, provide auto-response capabilities and 

ensure scalability of these operations; 

- offer fully automated pro-active and on-demand virtual research and 

consulting services through personalised financial/investment consulting 

services; 

- validate the platform for the effective and scalable provision of commercial 

consulting services in terms of both cost and performance. 

A service engineering environment was built by integrating components for financial analysis, 

personalisation and text processing using an existing object-oriented development platform 
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that exploits the following features: scalability, extensibility, dynamic linking, simple 

interfaces, and messaging support. 

The architecture of the environment is characterised by the following design: 

- a middle-tier of business objects will integrate various service components; 

- mappings will be made to back-tier data-bases and other information sources; 

- front-end clients will consist of interface objects responsible for user 

interaction built on an XML-based middleware infrastructure. 

GLOBEMEN 

The Global Engineering and Manufacturing in Enterprise Networks (GLOBEMEN) Project, 

funded under the 5th FWP (Fifth Framework Programme) of the Information Society 

Technologies (IST) Programme of the European Commission, began on January 1st, 2000 and 

was completed on December 31st, 2002.  

The project began in order to create IT infrastructures and related tools to support globally 

distributed and dynamically networked operations in one-of-a-kind industries. By combining 

the views and requirements of various industries GLOBEMEN aimed to guide and encourage 

the industry and IT vendors to develop and adopt improved IT infrastructures. The project was 

able to demonstrate functionalities that offer attractive market opportunities to IT vendors for 

product development to satisfy the needs of various industries world wide. 

The measurable and tangible objectives of the GLOBEMEN project are: to define a reference 

architecture for virtual manufacturing enterprises; to implement proof of concept industrial 

prototypes; to demonstrate core features of the architecture; and to promote deployment by IT 

vendors, manufacturing industry, academia and standardisation (IST, 2006a). 

The main focus of GLOBEMEN was inter-enterprise integration and collaboration in a global 

setting. The project developed generic approaches and models for global inter-enterprise 

networking and demonstrated some of the key issues in real industrial cases (IMS, 2002). 
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OCTANE 

The Open Contracting TransActions in the New Economy (OCTANE) Project, funded under 

the 5th FWP (Fifth Framework Programme) of the Information Society Technologies (IST) 

Programme of the European Commission, began on November 1st, 2000 and was completed on 

October 31st, 2002. 

In order to help Europe’s economy towards globalisation - accelerated by emerging online 

electronic commerce systems enhancing the speed for the usage of secure exchange of critical 

and relevant data - the OCTANE-project focused on providing a set of secure business 

applications. OCTANE aimed to deploy and validate an Open Contracting Service (OCS) to 

establish electronic contracts due to the needs of European SMEs affected by huge costs for 

building new European and global business relationships. OCTANE provides a solution by 

leveraging unproven new ICT-technology into user-friendly applications, and developing 

business models for encouraging access to low cost and reliable business information by 

improving the “time to contract”. 

The solution consists of three different clustered components: 

- the OCS software which supports contract composition and negotiation; 

- the Electronic Notary for certification and verification; 

- the Business Information Services (BIS) to support SMEs in evaluating 

potential contractors. 

Octane addresses to the needs of European and international SMEs that face prohibitive costs 

for the establishment of trustworthy trade relationships with international business partners. 

Octane deploys and validates an Open Contracting Service that supports SMEs to establish 

contracts electronically in a secure environment. This service is available by trusted 

Organizations like business information providers. The Open Contracting Service also 

comprises a co-ordination function -the Electronic Notary- to organize and monitor the signing 

process for contracts using electronic signatures (IST, 2006a). 
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TOVE 

The TOVE (Toronto Virtual Enterprise) is a project that is being developed at Enterprise 

Integration Lab, University of Toronto. Its goal is to develop a framework for enterprise 

integration (EI) based on enterprise modelling. The main focus of EI is on improved 

communication and coordination within and between organizations in order to achieve higher 

levels of productivity, flexibility and quality  (Fox et al., 1993). 

Enterprise models developed according to the TOVE framework are meant to:  

1. provide a shared terminology for organizational agents to understand and use;  

2. define meaning of each term in a precise and unambiguous manner;  

3. be a basis for automated deduction of “common sense” questions about an enterprise;  

4. define a symbology for graphical visualization of terms.  

In their discussion of enterprise models, Fox et al. (1995) take what they refer to as a “second 

generation knowledge engineering (KE) approach” to the construction of enterprise models. A 

first generation KE approach is extracting rules from experts, while second generation is 

ontology engineering. They develop comprehensive ontologies for all the aspects of an 

organization they find necessary (necessity is decided based on competency requirements to 

the model, i.e., what are the questions the model will have to answer, either by ordinary look-

up or by deduction).  

Papers reporting on developments and application of TOVE exclusively focus on 

characteristics of enterprise models, i.e., ontology elements and their representation using first-

order logic. Enterprise modelling as a process is not considered to any significant degree, and a 

reasonable conclusion is that it is not considered problematic. 

ECOLEAD 

ECOLEAD (European Collaborative Organisations Leadership Initiative) is an Integrated 

Project co-funded by the European Commission within the 6th Framework Programme (2002-

2006) which began in April 2004. ECOLEAD is 4-year project involving 20 partners from 14 

countries across Europe that aims to create the necessary strong foundations and mechanisms 
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for establishing the most advanced collaborative and network-based industry society in 

Europe. 

The ECOLEAD (2005) vision is: “In ten years, in response to fast changing market conditions, 

most enterprises and specially the SMEs will be part of some sustainable collaborative 

networks that will act as breeding environments for the formation of dynamic virtual 

organizations.” 

The fundamental assumption in ECOLEAD is that a substantial impact in materializing 

networked collaborative business ecosystems requires a comprehensive holistic approach. 

Given the complexity of the area and the multiple inter-dependencies among the involved 

business entities, social actors, and technologic approaches, substantial breakthroughs cannot 

be achieved with the incremental innovation in isolated areas. Therefore ECOLEAD addresses 

the three most fundamental and inter-related focus areas that are the basis for dynamic and 

sustainable networked organizations: Breeding Environments, Dynamic Virtual Organizations, 

and Professional Virtual Communities.  

The proposed holistic approach is reinforced and sustained on two horizontal activities: the 

theoretical foundation for collaborative networks and the horizontal ICT infrastructure. These 

activities are “horizontal” in the sense that they support and affect the three vertical focus 

areas. The theoretical foundation provides the basis for technology-independent understanding 

of the area and its phenomena. The existence of an invisible, low-cost ICT infrastructure is a 

pre-condition for the establishment of truly dynamic collaborative networks.  

ECOLEAD is expected to significantly impact industrial competitiveness and societal 

mechanisms, by providing means to effectively exploit opportunities deriving from the 

deployment of Virtual Organizations, and by designing and enabling new professional work 

paradigms, capable of enacting the knowledge-based society (ECOLEAD, 2005). 

ATHENA 

ATHENA (Advanced Technologies for interoperability of Heterogeneous Enterprise Networks 

and their Applications) is an Integrated Project sponsored by the European Commission in 

support of the Strategic Objective “Networked businesses and government” set out in the IST 

2003-2004 work programme of FP6. ATHENA is built upon an ambitious Vision Statement 

“By 2010, enterprises will be able to seamlessly interoperate with others”. ATHENA aims to 
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make a major contribution to interoperability by identifying and meeting a set of inter-related 

business, scientific and technical, and strategic objectives. It is probably the most 

comprehensive and systematic European research initiative in IT which aims to remove 

barriers for interoperability, to transfer and apply the research results in industrial sectors, and 

to foster a new networked business culture (ATHENA, 2006). 

The ATHENA consortium currently comprises 27 leading organisations in research, academia, 

industry and other stakeholder communities including SMEs, working collaboratively in 

pursuit of a common set of objectives in interoperability. The ATHENA work programme 

represents one of the largest investments made in interoperability through the co-financing 

arrangements of the European Commission’s research programme (the total committed project 

budget is 26.6 million Euros, including 14.4 million Euros financed by the EC).  ATHENA 

started on 1 February 2004 and is currently contracted for 3 years, with a 5 year time horizon 

and planning (ATHENA, 2006). 

In ATHENA, research and development is executed in close synergy and collaboration with 

Community Building in order to ensure that solutions to multi-disciplinary research challenges 

are of optimal industrial relevance leading to broad uptake by the end user. 

ATHENA will be a source of technical inventions for interoperability. It will also lead to 

prototypes, technical specifications, guidelines and best practices that form a common 

European repository of knowledge. 

ATHENA is committed to creating a long term impact for advancing interoperability which is 

mainstream, inclusive and has critical mass.  In order to concur this objective, ATHENA is 

initiating an open, neutral and independent Enterprise Interoperability Centre (EIC) to which 

all stakeholders, in both private and public sectors are invited to participate. The establishment 

of the EIC was an action of the European Union’s updated eEurope 2005 Action Plan for 

implementing the Lisbon Strategy. The EIC Executive Summary is available as part of the 

public consultation with interoperability stakeholders in respect of the establishment of the 

EIC (ATHENA, 2006). 

SEEMSEED 

According to SEEMseed (2006), in October 2002, the New Working Environments Unit F4 of 

the European Commission DG Information Society organized a workshop on the Single 
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European Electronic Market (SEEM), where the basics for the SEEM vision were introduced 

and discussed. After the organisation of the workshop, a group of individual, self-funded 

volunteers, were grouped in the “SEEM Research Reflection Group” (SEEM RRG) which was 

active in disseminating the SEEM concept and achieving contributions from many industry 

sectors and communities from within Europe and abroad. A few months’ later experts from the 

EU, USA, Australia, Canada and Korea exchanged their views about a common space of 

information for business from a world-wide perspective in the “Vision for a Single Electronic 

Market” conference which took place in Funchal, Madeira (Portugal). 

As a result the SEEMseed project was designed as “the seed for the SEEM design and 

implementation”. Partially funded by the European Commission in the frame of the EC 

Priority 8 “Policy orientated research”, the project has a two-fold structure: 

 The design of the basics for a logical SEEM infrastructure, and its application in a 

complex scenario to serve as “proof of concept” – the technological side of the project.  

 The conducting of a study with the participation of all the SEEM stakeholders, feeding 

an open discussion on strategy and policy-related actions to be taken – the policy 

building side of the project. 

A project which implemented the SEEM concept in a specific and complex scenario including 

business-to-business, business-to-administration and international relationships both amongst 

industries and public administrations in different levels (member states and regions) began. 

Therefore, putting in practice the embryo of the infrastructure referred above, and solving 

issues of a relevant sector for the European economy: the pollutant waste management and 

control across Europe. 

The project generated tangible resources for facilitating the wide understanding of the SEEM 

concept by the society, including industry SMEs and public administrations at regional, 

national and European level; as well as to detect further needs of improvement at 

organisational, technological and legal levels. This scenario contributed to the ultimate project 

aims in two main ways: 

 Facilitating a much better understanding for the SEEM stakeholders of the concepts 

behind the policy formulation in a technology-oriented perspective, as well as in the 

market, legal and trust perspectives. 
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 Contributing to improve the basis and the experience upon which further 

recommendations for future Community policies can be generated. 

While running the SEEMseed project the concept of the “Single European eSpace” was 

introduced at the European Business Summit, organised in March 2004 with the title of 

“Research and innovation: a European strategy for more growth and jobs” (SEEMSEED, 

2006).  

The concept of a Single European Information Space comes now to the forefront of the 

European strategy. In 2005 the targets of the Lisbon strategy were not achieved and the new 

Commission re-launched the programme with the main focus on growth and jobs. The 

importance of ICT was clearly highlighted in this respect and the new ICT initiative i2010 is 

an immediate response to the Lisbon strategy re-launch. 

According to SEEMseed (2006) the EC Annual Progress Report on January 2006 reviewed the 

National Reform Programmes and identified four challenges: 

 Investing more and better in research and education by setting clear targets (3% for 

R&D, 2% for higher education). 

 Freeing-up SMEs and unlocking their business potential (strengthening 

entrepreneurship and cutting the red tape). 

 Getting people into work (a lifecycle approach to employment). 

 Towards a European policy for energy in a global environment. 

All these areas have strong links to ICT, and ICT is recognised to be a key area to spur 

productivity growth. Not only all the National Reform Programmes address ICT, but for some 

Member States ICT is a central challenge of their strategy. 

The i2010 strategy is a general framework to reinforce the contribution of technology to 

Europe’s performance, creating a favourable environment for competitiveness and growth, and 

increasing the welfare of European citizens through the increased use of ICT. The i2010 

strategy is conceived as a shared responsibility between the EU Institutions, the Member States 

and all other Stakeholders.  
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In the Communication on “Integrated Guidelines for Growth and Jobs” of the European 

Commission (2005b), the i2010 strategy, addressed to a European Information Society for 

growth and employment, includes three areas of priority:  

 A Single European Information Space (SEIS), which promotes an open and 

competitive internal market for information society. 

 Innovation and investment in ICT research to promote growth and more and better 

jobs. 

 Inclusion, better public services and quality of life, to assure that everybody benefit 

from ICTs and also public authorities increase efficiency.  

As the first priority, SEIS has an aim of open and stable markets for electronic 

communications, services and the emerging digital services economy. 

Whilst SEEM certainly is strongly linked to, and can promote, the 2nd and 3rd priorities 

clearly it is most linked to the first.  In fact, the SEEM definition was a pre-cursor to the SEIS 

term although its scope has now widened.  The SEIS priority is itself focused around the 

following challenges: 

 Interoperability: Enhancing devices and platforms that talk to one another. 

 Security: Making the internet safer and increasing trust. 

 Content: Increased legal and economic certainty to encourage new services. 

 Speed: Fast broadband to deliver richer content. 

The focus of SEEM and SEEMseed is around the challenge of interoperability whilst still 

being respectful of the need for security and trust.  Thus, in this sense, SEEM ideas are a kick-

start to the ICT research endeavours connected with SEEM, and the SEEMseed proposed 

embryo infrastructure can form a basis for many SEIS related research projects. SEEMseed is 

focused on interoperable layers to provide digital services in an open, neutral and standardised 

way (EC, 2005b). 

Therefore, the SEEMseed project is in a perfect position to contribute to the design of EC 

Policies related to Single European Information Space. 
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What is also needed is a policy framework supporting the initiatives contributing to 

SEIS/SEEM. In addition to the opportunity of including SEIS vision in the 7th Framework 

Programme objectives, the Competitiveness and Innovation Programme (CIP) for 2007-2013, 

and mirroring the i2010 strategy, one of the three proposed CIP programmes is the ICT Policy 

Support Programme, which shall provide the action for the Development of the Single 

European Information Space and strengthening the internal market for information products 

and services (EC, 2005a). 

THINKCREATIVE 

THINKcreative aims at establishing a working group to act as a European advisory group in 

the area of smart and emerging organizations in the framework of the “knowledge and skills 

economy” (THINKcreative, 2003).  

The general goal of THINKcreative is to identify and characterize the emerging organizational 

forms, the required infrastructures, modeling and application tools, and socio-organizational 

needs for the next 5, 10, and 20 years.  

Specific goals include:  

 Characterization of these evolving and highly unpredictable systems;  

 Identification of required tools;  

 Understanding of cooperation forms, and suitable agreement models;  

 Clarification of the new relationships between humans and organizations (stationary 

workers, teleworkers, e-lancers);  

 Definition of new value systems and performance measures for intangible assets;  

 Identification of necessary inter-linking between global production and the local 

customization;  

 Identification of training requirements and social needs (THINKcreative, 2003). 

THINKcreative is a network of recognized experts from the academic field and industry in 

different regions of Europe, who have complementary expertise in the areas such as: smart and 

virtual organizations, collaborative systems, interoperation, knowledge and information 
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management, business process modelling, social and ethical issues, and electronic business. 

Most experts have been active members of Consultations and Advisory Groups, and have large 

experience in the EU and in international programs, both as researchers and evaluators. 

A key mechanism in the work plan of THINKcreative is the organization of five consultation 

meetings, with the participation of the THINKcreative members and other invited international 

experts, which will be used as a “think tank” and a discussion/deliberation space. These 

meetings will be complemented by other related activities, namely: Continuous inter-meetings 

web-based discussion forum, also open to other interested experts; Delphi surveys collecting 

consensus, complemented with local discussion meetings; Organization of twelve regional 

workshops with local experts from industry and academia, to discuss their vision of the trends 

that will affect industrial organizations, as well as their perception of necessary developments 

to enable competitiveness on the foreseen scenarios; Interactions with other relevant projects 

and related initiatives in the area of virtual/smart organizations, many of which have the 

THINKcreative members as their participants (THINKcreative, 2003). 
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APPENDIX 2 – INSTRUCTIONS TO PERFORM THE EXPERIMENT 
WITH MSN MESSENGER 

 

1. Begin a session in MSN Messenger (in case a session has not already begun) and login 

with the following address: e-u2@hotmail.com and password 123456. 

2. Establish communication by video-conference to the server (e-u1). In order to do this 

it is necessary to go to the menu actions and select audio/video – Begin a Video-

conference. 

3. Talk to the camera with the headphones and the microphone on. 

At the end of the experiment you should fill in a questionnaire and leave it with the teacher 

who is in the computer lab. 
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APPENDIX 3 – INSTRUCTIONS TO PERFORM THE EXPERIMENT 
WITH E-MASK 

 
1. Begin a session in MSN Messenger (in case a session has not already begun) and login 

with the following address: e-u2@hotmail.com and password 123456. 

2. Establish communication with a microphone to the server (e-u1). In order to do this it 

is necessary to go to the menu actions and select audio/video – Begin an Audio 

Conversation. 

3. Minimize MSN Messenger window. 

4. Execute the E-Mask program (there is a shortcut on the desktop). 

5. Write the IP address 192.168.3.178 in the box that appears (if it does not work with 

this IP the teacher will write the correct one). 

6. Wait until the server activates the Start Listening. 

7. Click on Connect. 

8. Choose one of the “animated characters” (agent) to talk to. 

9. Answer the “animated character’s” questions through the microphone. 

At the end of the experiment you should fill in a questionnaire and leave it with the teacher 

who is in the computer lab. 
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APPENDIX 4 – SCRIPT A (USED IN GROUP 1 – DCA) 

 

1- TUTOR  

QUESTION 

Hi! How are you? 

End-User replies 

2- TUTOR 

TEXT 

I am here to give you some tips about e-U (Electronic University).   

QUESTION 

Are you ready?   

End-User replies 

3- TUTOR 

QUESTION 

Have you ever heard about the e-U initiative? 

End-User replies 

TUTOR CHANGE 

4- TUTOR 

TEXT 

The e-U is an initiative for the Information Society, promoted by UMIC.  

QUESTION 

Do you know what the goal of the Information Society is? 

End-User replies 
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5- TUTOR 

TEXT 

The goal is to connect everybody in a network and with access to knowledge.  

QUESTION 

Do you usually use the Internet to communicate or to do research?  

End-User replies 

6- TUTOR 

QUESTION 

Do you prefer e-mail over chat to communicate?  

End-User replies 

TUTOR CHANGE 

7- TUTOR 

QUESTION 

What is your favourite search engine (google, sapo, altavista or other)?  

End-User replies 

8- TUTOR 

TEXT 

In a short while, through broadband wireless networks, you can access classes, articles, work projects, 

grades and services from IPCA.  

QUESTION 

Do you believe that you will be able to enrol in exams, check your grades and request documents 

anytime anywhere?  

End-User replies 

9- TUTOR 

TEXT 
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The e-U (electronic university) concept is an initiative proposed by the Government, for students and 

teachers in higher education.  

QUESTION 

Do you know what advantages the e-U is going to bring? 

End-User replies 

TUTOR CHANGE 

10-TUTOR 

TEXT 

You will not have to depend on schedules or free classrooms to work in. You can produce and share 

contents you learn in class and work in group.  

QUESTION 

In what subjects do you usually have projects in? 

End-User replies 

11- TUTOR 

QUESTION 

Do you have a portable computer?  

End-User replies 

12- TUTOR 

TEXT 

One of the goals of e-U is for everybody to use portable computers. 

TEXT 

They are going to be more available to students and teachers so they can have access to the e-U services 

both in and out of the university.  

QUESTION 

Does that seem like a good idea? 

End-User replies 
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TUTOR CHANGE 

13- TUTOR 

QUESTION 

Do you know how many pilot-projects e-U started off with? 

End-User replies 

14- TUTOR 

TEXT 

The e-U initiative started off with eight pilot-projects in universities all over the country. 

TEXT 

The first institution to have a wireless network was the University of Aveiro. 

QUESTION  

And now you ask… when is it going to be available in IPCA? Isn’t that true? 

End-User replies 

15- TUTOR 

TEXT 

The “Virtual Campus” initiative is going to be implemented by the ON-Operation North Programme 

very soon.  

QUESTION 

Finally we talk about IPCA! Isn’t that true?  

End-User replies 

TEXT 

Now you can find out more about the mobility e-U can give you through the E-Mask programme.  

See you soon!  

End-User replies 
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APPENDIX 5 – SCRIPT B (USED IN GROUP 1 – VCA) 

 

For group 1 – E-Mask starts here: 

1- TUTOR (says automatically in the beginning) 

Hi!! I am E-Man. or 

Hi!! I am E-Woman. Or…  

Hi!! I am Robby. 

End-User replies 

2- TUTOR 

TEXT 

Let’s talk about the mobility you can have with e-U.  

QUESTION 

Do you know the meaning of Wi-Fi? 

End-User replies 

3- TUTOR 

TEXT 

Wi-Fi is a wireless communication technology that works through radio waves.  

TEXT 

With Wi-Fi the wireless networks will make it possible for IPCA to be wherever a portable computer is, 

whether it is at home, or in the Campus.  

QUESTION 

Do you know what services are going to be available at IPCA? 

End-User replies 

TUTOR CHANGE 
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4- TUTOR 

TEXT 

As major goals, IPCA wants to educate teachers and students to deal with this new form of teaching;  

TEXT 

Create and/or adopt the services and learning contents so they can be always available, on the Web, to 

the whole Institution; 

TEXT 

Create the need to acquire and use portable computers in the whole academic community.  

TEXT 

Assure Internet and internal services accessibility, in and out of the Institution. 

QUESTION 

Do you want to know what is going to happen in practical terms? 

End-User replies 

5-TUTOR 

TEXT 

We are going to have a wireless communication infra-structure. 

TEXT 

We will also have a Security and Authentication system which will allow user mobility between various 

“Virtual Campuses” at a national level. 

TEXT 

We will have an e-learning platform and education through workshops. 

QUESTION 

What do you think about this initiative? 

End-User replies 

TUTOR CHANGE 
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6- TUTOR 

QUESTION 

Do you prefer to work at home or at IPCA? Why? 

End-User replies 

7- TUTOR 

QUESTION 

Have you ever imagined yourself checking your e-mail on your new portable computer from the bar? 

End-User replies 

8- TUTOR 

TEXT 

With e-U you can require documents on-line, see grades and pay tuition.  

QUESTION 

It is going to be useful to those who live far away, don’t you agree? 

End-User replies 

TUTOR CHANGE 

9- TUTOR  

TEXT 

You can easily exchange information with your colleagues and your teachers.  

TEXT 

You can acquire class notes and “tutorials” on-line.  

QUESTION 

In what subjects do you have more practical work? 

End-User replies 

10- TUTOR 
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TEXT 

With e-U you can also buy books on-line quicker and with a discount.  

QUESTION 

Have you ever bought anything on-line? What? 

End-User replies 

11- TUTOR 

TEXT 

Through the Internet Explorer go to the following page: www.e-u.pt 

Then click on the image that says b-on, Online Knowledge Library. 

QUESTION 

Have you ever heard of it?  

End-User replies 

TUTOR CHANGE 

12- TUTOR 

TEXT 

You can minimize or close the window now. You will have time to explore the potentials after we talk.  

QUESTION 

OK? 

End-User replies 

13- TUTOR 

TEXT 

With e-U you can search for training and job opportunities.  

QUESTION 

Are you in your last year? 
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End-User replies 

TUTOR CHANGE 

14- TUTOR  

QUESTION 

Did you know that you can buy a portable computer even if your university/polytechnic institute is still 

not inserted in the e-U program? 

End-User replies 

15- TUTOR  

TEXT 

You just have to be a student in a higher education instittute.  

TEXT 

Try and catch a glimpse of the information displayed on the page: www.e-u.pt in order to know what 

models and payment conditions are available.  

QUESTION 

OK? 

End-User replies 

TEXT 

Thanks for your collaboration! 

End-User replies 

 



Appendices 263 

 

Patrícia Gonçalves 

APPENDIX 6 – SCRIPT B (USED IN GROUP 2 – DCA) 

 

1- TUTOR  

QUESTION 

Hi! How are you? 

End-User replies 

2- TUTOR 

TEXT 

Let’s talk about the mobility you can have with e-U.  

QUESTION 

Do you know the meaning of Wi-Fi? 

End-User replies 

3- TUTOR 

TEXT 

Wi-Fi is a wireless communication technology that works through radio waves.  

TEXT 

With Wi-Fi the wireless networks will make it possible for IPCA to be wherever a portable computer is, 

whether it is at home, or in the Campus.  

QUESTION 

Do you know what services are going to be available at IPCA? 

End-User replies 

TUTOR CHANGE 

4- TUTOR 



264 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

TEXT 

As major goals, IPCA wants to educate teachers and students to deal with this new form of teaching;  

TEXT 

Create and/or adopt the services and learning contents so they can be always available, on the Web, to 

the whole Institution; 

TEXT 

Create the need to acquire and use portable computers in the whole academic community.  

TEXT 

Assure Internet and internal services accessibility, in and out of the Institution. 

QUESTION 

Do you want to know what is going to happen in practical terms? 

End-User replies 

5-TUTOR 

TEXT 

We are going to have a wireless communication infra-structure. 

TEXT 

We will also have a Security and Authentication system which will allow user mobility between various 

“Virtual Campuses” at a national level. 

TEXT 

We will have an e-learning platform and education through workshops. 

QUESTION 

What do you think about this initiative? 

End-User replies 

TUTOR CHANGE 

6- TUTOR 
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QUESTION 

Do you prefer to work at home or at IPCA? Why? 

End-User replies 

7- TUTOR 

QUESTION 

Have you ever imagined yourself checking your e-mail on your new portable computer from the bar? 

End-User replies 

8- TUTOR 

TEXT 

With e-U you can require documents on-line, see grades and pay tuition.  

QUESTION 

It is going to be useful to those who live far away, don’t you agree? 

End-User replies 

TUTOR CHANGE 

9- TUTOR  

TEXT 

You can easily exchange information with your colleagues and your teachers.  

TEXT 

You can acquire class notes and “tutorials” on-line.  

QUESTION 

In what subjects do you have more practical work? 

End-User replies 

10- TUTOR 

TEXT 
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With e-U you can also buy books on-line quicker and with a discount.  

QUESTION 

Have you ever bought anything on-line? What? 

End-User replies 

11- TUTOR 

TEXT 

Through the Internet Explorer go to the following page: www.e-u.pt 

Then click on the image that says b-on, Online Knowledge Library. 

QUESTION 

Have you ever heard of it?  

End-User replies 

TUTOR CHANGE 

12- TUTOR 

TEXT 

You can minimize or close the window now. You will have time to explore the potentials after we talk. 

QUESTION 

OK? 

End-User replies 

13- TUTOR  

TEXT 

With e-U you can search for training and job opportunities. 

QUESTION 

Are you in your last year? 

End-User replies 
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TUTOR CHANGE 

14- TUTOR  

QUESTION 

Did you know that you can buy a portable computer even if your university/polytechnic institute is still 

not inserted in the e-U program? 

End-User replies 

15- TUTOR  

TEXT 

You just have to be a student in a higher education institute. 

TEXT 

Try and catch a glimpse of the information displayed on the page: www.e-u.pt in order to know what 

models and payment conditions are available. 

QUESTION 

OK? 

End-User replies 

TEXT 

Thanks for your collaboration!  

End-User replies 
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APPENDIX 7 – SCRIPT A (USED IN GROUP 3 – VCA) 

 

1- TUTOR (says automatically in the beginning) 

Hi!! I am E-Man. Or 

Hi!! I am E-Woman. Or  

Hi!! I am Robby. 

End-User replies 

2- TUTOR 

TEXT 

I am here to give you some tips about e-U (Electronic University).   

QUESTION 

Are you ready?   

End-User replies 

3- TUTOR 

QUESTION 

Have you ever heard about the e-U iniciative? 

End-User replies 

TUTOR CHANGE 

4- TUTOR 

TEXT 

The e-U is an initiative for the Information Society, promoted by UMIC.  

QUESTION 
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Do you know what the goal of the Information Society is? 

End-User replies 

5- TUTOR 

TEXT 

The goal is to connect everybody in a network and with access to knowledge.  

QUESTION 

Do you usually use the Internet to communicate or to do research?  

End-User replies 

6- TUTOR 

QUESTION 

Do you prefer e-mail over chat to communicate? 

End-User replies 

TUTOR CHANGE 

7- TUTOR 

QUESTION 

What is your favourite search engine (google, sapo, altavista or other)?  

End-User replies 

8- TUTOR 

TEXT 

In a short while, through broadband wireless networks, you can access classes, articles, work projects, 

grades and services from IPCA.  

QUESTION 

Do you believe that you will be able to enrol in exams, check your grades and request documents 

anytime anywhere? 

End-User replies 
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9- TUTOR 

TEXT 

The e-U (electronic university) concept is an initiative proposed by the Government, for students and 

teachers in higher education. 

QUESTION 

Do you know what advantages the e-U is going to bring? 

End-User replies 

TUTOR CHANGE 

10-TUTOR 

TEXT 

You will not have to depend on schedules or free classrooms to work in. You can produce and share 

contents you learn in class and work in group.  

QUESTION 

In what subjects do you usually have projects in? 

End-User replies 

11- TUTOR 

QUESTION 

Do you have a portable computer?  

End-User replies 

12- TUTOR 

TEXT 

One of the goals of e-U is for everybody to use portable computers. 

TEXT 

They are going to be more available to students and teachers so they can have access to the e-U services 

both in and out of the university. 

QUESTION 
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Does that seem like a good idea? 

End-User replies 

TUTOR CHANGE 

13- TUTOR 

QUESTION 

Do you know how many pilot-projects e-U started off with? 

End-User replies 

14- TUTOR 

TEXT 

The e-U initiative started off with eight pilot-projects in universities all over the country. 

TEXT 

The first institution to have a wireless network was the University of Aveiro. 

QUESTION  

And now you ask… when is it going to be available in IPCA? Isn’t that true? 

End-User replies 

15- TUTOR 

TEXT 

The “Virtual Campus” initiative is going to be implemented by the ON-Operation North Programme 

very soon.  

QUESTION 

Finally we talk about IPCA! Isn’t that true?  

End-User replies 

TEXTO 

Thanks for your collaboration!  

End-User replies 
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APPENDIX 8 – QUESTIONNAIRE A (USED IN GROUP 1 AND 2) 

 
The e-U (Electronic University) IPCA is moving!      
           Q-A 

               Gr-1 and 2 

 

Dear student, 

This study is part of a doctoral dissertation called “Characterization of Interfaces between End-
users in Agile and Virtual Enterprises” from the Department of Production Systems at the 
University of Minho. The results obtained from the present questionnaire will be analyzed and 
treated statistically; confidentiality of the responses is assured.   

In order to guarantee the reliability of the study, it is required to fill in all fields and it is only 
permitted to give one answer. If you wish, the results may be e-mailed to you (just fill in that 
option at the end of the questionnaire). 

 

Thank you for your attention, 

Patricia Goncalves 

 

 

Questionnaire 

 

1) With what frequency do you use programs like MSN Messenger? 

 

 Never 
Less than once a 

week 
Once a week 

2/3 times a 

week 
Daily 

More than 

once a day 
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2) With what frequency do you use the following functions of programs like MSN Messenger? 

 

  Never 

Less 

than 

once 

a 

week

Once a week 
2/3 times a 

week 
Daily 

More than 

once a day 

Chat  
      

             

Audio-conference 

(listen)        

             

Video-conference 

(see and listen)       

 

According to the scale of 1 to 7 classify your answers.  

 

Totally Agree                                        Totally Disagree 

 

3) Classify your feelings in relation to the change of the tutors during the conversation.  

 

  1 2 3 4 5 6 7 

  I felt surprised. 
       

                 

  I felt indifferent. 
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  I felt confused. 
       

                 

  I felt happy. 
       

                 

  I felt insecure. 
       

                 

  I wanted to continue the 
conversation.        

                 

  I did not want to continue the 
conversation.        

4a) Classify your feelings in relation to the change of the voices of the tutors during the

conversation.  

     

   1 2 3 4 5 6 7 

  I would prefer to always hear the same 
voice.         

                 

  I enjoyed hearing different voices. 
       

                 

  I felt irritated by hearing some of the 
voices.        

                 

4b) Classify your feelings in relation to the trust transmitted through the tutor’s voices during

the conversation. 

     

   1 2 3 4 5 6 7 

  All of the tutor’s 
voices inspired trust.        
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  Some of the tutor’s 
voices inspired trust.        

                 

  By their voices, I did 
not trust the tutors.         

                 

  
5a) Classify your feelings in relation to the change of appearance of the tutors during the

conversation. 

     

   1 2 3 4 5 6 7 

  
I would have 
preferred to always 
see the same tutor. 

       

                 

  
I enjoyed seeing 

different tutors. 
       

                 

  

I felt irritated by the 

appearance of some 

of the tutors. 

       

                 

  
5b) Classify your feelings in relation to the trust transmitted through the appearance of the

tutors during the conversation. 

     

   1 2 3 4 5 6 7 

  
All of the tutor’s 
appearances 
inspired trust. 

       

                 

  

Some of the tutor’s 

appearances 

inspired trust. 
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By their 

appearance, I did 

not trust the 

tutors. 

       

                 

Personal Information 

 

Sex Male  Female 

Age  

Course  

Year  

E-mail  

I wish to receive the study results. Yes     No 

 

 

Thank you for your collaboration! 
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APPENDIX 9 – QUESTIONNAIRE B (USED IN GROUP 3) 

 
The e-U (Electronic University) IPCA is moving!      
           Q-B 

                Gr-3 

 

Dear student, 

This study is part of a doctoral dissertation called “Characterization of Interfaces between End-
users in Agile and Virtual Enterprises” from the Department of Production Systems at the 
University of Minho. The results obtained from the present questionnaire will be analyzed and 
treated statistically; confidentiality of the responses is assured.   

In order to guarantee the reliability of the study, it is required to fill in all fields and it is only 
permitted to give one answer. If you wish, the results may be e-mailed to you (just fill in that 
option at the end of the questionnaire). 

 

Thank you for your attention, 

Patricia Gonçalves 

 

 

 

Questionnaire 

 

1) With what frequency do you use programs like MSN Messenger? 

 

 Never 
Less than once 

a week 
Once a week 

2/3 times a 

week 
Daily 

More than once 

a day 
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2) With what frequency do you use the following functions of programs like MSN Messenger? 

 

  Never 

Less than 

once a 

week 

Once a 

week 

2/3 times a 

week 
Daily 

More than 

once a day 

Chat  
      

             

Audio-conference 

(listen)        

             

Video-conference 

(see and listen)       

 

According to the scale of 1 to 7 classify your answers.  

 

Totally Agree                                        Totally Disagree 

 

3) Classify your feelings in relation to your interaction with one of the “animated characters” as

a tutor during the conversation.  

 

  1 2 3 4 5 6 7 

  I felt 
surprised.        
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  I felt 
indifferent.        

                 

  I felt 
confused.        

                 

  I felt happy. 
       

                 

  I felt 
insecure.        

                 

  
I wanted to 
continue the 
conversation.        

                 

  

I did not want 
to continue 
the 
conversation. 

       

4a) Classify your feelings in relation to the voice of the “animated character” as a tutor during

the conversation.  

     

   1 2 3 4 5 6 7 

  
I enjoyed 
hearing the 
voice.         

                 

  
I enjoyed always 
hearing the same 
voice.        

                 

  
I felt irritated by 
hearing the 
voice.        
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4b) Classify your feelings in relation to the trust transmitted through the “animated

character’s” (tutor) voice during the conversation. 

     

   1 2 3 4 5 6 7 

  The tutor’s voice 
inspired trust.        

                 

  
The tutor’s voice 
inspired some 
trust.        

                 

  

By the voice, I 

did not trust the 

tutor.  
       

                 

  
5a) Classify your feelings in relation to the appearance of the “animated character” (tutor)

during the conversation. 

     

   1 2 3 4 5 6 7 

  
I enjoyed talking 
to the same 
tutor. 

       

                 

  

I enjoyed 

choosing the 

appearance of 

the tutor. 

       

                 

  

I felt irritated by 

the appearance 

of the tutor. 

       

                 

  5b) Classify your feelings in relation to the trust transmitted through the appearance of the
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“animated character” (tutor) during the conversation. 

     

   1 2 3 4 5 6 7 

  
The tutor’s 
appearance 
inspired trust. 

       

                 

  

The tutor’s 

appearance 

inspired some 

trust. 

       

                 

  

By the 

appearance, I did 

not trust the 

tutor. 

       

                 

 

Personal Information 

 

Sex Male  Female 

Age  

Course  

Year  

E-mail  

I wish to receive the study results. Yes     No 

 

Thank you for your collaboration! 
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APPENDIX 10 – QUESTIONNAIRE C (USED IN GROUP 1) 

 

 The e-U (Electronic University) IPCA is moving!      
           Q-C 

               G-1 

 

Questionnaire 

 

 

According to the scale of 1 to 7 classify your answers. 

 

Totally Agree                                        Totally Disagree 

 

3) Classify your feelings in relation to your interaction with one of the “animated characters” as a

tutor during the conversation. 

 

  1 2 3 4 5 6 7 

  I felt 
surprised.        

                 

  I felt 
indifferent.        
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 I felt confused.        

                 

  I felt happy. 
       

                 

  I felt insecure. 
       

                 

  I wanted to continue the 
conversation.        

                 

  I did not want to continue the 
conversation.        

                 

4a) Classify your feelings in relation to the voice of the “animated character” as a tutor during the

conversation. 

     

   1 2 3 4 5 6 7 

  I enjoyed hearing the voice.  
       

                 

  I enjoyed always hearing the 
same voice.        

                 

  I felt irritated by hearing the 
voice.        

                 

4b) Classify your feelings in relation to the trust transmitted through the “animated character’s”

(tutor) voice during the conversation. 

     

   1 2 3 4 5 6 7 

  The tutor’s voice inspired 
trust.        



284 Characterization of Interfaces between End-users in Agile and Virtual Enterprises  

Doctoral Thesis in Production and Systems Engineering  
University of Minho  

                 

  The tutor’s voice inspired 
some trust.        

                 

  
By the voice, I did not trust 

the tutor.         

                 

  
5a) Classify your feelings in relation to the appearance of the “animated character” (tutor)

during the conversation. 

     

   1 2 3 4 5 6 7 

  
I enjoyed talking to 
the same tutor.        

                 

  

I enjoyed choosing the 

appearance of the 

tutor. 

       

                 

  

I felt irritated by the 

appearance of the 

tutor. 

       

                 

  
5b) Classify your feelings in relation to the trust transmitted through the appearance of the

“animated character” (tutor) during the conversation. 

     

   1 2 3 4 5 6 7 

  
The tutor’s 
appearance 
inspired trust. 

       

                 

  
The tutor’s 

appearance 
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inspired some trust.

  

By the appearance, 

I did not trust the 

tutor. 

       

 

 
Comparative analysis 

After trying both architectures (MSN Messenger and E-Mask), classify your answers according to the 
scale of 1 (totally agree) and 7 (totally disagree).  

  
6) Classify MSN Messenger according to the following characteristics: 

 

 1 2 3 4 5 6 7  

Easy to use 
       Hard to use 

                

I replied 

quickly        
I replied 

slowly 

                

I would use 

it again        
I would not 
use it again 

                

I liked the 

experience        

I did not like 
the 
experience 

7) Classify E-Mask according to the following characteristics: 

 

 1 2 3 4 5 6 7  

Easy to use 
       Hard to use 
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I replied 

quickly        
I replied 

slowly 

                

I would use 

it again        
I would not 

use it again 

                

I liked the 

experience        

I did not like 

the 

experience 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




