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Abstract 
 
Given the current socio-economic context, in which innovation is a key driver of 
sustainable development, what are the challenges facing information-based development 
and cooperation, in a way that contributes to regional policies that stimulate localized 
learning and indigenous development? This broad question has motivated the work 
behind the present paper, which considered the development of case studies in selected 
Portuguese cities and regions and the emerging urbanization trends of increasing urban 
population, but reduced urban density. It is argued that the progressive integration of 
mobile ICT’s with sustainable mobility equipments and concepts will facilitate improving 
well being in urban regions if adequate incentives, infrastructures and institutions are 
adaptively implemented through a policy learning process. The analysis builds on the 
concept of local system of innovation and competence building, in a context much 
influenced by a dynamic of change and a necessary balance between the diffusion of 
mobile technologies and the social and cultural shaping of information technologies. 
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1. Introduction: fostering the network society across diversity 
Although we are still in a very early and limited stage of the evolution towards what 
Mitchell [1] called ‘cities of bits’, it is clear that it has become a “commonplace” to 
discuss the diffusion of knowledge, and the “knowledge-driven economy” in general, in 
close association with the introduction and use of information and communication 
technologies, ICT’s [2,3]. In this context, several national initiatives for the Information 
Society aim to achieve four broad objectives: to create a more open state, to link and 
make available to all the available knowledge, to promote Internet usage in education, 
and to support and develop digital technologies usage by firms [4]. The evidence calls for 
our attention to the current discussion in Europe aiming to: (a) ensure widespread 
broadband access and a secure information infrastructure; and (b) develop and ensure 
access to services, applications and content, covering online public services and e-
business [5]. But it also argues for the need to plan systematic actions of competence 
building with the ultimate goal of attracting new communities of users and to build the 
necessary capacity for connectivity. Community building and demand creation for digital 
services became the critical factor for implementing digital communities, requiring 
proper incentives and institutional settings. 

Focusing our attention on ICT’s, Figure 1 presents the intensity of ICT expenditure in 
various OECD countries by the end of the 20th century against the growth rate of this 
intensity from 1992 to 1997. Most countries are clustered at the bottom of the figure, with 
growth rates below 4%. The levels, as indicated by the horizontal distribution of 
countries, confirm the perception that the US is a leading country. The expenditures on 
ICT as a percentage of GDP in the US are about 2% above the European average. 
Individual countries, such as Sweden, outperform the US, but most countries lag behind. 
 
Following recent analysis for knowledge-based industries [6], the results show a 
diversified array of national situations, with Portugal leading OECD countries in the 
growth rate of ICT expenditure from 1992 to 1997, with a growth rate of more than 10%, 
and mainly accounted for by increases in expenditures in telecommunications (about 
9%). Expenditures in IT services and software are particularly low, below 1%, and only 
Turkey, Greece and Poland have shares of expenditure on IT software and services below 
the Portuguese value. The growth in this category has been equally dismal, below 2% a 
year. In general, analysis shows large variations associated with countries characterized 
by small absolute values, exhibiting patterns typical of latecomer industrialization for 
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Portugal. In addition, the results may represent indications of the process through which 
latecomer countries become engaged in the new techno economic paradigm [7].  
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Figure 1. Information and Communication Technology (ICT) Intensity and Growth (1992-97); 
Source. OECD (2000) 

 
 
The evidence of low absolute investments on ICT in countries such as Portugal is clearly 
illustrated in Table 1, which shows values per capita for a sample of European regions in 
the census whose programming documents indicate information society actions and that 
provide the necessary financial information [4]. The table refers, above all, to regions that 
have attracted European structural funds and, on this basis, it is important to mention the 
wide diversity of situations and framework conditions for attracting these funds, which 
clearly influence any analysis to be considered. But for the purposes of our analysis, it is 
interesting to attempt to define the extent to which the performance of digital networks 
and cities would depend exclusively on the limitations of funds, as well as from the 
capacity to attract them. 
 
Besides large growth rates in ICT investments, the extent to which nations are engaged in 
the knowledge economy can be analysed making use of the recently established 
systematic assessment by the World Economic Forum through the “networked 
readiness”, as represented in Figure 2 for 2002 [8]. This indicator offers an aggregated 
idea of “the degree of preparation of a nation to participate in and benefit from ICT 
developments” and illustrates the still weak position of southern European countries, 
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including Portugal and Greece. The main point to note is that the results for most of the 
OECD countries appears to be dependent from other than the country’s overall wealth (as 
measured in terms of GDP per capita). This includes southern European countries, which 
are in fact entering the cluster of countries where the effect of increasing GDP on 
network readiness is less pronounced and other factors, namely at institutional and 
contextual level, have been shown to particularly influence country’s competitiveness. 

 
 

Border Midland and Western Region 357.8 € 
La Rioja 357.8 € 
South Aegean 269.4 €  
Ionian Islands 241.4  € 
Baleares Islands 238.2 €   
Western Greece 151.1 € 
Açores 117.9 €   
Highlands & Islands 98.4 €   
Epirus 83.4 €   
Alentejo 44.5 €   
Peloponese 43.1 € 
Continental Greece 42.8 € 
Algarve 42.5 € 
Centro 29.9 € 
Norte 13.3 € 
Southern Scotland 9.2 € 
Lisboa e Vale do Tejo 6.8 € 
Liguria 2.2 € 

Table 1. Expected ICT Expenditure per capita for selected European Regions, 2000-06; 
Source: Tsipouris, L. [4] 

 
The diversified pattern of the network society, including small absolute values regarding 
the mobilization of information society, but large variations, can be further analysed 
making use of a number of typical indicators to characterize the penetration of ICT’s in a 
country and, for example, recent Eurobarometer data [9] shows values for internet 
penetration rates, with Portugal getting the highest position in southern Europe for 2002 
(Portugal 42%, while Spain 42%, Italy 40%, Greece 18%, with an EU average of 51%), 
although far away from typical north European penetration rates. A similar picture can be 
obtained making use of Internet access in the household, with Portuguese rates of 31%, as 
compared with 29% for Spain and 9% for Greece, while 40% for the EU average and 
74% for the USA, although Portugal exhibits growth rates between 2000 and 2002 
considerably larger than the European average (namely 72% for Portugal, with 81% for 
Spain and 89% for France, as compared with 43% for EU average; EOS Gallup Europe, 
2002).  
 
Turning to the type of telecom infrastructure, all European countries follows typical 
average EU trends, with standard telephone lines as the most frequent connection to the 
Internet access at home (e.g., Portugal 74%, EU average 72%), followed by cable modem 
(e.g., Portugal 12%, EU average 7%). ISDN, ADSL and Wireless connections are still 
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relatively low. But these figures are important to set the context of information networks 
and clearly call our attention for the need to consider contextual levels beyond pure 
infrastructural issues, when considering measures to foster information networks.  
 

 
 
Figure 2. Network Readiness Index versus GDP (PPP) per capita, for 2002, with partial Log regression 

Source: The Global information Technology Report 2002-2003: Readiness for the Network Society, World Economic Forum. 
 

 

In fact, the figures presented above should be further explored in terms of the main point 
of this paper, in that we are aimed to improve our understating of the conditions 
necessary for digital networks to succeed, making use of modern technologies in way to 
foster the inclusive development in a learning society [10]. Learning from the 
conceptualization of knowledge-based economies [2,3], it can be said that, 
fundamentally, the performance in knowledge-rich competitive environments in terms of 
innovative performance depends on the quality of human resources (their skills, 
competencies, education level, and learning capability) and on the activities and 
incentives that are oriented towards the generation and diffusion of knowledge. 
 
But beyond human capital, which corresponds to the aggregation of an individual 
capacity for knowledge accumulation, developing a collective capacity for learning—as 
suggested by Wright [11] in the context of the US—is as, if not more important, than 
individual learning. Instead of individual or even aggregated human capital, a further 
important concept for learning seems to be social capital, as analysed by Conceição et al. 
[10], among others. 
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In order to meet these requirements, in previous papers we have considered the 
development of the information systems oriented towards building networked places and 
argued that knowledge networks have the potential to attract and mobilize people in the 
information society and make public administration and markets more effective [12,13]. 
This helps promote learning trajectories for the inclusive development of society, 
requiring, nonetheless, effective infrastructures, incentives and adequate institutional 
frameworks across time and space [14]. In addition, we have also shown the need to look 
at human-centred systems and that networked places need to be designed holistically, 
coping with change and continuously assessed in order to accommodate humanity [15].  
 
This paper extends our previous analysis to the need to understand ways to foster the use 
of new and mobile ICT’s and to plan mobile regions. We refer to the emerging 
integration of ICT’s and a range of infrastructures and equipments fostering concepts of 
sustainable mobility, in order to facilitate urban life. The analysis builds on the discussion 
of McKnight et al. [16], following a comprehensive set of data on digital cities [17], and 
builds on the need to continuously adapt regional trajectories, both social and 
technological, and foster the necessary learning capacity of increasingly diversified local 
communities. In order to address this major research challenge, the paper is organized as 
follows. Next section builds on empirical evidence, making use of case studies in 
Portugal of mobilizing the information society. Then we will continue in the third section 
by discussing the social and cultural shaping of information technologies in order to cope 
with the accelerated rate of technical change we live on. We discuss our observation in 
section 4, namely in terms of main issues in managing technical change towards the 
implementation of mobile regions. Finally, we conclude by briefly presenting a summary 
of our most important conclusions. 
 
 
2. Building on the empirical evidence: the continuing effort of mobilizing the 
information society 
 
The evidence presented in this section is built on the analysis of sample projects 
attempting to build “digital cities and regions” in Portugal, which have been structured 
around the electronic provisioning of local government administrative services, 
complemented by some pilot projects in areas such as e-business and telemedicine [12]. 
But it should be noted that the Portuguese explosive urbanization rate, as indicated in 
Figure , was one of our main intellectual motivations to study the co-evolution of urban 
development and telecommunication services and infrastructures, in terms of the need to 
foster a knowledge related view of metropolitan areas and surrounding regions. We note 
that the emerging urbanization trends of increasing urban population are occurring 
together with the enlargement of urban surroundings in a “donnut-like” shape, giving rise 
to reduced urban densities. This process has major implications for the understanding of 
future scenarios for the diffusion of ICT’s at the regional level and may lead to their 
progressive integration with other technologies that facilitate urban mobility. 
 
The first experiences in Portugal with digital cities started in 1998 through a program 
jointly funded by the Portuguese Government (who contributed with 25% of the total 
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investment) and the European Union (75% of the total investments through the European 
Regional Development Fund). Private investments were insignificant. The program 
involved 5 small and mid-sized cities (Aveiro, Bragança, Guarda, Marinha Grande, 
Castelo Branco) and 2 rural regions (Trás-os-montes and Alentejo), aiming to: (a) 
improve the quality of life in cities; (b) contribute to development of peripheral areas; (c) 
improve local economy and employment; and (d) fight info-exclusion and help citizens 
with special needs [18]. 
 
 

 

Figure 3 – Percentage of population living in urban areas for Europe and Portugal for the period 

1950-2030 (estimates since 1991); Source: [19]. 

 
 
Alentejo and Trás-os-Montes are remote agricultural regions, among the least developed 
in Portugal and Europe, sparsely inhabited by an aging population. Both projects were 
designed to create new opportunities for the local population, mitigate social and 
economic disparities, promote regional networking and provide public administration 
electronic services to peripheral local parishes. 
 
Aveiro is developing a true innovative and entrepreneurial image, in particular connection 
with the local university and the local branch of Portugal Telecom, which includes 
important research and development activities. On the other hand, Marinha Grande is 
particularly engaged in traditional, labour-intensive industries and the digital city project 
has been particularly promoted through the industrial network associated with the local 
moulds industry. Both these two projects invested mainly on local competitiveness and 
competence building. 
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Bragança, Guarda and Castelo Branco are peripheral cities with relative regional 
significance. Their approach was to support the adoption of information and 
communication technologies by individuals, firms, associations and local government 
and other public organizations. 
 
In terms of regional penetration, the projects listed above covered about 11.30 % of the 
total Portuguese population (10.44% of the population under 15 years of age) and about 
42% of the total surface of Portugal. All projects involved a broad range of relevant 
actors and change agents within each one of the territories being nonetheless always led 
by local municipalities. Local higher education institutions were particularly involved 
only in a limited number of projects (Aveiro, Bragança, Trás-os-Montes).  
 
It should be noted that, at least for the initial projects analyzed here, the institutional 
framework established by the central government was quite flexible and fostering local 
voluntary initiatives. It was based on the simple provision of guidelines focused on 
providing content and services related to local public administration and to specific 
activities with social implications (e.g., healthcare), economic impact (e.g., business-
driven corporate networks for regional competitiveness), and aimed to promote cultural 
contents [20, 21, 22, 23]. Initiatives to mobilize and promote the adoption of the 
Information Society were part of various applications, although not always considered at 
the required level, at least beyond that given to the implementation of infrastructures 
[12].  
 
Bragança Digital focused on creating basic ICT infrastructures and wireless networking 
environment for local government buildings, health institutions, educational institutions, 
and local employment agency to provide information and services to local citizens. Other 
initiatives included the provision of local products (www.rural.net), health, educational 
and e-business activities [23]. 
 
Guarda Digital was promoted by and organization formed by the municipality, local 
educational institutes, associations” and the incumbent telecommunication operator. It 
included pilot projects in healthcare e-business, tele-working and educational initiatives 
[24]. 
 
Castelo Branco Digital aimed to connect all public institutions (municipality, social 
security and health institutions) and local associations (sports, culture and business) to 
provide an integrated information network to citizens and tourists. For example, it has 
included the provision in rich media of old Portuguese theatre contents [25]. 
 
Marinha Grande Digital, as managed by the local municipality and the Technological 
Centre associated with the moulds and plastic injection industries, focused on creating an 
Extranet to provide business-related (mould, plastics and glass) content and services and 
on facilitating communication among companies and clients. Other initiatives included a 
centre of advanced telecommunications to promote the use of the Internet [26]. 
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Physical Infrastructures Content 

(non-physical infrastructures) 
 
Projects 

Networking and 
Connectivty (a) 

Information 
Systems (b) 

Information 
Services (c) 

Interactive 
Services (d) 

Context (e) 

Aveiro Local health 
institutions 
communication 
network; Internet 
access in public 
schools; People 
with special needs 

Local public 
administration 
management 
information 
systems; Justice 
court Intranet; 
GIS 

City guide; 
Entertainment, 
Arts & culture 
initiatives; Local 
government 
website 

e-business, 
Agriculture; Job 
opportunities; 
Environment; 
Teleworking 

Community 
building based 
on city 
metaphores 

Bragança Municipality 
communication 
network; Internet 
access in public 
schools 

Municipality 
management 
information 
systems; GIS 

City guide; Local 
government 
website 

e-business; 
Telemedicine; 
Agriculture 

 

Guarda Internet access in 
public schools 

 Local 
government 
website 

e-business; 
Telemedicine; 
Teleworking 

 

Marinha 
Grande 

Advanced 
telecommunication 
demonstration 
centre; Internet 
access in public 
schools 

Local industries 
Knowledge 
network (Glass, 
moulding and 
plastics) 

  Mobilization of 
firms and public 
institutions for 
the use of ICT 

Castelo Branco Municipality 
communication 
network; Internet 
access in public 
schools 

 City guide; Local 
government 
website; Art & 
culture 

  

Trás-os-
montes Digital 

Internet access in 
public schools 

Content 
management 
platform 

Regional Portal Telemedicine; 
Agricultural 
Network; Job 
opportunities 

 

Alentejo Digital Intranet for 47 
municipalities 

Content 
management 
platform 

Regional Portal Job 
opportunities 

 

Table 2 - Sample “Digital City” projects analysed in Portugal (1998-2000); Source: [13]. 
(a) Networking and connectivity includes communication networks and Internet access. 
(b) Information Systems includes technological components that store and process data like data bases, 
electronic mail, ERPs, management information systems, content management, application serves and 
business intelligence software 
(c) On-line presence or downloadable forms 
(d) Electronic form submission or interaction through the web 
(e) Mobilization and context building initiatives  
 
Trás-os-Montes Digital included regionally-based web contents (as described at 
www.espigueiro.pt ), managed by the local Polytechnic, that aggregates content and 
services of 31 municipalities. The portal is still managed by the local university and 
includes business and employment opportunities, geo-referenced information, healthcare 
facilities and technologies to coordinate medical services in rural areas. An important 
feature of this project is the support network constituted by 84 service centers scattered 
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throughout the region that provide public Internet access, as well as human support to 
help citizens’ interactions with new technologies [27]. 
 
Alentejo Digital brought together 47 municipalities and 3 regional agencies to create a 
regional information network to provide services and territory-related content to citizens 
and local firms through regional web-based contents. The main objective was to enable 
local government teams to learn, use and promote new technologies, namely computer 
network management and digital content production and publishing. An Intranet was set 
up linking all municipalities and regional agencies to enable the necessary collaborative 
work environment. About 50 people were recruited, mostly from local unemployment 
lists, to work on the project that lasted until July 2001 [28]. Most of those people worked 
as local agents, based on each one of the town hall facilities of all the 47 municipalities 
involved, who proactively produced, collected or published relevant local content in the 
portal. Although they did not work directly with the general public, they were a very 
important factor of Internet diffusion in the territory covered by the project. 
 
The paragraphs above consider selected Portuguese cities and regions which have been 
engaged in “digital city” projects in a way to allow us discussing main challenges, and 
opportunities, for mobilizing the information society in Portugal, Table 2. It is argued that 
value-based networks have the potential to make both public administration and markets 
more effective, which helps promoting learning trajectories for the inclusive development 
of society, but require effective infrastructures, incentives and adequate institutional 
frameworks. The analysis is based on observations in different Portuguese metropolitan 
areas and regions with the ultimate goal of increasing regional competitiveness, by 
promoting public awareness and participation in decision-making processes.  
 
Analysis has also shown that specific communities of practice, CoP’s, have been 
particularly important drivers of larger network communities [13]. In particular those 
established with the involvement of higher education institutions and/or technology 
centers were shown to have an effective mobilizing nature and this let us to discuss in 
previous papers the diffusion of “knowledge integrated communities”, KIC’s.  
 
In general, it is argued that the territory is a basic infrastructure that justifies and invites 
for the construction of several layers of information, including communication 
infrastructures and digital contents, but well arranged with local contexts. The discussion 
frames the issue of the need to promote “inclusive development”, that is, of the need for a 
process of development that includes every citizen in any region, as a problem that goes 
beyond the creation of conditions to generate knowledge. The most important problem 
concerns the sharing and diffusion of knowledge, and efforts should be channeled 
towards the understanding of the conditions for globally integrated learning processes. 
Learning, in this context, reflects the idea of sustained knowledge creation and diffusion, 
and we contend that the challenge is to make this a feature of the entire global economy. 
In this context, we established that national or regional learning depends on the existence 
of social capital, which is defined by networks and by institutions. Institutions govern the 
interactions among the nodes of the networks, be the nodes composed of people or of 
organizations (firms, universities, and local government, for example).  
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These notes follows current discussion in Europe aiming to (a) ensure widespread 
broadband access and a secure information infrastructure and (b) services, applications 
and content, covering online public services and e-business, but argues for the need to 
plan systematic actions of competence building with the ultimate goal of attracting new 
communities of users and to build the necessary capacity for connectivity. Community 
building and demand creation for digital services became the critical factor for 
implementing digital cities, requiring proper incentives and institutional settings which 
cope with a broad range of new technologies. 
 
 
 
3. Coping with technical change: what can we expect from new developments in 
ICT’s? 
The paragraphs above lead us to a basic question: how can we cope with the accelerated 
rate of technical change we live on, so that newer mobile technologies may facilitate 
mobilizing the information society in urban regions? Our discussion is framed within 
three main levels of analysis, namely infrastructures, contents and context, which are 
comparable with those schemes that consider five mains aspects, namely: infrastructure, 
access, applications and services, digital content development, and ICT skills 
development [29]. In fact, we have broadened the scope of the so-called ICT skills 
development to include other contextual issues and local characteristics of communities 
of practice. 
 
In the scope of our analysis, the city or region must embed a set of social capabilities that 
define the context under which digital cities evolve. Consideration of contextual issues in 
building-up network societies have not always been considered in many different 
situation throughout the world, as acknowledge by Castells [3], among others, and 
evidence shows that specific measures to promote adequate contexts and mobilize people 
in the projects described in the previous section have also been scarce. 
 
But the implementation of complex technology-enabled infrastructures typical of digital 
cities calls for a broader approach where social and cultural aspects are integrated in early 
design phases to mitigate “ilities”, such as sustainability, flexibility and scalability [30]. 
Moreover, we can expect that digital cities to have other unexpected properties, or 
emergent properties, “developed by users of a system” and “often unknown to the system 
designer”. Being so, the stakeholders involved in the co-evolution of urban areas and 
ICTs would be better off if, as proposed by Cooley, “the current mechanistic paradigm of 
technological and societal development [would be substituted by] human-centered 
systems [that would] provide a powerful alternative philosophy for system design and a 
broader educational and societal development”. He adds that “[this philosophy] regards 
the social and cultural shaping of technology as central to the design and development of 
future technological systems and society as a whole”, in terms of “knowledge-based 
adaptive human-centred environments” [31]. 
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Expanding this conceptual framework to the entire city or even whole regions in order to 
consider the way millions of people interact with information and communication 
technologies in their daily life, it is clear that the initial approach to design digital cities 
described in section 2 above need to be reconsidered [15].  Table  describes main 
implications and requirements of emerging trends, so that the vast majority of potential 
late adopters are inclusively considered in future digital city projects. As Dertouzos [32] 
argues, we can avoid “drowning in information overload and computer complexity only 
by throwing out last century’s model for computing and adopting – indeed, demanding – 
a new computing philosophy, a new master plan, that lets people interact naturally, 
easily, and purposefully with each other and the surrounding physical world”. And he 
adds, “to put it in action requires three big steps: changing the mind-set of users and 
designers; ensuring that our machines are easier to use and make us more productive; and 
insisting that new technology reach many more people”. 
 
 

Layer of Analysis From To Implications and requirements 

Conspicuous objects Invisible 
infrastructure 

Embedding  ICT infrastructures in 
urban daily life, fostering human-
centred systems 

Infrastructure/access 
Fixed access Roaming Competitive mobile services and 

improved regulatory framework for 
increased individual participation 

One-way distribution 
of information 

On-line 
collaboration and 

participation 

Specific knowledge of institutional 
and local contexts in order to help 
developing interactive contents 

Content/ services 
Web functionalities Networked 

Activities 
New competences in content and 
services development, enhancing 
user activities and networks 

Technology supply Mobilization of 
users 

Mobilizing “change agents” to foster 
communities of practice, CoP’s, and 
user involvement  

Human and social 
Context Standards Interoperability Building individual and social 

competences through knowledge-
based adaptive human centred 
environments   

Table 3 - Emerging trends in the mobilization of the information society, towards a new generation of 

“Digital Cities”. Adapted from [15] 

 
Norman [33] noticed that, in fact, technological systems tend to increase internal 
complexities exponentially to meet the continuous evolution of users needs, but its 
interfaces are likely to be constantly simplified to perform specific activities to a broader 
base of users. The opportunities and possibilities of the co-evolution of urban 



 14

development and ICTs are so vast that this strategy, “edge to core”, would be more 
appropriated to implement the next generation of digital cities. It starts by finding out the 
critical interfaces between city dwellers and its supporting ICT infrastructure and only 
then developing objective technology-enabled services to meet existing or potential 
demand. 
 
On the other hand, the number of potentially connected nodes within urban environments 
has significantly increased in the last couple of years (see Figure), and includes 
GSM/GPRS wired PDAs, Wi-Fi enabled laptops, 3G mobile phones, ADSL connected 
game consoles and entertainment PCs, Bluetooth tablet PCs, Videophones, Interactive 
TVs, real-time environment sensors (e.g. air and water quality), large databases 
(corporations, libraries, museums, public administration), GPS oriented cars, and GPS 
traceable trucks and buses. On the other hand, new layers of territory-related data and 
information are been created in a daily basis, like municipal geographic information, 
Internet city guides, interactive maps and routes, and 3D worlds. To cope with this 
increased complexity, a new technology must add another layer of distributed computing 
and data management to the current Web based information distribution paradigm. In 
fact, as computers and networks become ubiquitous and interlinked, they will turn out to 
be another invisible urban infrastructure, like electric grids and sewage systems that will 
sustain daily life.  
 

 

Figure 4 - Grid resources linked together in a “Digital City” infrastructure 
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Grid computing, as described by Berman et al. [34], can be the “computing and data 
management and infrastructure that will provide the electronic underpinning for a global 
society in business, government, research, science and entertainment. Grids, integrate 
networking, communication, computation and information to provide a virtual platform 
for computational and data management in the same way the Internet integrates resources 
to form a virtual platform for information. [They] are intrinsically distributed, 
heterogeneous and dynamic”. Grid computing was shaped by the same early driver that 
has pushed the scientific communities of practice to build the Internet and the World 
Wide Web: the construction of a virtual collaborative environment for scientific research. 
The main objective still is, as it was before, to share networked resources for creation, 
accumulation and diffusion of knowledge, making use of a 4-layered architecture, 
including:  

1. hardware resources, such as computers, networks, data storage, sensors and other 

devices that weave the underlying fabric;  

2. interoperable protocols, services and applications that virtualize and secure the 

access to the grid; 

3. common grid middleware, tools and services, such as resource allocation and 

monitoring;  

4. Grid applications.  

 
In addition to these layers, one should consider vertical layers representing new devices, 
and institutional arrangements to create common policies, grid economy and a open 
global-area networking [35]. In fact, in a previous paper we have argued that on top of 
the current model, an activity-based, human-centred layer of services should be added to 
help the mobilization process (as a complementary vertical layer) [15]. This territory-
related additional layer could be enabled by specific knowledge-driven ontology [36], 
natural language [37] and/or the semantic web capabilities for “handling and support for 
knowledge processing” [38]. 
 
The analysis above is broad in scope and considers network societies as wide social and 
economic processes, which we argue occur across time and space and require the 
dynamic adaptation of infrastructures, incentives and institutions, in a way that calls our 
attention for the need to foster learning societies. However, the evidence of the projects 
discussed in this paper show that we must extend our analysis to other aspects of the 
learning society. This is because the experience of projects such as those developed in the 
cities of Marinha Grande and Aveiro clearly shows the important mutual relationships 
that specific project-based communities have on the facilitation of network societies, but 
also the fact that the implementation of digital cities may significantly improve the 
efficiency of those communities.  
 
Within this perspective, our analysis calls for policies that consider long term approaches 
of dynamic environments, which require to be continuously monitored and evaluated. 
Specific incentives for infrastructures should continue, but articulated with the need to 
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foster knowledge-based adaptive human centered environments as drivers of larger 
communities of users. This requires a continuous pubic effort, but also a better 
understanding of the effectiveness of the mix of public support mechanisms and private 
incentives for the development of digital cities. 
 
 
 

 

Figure 5 - Layered architecture of a semantic grid enabled Digital City; Adapted from [34]. 

 
 
 
4. Building the spatial dimension of the network society: fostering mobile regions 
At this stage, after describing main limitations of current approaches to set “digital 
cities”, but also to briefly describe emerging technologies that will facilitate mobilizing 
the information society, we can establish our main research question: what critical 
factors enable a digital city to become a mobile region? What sort of public policies to 
promote these factors? 
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These questions are addressed in the coming paragraphs looking at different dimensions 
of analysis, as follows: 

o Technological: understand what types of technologies need to be in place to 
support a mobile region and which players are willing/should provide it? 

o Organizational: understand who are/should be the leaders for the transition and 
under what (business) model should they operate? 

o Behavioral/Geographic: understand how the resident culture shapes the demand 
for elements of a mobile region (i.e., contents and services) and thus affects its 
development 

o Others: think about other lines of research that need to be addressed in order to 
understand all the facets of this process 

 
4.1 From digital cities to mobile regions 
The growing need to help the physical access of people and goods in urban areas, 
together with the growing need to have access to information anywhere and anytime [16], 
generates a set of new technological challenges and business opportunities, as described 
in Table 4. In order better understanding emerging questions, we should carefully 
consider both changes in access points and in the fluxes of information.  
 
Considering firstly the density and quality of access points, we are discussing a paradigm 
shift, as follows: 

o From Fixed Narrowband: usually obtained only through a fixed line, typically 
telephone dial-up for narrowband access and DSL/cable for higher bandwidth 
connections; 

o To Mobile Broadband: continuum of access points supported by mobile/wireless 
communication systems, typically GPRS for narrowband access and possibly 
UMTS for higher bandwidth connections. Fixed access complemented by wireless 
limited access at hot-spots (GPRS and Wi-Fi). 

 
Secondly, if we look at diversity and complexity of the information available, oe needs to 
cope with the following changes: 

o From Descriptive contents: contents are merely descriptive and services are rarely 
offered online. Do not engage the citizen to participate/enhance the community; 

o To Advanced data services: interactive contents that promote public service and 
the sense of citizenship, online services from companies and local governments as 
a way to improve quality of life. 

 
In fact, the paradigms associated to urban mobility [39,40], together with the 
mobilization of the information society regarding new opportunities for value creation, do 
not fit in the immediate capacity of designing clear business models, but rather (and 
necessarily) in the capacity to adopt progressive learning logics that make it possible to 
gradually test and fit business and option models according to basic assumption and trial 
principles. This conclusion is so much more valid than it is confirmed that there is a vast 
set of action areas that can only be exploited through the implementation of innovative 
models of public-private partnerships, thus multiplying the number of intervening agents 
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and, consequently, the number of variables that must be defined to design business 
models fitting often conflicting needs of wealth creation and maximization of 
externalities to the community. 
 
 

Table 4 - Changing architecture towards mobile regions 
 From Digital Cities To Mobile Regions 

Density/ Quality of 
Access Points 

Fixed Narrowband 

(usually through a fixed line) 

Mobile Broadband 

(continuum of access points supported by 
mobile/wireless communication systems) 

Diversity/ 
Complexity of 
Information 
Available 

Descriptive contents: 

(services rarely offered online) 

Advanced data services: 

(interactive contents, promoting the public 
space) 

 
 
Figure 6 summarizes our main argument, in that a variable objects are to be considered in 
designing mobile regions, together with variable socio-economic and cultural contexts. 
This leads to the need to carefully develop and continuously access prototypes, making 
use of proper research design. In particular, if expectable scenarios of progress from 
“digital cities and regions” to “mobile regions” are mentioned, the various agents 
involved (i.e., local administration, communications operators, and service companies), 
are challenged to promote dynamics of access to information and people mobility.  For 
example, the new communication models that not only allow to decrease the transport 
dependence but also implement sustainable mobility schemes, as well as, and above all 
else to settle population out of the big urban centers in social and entrepreneurial 
competitiveness fairness conditions.  These issues embody the need to combine (i) 
ongoing technological progress and (ii) the adoption of new concepts of sustainable 
mobility at a metropolitan level, representing a broad range of opportunities to various 
public and private agents in their different vocations through the value chain that 
characterizes the “business” of urban mobility today.  
 
Innovation linked to the advent and commercialization of new technologies, at 
competitive prices, is determined by the capacity to mobilize user communities, joining 
the possibility offered by:  

a) affirmation of bandwidth; 
b) democratization of technologies and mobility; 
c) ubiquity of equipment with computational and communication power.   

 
Nowadays these technologies are able (in terms of cost, interoperability and reliability) to 
make some concepts practicable, such as those of triple-play, creation of knowledge 
sharing communities, creation of backup services for physical mobility of goods and 
people, development of telematics and ITS systems. Nevertheless, the need to create 
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market(s) for these products / services still persists.  In other words, without questioning 
the proposal of the conceptual value of the services, it is important to agree on the 
financial value that the potential consumers associate to them, which is an intricate task, 
especially when bearing in mind that (i) these services tend to be perceived as free of 
charge (obviously for unrivalled service levels, but this is always understood by the 
payer) and (ii) it is necessary to migrate consumer profiles (from other needs to these 
“new needs”), as long as a multiplication of the income is not assumed.  In this context, 
the models currently used to foster the acceptance and recurring consumption of high 
innovative content products/services, depend on the capacity to adopt flexible dynamics, 
of constant assessment and refining of cornerstones of the business model. 
 

object

variable

variable

determined

determined

context

Prototype
Research Design

Case
Design Research

Identity
Identity Research

Type
Typology Research

 
Figure 6. Schematic identification of research patterns towards new challenges, as those emerging for 

designing mobile regions. Adapted from [41] 
 

The paragraphs above show that the implementation of regional mobility infrastructures, 
jointly with share infrastructure and information access, besides being an instrument of 
regional management and information availability, also involves a complex system of 
interactions between infrastructure, content management and the mobilization of user 
communities, in such a way that it could only be understood in terms of gradual processes 
of collective learning, particularly determined by complex information fluxes. 
Specifically, there is the need to understand the territory, besides the availability of a set 
of resources (namely technology-based ones) in a limited geographical location, but 
considering a knowledge-based vision, which is necessarily cumulative in nature. 

The discussion should be focused on three challenges, which result from previous 
analysis of “Digital Cities and Regions”.  Firstly, the use of common networks for 
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accessing and sharing information has been particularly promoted through specific 
communities of practice, CoP’s, normally integrating forms of knowledge, which play a 
mobilizing role to ensure a gradual process of collective learning on information access 
and sharing. 

Secondly, the mobilization of the information society is usually based on the cooperation 
between public, private and social entities, namely through partnerships requiring an 
administrative framework that promotes its sustainability and dynamics.  In this sense, 
public administrations have been concerned with competitiveness, eliminating entry 
obstacles and ensuring the access to infrastructures.  Nevertheless, new challenges are 
faced today, namely the articulation between national, regional and community 
authorities, resulting from the tendency to converge services, network and terminal types. 

Thirdly, the innovation dynamics, generating profits to any telecommunications operator 
should necessarily incorporate the time factor, linked to any collective leaning process, 
either in terms of the establishment of commercial relation, or in the strengthening of 
social relations, which requires an ongoing investment effort and ongoing follow-up 
schemes. 

 
 
4.2 Developing a conceptual framework 
In the paragraphs above we clearly show that the territory is a basic infrastructure that 
justifies and invites for the construction of several layers of information about cities and 
regions were people live, visit or do business. Mobile regions schemes should also 
encourage the global legibility of the information architecture of the territory and 
promote broad and informed participation in the decision-making process of the future of 
its entire influence area and not only within city limits. 
 
But the question to be addressed is that if “mobile regions”, namely in the form of 
technology-enabled territories, are able to foster institutionally organized metropolitan 
systems of innovation [42] and competence building [6, 10], with the ultimate goal of 
increasing regional competitiveness, by promoting public awareness and participation in 
true public spaces.  
 
In conceptual terms, we may attempt to explore features in the seminal work of Nelson 
and Winter (1982), for which organizations know how to do things through simple rules 
and procedures (routines) which represent the knowledge memory of the organization. 
Even firms in the same industry differ in the sense that they accumulate and develop 
idiosyncratic routines, which form the basis of the firms’ distinctive capabilities. 
Fundamental to the idea of skills and routines is that they are constituted essentially by 
tacit knowledge and are thus not easily replicated. Replication of routines is thus possible 
only as a costly, time-consuming process of copying an existing pattern of productive 
activity. The dynamics in the theory is brought about by the processes of searching for 
new routines and creating variety and mutations amongst firms, which are then subject to 
selection processes. The combined interaction of search and selection processes form the 
basis of the evolutionary approach and relate Nelson and Winter’s approach to the 
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theories of organizational learning and population ecology respectively. The routines are 
thus seen as the knowledge genes of the organization, being transformed by 
organizational learning and innovation. Although Nelson and Winter’s work provided a 
conceptual foundation for a knowledge-based view of the firm, an essential development 
was a deeper understanding of what constitutes knowledge, which we attempt to extend 
for a territory bases. 
 
In this context, a knowledge-based view of the territory assumes that individual, firms 
and organizations operate in dynamic environments, where markets and technology are 
changing fast and in unpredictable ways. It also assumes a highly competitive setting, 
with those agents operating within ecologies of learning, interacting and adapting to the 
environment. In this framework, organizational capabilities or competencies are 
understood as clusters of knowledge sets and routines that are translated into distinctive 
activities. Dynamic capabilities are those that enable individuals and firms to build, 
integrate and reconfigure internal and external competencies. The knowledge that is 
embedded in capabilities is a complex and dynamic combination of tacit and explicit 
knowledge. Individuals operate within organizational contexts in order to be able to share 
and use their specialized knowledge. As a result, digital cities should consider 
communities of users and build a context favorable to their increasing participation. 
 
If one considers the broad social and economic context under which mobile regions may 
be facilitated, we must consider the conditions for integrated learning processes. This has 
led Conceição, Heitor and Lundvall [10] to build on Lundvall and Johnson’s learning 
economy [43] and to discuss the learning society in terms of innovation and competence 
building with social cohesion. They view innovation as the key process that characterizes 
a knowledge economy understood from a dynamic perspective, while competence is the 
foundation from which innovation emerges, and which allows many innovations to be 
enjoyed. In other words, it contributes both to the “generation” of innovations (on the 
supply side of the knowledge economy) and to the “utilization” of innovations (on the 
consumptions side of the knowledge economy). Conceptually, the foundations for the 
relationship between learning and economic growth have been addressed in the recent 
literature [44], with learning being reflected in improved skills in people and in the 
generation, diffusion, and usage of new ideas [45]. 
 
Learning can occur in many shapes and forms, some of which are informal, some formal. 
As described before, the institutional framework that comprise the national and regional 
systems of innovation formalize the technological infrastructure critical to generate the 
learning processes for individuals, firms, and nations, that ultimately lead to long-term 
development. Thus, looking at a particular set of organizations, their capabilities and 
related institutions, provides important lessons for development.  
 
 
 
4.3 Policy implications 

Under the scope of the ideas proposed above, new business concepts may have to be 
considered as those resulting from the combination of: (i) the need to mobilize a 
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diversified variety of users’ communities, by adopting new sustainable development 
concepts, especially at metropolitan level; (ii) the integration of public and private 
partnerships and the acceptance of suitable business models; and (iii) ongoing 
technological advancements. These aspects may represent a business opportunity for the 
different agents involved in the value chain that characterizes the mobility business and 
the access to information today. 

In particular, reference is to be made to product and business portfolios that help make 
compatible several price ranges, namely market segments and life-cycle, in order to 
minimize the risks of launching new products / services. Generally speaking, this pilot-
project should: a) maximize the product / service portfolio value; (b) balance the risks of 
these portfolios. 
 
Due to the range and multiplicity of the business models that can be set out, one of the 
main concerns is to define a trial and roll-out strategy of new businesses that embodies an 
adequate strategy that aiming at “creating” market and being familiar with new services / 
products, thus mitigating over-investment risks in disruptive technological innovations.  
For instance, basic information should be created in order to anticipate alternative pricing 
and bundling strategies contributing to maximize the values and size of the markets that 
are to be stimulated. 

In this context, it is also vital to ensure that the structuring decisions in terms of 
investment in enabling technologies, adoption of middleware solutions and 
implementation of supporting information systems (e.g. billing), be as transversal as 
possible, to allow the support of the progressive and ongoing roll-out of new businesses 
that, in spite of being identified in the mapping phase do not have market conditions to be 
launched.  As a matter of fact, even though it is possible to assume technology as a 
commodity, one should not neglect the risks it entails, namely sunk-cost creation risks 
resulting from wrong decision-making. The purpose is to design models of public-private 
partnership that support the achievement of some opportunities that cannot be developed 
autonomously by an incumbent telecommunications operator, but to which its role of 
making infrastructure available and being “customers’ owner” can be decisive. 

But beyond discussing the sustainability of mobile regions, namely from a business point 
of view, one should note that knowledge creation and competence building at the regional 
level, when seen as a dynamic process of learning, can mitigate the uncertainty about the 
future of urban areas. Metropolitan areas must be liveable and attractive to all citizens, 
most of them needing urgent sustainable and innovative solutions to overcrowding, 
pollution, traffic jams, insecurity, social inequalities, unemployment, and population 
aging. City authorities will have to invent new models of participative governance and 
learn to manage change. Information rich networks can provide the main resources to 
overcome physical barriers to share interests and experiences to prop up creativity and 
entrepreneurship and to diminish the pressure on urban areas. We conclude by 
recommending elements and components for policy making and design of mobile 
regions, arguing for the need to promote regional systems of innovation and competence 
building. 
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This is because recent work within the framework of the OECD International Futures 
Program suggests two broad policy-related conclusions which apply not only to OECD 
countries in general but to a large extent also to the case of emerging regions.  The first is 
that if one is to build on the opportunities offered by the considerable progress that has 
been made in key technological sectors, if one is to reap to the full the economic benefits 
of rapidly integrating markets and the emerging knowledge society; and if solutions are 
to be found to tackling the challenges that the management of such a rapidly changing 
world raises, then what is needed are innovative, creative societies.  The second is that in 
achieving that higher degree of innovativeness and creativity, policy will matter. The way 
ahead does not necessarily mean less government, not less policy but -- certainly in some 
key areas -- different policy.   
 
Just because we are headed into a rapidly changing world in the coming decades does not 
mean that we have to throw out all policies and make a completely fresh start.  Indeed, 
some policies that have proved their worth in the past may well continue to do so in the 
future.  However, it is clear that in other policy areas at least incremental adjustments are 
called for, and in yet others some radical new thinking is required. This provides, in fact, 
a simple but convenient framework for looking at the role of general policies in the future 
and their implications for innovation:  -- 1) policy continuity  2) policy reform  3) policy 
breakthroughs. 
 
To conclude, mobile regions generate a set of new technological challenges and business 
opportunities, but also the need to better consider public and private policies, which 
should be dealt with in a systematic, iterative and progressive way, in order to foster the 
quality of live of urban populations and their social well-being.  
 
 
5. Summary 
This paper discusses ways to foster the use of new and mobile ICT’s and to plan mobile 
regions. It builds on the need to continuously adapt regional trajectories, both social and 
technological, and foster the necessary learning capacity of increasingly diversified local 
communities.  
 
Our research hypothesis is based on the fact that in terms of the emerging urbanization 
trends of increasing urban population, but reduced urban density, the progressive 
integration of mobile ICT’s with sustainable mobility equipments and concepts will 
facilitate improving well being in urban regions if adequate incentives, infrastructures 
and institutions are adaptively implemented through a policy learning process. We build 
on empirical evidence brought by the analysis of sample case studies in Portugal in terms 
of emerging challenges in mobilizing the information society, which led us discussing the 
social and cultural shaping of information technologies in order to cope with the 
accelerated rate of technical change we live on.  
 
In a previous paper we concluded that networked places need to be designed holistically, 
coping with change and continuously assessed in order to accommodate humanity. In 
order to achieve these objectives, semantic grids were discussed in terms of the emerging 
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trends in the design of “digital cities and regions”. Here, we extend the analysis to the 
diffusion of emerging mobile technologies and show that they represent a broad range of 
opportunities to various public and private agents in their different vocations through the 
value chain that characterizes the “business” of urban mobility today. In order to achieve 
these objectives, specific communities of practice, CoP’s, normally integrating forms of 
knowledge, may play a mobilizing role to ensure a gradual process of collective learning 
on information access and sharing. Also, new challenges are faced today, namely the 
articulation between national, regional and community authorities, resulting from the 
tendency to converge services, network and terminal types. But, in general, the 
innovation dynamics should necessarily incorporate the time factor, which requires an 
ongoing investment effort and ongoing follow-up schemes. 
Our analysis calls for policies that consider long term approaches of dynamic 
environments, which require being continuously monitored and evaluated.  This led us to 
argue towards policy portfolios facilitating the learning process associated with building 
systems of innovation and competence building. 
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