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INTRODUCTION

Within the current socio-economic paradigm, in which
engineering systemsare key for the sustai nable devel op-
ment (Moses, 2003), theregionisconsidered the place of
untraded interdependencies, meaning “...conventions,
informal rules, and habitats that coordinate economic
actors under conditions of uncertainty. These assets are
acentral formof scarcity in contemporary capitalism, and
hence a central form of geographical differentiation”
(Storper, 1998) and economic growth. Theactorsinclude
“firms, organizationsandinstitutions[that] interactinthe
generation, diffusion and use of new—and economically
useful—knowledge in the production process” (Fischer,
Diez, & Snickars, 2001). Some of these interactions are
based on information and communication technologies
(ICT) intermsof digitally-enabled knowledge networks,
which have been devel oped through ill-defined commu-
nities of practice (CoPs).

Infact, Internet and other mediawereinitially believed
to neutralize the centripetal forces of metropolization,
maybe even to start a global process of deurbanization
(Jonscher, 1999), but (asamatter of fact) physical proxim-
ity is playing a critical role on technical change and
economic development (Castells, 2001). Asaconsequence,
regional systemsof innovation areincreasingly important
in the global society (Gibson et al., 2003) and cities do
provide energized places for contacts, ideas and creativ-
ity wheretacit and explicit knowledge can be exchanged
effectively through face-to-face communication. Oppor-
tunities for knowledge spilloversthrough social interac-
tion are increasingly provided in urban environments,
facilitating learning and increasing human capital
(O sullivan, 2003).

Althoughwearestill inavery early and limited stage
of what Mitchell (1995) called“citiesof bits’, itisclear 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 ICT (Mansell & Steinmueller, 2000). Following
recent analysisfor U.S. regions, ICT are “both in and of
themselvesthe products of innovation, aswell ascritical
tools that create interfaces, linkage and knowledge net-

worksbetween themain playersinaninnovation system”
(McKnight, Vongpivat, & Selian, 2003). They are, none-
theless, embedded in a human context that calls for the
design of human-centred systems, intermsof recognizing
theimportance of social and cultural shapingforceswhile
devel oping, and expl oiting technol ogical systems(Cooley,
2000).

In this context, what challenges ar e facing the diffu-
sion and adoption of ICT at regional level? And what
types of engineering systems may contribute for the
mobilization of the information society in diversified
environments, including catching-up regions? These
guestions have motivated the work behind the present
article, which has considered the development of case
studies in selected Portuguese cities and regions en-
gaged in building digital networks.

In previousarticles, we have considered the devel op-
ment of the information systems oriented towards build-
ing networked places and argued that knowledge net-
workshavethe potential to attract and mobilize peoplein
the information society and make public administration
and markets more effective (Heitor & Moutinho, 2004a,
2004b). This helps promote learning trajectories for the
inclusivedevel opment of society, requiring, nonethel ess,
effective infrastructures, incentives and adequate insti-
tutional frameworks across time and space (Conceicéo,
Heitor, & Veloso, 2003). The analysisbuilds on the need
to continuously adapt regional trajectories, both social
and technological, and foster the necessary learning
capacity of increasingly diversified local communities,
referringto social capital asarelational infrastructurefor
collectiveaction (Conceicéo, Heitor, & Lundvall, 2003),
and creation and diffusion of knowledge.

Our previous conclusions derived from observations
indifferent Portuguese urban areaswith the ultimate goal
of increasing regional competitiveness, by promoting
public awareness and participation in decision-making
processes. We have argued that the territory is a basic
infrastructure that justifies and invites for the construc-
tion of several layers of information about cities and
regions where people live, visit or do business. In addi-
tion, digital city schemes should also encourage the
global legibility of the information architecture of the
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territory and promote broad and informed participationin
the decision-making process of the future in its entire
influenceareaand not only within city limits(Tanabe, van
den Besselaar, & Ishida, 2002).

The remainder of this article attempts to frame these
aspects from the perspective of human-centred technical
systems. We begin by examining some aspects of the
mobilization of theinformation society and | CT adoption
and diffusion at a regional level, making use of case
studiesin Portugal. Then wewill continue by discussing
the social and cultural shaping of information technolo-
gies. Finally, we conclude by briefly presenting a sum-
mary of our most important conclusionsin terms of nec-
essary social and technological conditionsfor the estab-
lishment of networked spaces.

MOBILIZING THE INFORMATION
SOCIETY THROUGH DIGITAL CITIES

For the first time in human history, the urban population
is matching the rural population (United Nations, 2002)
(seeFigurel). Whilein 1950, 29.76% of theworld popu-
lation lived in urban areas, this value rose noticeably to
37.95%in 1975, 47.28%in 2000, and isexpected toreach
60.22% in 2030. Thetotal urban population will actually
grow morethan six-fold from 0.74 billionin 1950t0 4.98
billionin 2030, when about four-fifthsof city dwellerswill
reside in less-developed regions. In fact, most of the
expected world population increase from 2000 to 2030,
whichisexpectedto amount 2.21 billion new inhabitants,
will be concentrated in urban areas, namely on less-
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developed regions, where it will exceed 2 billion new
residents. For the same period, theaverageannual growth
rate of 1.85% for population in urban areas will almost
doubletheannual ratefor thetotal population of theworld
(1.04%). Seventeen megacities, exceeding 10 millionin-
habitants each, can be found in the world today.

The image of the city has evolved accordingly, from
socially coherent and spatially circumscribed entitiesto
complex juxtaposition of boundlessurban processes(Amin
& Thrift, 2002). In his seminal book, Peter Hall renders
some theoretical visions of the urban phenomenon start-
ingwiththeinfluential ideasof Ebenezer Howard (Garden
Cities) and Patrick Guedes (Regional City) at the turn of
the 19th century and developing contemporary views,
including: Corbusier’ scitiesof towers; autonomous com-
munities; automobile suburbs; institutionalized land-use
planning and its counterpart; and the city asamachine of
wealth creation (Hall, 2002). But at the end of the 20th
century, a new paradigm has emerged with Castells’
“Informational City” (Castells, 1991). Aspointed out by
Susser (2002), “therestructuring of capitalisminvolved,
first the concentration of knowledge as the source of
profit and, secondly, the export of productiontoincrease
profitability”, requiring “ aflexibleorganization of manu-
facturing and greatly increased subcontracting, so that,
as a consequence, horizontal, loosely connected net-
worksdirected by elite experts at the centre replaced the
vertical integration of the industrial era.”

Whilethese visions enhance one or another aspect of
theurbandaily life, most agreethat citiesarecharacterized
by dense and heterogeneous singularities of people and
buildings in a specific place, or as proposed by Spiro

Figure 1. Evolution of world’s urban and rural populations (Source: United Nations, 2002)
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Kostof (1991), “cities are places where a certain ener-
gized crowding of people takes place”. And he adds that
a city has “nothing to do with absolute size or absolute
numbers: it has to do with settlement density”. This
density, among other possihilities, increases the oppor-
tunities for social networking (Breheny, 2001), one of
the main enablers of localized innovation and entrepre-
neurship. As pointed out by Zook (2001), “despite the
space transcending ability of Internet technology, |[...]
the commercial Internet clustered in afew regionswithin
the United States during the period from 1994 to 2000.
The existence of these agglomerations runs counter to
expectations that the Internet would bring the “end of
geography”.

The convergence of fresh interpretations of the urban
processesand the new promisesof |CT, particularly those
related withvirtual communitiesand virtual reality, created
the necessary background for the devel opment of anovel
imagining of thecontemporary city: the“digital city”. This
original concept proposes “to build an arena in which
people in regional communities can interact and share
knowledge, experiences, and mutual interests. Digital cit-
iesintegrate urban information (both achievable and real
time) and create public spaces on the Internet for people
living/visiting thecities” (Ishida, 2002).

The first known “digital city” was based on
Amsterdam’ swell-studied community network experiment
in 1994 (DDS - De Digitale Stad), based on the FreeNets
and Community NetworksintheUnited Statesand Canada.
The goal was to provide an electronic space for political
discussion and participation in the ten weeks that pre-
ceded local elections. The initial success (10,000 regis-
tered users in the first weeks) quickly transformed a
“grassroots and subsidized initiative [...] into a non-sub-
sidized not-for-profit organization, with a turnover (in
1997) of about $500,000, and employing (in 1998) morethan
25 persons(all together filling 17 full-timepositions)”. The
revenues, at that period, came mainly from services like
consulting, hosting, sponsorships, and advertisement.
Despitetheincreasing number of registered users (150,000
by January 2001), the demand for these services declined
steadily due to, among other factors, the ever-growing
competition, and, consequently, the sustainability was
threatened. The lack of funding prevented some strategic
functional or technological upgrades and contributed
decisively for the downward spiral that forced some of its
most important assets to be either discontinued (content
production) or sold (school portal, Internet access and
Web hosting services) until the DDS became a stripped-
downcommercial Internet Service Provider in 2001 (http:/
/www.dds.nl/). As brought out by van den Besselaar,
Melis, and Beckers (2000), “...similar initiatives were
undertaken in the Netherlands. Some of these failed,

while others remained much smaller, less developed,
and less visible. This indicates that the success of the
DDSwashighly contextual, based ontiming, and on the
local Amsterdam cultural setting” (see also van den
Besselaar & Beckers, 1998; van den Besselaar, 2000).

Another very well-known early experiencewasbased
inthe“Kyoto Digital City” project, aslaunched by NTT
and Kyoto University in 1998 aiming to “create next-
generation systems for digital communities and to ex-
plorebasicresearchissues’ (Ishida, 2002, 2004). A three-
layered model, strongly connected withthereal city, was
proposed and consisted of three layers, namely: (a)
information layer (real-time data acquisition and data-
bases); (b) interfacelayer (2D mapsand 3D virtual real-
ity); and (c) interaction layer (community building and
communication). Thefirst phaseof theKyotoDigital City
wasdeveloped and housedinthe NTT Open Laboratory,
aimingto“promoteresearchwithout restraint”, and where
the subjects “were discovered while doing it, the re-
search paperswerepublished afterwards” andthe“norm
was"“movethenthink”. Nevertheless, asclearly noted by
Ishida (2002), this open environment failed to solve
institutional issues, including research ownership, and
“this misunderstanding terminated the project, which
was initially supposed to run for three years, after one
and ahalf years’. Then, the Digital City Kyoto Experi-
mentation Forumwasfoundedin 1999, including univer-
sities, local authorities, other organizations and indi-
viduals. ItsWeb presence (http://www.digitalcity.gr.jp/
index-e.html), the “Digital City Kyoto Prototype”, pro-
vided 34 servicesdividedinfour categories(information,
community, showroom, and laboratory), including per-
sonal Web sites, ageoreferenced city guide(i.e., GeoLink,
with morethan 5,000 links) and avirtual representation
of shopping streets(i.e., 3D Kyoto). After two yearsand
only 150,000 accesses, this second phase ended in Sep-
tember 2001.

The two projects mentioned earlier has influenced
over the last decade many city developments and guide
“digital city” projectsover theworld. However, context
creation, mobilization, sustainability and adequate orga-
nizational and institutional frameworks seemto becriti-
cal whiledesigning, implementing and exploiting digital
cities (Heitor & Moutinho, 2004a) and have raised the
process of looking for best practices. The question is
that analysis has shown us to reject the notion of the
“one best way” and that networked places need to be
designed holistically, coping with change and continu-
ously assessed in order to accommodate humanity. The
following paragraphs reinforce this hypothesis by dis-
cussing Portuguese experiencesin mobilizing theinfor-
mation society at urban and regional levels.




BUILDING THE EVIDENCE: CASE
STUDIES FROM PORTUGAL

Portugal explosiveurbanizationrate, asindicated in Fig-
ure 2, was one of the motivations to study the co-evolu-
tion of urban development and telecommunication ser-
vicesandinfrastructures, intermsof aknowledge-rel ated
view of theterritory.

The evidence presented in this section is built on the
analysis of sample projectsfor digital citiesand regions
in Portugal, which have been structured around the el ec-
tronic provisioning of local government administrative
services, complemented by some pilot projectsin areas
such ase-businessand telemedicine (Heitor & Moutinho,
2004b).

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
thetotal investment) and the European Union (75% of the
total investmentsthrough the European Regional Devel-
opment Fund). Private investments were insignificant.
Theprograminvolved 5small and mid-sizedcities(Aveiro,
Braganca, Guarda, MarinhaGrande, Castel o Branco) and
2 rural regions (Tras-os-montes and Alentejo), asidenti-
fiedinFigure3, aimingto: (a) improvethequality of lifein
cities; (b) contribute to development of peripheral areas;
(c) improvelocal economy and employment; and (d) fight
info-exclusion and help citizenswith special needs(MCT,
1997).

Alentejo and Tras-os-Montes are remote agricultural
regions, among the least developed in Portugal and Eu-
rope, sparsely inhabited by an aging population. Both
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projects were designed to create new opportunities for
the local population, mitigate social and economic dis-
parities, promoteregional networking and providepublic
administration electronic servicesto peripheral local par-
ishes.

Aveiro is developing atrue innovative and entrepre-
neurial image, in particular connection with the local
university and the local branch of Portugal Telecom,
which includes important research and development ac-
tivities. On the other hand, Marinha Grande is particu-
larly engaged in traditional, labour-intensive industries
andthedigital city project hasbeen particularly promoted
through the industrial network associated with the local
mouldsindustry. Boththesetwo projectsinvested mainly
on local competitiveness and competence building.

Braganca, Guarda and Castelo Branco are periph-
eral cities with relative regional significance. Their ap-
proach was to support the adoption of information and
communication technologiesby individuals, firms, asso-
ciationsand|ocal government and other public organiza-
tions.

In terms of regional penetration, the projects listed
earlier 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 alimited number of projects (Aveiro, Braganca,
Tras-os-Montes).

It should be noted that, at |east for theinitial projects
analyzed here, theinstitutional framework established by

Figure2. Percentage of populationlivingin urban areasfor Europeand Portugal for the period 1950-2030 (estimates

since 1991) (Source: United Nations, 2002)
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the central government was quite flexible and fostering
local voluntary initiatives. It was based on the simple
provision of guidelinesfocused on providing content and
services related to local public administration and to
specificactivitieswithsocial implications(e.g., healthcare),
economic impact (e.g., business-driven corporate net-
works for regional competitiveness), and aimed to pro-
mote cultural contents (Aveiro, 1998, 2001; Braganca,
2001). Initiativesto mobilize and promotethe adoption of
the Information Society were part of variousapplications,
although not always considered at the required level, at
least beyond that given to the implementation of infra-
structures (Aveiro, 2001).

Braganca Digital focused on creating basic ICT in-
frastructures and wireless networking environment for
local government buildings, health institutions, educa-
tional institutions, and local employment agency to pro-
vide information and services to local citizens. Other
initiatives included the provision of local products
(www.rural.net), health, educational and e-business ac-
tivities(Braganca, 2001).

Guarda Digital was promoted by and organization
formed by the municipality, local educational institutes,

Figure 3. Identification of main projects for the specific
development of digital citiesand regionsin Portugal, as
established over the period 1998-2000, making use of
European structural funds (Source: Heitor &
Moutinho, 2004b)

Braganca
Digital

Tras-os-Montes
Digital

Aveiro
Digital Guarda
Digital

Castelo Branco

Digital Digital

Alentejo
Digital

associations and the incumbent telecommunication op-
erator. Itincluded pilot projectsin healthcare e-business,
teleworking and educational initiatives (http://
www.ipg.pt/adsi/).

Castelo Branco Digital aimed to connect all public
institutions (municipality, social security and health in-
stitutions) and local associations (sports, culture and
business) to provideanintegrated information network to
citizens and tourists. For example, it has included the
provisioninrich mediaof old Portuguesetheatre contents
(http://www.cm-castel obranco.pt/cb_digital/).

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 providebusiness-rel ated (mould,
plastics and glass) content and services and on facilitat-
ing communication among companies and clients. Other
initiativesincluded acentre of advanced telecommunica-
tions to promote the use of the Internet (http://
www.marinhagrandedigital.com/).

Tras-os-Montes Digital included regionally-based
Web contents (i.e., 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 ser-
vicesin rural areas. An important feature of this project
is the support network constituted by 84 service centers
scattered throughout theregion that provide public Internet
access, aswell as human support to help citizens' interac-
tions with new technologies (http://www.espigueiro.pt/).

Alentejo Digital brought together 47 municipalities
and three regional agencies to create a regional infor-
mation network to provide services and territory-re-
lated content to citizens and local firms through re-
gional Web-based contents. The main objective was to
enable local government teams to learn, use and pro-
mote new technol ogies, namely computer network man-
agement 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 (http://
www.alentejodigital.pt/). 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.
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Table 1. Sample “ digital city” projects analyzed in Portugal (1998-2000) (Source: Heitor & Moutinho, 2004b)

Projects Physical Infrastructures Content Context (e)
(non-physical infrastructures)
Networking and Infor mation Infor mation Interactive
Connectivity (a) Systems (b) Services (c) Services (d)

Aveiro Local health Local public City guide; e-business, Community
institutions administration | Entertainment, | Agriculture; building based
communication management Arts & culture | Job on city
network; Internet information initiatives; opportunities; | metaphores
accessin public systems; Loca Environment;
schools; People Justice court government Teleworking
with special needs | Intranet; GIS | Web site

Braganca Municipality Municipality City guide; e-business;
communication management Loca Telemedicine;
network; Internet information government Agriculture
accessin public systems; GIS | Web site
schools

Guarda Internet accessin Local e-business;
public schools government Telemedicine;

Web site Teleworking

Marinha Advanced Local Mobilization

Grande telecommunication | industries of firmsand
demonstration Knowledge public
centre; Internet network institutions for
accessin public (Glass, theuseof ICT
schools moulding and

plastics)

Castelo Municipality City guide;

Branco communication Loca
network; Internet government
accessin public Web site; Art
schools & culture

Tras-os Internet accessin Content Regional Telemedicine;

montes public schools management Portal Agricultural

Digital platform Network; Job

opportunities

Alentgjo Intranet for 47 Content Regional Job

Digital municipalities management Portal opportunities

platform

(a) Networking and connectivity includes communication networks and I nternet access.
(b)  Information Systemsincludestechnological componentsthat 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 buildinginitiatives.

THE IMPORTANT ROLE OF
COMMUNITIES OF PRACTICE IN
DIGITAL CITIES: FOSTERING
LEARNING NETWORKS

The evidence of the projects discussed earlier show that
wemust extend our analysisfromatechnocratic paradigm
of technical change and look at broader system design
fostering societal developments. In particular, theexperi-
ence of projects such as those developed in the cities of

Marinha Grande and Aveiro clearly shows the impor-
tant mutual relationships that specific project-based
communities have on the facilitation of network societ-
ies, but also the fact that the implementation of digital
cities may significantly improve the efficiency of those
communities. In the following paragraphs, we extend
this evidence and argue that the success of digital cities
rely on the specific development of communities of
practice, namely those integrating knowledge networks.

We refer to project-based communities, oriented to
specific social and economic goals, that will benefit, and
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gain from, digital networksif particularly challenges by
knowledge-based activities. In the case of Marinha
Grande the evidence is that economically-oriented net-
works based on mould-forming companies has particu-
larly launched business networks, which still require
long-term processes and continuous funding, as well as
adequate institutional setting. In this case, it should be
noted the role of the related industrial association and
technology centre in promoting the necessary links and
networking facilities, which again support our previous
analysis of the need to consider basic framework condi-
tions.

Inadifferent scale, but also using relatively reduced
level of incentives, namely at an international scale, the
evidence provided by the RuralNet Project developed in
thecity of Braganca al so showsthecritical importance of
project-based mechanism to support and sustain digital
cities. But of specificinterest in our context, are some of
the activities developed in Aveiro, in that knowledge-
based activities could promote and sustain digital net-
workswell beyond the period under which publicincen-
tivesweremade available.

The reason why knowledge-based activities are par-
ticularly prone to foster and sustain digital networks is
becausethey will increasingly rely on* distributed knowl -
edge bases”, as a systematically coherent set of knowl-
edge, maintained across an economically and/or socially
integrated set of agents and institutions, as discussed by
Smith (2000) and Conceic¢éo, Heitor, and Veloso (2003),
among others. The relevance of considering distributed
knowledge bases across economically and/or socially
integrated set of agents and institutions leads us to the
concept of social capital. In the broadest sense, social
capital is associated with the “social capabilities’
(Lamoreaux, Raff, & Temin, 1999) that allow acountry or
regiontomoveforwardinthe processof development. In
a more sophisticated treatment, Coleman (1988) states
that social capital is“avariety of different entities, with
two elementsin common: they all consist of some aspect
of social infrastructure, andthey facilitate certain actions
of actors—whether personal or corporate actors—within
the structure.” The relationship of social capital for the
economic performance of nations was recognized by
Olson (1982) and North (1990), in broad descriptions of
the process of development.

Referring again to the evidence provided by some of
theprojectsdiscussed earlier, namely thoseat Aveiro, the
role of higher educationinstitutions appear to be particu-
larly important in fostering network activities, namely in
theform of knowledge-based communities. Following the
analysisof Castellsand Hall (1994), “ittakesavery special
kind of university, and a very specific set of linkagesto
industrial and commercial development, for auniversity
to be able to play arole it often claims to play in the

information-based economy”. Definitely, those techni-
cal universities that are pure teaching factories, or work
under a bureaucratic structure, are unlikely to act as
generatorsof advanced technological milieu. Again, this
recallsour attentionto therole of institutionsin planning
digital citiesand promoting their impact.

Still in this context, Mitchell (2004) argues that the
most obvious advantage of digital networking is that it
provides an efficient way of “aggregating specialized
expertise” through“ common accessto project databases,
compatiblesoftwaretool s, and advanced tel ecommuni ca-
tion capabilities.” But, he emphasizesthat “it does little
about the problems of creating trust and confidence, and
of building intellectual and social capital for the long
term”, requiring the development and maintenance over
weeks and months of “project-based |earning communi-
ties” looking at acommon and complex target. Longterm
collaborations can provide amore permanent framework
of online resource-sharing, and examples of such an
initiative shows the need to bring scale and diversity,
beyond time. Based on this example, Mitchell concludes
that we should ook beyond the popular idea of learning
communitiesand seek to produce communitiesthat “ mo-
tivate and sustain creative discourse yielding original
intellectual products such as architectural and engineer-
ing designs’, the so-called “ creative communities”.

DISCUSSION: THE SOCIAL AND
CULTURAL SHAPING OF ICT

Our discussion is framed within three main levels of
analysis, namely infrastructures, contents and context,
which are comparable with those schemes that consider
five mainsaspects, namely: infrastructure, access, appli-
cations and services, digital content development, and
ICT skillsdevelopment (Tsipouri, 2002). Infact, theevi-
dence provided by Lena Tsipouri throughout Europe
leaves us to jointly consider the first two levels under
infrastructure, aswell asto join application and services
and digital content developments into a single level of
analysis. In addition, we broaden the scope of the so-
called I CT skillsdevelopment toinclude other contextual
issues and local characteristics of communities of prac-
tice.

In previous articles, we have focused our analysis on
the type of incentives and institutions required to allow
themobilizationof ICT (Heitor & Moutinho, 2004a, 2004b).
In this article, we focus the analysis on the cultural and
social shaping of these technologies and argue for the
need to consider human-centred infrastructures and
systems. This is because although incentives and infra-
structure greatly inform our understanding of economic
development, they do not tell the whole story about the
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differences across the various projects discussed previ-
ously. Thisisbecause both incentives and infrastructure
do not operate in avacuum, being shaped by and shaping
the particular context where they operate. In the scope
of our analysis, the city or region must have embedded
a set of social capabilities that define the context under
which digital cities evolve. Consideration of contextual
issuesin building-up network societies have not always
been considered in many different situations through-
out the world, as acknowledged by Castells (2001),
among others, and evidence shows that specific mea-
sures to promote adequate contexts and mobilize people
in the projects considered in this article have also been
scarce.

Followingtheseminal work of Mansell and Steinmuel ler
(2000), the mabilization of the information society must
overcomesomecritical uncertainties: (a) unclear expecta-
tionsrelatedtothelevel of dematerialization of social and
economic activities; (b) effective adoption patterns of
new technol ogiesby citizensand customers, particularly
influenced by accessibility, affordability and usability;
and (c¢) unpredictability of demand for interactiveservices
from bothlocalized and geographically dispersed commu-
nities. Our evidence supports the critical need for ad-
equately managing those uncertainties and shows the
necessity of effective infrastructures, incentives and
adequate institutional frameworks to be promoted over
time and across space.

But the implementation of complex technology-en-
abled infrastructures typical of digital cities calls for a
broader approach where social and cultural aspects are
integrated in early design phases to mitigate uncertain-
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ties, such as sustainability, flexibility and scalability.
Moreover, we can expect that digital citiesto have other
unexpected properties, or emergent properties, “devel-
oped by users of asystem” and “ often unbeknown to the
system designer” (Moses, 2003). Being so, the stake-
holders involved in the co-evolution of urban areas and
ICT would be better off if, as proposed by Cooley, “the
current mechanistic paradigm of technological and so-
cietal development [would be substituted by] human-
centered systems [that would] provide a powerful alter-
native philosophy for system design and a broader edu-
cational 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 systemsand society asawhole”, in
terms of “knowledge-based adaptive human-centred en-
vironments” (Cooley, 2000).

Expanding thisconceptual framework totheentirecity
or even whole regions in order to consider the way
millionsof peopleinteract withinformation and commu-
nicationtechnologiesintheir daily life, itisclear that the
initial approach to design digital cities described in the
last section need to be reconsidered. Table 2 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 (2001) 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 phi-
losophy, a new master plan, that lets people interact
naturally, easily, and purposefully with each other and

Table 2. Emerging trends in the mobilization of the information society, towards a new generation of “ digital cities’

Layer of Analysis From To Implications and requirements
Conspicuous objects | Invisible Embedding ICT infrastructures in
infrastructure urban daily life, fostering human-
centered systems
Infrastructure/aceess Fixed access Roaming Competitive mobile services and

improved regulatory framework for
increased individual participation

One-way distribution | On-line Specific knowledge of ingtitutiona
of information collaboration and | and local contexts in order to help
Content/ services participation developing inter active contents
Web functionalities Networked New competences in content and
Activities services development, enhancing

user activitiesand networks

Technology supply

Mobilization of
users

Mobilizing “change agents’ to foster
communities of practice (CoPs) and
user involvement

Human and social

Context Standards

Interoperability

Building individual and social
competences through knowledge-
based adaptive human centred
environments
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the surrounding physical world”. And he adds, “to put it
in action requiresthree 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”.

Norman (1998) noticed that, in fact, technological
systems tend to increase internal compl exities exponen-
tially tomeet the continuous evol ution of usersneeds, but
its interfaces are likely to be constantly simplified to
perform specific activitiesto abroader base of users. The
opportunities and possibilities of the co-evolution of
urban development and | CT are so vast that thisstrategy,
“edgetocore”, would bemoreappropriated toimplement
thenext generation of digital cities. It startsby finding out
the critical interfaces between city dwellers and its sup-
porting ICT infrastructure and only then devel oping ob-
jective technology-enabled services to meet existing or
potential demand.

On the other hand, the number of potentially con-
nected nodes within urban environments has signifi-
cantly increased inthelast coupleof years(seeFigure4),
and includes GSM/GPRS wired PDAs, Wi-Fi enabled
laptops, 3G mobile phones, ADSL connected game con-
soles and entertainment PCs, Bluetooth tablet PCs,
Videophones, Interactive TV s, real-timeenvironment sen-
sors(e.g., air and water quality), large databases (corpo-
rations, libraries, museums, public administration), GPS
oriented cars, and GPS traceable trucks and buses. New
layers of territory-related data and information are be-

ing created on a daily basis, like municipal geographic
information, Internet city guides, interactive maps and
routes, and 3D worlds. To cope with this increased
complexity, anew technology must add another layer of
distributed computing and data management to the cur-
rent 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 sys-
tems that will sustain daily life.

Grid computing, asdescribed by Berman, Fox, and Hey
(2003), can be the“ computing and data management and
infrastructure that will provide the electronic underpin-
ning for a global society in business, government, re-
search, science and entertainment. Grids, integrate net-
working, communication, computation andinformationto
provide a virtual platform for computational and data
management in the same way the Internet integrates
resourcestoformavirtual platformforinformation. [ They]
are intrinsically distributed, heterogeneous and dy-
namic.” 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.

The current grid model has a 4-layered architecture
that includes (Figure 5):

Figure 4. Grid resources linked together in a “ digital city” infrastructure
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1.  hardwareresources, 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.

The vertical layers represent new devices, and insti-
tutional arrangements to create common policies, grid
economy and a open global-area networking (Foster,
2003). We argue 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 comple-
mentary vertical layer). Thisterritory-related additional
layer could be enabled by specific knowledge-driven
ontology (Fensel, vanHarmelen, & Horrocks, 2003), natu-
ral language(L enci, Calzolari, & Zampolli, 2002) and/or the
semantic Web capabilities for “handling and support for
knowledgeprocessing” (DeRoure, Jennings, & Shadbolt,
2003).

If one considers the broad social and economic con-
text under whichdigital citiesmay befacilitated, we must
consider the conditionsfor integrated | earning processes.
This has led Conceicéo, Heitor and Lundvall (2003) to
build on Lundvall and Johnson’ slearning economy (1994)
and to discussthelearning society intermsof innovation
and competencebuildingwith social cohesion. They view
innovation asthekey processthat characterizes aknowl-
edge economy understood from a dynamic perspective,
while competence is the foundation from which innova-

Building Human-Centered Systems

tion emerges, and which allows many innovations to be
enjoyed. In other words, it contributes both to the “gen-
eration” of innovations (on the supply side of the knowl-
edge economy) and to the “utilization” of innovations
(on the consumptions side of the knowledge economy).
Conceptually, the foundations for the relationship be-
tween learning and economic growth have been ad-
dressed in the recent literature (Bruton, 1998), with
learning being reflected inimproved skillsin people and
in the generation, diffusion, and usage of new ideas
(Conceicédo & Heitor, 2002).

Learning can occur in many shapes and forms, some
of whichareinformal, someformal. Asdescribed before,
theinstitutional framework that comprisethenational and
regional systemsof innovation formalizethetechnol ogi-
cal infrastructure critical to generate the learning pro-
cessesfor individuals, firms, and nations, that ultimately
leadtolong-term devel opment. Thus, |ooking at aparticu-
lar set of organizations, their capabilities and related
institutions, provides important lessons for develop-
ment.

The analysis previously noted is broad in scope and
considersnetwork societiesaswide social and economic
processes, which we argue occur across time and space
and require the dynamic adaptation of infrastructures,
incentives and institutions, in away that calls our atten-
tionfor theneedtofoster |earning societies. However, the
evidence of the projects discussed in this article show
that we must extend our analysis to other aspects of the
learning society. Thisisbecausethe experienceof projects
such asthose developed in the cities of Marinha Grande
and Aveiro clearly shows the important mutual relation-

Figure 5. Layered architecture of a semantic grid enabled digital city (Modified from Berman, Fox, & Hey, 2003)
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ships that specific project-based communities have on
thefacilitation of network societies, but also thefact that
theimplementation of digital citiesmay significantly im-
prove the efficiency of those communities.

Withinthisperspective, our analysiscallsfor policies
that consider long term approaches of dynamic environ-
ments, which require to be continuously monitored and
evaluated. Specific incentivesfor infrastructures should
continue, but articulated with the need to foster knowl-
edge-based adaptive human-centred environments as
drivers of larger communities of users. This requires a
continuous public effort, but also a better understanding
of the effectiveness of the mix of public support mecha-
nisms and private incentives for the development of
digital cities.

CONCLUSION

The co-evolution of urban environments and ICT is
analyzed in terms of the social and cultural shaping of
information technologies and related uncertainties for
their application to regional and urban contexts. The
analysis is based on observations in different Portu-
guese metropolitan areas and regions with the ultimate
goal of increasing regional competitiveness, by pro-
moting public awareness and participation in decision-
making processes. It is argued that the territory is a
basic infrastructure that justifies and invites for the
construction of several layers of information, but above
all for communication infrastructures and digital con-
tents well arranged with local contexts. It is suggested
that knowledge driven communities as particular forms
of communities of practice are important drivers of
larger communities of users.

Our analysis led us to suggest that while the role of
communities of practice needs to be re-examined, the
cultural and social shaping of information technologies
requiresthe specific devel opment of human-centred sys-
tems. We refer to “edge to core” strategies for the next
generation of digital cities.

Our reflections were based on the need to consider
uncertainty in the mobilization of ICT, which requires
individuals, firmsand organizationsto operatein dynamic
environments, where markets and technol ogy are chang-
ing fast and in unpredictable ways. This calls for the
need to combine flexible infrastructures and adequate
incentives with institutions, to foster the necessary
context for digital cities to succeed. The new paradigm
of semantic grids can help ICT complexity to be allevi-
ated and become an invisibleinfrastructure embedded in
urban daily life.
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KEY TERMS

Digital City: Thisconcept encompassesadiversified
number of approaches to the co-evolution spatial devel-
opment and thediffusion ICT. Schuler (2002) hasidenti-
fiedfivebasicdesign patterns: (a) digital city asahighly-
wired territory; (b) community network; (¢) 3D or 2D
representation of physical cities; (d) local government
portal; and (e) commercial city guides. While the first
example concentrates on digital infrastructure, the other
four are manifestations of different aspects of urban
everyday life on the Internet. Recombinations aswell as
wholenew patternsthat emulatethehhugediversity of real
citiesare also emerging. In the context of thisarticle, the
digital cities are presented in terms of a technology-
enabled and knowledge-based view of the territory to
strengthen social networks, promote metropolitan sys-
tems of innovation and foster competence building.

Semantic Grids: Merger of two concepts: Computer
Grids and Semantic Web. Computer Gridsintegrate net-
working and communication infrastructures, heteroge-
neous computational resources and distributed data to
provideavirtual platformfor global computing, visualiza-
tion interfaces and data management without regard to
geographiclocation (Berman, Fox, & Hey, 2003). Semantic
Web “is an extension of the current Web in which infor-
mation is given well-defined meaning, better enabling
computers and peopletowork in cooperation” (Berners-
Lee, Hendler, & Lassila, 2001). Semantic Grids are
computer grids that extend its capabilities to enable
“information handling and knowledge processing” as a
“service-oriented architecture in which entities pro-
vides services to one another under various forms of
contracts”. Thus, semantic grids' “environment is com-
posed of data/computation services, information ser-
vices and knowledge services” (De Roure, Jennings, &
Shadbolt, 2003).

Territory-Related Ontology: Descriptive speci-
fication of terms and their respective relations, within
the context of a physical or virtual space. It is an ab-
stract, although explicit, conceptualization used to de-
scribe, comment and exchange knowledge and meaning-
ful content among computational resources and users of
a geographical domain.
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