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Abstract. The development of spatial data infrastructures is often the victim of an
excessive focus on data and standards. In this paper we use the hermeneutics of Gadamer
and Habermas to understand the problem of how spatial data infrastructures (SDI) can
succeed, both in emergent and developed countries. We use Gadamer’s concept of
phronesis to show how being an application-driven project is a key for success, and
Habermas' view of knowledge to show the importance of emancipatory knowledge (a
form of knowledge that combines practical and technical knowledge) in the
implementation of SDIs in transitional economies. A case study on a GIS project in Belo
Horizonte, Brazil, is presented. The project has been continuously evolving for fifteen
years, even though it started with a focus on data and standards, and generated a strong
and active spatial data infrastructure for the city. The reasons for success were manifold,
but we highlight the application-driven nature of the project and the combination of
multiple disciplines and multiple levels of expertise (ranging from practical to
theoretical) in the team responsible for its design and implementation.

1. Introduction

In the call for papers for this specia issue, Georgiadou et a. (2004) warn us that both
theory and practice of current research into SDIs focus “strongly on issues related to
gpatial data and their accessibility (for example, issues of standards and interoperability)”
and contribute “significantly to the unrealized benefits of SDI”. Although we agree with
them in that a strong focus on data is a frequent cause of failure as can be seen in the GIS
literature, we present in this paper a project that succeeded n a transitional economy
(Brazil) despite having started with an enormous investment in data and with its first
project being directed to data exchange. Why did such a project succeed? What were the
causes that avoided failure and led to a strong and thriving spatial data infrastructure?
These are the questions that this paper will address based on two assumptions. First, we
understand that knowledge is decisive to the development of transitional economies.
Second, we discuss a hermeneutic view that knowledge, by itself, without an application,
is meaningless. The knowledge that is needed by transitional economies is applied
knowledge. Notice, however, that this problem aso occurs in developed economies,
where sustainability of IT projectsis not atrivia issue. This paper will show that many
solutions that have been adopted in Brazil could aso be applied in devel oped countries.

There is a consensus that knowledge is decisive for development. Economies are
created and sustained on the foundation of information, learning, and adaptation, and not
only with the accumulation of physical capital. Nevertheless, creating, acquiring, and
using scientific and technological knowledge in developing countries is a Sisyphean task
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(Sagasti 2004). A key component in the implementation of information and
communication technologies (ICTs) in transitional economies is what Braa et al. (2004)
call sustainability. It is “the challenge to make an information system work, in practice,
over time, in alocal setting. This involves shaping and adapting the systems to a given
context, cultivating local learning processes, and ingtitutionalizing routines of use that
persist over time (as well as when the researchers leave and externa funding is over)”
(p.338). One of the requirements for the sustainability of technological projects in
developing countries is that indigenous knowledge and techniques are respected,
maintained and included in the process of implementation of new technologies. The new
technologies have to be seized upon and appropriated if they are to serve the goals of
socia and human development in these countries. Otherwise, the knowledge paradigm
will only increase the already alarming levels of exclusion and inequality (Reed 2000).

We argue that Belo Horizonte's GIS project (GIS-BH), our case study, is such a
case, in which knowledge was appropriated and applied to local conditions. In order to
understand why it succeeded we will use Gadamer’s hermeneutic approach to knowledge,
presented in Truth and Method (Gadamer 1975), and Habermas three types of
knowledge, as laid out in Knowledge and Human Interests (Habermas 1971). In his work,
Gadamer studies Aristotle and the concept of techne, the knowledge “of a craftsman that
is able to make some specific thing” (p.281). But a broader knowledge, one that can be
applied to social situations, has to be a knowledge of a dynamic kind, one that determines
and guides action. Consequently it “must include the application of knowledge to the
particular task” (p.281). We will argue here that, in the project we study, applications
were the driver of everything. Although the project had an early focus on data and
standards, the fact that it was application-driven made it successful. We define
applications here in the hermeneutic sense, which is broader than the software application
sense, although both are related. Gadamer considers “application to be as integral a part
of the hermeneutical act as are understanding and interpretation” (p.275). We apply to the
understanding and assimilation of technology[Ley what he is saying about the
understanding of texts. “This includes the fact that the text (the technology, our
parenthesis), whether law or gospel, if it isto be understood properly, i.e. according to the
clam it makes, must be understood at every moment, in every particular Situation, in a
new and different way. Understanding here is aways application” (p.275).

We will discuss the development of alocal SDI from the perspective of the GIS-BH
project, from the city of Belo Horizonte, Brazil. It is a nationally-recognized initiative,
known for its pioneering nature and innovative proposals, with an emphasis on social
applications. GIS-BH also stands out for having established, early in the project, a
cooperation agreement with numerous partners for costless data exchange and
distribution. Such a broad cooperation increased the quantity and the variety of
applications, thus exerting a stabilizing effect and pushing the GIS towards becoming a
gpatial data infrastructure (SDI) on urban data. The bottom-up, applications-driven
approach that led the project to achieve the present stage of development is the focus of
this paper.

This paper is organized as follows. Section 2 presents a brief theoretical discussion
on the process of knowledge acquisition and sustainability, which is central to the
arguments presented here. Section 3 presents the development of GIS-BH, pointing out
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elements and key events that can help understanding its success. Section 4 presents the
link between our theoretical concepts and the real project. Section 5 presents a set of
recommendations for similar projects. Finaly, section 6 presents our conclusions and
indicates directions for future work on this subject.

2. Moving from Techne to Phronesis

Central to the hermeneutic approach proposed by Gadamer, and very important for our
analysis of the acquisition and sustainability of knowledge in a transitional economy, is
the fact that a given tradition or practice must be understood again and again, depending
on the context and situation. A common situation in the attempts to establish SDIs in
transitional economies is the use of packages funded by international agencies. This kind
of solution makes an intensive use of foreign expertise, which often lacks a deeper
knowledge of local conditions.

Understanding, Gadamer says, is “a special case of applying something universal to
a particular situation” (p.278). In order to understand this problem, Gadamer uses the
concept of phronesis from Aristotle. Practical knowledge, or phronesis, is a specia kind
of knowledge, as opposed to techne and episteme. Phronesis is knowledge directed
towards a concrete situation, while episteme is “scientific knowledge, knowledge of what
isuniversal, of what exists invariably” (Bernstein 1983). Techne corresponds to technical
know-how, and can be learned and forgotten, while ethical reasons cannot. Gadamer’s
intention was to show that knowledge cannot be understood by itself. Instead, it must not
be “detached from a being that is becoming” but it is “determined by it and determinative
of it” (p. 312).

Also related to Gadamer’s position is the idea of knowledge as a fundamental
component in development. A World Bank report (The World Bank 1999) suggests two
views of knowledge. First, knowledge about technology, technical knowledge or know-
how. Thisis the software engineering aspect of SDI. Second, knowledge about attributes.
This is knowledge about the needs and local conditions. The lack of the latter generates
“information problems” (The World Bank 1999). This perspective of knowledge refersto
the results of the use of technology. These results should include geographic information
systems that address information issues of public health, transportation, security, and
other matters of interest of developing countries.

Habermas (1971) has a more precise elaboration of knowledge and of how it can be
used as an emancipatory instrument. For him, knowledge can be seen in three different
categories. Firgt, there is “information that expands our power of technical control” (p.
313). Second, there are “interpretations that make possible the orientation of action
within common traditions’ (p. 313). And finally, and more importantly, there are
“analyses that free consciousness from its dependence on hypostatized powers’ (p. 313).
Habermas (1971) names the three categories of possible knowledge as technical,
practical, and emancipatory. Emancipatory knowledge is achieved by the combination of
the other two types of knowledge. We argue that emancipatory knowledge will be
acquired by developing countries through an adequate use of the technology. Our
expectation about the potential use of SDIs in transitional economies can also be seen as
an extension of Habermas' position about the possible kinds of knowledge. We argue that
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in order to be successful in transitional economies, SDIs have to play the role of
emancipatory knowledge.

This is precisaly the case in GIS-BH, in which the need to stabilize the project, both
politically and financialy, along with the need to ensure continuity and sustainability,
caused the project to be developed in a bottom-up and applicationdriven fashion. As the
detailed account presented in the next section shows, even though the project’s initial
goals were ambitious, their realization took place over along time — over fifteen years —,
through a succession of cautious, localized, and often negotiated actions that created and
maintained a favorable environment for the development and expansion of the GIS and
its use.

3. Belo Horizonte: From Mapping to GIS to SDI

Belo Horizonte is the fourth largest Brazilian city, with a population of more than 2.2
million people, spread over 335 sguare kilometers, and is the center of a metropolitan
area that houses over 3.5 million people. Belo Horizonte's GIS development effort has
started in 1989, and is continuously evolving ever since. Throughout its history, GIS-BH
has received awards, has been widely presented in the form of invited lectures at many
events nationwide, and has generated a body of over 200 publications, including
dissertations and theses, academic papers with technologica and methodological
innovations, conference papers about applications development, and technology
dissemination articles. The project’s priorities lie in social applications, including
education, health, transportation, traffic and environmental control, anong many others.
The authors of this paper have both been members of the GIS-BH team for many years,
and currently cooperate with their colleagues that are still working in the project through
academic, technical, and personal links.

GIS-BH was created as part of the administration’s response to the numerous new
challenges presented by the 1988 Brazilian Congtitution. The new constitution
emphasized a shift of responsibilities from the Federal and State levels to the local level.
Various public services, sich as health, basic education, water and sewage, energy,
trangportation, and traffic were transferred from other levels of government to the
municipalities, along with regulations and standards that placed additional pressure on
them to be more responsive towards the demands of the citizens. Municipal governments
were also expected to be much more accountable and transparent, providing detailed
information to the public in order to allow the effective exercise of the democratic right
of participation.

In the early nineties, many GIS projects were amost exclusively driven towards
revenue increases, following a sales pitch presented by many vendors and consultants.
According to these “specialists’, deploying a GIS would cause enough revenue increases
to pay for the entire technological investment in a very short time. In fact, methodol ogical
shortcomings and lack of consistent updating caused cadastral bases for taxing purposes
to be quite outdated and flawed, thus data checking or updating effort were likely to have
caused revenue increases anyway — regardless of the use of GIS. For that reason, most
urban GIS projects in Brazil were led by tax collection departments, rather than by urban
planning departments, or even by IT departments.
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In Belo Horizonte, GIS was developed at the municipal IT company (Prodabel),
which was also responsible for the city’s cartography. This unusua scope of activities
enabled Prodabel, early in the project, to form a team of specialists in several IT areas
(databases, information systems, computer graphics) as well as in fields such as urban
cadastre, cartography, surveying and others.

Concern on multiple uses of the data was present early on the project. Ensuring the
level of investments and political support required to push the project forward, at a time
when this technology was largely unknown, required project managers to propose
applications in many different areas. Project managers were aso able to convince
decision makers throughout the administration that a solid base map was required in
order to provide adequate support for the thematic applications.

With this, Belo Horizonte's GIS faced, early on, three important challenges: (1)
building a general-purpose database, (2) developing a wide range of applications, mostly
in social fields, and (3) keeping this database up-to-date, as required by the applications
(Davis Jr. and Zuppo 1995).

The first challenge is directly related to research in topics such as data transfer
standards, evolving towards interoperability, and then on to semantics and ontologies.
This caused part of Prodabel’s GIS team to evolve into a research team, continuously
seeking innovative approaches and solutions to all these themes, often in cooperation
with universities and research centers (See (Davis Jr. 1995; Fonseca and Davis Jr. 1999,
Fonseca, Egenhofer et al. 2000; Davis Jr. 2002; Fonseca, Egenhofer et a. 2002) for a
sequence of research initiatives conducted along that path) .

The second challenge regards arguably the most important aspect of GIS as a
technologica tool, which is its interdisciplinary nature. From this, the involvement of
specialists from each application area was required, thus forcing the establishment of
strong connections between Prodabel’ s original GIS team and thematic specialists in each
of the city’s departments, particularly in health, education, sanitation, transportation,
planning and licensing. In each of these areas, GIS became a tool geared towards
technical activities, used directly by technicians, with IT and base map support by
Prodabel.

The third challenge required an approach being neither academic (as the first) nor
integrational (as the second). Updating such a varied database (currently comprising over
6 million objects, distributed through over 300 object classes) required a strong
coordination of efforts and cooperation with external agencies (utility companies, state
government departments, federal institutions, universities, and others). In turn, this drive
towards cooperation provoked an interest in data sharing among the municipal
administration and these external actors, which expanded even more the range of GIS
data and applications, thus forming a virtuous circle, leading to increased data quality,
interoperability, and scale gains.

In this section, we describe the development of Belo Horizonte’'s GIS since 1989,
showing in detail how these challenges (and others) were met, leading to what can be
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construed as the foundations of a true SDI for the city. We divide this period into three
phases. The first phase corresponds to the initial capacity building, including initial data
set creation, hardware and software acquisition, personnel training, and initial
applications development. In the second phase, the GIS acquires more meturity, shifting
the focus to sustainability through the deployment of a wide range of applications and the
assurance of data quality through maintenance routines. The third phase corresponds to
the maturity of the GIS, a phase in which the accumulation of knowledge and experience
with urban GIS leads to a more secure definition of goals and to a vision of the role this
technology can play in the future of local government. In this phase, a new technological
architecture (Davis Jr. and Oliveira 2002) starts to replace hardware and software from
the early 1990s, data sets are renewed, and an already wide cooperation agreement gains
further momentum. Each of the phases will be described in detail through the next
subsections.

3.1. Initial Capacity Building (1989-1992)

This phase began as soon as the decision was taken to create a new base map, in
electronic form, for the city of Belo Horizonte. This base map was created from a new
aerial survey, followed by extensive and detailed stereoplotting. At that time, this process
was both costly and slow: it took more than two years to be complete, and cost over US$
1.00 per inhabitant.

Figure 1 shows, schematically, how this first phase evolved, considering three main
aspects. development of the initia geographic database (GDB), establishment of
cooperation, and technology acquisition.
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Figurel — Initial capacity building

While the stereoplotted data were being developed, Prodabel started a series of
discussions with institutions and companies that were deemed as possible partners in the
use and updating of the base map. This included the utility companies (power, water and
sewage, telecom) plus severa municipal, state, and federal organizations. In these
discussions, the possibility of sharing the data resulting from the rather large investment
in database creation acted as a catalyst to push cooperation forward. Even before aformal
cooperation agreement was signed, some of the interested parties were already working
informally with Prodabel, in order to develop a data set that was deemed as strategically
important to all participants, and that would not result from the stereoplotting process: an
address database. First, cooperation involved generating a compatibility table for street
codes. Later, this evolved into the development of our first common address data set,
with over 300,000 individual addresses, georeferenced as points (Davis Jr. 1993). The
creation of the address database was further accelerated by the creation of an image data
set by the scanning of the existing analogous cadastral plans. This element also helped us
to accelerate the transition from the previous cadastral routines to the new system.

Also while the stereoplotted data were being generated, Prodabel’s GIS group took
on the creation of a request for proposals (RFP) for the acquisition of GIS software. In
this RFP, technical features of existing products were compared to the project’s
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expectations. Due to the lack of knowledge and to the lack of afair ground for feature-
by- feature comparison, the RFP was finally published containing a very broad spectrum
of good intentions, most of them applicationbased, and asked vendors for comments on
how to accomplish those ideas using their products. As a result, Prodabel purchased a
French GIS software (APIC), which was based on an object-oriented database, had a
powerful query language, and included a number of innovative features (Davis Jr. and
Borges 1994). Prodabel has been the sole user of that software in Brazil ever since. The
need to communicate with other GIS users eventually led Prodabel’s team to create a
drive towards a more complete understanding of the fundamentals of GIS, therefore
going much further than it would have been possible by simply learning the operational
aspects of the software.

The installation of hardware, the training in APIC and the delivery of the initial data
set from stereoplotting took place amost at the same time, late 1991 and early 1992 — just
before a political change in Belo Horizonte's municipal administration, mandated by the
October 1992 elections. This politica factor was very important, since the large
investment in data, hardware, and software, along with the wide discussions inside and
outside the municipal administration, led to high expectations. Also, since the mayor was
a former IT specidist, and thus able to fully understand the complexity of this process,
the project had been quite well insulated from political turbulence — up to that point.
Because of that, some initial applications were developed mostly to serve as “demos’, to
display the possibilities of this new technology. These applications were widely
showcased, at every possible opportunity (conferences, expositions, political events, and
so on), and even received a national award at a major environmental event.

At that time, however, even though all of the project’s initiatives were working
properly, some obstacles that could affect the progress of the project were becoming quite
clear. First, the proprietary GIS solution purchased by Prodabel had a number of
advantages on the technological side, but was somewhat difficult to integrate with other
information systems. Also, since Prodabel was the only user, there was no source from
which the company could hire development and training services. The solution
envisioned at that time was to increase the investment in Prodabel’s own personnel, and
to identify as soon as possible a desktop GIS alternative to APIC, in order to increase the
capillarity [Lszjof the GIS with reasonable costs. Another problem was the risk for
investment discontinuity, mostly because of the upcoming elections. If investments failed
at that phase of the project, serious problems could arise from the rapid deterioration of
data quality, and difficulties to keep up with technological evolution. To counter this
problem, a strategy to establish a firm foothold for the GIS in the municipal
administration, through a wide diversity of applications, was established. Furthermore,
specialists in each application’s field were summoned to participate in the development
efforts. At that stage, it was evident that a clear strategy for sustainability was required,
thus inaugurating a new phase in the project.

3.2. Sustainability Phase (1992-1995)

The first response for the sustainability challenge took place intuitively, in the form of the
cooperation agreement, which was under development while the first digital data set was
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being prepared. Even though an existing agreement with numerous external entities
would help, sustaining the project evidently required a continuing expansion of the user
base, and in turn that would only be achieved through more applications.

Figure 2 shows how this phase occurred, considering again three different aspects, as
in Figure 1. First, the GDB construction went on, adding to the database a number of
object classes that were important in a multi-applications environment, and corresponded
to data that could not be collected by aeria photogrammetry. These included the most
important elements of the urban infrastructure and services, street centerlines, and spatial
reference units of all kinds (neighborhoods, health care districts, census sectors, planning
sectors, and so on). The second aspect evolved from an emphasis on cooperation to some
actions developed with the purpose of promoting the system’s consolidation, through the
widest possible dissemination. Prodabel’s GIS team started to participate in many GIS
conferences, nationaly and internationally, and to publish articles on GIS concepts,
development strategies, technology, maintenance, and other aspects in all sorts of
publications. Regarding technology acquisition, in this phase Prodabel’ s multidisciplinary
team became fully operational, and started to expand its reach through new technologies
(such as desktop mapping, remote sensing, digital image processing, and others).
Research initiatives began to take place, motivated by the early publications and
participationin academic events, and fueled by the team’s technical quality.

Knowledge
Urban infrastructure consolidation and Multidisciplinary
and urban services dissemination team formation
(1992-1993) through publications (1992)
(since 1993)
Y
Dissemination Incorporation of
Centerlinescreation through academic deskt P :
(1993 and GIS user events 01%';‘4"""‘3' ng
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Figure?2 - Sustainability phase

A fundamental landmark of this phase is the development of a maintenance
methodology for the digital data (Davis Jr. and Zuppo 1995). This methodology was
developed as an adaptation of time-tested manual, paper-cartography-based routines, to
incorporate GIS as atool (Silva and Ottoni 1995). Since Prodabel’s cadastral team hed a
large experience in field work, the maintenance methodology was created with most of
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the correct concerns in mind. The most important decison here was on prioritizing the
maintenance of data that would potentially be shared among numerous applications. Data
that were merely “cartographic”, meaning object classes that were vectorized form aeria
photos solely to fulfill cartographic standards, were not considered until some application
determined its use and the adequate method for its maintenance. The development of this
methodology serves as a classical example of the fusion of practical and technical
knowledge, leading successfully to emancipatory knowledge.

In this phase, some data-related initiatives stand out, as early attempts to reach a
higher level of integration between Prodabel and its partners. Members of the cooperation
agreement conceived and agreed on a standard for data classification, which served as a
base for a broad information catalog. This experience led, later on, to a state-wide
geoinformation assets catalog. In this classification, data were regarded as being
essential, if the information is required for the operation of a given organization, or
complementary, if the information is useful for the organization, but is not mandatory for
its activities. Parallel to that, data were classified as specific, if its generation and
maintenance are part of the organization’s institutional responsibility, or as common, if
the information is usually obtained from external sources. There was also a classification
based on levels of confidentiality and privacy (Davis Jr. 2002).

Regarding standards, in this phase an attempt was made to create a data interchange
standard for the cooperation agreement, a data storage format called IIG. This standard
was neutral in respect to existing GIS software, so that it would only be necessary for
each partner to develop converters to/from their GIS from/to I1G, instead of relying on
specific converters, developed for each pair of existing GISs, or on transferring data
encoded in CAD format (Davis Jr. 1995; Davis Jr. 2002).

Agreements on data sharing were also reached in this phase. First, an agreement on
street codes and addresses made it feasible to create a street code conversion table
involving all the coding systems in use (Prodabel, power company, water and sewage
company, telecommunications company, police, and postal codes). As a result, many of
the partners revised their conventional information systems to reflect and to facilitate this
integration. An agreement on the boundaries of some commonly used spatial information
units was also developed in this phase.

To summarize, the sustainability phase was characterized by numerous efforts to
stabilize, standardize, consolidate, and evolve with the GIS towards its origina goals.
This was achieved by deepening the emphasis on applications, by increasing the GIS
team’ s technical capacity, and by extending the reach of the GIS data to as many partners
and users as possible. Making good use of the investment in the GIS has driven these
efforts, thus generating a successful strategy of turning something that was seen as
expensive into something perceived as inherently valuable, inside and outside the
municipal administration.
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3.3. Maturity Phase (1995-today)

The next phase of the project is characterized by extensive usage of GIS resources, and
by a drive towards a new technological architecture (Davis Jr. and Oliveira 2002),
through which the distribution of data and the integration with partners can be achieved
with greater ease and flexibility.

Figure 3 shows a diagram of the main actions in this period. We can now consider
database actions to be geared towards integration, since they mostly include general-
interest items, such as a new high-resolution imagery set. We can also start mentioning
definite sustainability efforts, which in this phase include greater capillarity [Ls3jthrough
the use of desktop mapping and, hopefully in the near future, Web GIS. A temporary
solution to rapid and non-bureaucratic dissemination of data was the creation of a FTP
server containing most of the shared data, with free access to municipa organizations and
partners. This server was initialy at Prodabel, but it has recently moved to a machine
installed at Minas Gerais Federa University.

Regarding the technological aspects, in this phase we can actually say that
Prodabel’s research and development efforts started producing results, materialized as
methodologies, in-depth studies, and experiments with issues that are clearly in the
project’s future. A geographic data modeling technique was proposed, and is currently
used in many organizations throughout the country (Borges, Davis Jr. et al. 2001). A new
architecture for the GIS was studied and is currently under implementation. This new
architecture incorporates elements that allow it to be interoperable and distributed, and
with a strong support for digital imagery (Davis Jr. and Oliveira 2002). Speciaists at
Prodabel are currently researching advanced subjects, such as process and action
modeling through ontologies, visuaization in large spatial and spatio-temporal databases,
and service-oriented architectures.
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Figure 3 — Maturity[LB4] phase

Another maturity aspect is the scope and range of applications. GIS-BH started the
millennium with severa working applications, not mentioning punctual efforts and
support to numerous city projects. Most of the applications cover socia fields, and
include, but are not limited to the following:

Education: distribution of students among grammar schools based on spatial
criteria. A pre-registration, in which the home address is recorded for each
student, precedes the actual enrollment in a school. Based on the address, a school
for enrollment is assigned to each student (Fonseca and Zuppo 1994; Pinto 1999).

Health care: monitoring of epidemics and diseases propagated by vectors;
monitoring of health-related socia indicators (Sousa and Bretas 1994; Pessanha
and Carvalho 1999).

Transportation and traffic: creation and maintenance of the vehicle circulation
network, including al circulation constraints; recording the location and contents
of every traffic sign in the city; bus itineraries and stops; traffic accident mapping
(Zuppo, Davis Jr. et a. 1996; Meinberg 2003).

Sanitation: recording of all garbage collection and street sweeping routes,
database of al public trash cans.

Land use and zoning: a database containing the city’s land use zones and
associated parameters.
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Par celing: reparceling and validation of illegally parceled areas; tools to compare
actual parceling with proposed/approved parceling (Peixoto 2000).

Urban planning: support for the development of Belo Horizonte's Master
Development Plan and the creation of socio-economic indicators (Oliveira, Sousa
et al. 1996).

Public safety: crime mapping and analysis (by Minas Gerais State military
police, PMMG).

Water and sewage: complete networks (by Minas Gerais State water and sewage
company, COPASA-MG).

Drainage: complete network, with engineering and maintenance details.

Power distribution: complete network (by Minas Gerais energy company,
CEMIG).

Public lighting: every lighting fixture's position recorded, along with lamp type.
Favelas (dums): mapping, support in the creation of development plans.
Economic activities: mapping, planning, concentration analysis (Oliveira 1997).

With such awide variety of applications, and a significant number of partners, inside
and outside the municipal administration, there was a clear need for a better arrangement
as to the maintenance tasks. Prodabel remained in charge of coordinating the updating of
every information class that is the potential object of interest from multiple users. With
this, a decision was reached as to the contents of a “base map”, or rather, a “basic
information set”. Basically, this basic information set includes address data, urban
cadastre, most spatial reference units, digital cartographic data, demographics (Oliveira,
Sousa et al. 1995), and imagery. Other municipal organizations or partners are in charge
of updating information that is specific to their institutional responsibility.

With this, there are actually multiple updating efforts taking place in Belo Horizonte
at the same time. For instance, a municipa company in charge of slum support and
urbanization (URBEL) is currently acquiring a new imagery set with a 10cm resolution.
CEMIG, the state-owned power company, is revising a database on public lighting, after
a process to replace mercury vapor with the more economical sodium light bulbs. Both
databases are to be shared with other partners at the end of their devel opment.

However, the maturity of GIS-BH is better demonstrated by looking at the
cooperative efforts to maintain an important part of the basic information set: the address
database. This cooperation started even before the GIS, with the compatibilizationLss) of
street codes we mentioned before. Currently, a group of professionals, representatives of
every one of the 27 organizations that signed the cooperation agreement, meet every two
weeks to discuss possible actions, to exchange knowledge on technical aspects, and to
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coordinate joint efforts. One of these efforts, recently concluded, involved severa
municipal organizations, along with the Brazilian census bureau (IBGE), the utility
companies, the Brazilian postal services and a branch of the judiciary in order to revise
and rebuild the addressing system in some favelas. This was performed with a very low
investment, and extensive sharing of resources, including human resources. data
collection was performed by heath agents and judiciary police officias; training and
methodological orientation was provided by IBGE; digitizing was performed by
Prodabel; and other partners contributed with items such as bus tickets, vehicles, plotting
and other items.

Currently, the cooperation efforts are backed by a new version of the origina
agreement, which was signed in 1993. This new version essentially preserves the terms
and definitions of its predecessor, and incorporates a new and easier process for the
admittance of new partners. This agreement has been signed by 27 different
organizations, at the municipal, state and federal governmental levels, plus private
organizations that work on socially relevant fields and/or maintain shareable information
on the city, which includes al privately-owned utility companies.

Thiskind of data, expertise, effort, and investment sharing initiatives, along with the
wide availability of general-purpose data, in standard formats, available on-line, and
housed a a “neutral” server, motivates us o begin thinking in terms of a SDI for Belo
Horizonte. Actually, the cooperation (and the interdependence that results from it) among
multiple partners, to support multiple applications, with multiple clients, correspond to
what is expected of areal SDI. Technological barriers were once grest, at the time every
partner used a GIS from a different vendor. With new technological tools, such as spatial
databases and interoperable Web-based GIS, these barriers started to diminish in
importance, and future pro-SDI elements (we can mention research topics such as
ontology-driven GIS, geospatial semantics, service-oriented architectures, OpenGIS
standards, geospatial Web services, and many more) will reduce those barriers even
further.

4. Analysis: The Link between Theory and Practice

In this section, we show how Habermas three categories of possible knowledge,
technical, practical, and emancipatory, are linked to the GIS-BH project. Then we discuss
how application, in the hermeneutical sense, was fundamental in the project. We show
where Gadamer’ s concepts of techne, episteme, and phronesis are to be found in our case
study.

4.1. Habermas Emancipatory Knowledge in GIS-BH

Habermas (1971) came up with his three types of knowledge when he was studying a
way of preserving the theoretical aspects of science while at the same time keeping its
roots on practical aspects. He says “knowledge of the apparently objective world of facts
has its transcendental basis in the prescientific world. The possible objects of scientific
analysis are constituted a priori in the self-evidence of our primary life world” (p.304).
“Once the theoretical attitude has been adopted, it is capable in turn of being mediated
with the practical attitude” (p.305).
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We start our analysis with practica knowledge. We consider that the knowledge
about the data can be compared with practical knowledge. As we showed, the GIS project
of Belo Horizonte started within the city department that was in charge of the city’s
cartography and urban cadastre. There was a long tradition of development and
maintenance of cadastral information, even though most of it was maintained in non
digital form before the GIS deployment. Know-how on how to handle the data itself was
already present. There was knowledge on how to do things in terms of geographical data.

The second type of knowledge analyzed by Habermas is technical knowledge. This
kind of knowledge was present in two components of the GIS-BH project. The first one is
the scientific education of the team n charge of the GIS project. All of them had a
College education with degrees in Engineering, Computer Science and Business. Second,
the project invested in science since its beginning, leading, years later, to a range of
academic activities that include invited lectures at national and international meetings,
publications, and even a professional masters program.

Our third and final component is emancipatory knowledge. The IT company, as well
as its cartography and urban cadastre department, had a tradition of service prior to the
start of the GIS project. Both had, as part of their basic mission, to fulfill and support the
information needs of Belo Horizonte's local government and its citizens. Thus, we can
relate our third knowledge component to the applications developed by the IT company
and to the services provided by the cartography department, which later became a GIS
department. It was the coexistence of practical and technical knowledge in the same place
that generated the necessary balance to the creation of emancipatory knowledge.

4.2.  An Application-Driven Project

Gadamer considers that understanding and interpretation, together with application,
comprise one unified process. There can be no appropriation and understanding of
technology without al three elements being present. We think that what leads many
projects to fail and get stuck in the data and standards trap that Georgiadou et a. (2004)
mention is the lack of applications. The development of a large and expensive geographic
database without a specific focus on information needs most often drives down to a dead-
end. In GIS-BH, this drive towards applications was present since the beginning.

Application is the key for knowledge that is engaged and leads to development. The
path to this kind of knowledge has to include both practica knowledge and theoretical
knowledge. In our case study, techne corresponds to the knowledge held by the
technicians that dealt with cartography and urban cadastre, including the creation of
digital maps, data maintenance, and the release of afina product to the public. Episteme
is represented by the team that was in charge of studying and deploying the GIS, formed
by specidlists in various fields. In order to achieve phronesis, a surrounding background
had to be present. This role was played by the emphasis on applications, with the obvious
help of the fortunate combination of cartography, urban cadastre, and IT in the same
corporate environment, which proved to be a decisive factor. Applications provided a
common background for these teams, guiding the data acquisition and treatment efforts
as much as guiding knowledge acquisition and technological development.
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The application-driven nature of the project can be seen in three examples. First,
Prodabel was a company that had as a mission to develop applications for the local
government of Belo Horizonte. Therefore, application was in its nature. All the
technology developed and controlled by the company had only one objective, which was
to provide services to the city.

Second, the cartography and urban cadastre department had also a mission of
service. It was the main source of cartographic data for the city. It had a long standing
tradition of providing maps that include applications ranging from solving legal disputes
to address matching and the record of the distribution of physical resources.

Finally, the first large application of the project after that creation of the database,
namely the compatibilization of street codes, required the establishment of a standard for
data exchange. Here the difference was that the standard was not a thing in itself, and had
a very direct purpose. The main objective was the exchange of home and business
addresses. The focus on real data that was used to complement each other’ s databases did
not let the standard become ineffective. On the contrary, all the participants were engaged
and actively exchanged data and helped updating each other’s databases, generating a
good starting point for other cooperation initiatives.

5. Lessons Learned: Recommendations for Similar
Projects

The GIS-BH project has become successful due to a combination of factors. Some of
these factors are related to local characteristics and political context. In particular, the
need to update the municipal cartography, simultaneously with the political interest in
developing the city’s information systems, provided a good opportunity for the creation
of a project with broad objectives. Funding was aso facilitated in this politically
favorable context, and the need for politica justification for expenditures in IT and
database formation helped to guide the project towards application specific goals, thus
making it clear that IT is being regarded as means to an end. We understand that, while
these conditions may not be immediately available in every context, there must be a
serious concern with (1) funding sources, (2) political visibility, and (3) applicationbased
justification for the investment.

Some factors of success, however, are generd enough to serve as a basis for the
proposition of a set of recommendations and assessment criteria for similar projects, both
ongoing and initiatives that have to sart from scraich. We divided these
recommendations into three categories: applications, cooperation, and people.

Applications: When determining the information needs of applications,
focus on data that can potentialy be shared among other applications. The
maintenance of such dataislikely to be critical. The data requirements of the
applications must drive the maintenance efforts. Maintenance methodology
must be developed from previous (nontdigital) practices, using local
knowledge, experience, and expertise. The intended users for the applications
must also participate in the process, as specidlists in the field related to the
application (see below).
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Cooperation: From the selection of applications and the determination of
their information needs, identify potential partners for data sharing and
cooperation in the development of data sets. Such partners will conceive their
own applications, and the inter-organizational demand for some information
classes will be important for the stability of the entire information system.
Partners should not be forced to use the same technological tools or products;
this decision should take into consideration the specific needs of the
applications envisioned by the partner. Data sharing should not be format- or
product-specific. If at al possible, sharing of existing data should be at no
cost. Cost sharing for further data collection needs to take into consideration
maintenance costs and effort, which may also be shared; this means that an
organization that commits to provide maintenance to a class of data can be
relieved of their share of the cost of initial data collection. It also means that
cost-sharing agreements should be made considering aspects of budgeting,
investment capacity, political caendar and others that are specific to each
participating organization. In a formal multilateral cooperation agreement,
rules should be flexible enough to allow the inclusion of new partners.

People: Team formation and preparation must take into consideration that
most GIS- and SDI-related efforts are multidisciplinary. Therefore, teams
must include specidlists from different fields, and the flexibility to admit new
members depending on the requirements of each task. Leadership within the
team must also be flexible, in order to give the specidist in the field that is
closer to the problem at hand more leeway in the search for its solution. Team
members must not only focus on learning how to operate the tools, but also
need to understand the scientific and technological foundations of GIS and
SDI. It is aso important to systematically record and disseminate the results
achieved in each step of the way, both internally and externally to reinforce
political support.

We observe that projects that have definite application concerns and clear objectives
as to their societal contribution have less difficulty in obtaining funding, gaining political
support, and achieving the kind of visibility that ensures continuation. We also observe
that projects that materialize intra-departmental or inter-organizational cooperation have
alower risk of discontinuity for political or financial reasons. Therefore, projects that are
ongoing or that are about to be started should consider reviewing their objectives and
intended relationships with other organizations with a focus on sustainability, considering
the points we presented here.

6. Conclusions and Future Work

In this paper we described a GIS project, GIS-BH, which, even though it has started with
a focus that often leads to fallure (data and standards), managed to survive and end up
generating a strong and active spatial data infrastructure for the dty of Belo Horizonte,
Brazil. The reasons for success were manifold, but we highlighted here the application
driven nature of the project. Also, the combination of multiple disciplines and multiple
levels of expertise (ranging from practical to theoretical) was fundamental for the
generation of applications and agreements that answered the information needs of the
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local community. We used Gadamer’s and Habermas's insights into understanding and
knowledge to explain some of the reasons that made the GIS-BH project become a
foundation for Belo Horizonte's SDI.

While participating in the development and expansion of GIS-BH, we have spent
most of the last fifteen years in the privileged position of a nationally-known project, thus
being able to observe similar projects succeed and fail for various reasons. Even though
we do not have a rigorous analysis of the causes for success and failure in such projects,
we observe that faillure is more common among projects which have started with a
definite tax collection bias, while success rates seem to be higher among
multidisciplinary and multipurpose projects.

While empirical, this observation enables us to say, from experience, that much of
the driving force behind Belo Horizonte' s GIS has originated in the demand posed by real
applications, conceived and implemented to address real needs. That was the result of a
combination of sensible thinking on the part of the managers that started and supported
the project in its early stages, and clearly established paradigms, suwch as no-cost data
distribution, extensive partnerships, and diversity of applications. We observe that this
course of action can equally apply to both transitional and developed economies, since its
success is mostly due to reaching wide agreements on principles and practices, always
guided by real needs and applications.

The future of GIS-BH is clearly related to the development and deployment of
services. In the past, the project has evolved from data sharing using proprietary format
files to neutral interchange formats, and then on to Internet-based raw data distribution,
and to a database-centric interoperable approach. The combination of the various kinds of
demands that GIS-BH currently fulfills naturally leads to a service-oriented SDI (Bernard
and Craglia 2005). In the process, the current role of metadata must be expanded and
enhanced, and spatial ontologies can be used to facilitate consensus building on themes
related to cooperation and on-line data sharing.
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