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Abstract: Geographical Information Systems (GISs) in architecture were initially limited to regional
and urban development applications. Over recent years its potential has been recognized and its use
has evolved to address urban planning and architectural heritage management subjects. Nevertheless,
evidence shows that its use in architecture teaching is scarce and uneven. Directive 2007/2/EC,
establishing the infrastructure for spatial information in the European Community (EU), is, in this
way, an opportunity to develop a greater knowledge and application of GIS in the framework
of higher education. In architecture, this can be achieved by problem solving based on real case
scenarios, which can benefit from GIS-based techniques and analysis capabilities. In this paper, the
authors aim to present a review of the use of GIS in teaching and research in architecture to assess its
level in different European programmes. Experiences from three European universities (University of
Seville, Spain, University of Beira Interior, Portugal, and Technical University of Crete, Greece), which
are among the few in their respective countries that promote the inclusion of GIS in architectural
education, particularly in the fields of urban and regional planning and architectural heritage, are
compared and framed within the European scenario. The paper concludes with a reflection on the
three universities” practice compared to the leading European architecture programmes listed in
the main international university rankings. Main trends of future evolution on the use of GIS in
architecture teaching are also presented.

Keywords: architecture; teaching and research; geographical information systems (GISs); heritage;
urban and regional planning

1. Introduction

According to Drennon [1], non-geographers are probably the fastest-growing group
of GIS users. In the field of architecture, some authors have shown [2] the relevance of
personalities such as Frank Lloyd Wright (1867-1959), Richard Neutra (1892-1970), Warren
Manning (1860-1938) and lan McHarg (1920-2001) as geodesigners avant la lettre when
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considering geographic contexts and existing environmental conditions to develop some
of their designs.

In architecture, GIS was initially used for regional and urban development and then
extended to urban planning and management, offering architects more than just base maps
and site diagrams. It encompasses various scales of subjects and space, incorporating
powerful tools for the analysis, design, production and management of architecture data to
support informed decisions [3,4].

Presently, the amount of information available in geobrowsers (such as Google Earth)
and geodata portals shifted the modern world from a place where spatial information was
difficult to find to one that is overwhelmed with geographically referenced data. GIS can
be a powerful tool to process this data for architectural purposes.

For the last two decades, GIS technology has evolved as a working tool for architects
and spatial planners, specifically by overcoming the difficulties related to the organisation
of available digital spatial information and data from photogrammetry and 3D laser
scanning [5]. From another perspective, Freire [6] also stressed the relatively low cost
as one of the main advantages of the use of GIS analysis on large-planning architectural
projects, making it a fundamental tool for low-budget studies in lower-income countries
with high-value information output.

This paper aims to carry out a review of the use of GIS in teaching and research in
architecture, with special emphasis on its use in the fields of urban and regional planning
and architectural heritage to assess the level of GIS teaching in European architecture
programmes. The leading European universities in reference education rankings are
analysed, and the experience of the University of Seville (Spain), University of Beira
Interior (Portugal) and Technical University of Crete (Greece) is presented and compared
with the European scenario. These three universities have a history of research and Erasmus
+ partnership and are among the few that teach and use GIS in architectural education
in their respective countries. The paper concludes with a reflection on the GIS education
level in architecture programmes, lessons obtained from teaching and research experience,
highlighting the main evolution trends in the use of GIS in architecture education.

2. GIS in Architecture Education and Research

According to Schulze et al. [7] information-based society and increased workforce
mobility in globally competitive labour markets shifted the focus of educational processes
from an input orientation to learning outcomes, defining “competence” as a key concept for
twenty-first-century skills. The development of competence-based curricula in European
higher education was influenced by the Bologna reform and the creation of a common
European higher education area with comparable degrees of undergraduate and graduate
study programmes. In this context, the Bologna process has defined “competence” as the
fundamental change towards a student-centred focus and outcomes-based on a lifelong
learning process. This process has also emphasized the student’s preparation for profes-
sional environments. In Spain and Portugal, this process has already been adopted; still, in
the Greek case, the Bologna reform is not yet implemented, and thus Greek universities
only have one degree that is not split into undergraduate and graduate study programmes
(4 years long for universities and 5 years for technical universities).

In both scenarios, higher education institutions struggle to make a difference distin-
guishing themselves and thus competing for students, partly because goals, activities and
curricula are often quite similar [8].

While the redefinition of generic skills was implemented mainly due to societal
concerns, the identification of professional competences depends on the demands of
subject-specific knowledge and skills in specific domains. Among these specific skills, the
so-called twenty-first-century skills are highlighted, commonly referred to as ICT literacy.
These skills generally require a lifelong learning process that includes digital and technical
mastery; problem solving; critical thinking; communication; and collaboration [7].
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As stated by Sinton [8], GIS-based projects and courses can be a response to this chal-
lenge supporting the educational goals and activities while being integrated into diverse
curricula. GIS is an ICT tool that allows students to explore real-world spatial data and
engage them in the toolmaking processes of revising databases, formulating modes of dis-
play and representation and developing methods of analysis and interpretation translated
in a learning environment proved to be active, flexible, responsive to student questioning
and, ultimately, empowering in critical spatial thinking [9,10] and research directions [11].
Furthermore, according to Hwang [10], the different paths of data acquisition, organization
and presentation in GIS are conducive to promoting a common understanding of complex
problems among different stakeholders.

Considering the architecture teaching curricula, during the last two decades, the
integration of digital technologies has increased throughout the training of thinking and
making of space, both in dedicated curricular units such as computer-aided design (CAD)
and geographic information system (GIS), or in cooperation with later year courses, includ-
ing the final dissertation/project [12,13]. According to Kara [14], the various technologies
of computing-aided drafting, enumerating, modelling and analysis started to shape the
overall curricular structure of architecture education and need to be implemented as sup-
port courses in order to compensate for the learning curve and the variety of software
available to architects.

Typically, GIS is taught as a compulsory part of a wider study-skills module in the first
years of the course. After that, it is presented as a module, usually as an optional subject,
aimed to develop technical skills associated with a specific GIS package. However, it often
lacks wider integration.

Despite the many possible applications and advantages, architects adopting GIS
techniques, either in practice or research, are still scarce. Monsur and Zakiul [3] and Pinto
Puerto et al. [4] stated that most of the architecture learning curricula all around the world
have little or no GIS contents, and most of those that incorporate GIS courses lack the
conceptual connection with traditional architectural subjects. This connection is crucial to
establish the use of GIS in architecture education and to promote a “problem-evaluation
-solution” loop teaching approach [6,12]. In this context, Ferreira-Lopes [15] pointed out
that the reason for the limited use of GIS capabilities in cultural heritage may be related
to the lack of training and professional updating, which was also corroborated by Blist'an
et al. [16] for the teaching of GIS in general. The need for new research is also highlighted,
especially focused on the GIS analysis tool potential.

Simultaneously, there has been a tendency to use GIS to solve more specific problems
of architectural heritage, urban design and planning through its use in conjunction with
other tools and techniques such as BIM [4,17]; 3D and photogrammetry [18-21]; virtual
reality [22]; multi-criteria assessment [23]; and web applications. The reduced investment
in software and maintenance costs and broader accessibility and interaction between users
and GIS are some of web applications’ characteristics that enhance the dissemination of
GIS use in architectural practice, research and education.

3. The Role of GIS in Urban and Regional Planning

Urban and regional planning can be regarded as a means for systematically anticipat-
ing and achieving adjustments in the physical environment of a town or rural setting, which
must be consistent with social values and sound principles of civic design [24]. According
to Faludi [25] and supported by the cybernetic theory, which considers information as of
major importance, planning can be constrained as a result of insufficient information. For
urban and regional planning, information is a basic tool that defines decision making.

The different stages in the urban and regional planning process can be generalised
as the determination of objectives, resource inventory, analysis of existing situations,
modelling and projection, development and selection of planning options and plan imple-
mentation, evaluation, monitoring and feedback. In these procedures, GIS can provide
some of the data and techniques that are needed in different stages of the process. In recent
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decades, GIS has been widely used in urban and regional planning for handling spatial
data and supporting decision making. Some examples of the application of GIS in this field
are the analysis of development plans, review of environmental impacts, preservation of
historic sites, mapping of utility networks and planning for service interruptions.

Many planning departments have shifted to GIS in lieu of mapping software as it
is an operational information system for planning with data visualisation and internet
potentialities. However, the situation is not homogeneous despite European regulations
(Directive 2007/2/EC [26]). In the case of Spain, it is possible to find communities such
as Extremadura where there are no schools of architecture but a GIS was implemented
for the mandatory management of urban planning with open public access (Extremadura
Spatial Data Infrastructure IDEEX). In Andalusia, where there are three public schools of
architecture, it is not mandatory for planning instruments to be developed on GIS, nor
did the Andalusian Community develop a tool of its own. However, some municipalities
such as Seville have developed open geoportals for public urban and planning information.
Considering Portugal, several public national and a significant portion of municipal entities
have already adopted GIS to support urban as well as regional planning processes. Geo-
portals that can be accessed by citizens promote the use of information produced by official
entities and municipalities and allow to perform operations such as querying geographic
data, accessing municipal plans and issuing location charts. SNIG, SIG Portal Regional
do Médio Tejo, Geodados (Lisbon Municipality) and Geoportal (Covilha Municipality)
are examples of Portuguese geoportals accessible to citizens. In Greece, during the past
ten years, many large cities (Thessaloniki, Heraklion, Trikala, Larisa) along with several
smaller municipalities have adopted GISs that support urban and regional planning. All
citizens can access municipal geoportals and perceive land uses, building regulations and
historic site information as defined in plans and laws. The Greek state has also launched a
national geoportal aiming to make all spatial data available through open access sources.

Table 1 presents some examples of Spanish, Portuguese and Greek geoportals that can
be used to support urban and regional planning.

According to Stauskis [27], as a virtual urban simulation method for representing,
analysing, referring and improving urban design projects, GIS can enhance public partici-
pation. GIS, and WebGIS (geoportals and geobrowsers) in particular, is especially useful
for participatory planning processes (PPGIS: Public Participation GIS), helping affected
social sectors to become empowered by interacting more directly with documents and
information produced using GIS.

Table 1. Examples of Spanish, Portuguese and Greek geoportals.

Geoportal Level Territorial Coverage Web Link (All Accessed on January 11
2021)
IDEE—Spatial Data Infrastructure (SDI) of National Spain https:/ /www.idee.es/web/guest
Spain
IDEEX—EXxtremadura Spatial Data Regional Extremadura (Spain) http:/ /ideextremadura.com/Geoportal /
Infrastructure
IDE Sevilla—Spatial Data Infrastructure of Municipal Seville (Spain) https:/ /sig.urbanismosevilla.org/
Sevilla
SNIG—National Geographic Information National Portugal https:/ /snig.dgterritorio.gov.pt/
System
SIG—Regional Portal of Médio Tejo Regional Médio Tejo Region (Portugal) https:
/ /mediotejo.pt/index.php/sig-public
Geodados—Lisbon City Council Platform Municipal Lisbon (Portugal) http:/ /geodados.cm-lisboa.pt/
Geoportal—Covilha City Council Municipal Covilha (Portugal) http:/ / plantasonline.cm-covilha.pt/
Geodata—Open geospatial data and services ~ National Greece https:/ /geodata.gov.gr/
for Greece
e-IIOAEOAOMIA—Electronic urban National Greece http:/ / gis.epoleodomia.gov.gr/
planning GIS
WebGIS—Thessaloniki Municipal Thessaloniki (Greece) https:/ /gis.thessaloniki.gr/
WebGIS—Heraklion Municipal Heraklion (Greece) http://gis.heraklion.gr/
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The evolution of GIS and urban and regional planning is thus marked by the interdis-
ciplinary fields of knowledge involved (anthropology, architecture, economics, geography,
political sciences and sociology, among others) and by the use of computer engineering,
geodesy, geography and photogrammetry, being commonly taught in most countries under
geography or geomatics engineering studies [28].

4. The Role of GIS in Architectural Heritage

Urban heritage is widely regarded as a primary concern both to today’s focused
heritage community and to the communities that inhabit these multi-faceted spaces [29,30].
The knowledge and the use of heritage are essential elements for their safeguarding, sus-
tainability and evaluation as well as factors of progress in various aspects of development,
in particular, when underlining the interdependence between culture and community qual-
ity of life [31-34]. The transformation of historic buildings and their subsequent adaptation
to contemporary living needs are one of the major concerns in the field of contemporary
city construction [33-35].

Due to the heterogeneity of handled information, management of architectural her-
itage differs from other fields. One of the main problems encountered in the field of
historical and architectural research is the absence of a global vision mapping historical
phenomena with clear spatiotemporal coordinates [36]. Most municipalities face problems
concerning data dispersion among several municipal offices and administrative entities.
In most cases, there is no coordination among the different offices, which have different
archive systems and lack of digital archives. As a consequence, public entities are not
aware of the collected or available data to allow their systematic organization [37].

GIS can be used in different ways to understand architecture in all its complex-
ity connecting it to the cultural, social and historical aspects of a spatial environment,
highlighting the usefulness and vast potential for analysing and managing heritage in
a multi-disciplinary yet coherent vision [4,38]. Such systems can manage, visualize and
continuously monitor a vast amount of data and information from several sources and
produce spatial analyses that can support the identification of areas where rehabilitation is
essential [3,18,20,39,40].

Ferreira-Lopes et al. [36] presented four main applications of GIS in the field of cultural
heritage: as support to create a heritage inventory; to discover patterns of spatial, physical
and temporal characteristics to determine future actions in heritage asset management; to
develop control and prediction for heritage conservation; and as aid in the definition of
strategic plans for natural and/or cultural heritage management. Two more applications
can be added to the previous: the monitoring and evaluation of management policies and
the dissemination of information. In addition, a wide range of architectural and heritage
spatial studies depend on multi-criteria analyses to simplify otherwise complex spatial
studies [39,41]. These types of analysis, overlaying different characterizing spatial variables,
are at the core of geoprocessing GIS procedures.

Petronela et al. [42] reported that, in recent years, this technology was used to develop
several important national programmes in many countries (Austria, Cyprus, Czech Re-
public, Germany, Greece, Iraq, Italy, Japan, Kazakhstan, Malta, Morocco, Russia, Slovak
Republic, Spain, Syria, Turkey, United Kingdom, among others) which were focused on
collection, processing, verification and centralization of necessary data in the process of
managing and preserving immovable cultural heritage (preservation, active or passive
restoration, recovery and hoarding).

In this line, Lafreniere et al. [43] advocated the formulation of historical geographic
information system (HGIS) or historical spatial data infrastructure (HSDI). According to
this author, there is an intention to promote the use of a collaborative consensus model
to verify classifications and increase accuracy of manual transcriptions of map data. The
harmonization of public collected data with the official historical spatial data in GIS such as
the HSDI and PPGIS increases awareness for citizen participation in heritage preservation.
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Examples of GIS models and tools to aid the decision-making process associated
with intervention in architectural heritage, in its various applications, can be found at the
research level, mainly in the last decade (see Table 2).

The set of applications listed and a recent literature review performed by Ferreira-
Lopes [15] of how GIS has been used in the field of cultural heritage, shows that the
application of GIS focuses mainly on the inventory and catalogue of archaeological and
architectural heritage, leaving aside their enormous analysis potential.

Table 2. GIS applications in architectural heritage research.

Field of Research Source

Built heritage and energy efficiency [37,44,45]
Architectural cultural heritage conservation and management (e.g., castles, religious [4,18-20,36,42,46-49]
heritage, historical buildings, settlements)

Traditional rural buildings [39,50]
Contemporary heritage [51]

City heritage management

[13,47,52-55]

5. Case Studies from Three European Universities
5.1. European Framework

The growing relevance of GIS is clear and consensual. Based on this assumption, an
analysis was performed at an international level (undergraduate (bachelor) and gradu-
ate (master and doctoral) programmes) on architecture professionals training on the use
of GIS. For this purpose, the most important international classification rankings were
considered, and internationally recognized institutions in architecture teaching were se-
lected as references. Ranking organisations address quality of teaching and employability
in different ways. The Times Higher Education (THE) World University Rankings uses
indicators that show evidence of teaching quality but does not directly address the issue
of employability (harder to compare across countries). The Quacquarelli Symonds (QS)
World University Rankings uses a survey of employers to determine which universities
have the best reputation for producing skilled graduates. Another approach is that of
the Academic Ranking of World Universities (Shanghai Rankings), which does not claim
to measure either teaching quality or employability, but it focuses mainly on indicators
surrounding research excellence (Award indicator). The undertaken analysis revealed that
the latter does not differentiate architecture as an academic subject, restricting the analysis
to the remaining two indexes.

Both QS and the THE are international world rankings for universities, but they use
different methodologies for their computation, either in the number of used indicators or
their weights in the final classification. Table 3 presents indicators and weights used in
both rankings.

Table 3. Indicators and weights used in QS and THE World University Rankings.

QS—OQuacquarelli Symonds THE—Times Higher Education

World University Rankings World University Rankings
Indicators Weight Indicators Weight
Academic Reputation 40% Teaching (the learning environment) 30%
Employer Reputation 10% Research (volume, income and reputation) 30%
Faculty /Student Ratio 20% Citations (research influence) 30%
Citations per Faculty 20% International Outlook (staff, students and research) 7.5%
International Faculty Ratio 5% o
International Student Ratio 59, Industry Income (knowledge transfer) 2.5%

Of the top 10 European universities with Architecture classified in each ranking, six
appear simultaneously in the QS and THE rankings (see Table 4).
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Of these, the top five in both rankings were considered in an analysis of curricular
programmes to assess the offer of compulsory and elective courses in GIS, as well as its
use in other courses and in research. The analysis was conducted by collecting the official
information available in English on each of the institutional web pages in September 2020
(see Table 5).

From the analysis, it is clear that the majority of the architecture undergraduate and
graduate programmes have introduced the use of GIS at different levels. Most of GIS
training is performed under elective courses without a previous compulsory GIS course.
Several courses present GIS at the undergraduate level, and most have doctorate courses
or studios/labs where GIS is used in research. Most of GIS usage in elective courses is
applied to urban and territorial planning, and dedicated GIS courses essentially focus on
fundamental concepts that underlie the use of a GIS.

Table 4. Rankings of European Universities in Architecture programmes for 2019.

QS—OQuacquarelli Symonds World University Rankings

Rank University Status Country

1 UCL Public UK
(University College London)

2 Delft University of Technology Public Netherlands
(Technische Universiteit Delft)

3 ETH Zurich—Swiss Federal Institute of Technology in Zurich Public Switzerland
(Eidgenossische Technische Hochschule Ziirich)

4 University of Cambridge Public UK

5 Manchester School of Architecture Public UK

6 Politecnico di Milano Public Italy

7 EPFL Federal Institute of Technology in Lausanne (Ecole Public Switzerland
Polytechnique Fédérale de Lausanne)

8 The University of Sheffield Public UK

9 KTH Royal Institute of Technology Public Sweden
(Kungliga Tekniska hogskolan)

10 Technical University of Munich Public Germany
(Technische Universitdt Miinchen)

THE—Times Higher Education Rankings
Rank University Status Country

1 University of Cambridge Public UK

2 ETH Zurich—Swiss Federal Institute of Technology in Zurich Public Switzerland
(Eidgenossische Technische Hochschule Ziirich)

3 UCL Public UK
(University College London)

4 University of Edinburgh Public UK

5 EPFL Federal Institute of Technology in Lausanne Public Switzerland
(Ecole Polytechnique Fédérale de Lausanne)

6 Technical University of Munich Public Germany
(Technische Universitiat Miinchen)

7 KU Leuven Public Belgium
(Katholieke Universiteit Leuven)

8 Delft University of Technology Public Netherlands
(Technische Universiteit Delft)

9 RWTH Aachen University Public Germany
(Rheinisch-Westfilische Technische Hochschule Aachen)

10 University of Glasgow Public UK
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Table 5. Top 5 European Universities and GIS teaching and research.

University

GIS Courses/Use

ETH Zurich

Bachelor: Elective GIS course, use of GIS (in compulsory courses)
Master: Use of GIS (in compulsory and elective courses and research)
Doctorate: Use of GIS (lab and research)

Bachelor: Use of GIS (in elective courses)

Master: Use of GIS (in elective courses)

Doctorate: Use of GIS (research)

University of Cambridge Bachelor: No course

Master: No course
Doctorate: Use of GIS

Delft University of Technology Bachelor: *

Master: Elective GIS course, use of GIS (in compulsory courses). Other masters of
the Faculty of Architecture and the Built Environment with important GIS content:
1. Geomatics (compulsory and elective courses)

2. Geographical Information Management and Application (compulsory courses)
Doctorate: Use of GIS (research)

Bachelor: Use of GIS (in compulsory courses)

Master: Use of GIS (in compulsory and elective courses)

Doctorate: *

* no reference was found to courses or use of GIS in the information provided in English.

The following subsections present particular aspects of GIS integration in the architec-
ture teaching-learning process and research performed in undergraduate and graduate
programmes, with particular focus on regional and urban planning and architectural her-
itage, at three European universities: University of Seville (Spain), University of Beira
Interior (Portugal) and Technical University of Crete (Greece). The section closes with a
comparative analysis of GIS teaching approaches adopted at the three universities and
those of the five reference universities presented in Table 4.

5.2. University of Seville

As a consequence of the Bologna process, the teaching of architecture in Spain has
suffered a clear decrease in the number of credits. In the pre-Bologna framework, to be able
to exercise the profession, a graduate needed the equivalent to 450 ECTS. Currently, with
the homogenization of the studies’ structure in bachelor + master, students must complete
a5 + 1 year programme, corresponding to a 300 ECTS bachelor degree, usually called in
public Spanish universities Fundamentals of Architecture or Studies in Architecture, and
a 60 ECTS master’s degree in architecture. The master’s degree includes a final project
exclusively of a professional nature. After approving the enabling professional test, the
professional activity can be started, and the new architect may join the different territorial
professional associations.

The loss of 90 credits is very relevant because the traditional professional attributions
of the architect in Spain were maintained. However, they are wider than in the rest of
Europe. Spanish architects can execute and direct without the support of engineers in
all levels of urban and territorial planning and calculate structures of building without
limitation of extension, height or constructive typology. This loss resulted in a transfer-
ence of credits to master and doctorate programmes of specialization, more directed to
professional applications and research. Among these, it is possible to find the use of GIS in
urbanism and heritage. Courses related to graphic expression and construction have only
maintained the use of CAD and sparsely BIM.

The bachelor’s and master’s degrees in architecture recognised in Spain [56] include
learning by competences. Among these, and related to urban and territorial planning
and heritage, there are essentially five compulsory competences: ability to catalogue the
built and urban heritage and plan for its protection; to intervene, preserve, restore and
rehabilitate the built heritage; to implement urban standards and ordinances; to develop
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environmental landscape studies and environmental impact corrections; and to draft and
manage urban plans at any scale.

In Seville, undergraduate studies comprise 12 modules including Basic sciences;
Graphic expression and drawing techniques; History and criticism of architecture and the
city; Architectural, urban and intervention in heritage projects; Building, structural and
environmental conditioning systems; Urban planning; Land management and landscape
planning; Execution projects and construction; and a final degree thesis, which may be
oriented to professional or research purpose. The master’s degree is composed of a technical
module, a project module and the aforementioned final project (enabling professional test).

For more than a decade, the 1998 curriculum of the Higher Technical School of Archi-
tecture at Seville University, the last pre-Bologna undergraduate programme, allowed for
compulsory, elective and freely configured subjects including “Spatial analysis techniques
for the planning study of the territory by means of GIS”. In addition, during two editions,
a course for the teaching staff was offered. This activity was linked to the first teaching
plan at Seville University (2008 and 2009). Both subjects were excluded from the Bologna
curriculum for the architecture undergraduate programme. At present, in the subject
“Urban planning of protection” teaching is based on GIS philosophy. Collection of urban
data is executed with GIS methodology, although students do not work directly on the
GIS environment. In this sense, only through the acquisition of optional competences is it
possible to have awareness of GIS use. At the University of Seville, GIS is compulsory in
the Geography and Territory Management undergraduate programme. However, in the
Architecture programme, it depends on the will of teachers to develop student’s knowl-
edge of spatial databases. Still, architecture students have contact with other software
for representations linked to the architecture project through the Department of Graphic
Expression (image editing, 2D/3D CAD and BIM introduction).

In the last fifteen years, the master’s degree study programme in architecture and
historical heritage dedicates a day to the use of GIS applied in heritage research and
intervention, where GIS research is presented and the profitability of using this tool is
explained to students. It was also taught in the City and Sustainable Architecture master’s
degree in 2007-2009.

Considering 3D-model generation of heritage sites, a number of techniques for model
generation are available and can be used individually or collaboratively, as several authors
indicate [57]. According to them, different heritage typologies (architectural, urban, archae-
ological and ethnological cultural properties, among others) can demand an integrated
approach to overcome the limitations of individual methods and problems with spatial
data transference/exchange. This approach has been developed in recent architecture
research of the master and doctoral degrees at the University of Seville.

Since 2011, the doctoral programmes are fully inserted in the European Higher Educa-
tion Area [58,59]. Consequently, collaborations within the Iberian space, namely between
the University of Seville and the University of Beira Interior, have been possible and include
the promotion of GIS use in architectural heritage research.

An example of doctoral degree study collaborations is the development of an associ-
ated digital information model. For instance, the study of water mill traditional architecture
of Ribeira do Vascao using GIS [60]; a digital GIS model for the cataloguing of Portuguese
Cistercian monasteries and its contemporary rehabilitations [61]; application of GIS in the
strictly Sevillian area dealing with the hydraulic mills, as Alcala de Guadaira [62], and
technical characterization of the medieval churches [63].

Other examples from the field of research are projects that study the development of
innovative heritage practices in urban environments that resist the pressure of tourism
using GIS, namely “Urban patrimonial characterization and tourist cultural model in
medium-sized cities. Potentials and challenges for internationalization: Inner Betica”
(Figure 1) [50].
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Figure 1. The coast effect on the growth of medium-sized cities of Andalusia (retrieved from [50]).

Mention should also be made of the role of GIS in the progressive definition of
urban renewal analysis [55] and cultural landscape management models, allowing the
configuration of relevant information of more than 100,000 cultural properties of Andalusia
(Spain) [64].

5.3. University of Beira Interior

The Bologna Declaration introduced changes in Portuguese universities that required
a reorganization of learning programmes in architecture schools. The University of Beira
Interior (UBI) was one of these universities [65]. The integrated master in architecture at
the UBI is a 5-year programme that combines undergraduate (bachelor) and postgraduate
(master) studies [12,34].

In the first 3 years, students can obtain a bachelor degree in basic architecture skills
after the completion of six semesters (180 ECTS). In the final 2 years, students may obtain a
master degree in architecture, comprising three semesters of curricular units (90 ECTS) and
one semester entirely dedicated to a dissertation or project (30 ECTS) that can be practical
(architectural project) or theoretical (dissertation).

At the UBI's master degree in architecture, the basis of architectural knowledge is
achieved not only by technical curricular units but also by a history and a theoretical
course intertwined with the project curricular units [12,66]. The interdisciplinarity and
interrelation, which links both research and education, are the basis for the production
of knowledge at the UBI Department of Civil Engineering and Architecture [12,13,34,67].
Among the different research themes, particular attention is devoted to building heritage in
Portugal and its connection with engineering sciences such as thermal comfort, acoustics,
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daylighting and more recently with GIS as a way of spatial analysis to support project
decision.

In 2015, this degree had a curricular design revision and consequently the allocation
of more time to the teaching of History of Architecture and the need to assign a specific
syllabus to the Portuguese Architecture and City History. With this course revision, it was
possible to merge interests within the scope of GIS and History of Portuguese Architecture
as well as to introduce the use of a GIS-based problem solving in the dissertations to
achieve the master degree in architecture [13].

Considering the eight traditional integrated master degrees in architecture taught at
Portuguese public universities (5-year programmes), the one at the UBI is the only one
with a compulsory GIS course [12].

UBI architecture students are introduced to aspects related to geographical information
in the second semester of the third year. In this introductory-level course, they are provided
with theoretical and practical knowledge and skills required to be fluent in the most
common geographic data types used in GIS, spatial analysis and mapping representation.

To introduce UBI students to GIS and to its applicability in the study of architectural
solutions, scholars have adopted a student-centred pedagogy supported by project-based
learning (PBL) [68]. This type of learning is in line with what Drennon [1], Schulze et al. [7],
Muntazar et al. [3], Garcia-Almirall [69] and Bearman et al. [70] defined as fundamental
points for a good GIS education, including GIS teaching in architecture. In practical terms,
scholars structure and plan the activities, and students are expected to raise, discuss,
implement and evaluate problems with applications in the real world, considering their
different perspectives and backgrounds.

This teaching methodology has been tested by UBI scholars in previous editions of the
master’s degrees in architecture and in geographic information systems. Teaching experi-
ence led to dividing the GIS course into three distinct blocks with the common distinction
between theory and practice: (a) theoretical classes, (b) practical classes (introduction to
tool use and practical exercises) and (c) real spatial problem resolution through the PBL
approach [12], involving the use of maps, aerial photography, online data and information
collected in situ; creation of a database; use of spatial analysis tools; and preparation of
thematic maps.

GIS is not only taught as a geographical reference basis for surveys and inventories
but also to analyse spatial data and to publicize Portuguese heritage, being the key ele-
ment that intertwines all the information. The disciplinary interconnection of third-year
students’ research on Portuguese religious built heritage and traditional tiles (“azulejos” in
Portuguese) at Covilha (Portugal), implementing a GIS-based inventory and analysis, are
examples of real spatial problems developed by students.

This approach started in the 2017/2018 academic year [12] and evolved in 2019 to a
partnership with Covilha Municipality. Examples of the solutions obtained by students are
presented in Figures 2—4.
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Figure 2. Example of a GIS layout performed by students: buildings with traditional tile facades (work developed in partnership with History of Portuguese Architecture I course).
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Figure 3. Example of a GIS layout performed by students: religious heritage (work developed in partnership with History of Portuguese Architecture I course).
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5.4. Technical University of Crete

The Technical University of Crete (TUC) School of Architecture was established in
2004. The School is divided into four sectors: Architectural Planning, History and Theory,
Construction Technology and Urban and Regional Planning. Its foundation followed
the rules of the Ministry of Education dictating that architecture students should have a
complete education in architecture with skills regarding all scales of planning.

In this framework, urban and regional planning are taught at least in 6 of the 10
semesters of architectural studies. During the first six semesters, students are introduced
to the basic fields of planning (180 ECTS). In the next two semesters, students are trained
on more complex projects (60 ECTS), and in the ninth semester (30 ECTS), they proceed
with their research dissertation which requires a theoretical approach of a planning subject.
During the same semester, they specialize in a field of architecture of their interest following
elective courses that focus on specific architectural fields such as Urban Planning, Urban
Design or Construction Materials. Finally, the 10th semester is dedicated to the Dissertation
or Project (30 ECTS) which should be practical.

The School of Architecture of the TUC has followed other architectural schools of Greek
universities and has implemented the use of GIS in its studies. In the Architectural Schools
of both the Aristotle University of Thessaloniki and the University of Thessaly, GIS is taught
as an elective course; however, in the corresponding Planning and Regional Development
Departments of Thessaloniki and Volos, GIS is fully integrated in the undergraduate
programme of studies. In the School of Architecture of the National Technical University of
Athens (NTUA), GIS is currently taught as a compulsory-elective course in the Architecture
and Spatial Design post-graduate programme.

In 2018, the compulsory-elective course Introduction to Geographic Information
Systems in Large-scale Planning was introduced by the urban and regional planning sector
at the TUC School of Architecture. This GIS course is taught in the seventh semester of the
undergraduate programme and is considered important to support planning and design
at an urban and regional scale. The main target of the course is not only to introduce the
basic concepts and methods regarding GIS tools but also to train students on how to apply
specific data analysis procedures and to use the available open data and web-GIS platforms
to support the urban planning process.

Typical distinction between theory and practice was also adopted. During the first
lessons, scholars focus on theory presentation, involving (a) the multi-disciplinary role
of GIS in current science and research and (b) the way GIS can be used to handle spatial
information and to solve problems by identifying spatial relationships. The role of high-
resolution geodata in management issues related to architecture and urban planning, such
as land-use conflicts, environmental planning, smart cities, cultural heritage and tourism
development, is analysed. Students are presented with examples of how GIS has been used
to make informed decisions on real-world spatial problems.

In the second stage, classes focus on GIS practice. Specific geoprocessing procedures
and tools are taught, while the methodology for constructing thematic maps is presented.
Students apply these tools and methods to analyse a case study area in the region of Athens.
During classes, students make use of a wide range of spatial data (regarding land-use
distribution, transportation networks, green urban spaces, environmental areas, etc.) and
analyse the form and structure of specific areas. Geoprocessing tools are also used to
analyse spatial relationships between residential areas, educational facilities and public
buildings, including cultural heritage monuments, archaeological sites, etc. Moreover, the
socio-spatial structure of the city is analysed by linking the spatial data to socioeconomic,
demographic and housing quality data.

Following the positive response of students to this course, further steps have been
taken. Aiming towards better integration of GIS in architectural studies, a second course
targeted to more advanced GIS users was implemented in 2020. This course is entitled
Current Methods in the Analysis of City Space Using GIS Technologies and aims to directly
address the issues of urban planning for sustainable development in the European context.
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A comparative analysis of cities, taking advantage of 3D information, is applied in order to
measure and evaluate the compactness of urban areas and address the problem of urban
sprawl. The analysis of urban form is linked to quality of life indicators, accessibility to
urban green areas, evaluating policies and supporting planning decisions.

An example of the solutions obtained by students is presented in Figure 5. This study
aimed to identify the accessibility of an urban area, estimated at an urban block level, by
combining data related to geometric distance from metro stations, public buildings, and
commercial facilities, using a weighted expression based on map algebra.

Figure 5. Estimation of combined accessibility to different points of interest within an urban sector of Athens using map
algebra: (a) Distance from commercial facilities, (b) Distance from public buildings, (c) Distance from metro stations, (d)
Combined accessibility.

5.5. Findings

Table 6 presents a summary of the GIS teaching and research of the three European
Universities described in Sections 5.2-5.4.

The summary presented shows that two of the three universities (Beira Interior and
Crete) currently offer a compulsory and compulsory-elective GIS course at the under-
graduate level. However, it is still important to notice that the University of Seville had
incorporated, in previous pre-Bologna undergraduate programmes, compulsory and elec-
tive GIS-related courses.

At the postgraduate level (master and doctorate) all universities show the use of GIS
in research, revealing the current tendency to explore GIS potential for cadastre and spatial
analysis, in particular in urban and regional planning and architectural heritage.

Compared to the top five European universities offering architecture programmes
(Table 5), there is a greater recognition of the need for GIS training at the undergraduate
level at the three analysed universities. This shows an advance in the acquisition of digital
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skills and the modernization of the architecture profession contributing to an improvement
of students” knowledge on the use of GIS in postgraduate studies.

Table 6. GIS teaching and research in Seville, Beira Interior and Crete Universities/Technical University.

University GIS Courses/Use

University of Seville Bachelor: No course (GIS-related compulsory and elective courses in

pre-Bologna programme—use of GIS)
Master: Use of GIS (research), day dedicated to the use of GIS
Doctorate: Use of GIS (research)

University of Beira Interior Bachelor: Compulsory GIS course

Master: Use of GIS (research)
Doctorate: -

Technical University of Crete Bachelor: Compulsory-elective GIS course

Master: -
Doctorate: -

The relevance of GIS in postgraduate European architecture programmes is consensual,
revealing an extended use in research work.

6. Conclusions

Architectural curricula tend to prioritize the field of construction, narrowing the
possibilities to renew skills. Curricular units on territory and heritage are practically
testimonial, generally of analytical nature. Undergraduate and postgraduate degrees
are generally dedicated to strictly vocational training and these topics are viewed in a
purely academic and formalistic way. Relevant topics such as heritage or sustainability are
transferred to specialization programmes, working in a dimension closer to reality.

The use of digital technologies has expanded the possibilities of generating even more
interdisciplinary projects. Architecture curricula have gradually introduced construction-
related digital technologies such as computer-aided design, virtual reality, augmented
reality or building information modelling. The availability of spatial ICT, tools and tech-
niques with more functional and user-friendly interfaces makes it possible to identify and
visualize previously invisible evidence, synthesise and map temporal information and
combine data from various sources to generate new data and hypotheses.

Findings from the international classification rankings analysis show that GIS inte-
gration into the architecture curricula at a European level is neither homogeneous nor
consensual and significant differences are found in GIS training. This reality contrasts with
its increasing application to research and professional practice.

In fact, some architects still do not use digital spatial analysis tools mainly because
of their lack of skills concerning analysis and territorial planning. This leads to a loss of
competitiveness in the labour market, despite being present in the field of architecture
research. A better integration of GIS in architectural design, heritage and urban and regional
planning courses is crucial. Most architecture programmes already use GIS technology but
still rely on the student’s willingness to learn GIS fundaments.

Literature review highlights the existence of many applications in urban, regional and
architectural heritage cadastre. However, there is a clear need for educational training to
take advantage of the full potential of information analysis and decision support that GIS
allows.

Students should be able to explore the use of GIS tools from earlier years in order to
analyse case-study areas and to better understand how GIS technology is able to support
the process of planning and management. The three universities concerned are committed
to the undergraduate training of GIS in architecture as a way to prepare and integrate
students in current and future demands in research and the job market.

Future developments must include earlier and wider teaching of GIS and the inte-
gration of other ICT, tools and techniques in postgraduate studies and research projects
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(such as geomatics, 3D GIS, BIM, virtual reality, mixed reality, open-source tools and web
applications). This implies a proper transfer of knowledge to the teaching community;,
as it is common practice in other fields of knowledge. Students will thus benefit from
a comprehensive training to become professionals of the future with a more innovative,
flexible and competitive profile.
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