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ArchiDOCT 17th aims at exploring the theme of ‘data’ in
the built environment and their recurrence and currency in
either the realm of theory or the realm of applications. Even
though the topic has been seemingly exhausted in recent
years, a systematic record of approaches to doctoral educa-
tion on the build environment and data has not been un-
dertaken. The breadth and the various degrees of ‘granu-
larity’ will be showcased in this and the forthcoming issue
of ArchiDOCT towards indentifying the potential of data to
(in)form or even shape tomorrow’s built environment.

Considering the breadth of the discourse on data, and an
effort to understand their relevance to the design process
through both a theoretical or practice-based approach, we
could not exempt ourselves, also in regards to the reader,
from framing our exploration from a precisely theoretical
point of view and manifesting our critical position within
this vast field of interest.

In 1980, the American Sociologist Alvin Toffler published
his famous book The Third Wave (1980). In the text, he
maintained that different eras have succeeded each other
based on different sources of value. The First Wave coin-
cided with the agricultural society, which mostly prevailed
after the Neolithic Revolution lasting several thousands of
years. The Second Wave, covering a span of time of around
150 vyears, is related to the Industrial Society which, ac-
cording to Toffler, is based on «mass production, mass dis-
tribution, mass consumption, mass education, mass media [...]
standardization and synchronization». Finally, the Third
Wave took place when most countries transitioned to a
globalised society where relationships among people and
political and economic structures were significantly altered
by the disruptive impact of new technologies. At the core
of this shift lie data, information, and their treatment. New
models arose and the incidence of this transition has im-
pacted the domains of architecture and design.

To contextualise our discussion even better, we can recall
another fundamental moment in the history of science and
technology. In 1989, at the International Society for Gen-

eral Systems Research, American organizational theorist
Russell Ackoff presented for the first time a graphical rep-
resentation of the DIKW pyramid. Rather than a simple
descriptive model, the latter defines purported structural
and/or functional relationships among data, information,
knowledge, and wisdom. With regards to Ackoff’s theoriza-
tion (1999), data stand for a set of pure symbols and signals,
hence stimulus, which represents the founding properties
of objects and events. Thus, data are basic particles of
knowledge, while the latter represents the complex forms
of rules, patterns (synaptic connections), and algorithms,
through which data are processed, interrelated and then vi-
sualized, in order to obtain a specific meaning and presence
in the realm of existence.

More than ever, architects need to develop a powerful
(human) computer “eye” (Pedrycz, 2005) - a sensitive, crit-
ical, and knowledge-based one in order to understand data
and undertake sensible decisions. The key to this process
stands in ‘clustering’ data to discover their inner structure
and give meaning to the granularity which they are com-
posed of. Since the 1930s, the rapidly growing interest on
this topic, together with the fast technological development
of the last decades, had given birth to methodologies and
algorithms that were predominantly data-driven and where
any optimization was exclusively data-oriented. Thus, our
purpose, as architects, is to understand the influence that
data can have on architecture and urban planning; to ex-
pand the limits and the new possibilities of data for, from,
with, and, against the built environment. Furthermore, we
need to explore two different - but interrelated - moments
of clustering procedures: how data are gathered, and how
to build meaningful platforms to describe multidimensional
and heterogeneous data spaces.

«Many forms of data are far more useful as visualization»
stated Ian Millis (2017) in his Data Visual: Editorial essay
published in 2020 on ArtLink. And surely, their proper visu-
alization allows us to create design models where the mag-
matic amount of data is interrelated and dynamically inter-
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twined as responsive material. Through the correct analysis
and representation of data, we can constantly simulate by
designing and design by simulating and, quoting Fritjoj
Capra (1996), instead of ending up with ‘static things’ we
deal with interconnections.

It becomes clear then, how the last four decades of re-
search in the field of architecture and the urban environ-
ment have been strongly influenced by the presence of data.
This ongoing relationship between the latter and the strug-
gle to instill in them an intention. Whether we refer to the
macro or the micro-scale, architects have been trying to
collect and give meaning to the magmatic amount of data in
which we are constantly submerged. Sensors and actuators
in the city, computational design process, script-based gen-
erative procedures, Al disruptive speculations, the Internet
of Things, Big Data, are just some of the examples of almost
half a century of heterogeneous research trajectories. From
a first phase of inebriating experimentations based more
on pushing the technological tools to their limit, a second
phase of the research on ‘data’ relates more to their capac-
ity to ontologically address the meaning of the discipline it-
self and disclose new strategies to manage the complexity,
and ethics, of the world at large.

The 17th number of ArchiDOCT, entitled DATA, precisely
wishes to investigate tangible examples of their implica-
tions either for applied design strategies or for research
purposes, with the main aim to (in)form the debate regard-
ing data and enlighten on their proper use within the archi-
tectural domain.

The appeal and the breadth and diversity of a large num-
ber of submissions for the issue of data was astonishing.
The different points of view and critical reflections on the
topic were so rich that the Editorial Board decided to ded-
icated the forthcoming issue to be published in February
2022 to DATA Part II. The current volume, DATA Part I con-
tains essays on Data and Cases Studies, and Data Software
and Building Technologies.

Intelligence and Co-Creation in Smart Specialisation
Strategies. Towards the next stage of RIS3 is a choral
contribution from several established scholars in this field"
for our ‘a Good Practice Example’ section. The essay focuses
on some of the key points extrapolated from the Online S3
project, funded from the Horizon 2020 program of the Euro-
pean Commission. Using a specific set of methodologies for
strategy design, the main aim is to facilitate the implemen-
tation and actuation of Research and Innovation Strategies
for Smart Specialisation (RIS3). The paper presents some
of the past challenges faced by the program and offers an
overview of the future ones to be addressed. Moreover, it
discusses how strategies could be further improved by the
implementation of critical datasets, and also facilitate the
collective intelligence and the process of solutions co-cre-
ation.

The first essay, delivered by Nicola Tasselli, PhD can-
didate at the University of Ferrara, together with his advi-

sor, Associate Professor Federica Maietti, is entitled Data
management implementation. New strategies address-
ing built assets. Through the text, they discuss the impact
of digital technologies and data modeling in the field of sur-
vey and representation, giving some results to properly di-
rect the data processing phase. The parametrization of ele-
ments, and the standardization and, indeed, replicability of
solutions through BIM technologies allows a geometric data
enrichment either on the ontological or semantic point of
view. Starting from the consolidated Italian tradition in the
field of restoration and conservation, the paper proposes to
extend the procedures now applied to Herigate-BIM also to
a more widespread built heritage.

So similar, so different: diving in the physical and
acoustic features of two theatres. A case study, is the
paper submitted by PhD candidates Blanca Pérez-Aguilar
and Alberto Quintana-Gallardo together with PhD archi-
tect Ana Llopis and professor Ignacio Guillén-Guillamén,
from the Centro de Tecnologias Fisicas, Universidad
Politécnica de Valencia, Valencia, Spain. Through specific
case studies (precisely two theaters) in the city of Valencia,
the paper investigates how the combination of geometrical
and sonorous data can be used to understand the actual
spatial conditions of the buildings and propose more in-
formed design strategies. Following the description of the
actual buildings, and their condition within the consoli-
dated urban environment, comparative analysis based on
a three-axes strategy (geometric, acoustic absorption, and
onsite analytic data) is presented and critically discussed by
the authors.

Asiye Nika Kartal, PhD candidate from the Department
of Architecture and the Built Environment, University of
Nottingham, through her work More phenomenology less
visual: A haptic narrative and a proposed haptic ‘Sense-
marks’ database of Istiklal Street, Istanbul, approaches
the topic from a phenomenological point of view. The city
of Istanbul, and specifically one of its streets, is seen as the
perfect context to discuss the concept of the haptic dimen-
sion of the space. The essay states that still today many of
the haptic characters of the street are visible and proposes
that this should be implemented as a proper design strat-
egy for the different authors involved. The author proposes
the creation of a database where ‘haptic features’ could be
gathered and then further qualitatively analyzed.

Knowledge economy’s externalities and wurban
growth. An analysis of the functional dynamics and lo-
cation patterns of knowledge-based industries in the
Metropolitan Barcelona, is the title of the paper from
PhD Juan Eduardo Chica, Department of Architecture and
Habitat, Tadeo Lozano University, Bogot4, Colombia, and
Associate Professor Carlos Marmolejo Duarte, from Cen-
tre of Land Policy and Valuations, Polytechnic University of
Catalonia, Barcelona, Spain.

The contribution focuses on the Centrality of knowledge-
based industries (KBI) in the economy of metropolitan areas

1 The paper presented here as a good-practice example is an excerpt of a longer paper of XXX pages. Authors: Nicos Komninos, Christina
Kakderi, Anastasia Panori, Eva Garcia, Katharina Fellnhofer, Alasdair Reid, Vladimir Cvijanovi¢, Mona A. Roman, Mark Deakin, Luca Mora
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in regards to their labor markets and promotion of new
forms of urban growth based on KBI specialized clusters.
The Barcelona Metropolitan Region (BMR) is used as a case
study for a Proxscal Multidimensional Scale Analysis which
explains the relationship between all the economic sectors.
Furthermore, the essay suggests how such a data-driven ap-
proach can be reiterated, on multiple scales, also to other
urban data contexts.

The last essay for this issue, entitled DATA and Infor-
mation in Architectural Design Process through Build-
ing Information Modeling: A New Epistemological
Horizon of BIM Methodology, is an original work from
PhD Pablo Andrés Gomez Granda, and Associate Pro-
fessor Alfredo Montano Bello, both from the Faculty of
Arts and Design (FAD), Universidad de Bogot4 Jorge Tadeo
Lozano, Bogota, Colombia. Starting from distinct projects
conducted by the authors (Contemporary Architecture in

Colombia and Optimization of building management through
the implementation of digital twins), the essay explores the
pedagogical aspect of the results through some dedicated
design workshops. BIM software is used to train the stu-
dents in architectural design competencies. The dynamic
model of the building is the vector to trigger students’ ca-
pacities of lateral thinking and also to improve the deci-
sion-making aspect of their design strategies. The main aim
is not only to empower the students through a mixed prac-
tice-based/theoretical approach but also to promote the
need for the development of a new epistemological model
for architecture education in Colombia.
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The paper presented here as a good-practice example is an excerpt of a longer paper of XXX pages originally published in 2018.

Nicos Komninos is professor emeritus at the Aristotle University of Thessaloniki. He holds a master’'s degree of Architecture-Engi-
neering from the Aristotle University, post-graduate studies in Semantics with A. J. Greimas, and a PhD from the Ecole des Hautes
Etudes en Science Sociales (EHESS Paris) under the supervision of P.H. Chombart de Lauwe. He has taught courses on “Intelligent
Cities: Architectures and Strategies”, “Design and Development of Software Applications for Smart Cities”, “Strategic Planning for Ur-
ban Development”, and “Learning Regions: Innovation and Regional Development in Europe”.

He is the founder of URENIO Research and has coordinated more than one hundred projects under the European research and ter-
ritorial development programmes (H2020, FP, CIP, LDV, Interreg, SEE, MED). His research interests are in two fields (1) intelligent /
smart cities: formation and evolution; ontology; architectures of connected intelligence; intelligent city strategy and planning; smart
city platforms for growth, sustainability, safety, and governance; smart city software design and development; smart cities and
cloud computing, (2) cyber-physical systems of innovation: knowledge and innovation networks; innovating with data; user-driven
innovation; platform-ecosystems; software applications and platforms for innovation; innovation strategies; smart specialisation
strategies (RIS3); measuring of innovation performance. These are two interdependent fields of research, with cyber-physical sys-
tems of innovation being the problem-solving engine in intelligent cities.

Christina Kakderi is an Assistant Professor of Spatial Development and RTDI Policies in the EU at Aristotle University of Thessa-
loniki (AUTH), School of Spatial Planning and Development. She is an economist (University of Macedonia, Greece), holds a master’s
degree on Urban Planning, from Cardiff University in Wales, and a PhD on Innovation Systems from Aristotle University of Thessa-
loniki, Greece.

As a member of Urban and Regional Innovation Research Unit - URENIO and, previously, of Spatial Development Research Unit,
she has been involved in many EU and national funded projects related to smart cities and innovation policy. Her research interests
focus on two main areas: a) intelligent ecosystems and innovation environments (use of technologies, emergence of intelligence,
evolution, governance and resilience of smart cities and innovation ecosystems) and b) policies and strategies for regional and ur-
ban development including RTD (formation of smart city/ digital transformation strategies as well as of smart specialisation strate-
gies (RIS3); technology assisted solutions for evidence-based decision making etc.).

Anastasia Panori is an Electrical and Computer Engineer (Aristotle University of Thessaloniki) holding a MSc in Economics and a
PhD in Economic and Regional Development from Panteion University of Athens. Her main research interests focus on regional and
urban socio-economic development, data science, smart cities, and Smart Specialisation Strategies at a regional level. Since 2012,
she has been working as a researcher and have participated in various H2020 projects funded by the European Commission.

Eva Garcia has been managing R&l projects by European SMEs, institutions and corporations from 2003, having supported more
than 350 projects during ideation, developing and exploitation stages, mainly focused into increasing their differentiation and
innovative potential, improving their market fit and optimizing their business models. She also trained more than 2,000 people in
this area, developing our own learning methodology, dynamics, tools and materials.

Katharina Fellnhofer has been awarded the prestigious Marie Curie Fellowship, funded by the European Commission and hosted
by the ETH Zurich and Harvard University. Her fellowship research initiative entitled ROLLER-COASTER (Cordis) focuses on entrepre-
neurs’ and venture capitalists' entrepreneurial intuition during financial decision-making.

Prior to joining ETH Zurich, she has been a visiting scholar at the Weatherhead Center for International Affairs at Harvard University
and an Erwin Schrédinger Fellow at the Lappeenranta University of Technology in Finland. She holds a doctorate in Social and Eco-
nomic Sciences from the University of Innsbruck, Austria.

Alasdair Reid joined Edinburgh Napier University in 2008 as a researcher specialising in sustainable urban development. He has
since been involved in several high-profile research projects including SURegen, CLUE, EXPGOV, Smart Accelerator, Online S3 and
Smart Kids, culminating in the publication of several academic papers, books and online literature. Alasdair is also a lecturer within
the School of Built Environment. Alasdair holds a first-class honours degree in Estate Management (RICS accredited) and an MSc in
City Planning and Regeneration (RTPI accredited). In addition, he holds a Postgraduate Certificate in Learning, Teaching and
Assessment Practice in HE and is a Fellow of the Higher Education Academy.

Vladimir Cvijanovi€ is a Policy orientated research professional with expertise in industrial / innovation policy, green economy /
transition to low-carbon economy and EU27 / Southeast Europe. Expert for the European Commission and the European Economic
and Social Committee, project manager and project evaluator. He works on projects typically based on service contracts with the
European Institutions and Horizon 2020 projects.

Mona A. Roman focuses on open innovation, regional innovation systems and smart specialisation. Her research is based on
qualitative in-depth case studies. She is currently working with research how to engage and facilitate the participation of citizens
and civil society in the design of regional research and innovation strategies for smart specialisation.

Mark Deakin is a leading academic who has provided a strong support to emerging scientific and technical developments on
Smart Cities. He is author of 12 books and about 100 peer-reviewed publications on Sustainable Urban Development, Urban
Technology Management and Smart Cities. These publications include Sustainable Urban Development (Volumes 1-3, Routledge
2005-2009) and Smart Cities: Governing, Modelling and Analysing the Transition (Routledge, 2013). In addition, Mark has directed
several research projects dealing with Smart Cities and the Sustainable Development of Urban Environments for the European
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The white paper on “Intelligence and Co-creation in Smart Specialisation Strategies”
outlines some key conclusions from the Online S3 project, funded under the Horizon
2020 programme of the European Commission. The Online S3 project has produced an
online platform composed of software applications and roadmaps that facilitate the
design and implementation of Research and Innovation Strategies for Smart
Specialisation (RIS3). Using a baseline set of methodologies for strategy design, Online
S3 is advancing the understanding of RIS3 as a place-based and evidence-driven
innovation policy, relying on large datasets and software for user engagement,
co-creation and collective intelligence in policy design. In this white paper, the core
building blocks of RIS3 are presented, as they appear in EU documents and related
literature, such as ex ante conditionalities, stakeholder engagement, specialisation by
diversification, entrepreneurial discovery, policy co-design, monitoring and assessment.
This white paper also discusses weaknesses of the current period and what can be done
better in the near future; thus, puts RIS3 in retrospect and prospect for 2021-2027. At the
same time, it looks into critical dimensions for the next stage of RIS3, focusing on how
strategies can be improved by datasets and software, enabling the implementation of
complex methods; thus, facilitating collective intelligence and co-creation of solutions,
which both are able to usher a transition from the triple to quadruple helix model of
collaboration. Finally, the annex presents a short description of the 28 software
applications and the 4 roadmaps hosted on the Online S3 Platform, which enable the use
of datasets and sophisticated methodologies by policy-makers.

1. Introduction 2020 strategy for smart, sustainable and inclusive growth,
the research and innovation strategies for smart speciali-

The second decade of the 21st century brought-in a new  sation (RIS3) are institutionalised as a precondition for re-
thinking in the European innovation policy. Under Europe’s

Commission, Economic and Social Research Council and Engineering and Physical Sciences Research Council in the UK. He recently
completed research projects include: (1) CLUE: Climate Neutral Urban Districts in Europe (European Commission - INTERREG
Programme); (2) Smart and Sustainable Cities (European Investment Bank - JESSICA Programme); (3) SmartCities (European
Commission - INTERREG Programme); (4) EXPGOV (European Commission - IPTS Programme on Emerging City Governance Models);
(5) SURegen: Sustainable Urban Regeneration (EPSRC Sustainable Urban Environment Programme); (6) Online S3: ONLINE Platform
for Smart Specialisation Policy Advice (European Commission - Horizon 2020 Research and Innovation Programme). Mark is also in
the Editorial Board of 6 academic journals. This includes the Journal of Urban Technology (Taylor & Francis), the Journal of
Sustainable Cities and Society (Elsevier) and the International Journal of Intelligent Buildings (Taylor & Francis).

Luca Mora is Professor of Urban Innovation at the Business School of Edinburgh Napier University, in which he is leading the En-
trepreneurship and Innovation Subject Group. Luca is also Professor of Urban Innovation at Tallinn University of Technology (Tal-
Tech), where he is collaborating in delivering the €32 million Horizon 2020 smart city project FinEst Twins and the €1.3 million
smart city pilot project GreenTwins.

Luca is a cum-laude graduate of Polytechnic University of Milan, where he obtained a BSc Degree in Science of Architecture, a MSc
Degree in Architecture and, in conjunction with Polytechnic University of Turin and Polytechnic University of Bari, a Double PhD De-
gree in: (1) Innovation Management and Product Development; (2) Architecture and Urban Planning. Luca also holds a PgCert in
Learning, Teaching and Assessment Practice in Higher Education, awarded by Edinburgh Napier University, and is a Fellow of the
Higher Education Academy (FHEA) and a Fellow of the Royal Society of Arts (FRSA).

Over the course of his professional career, Luca has committed himself to improving our understanding of urban and regional in-
novation management in the digital era. His research is multi-disciplinary and connects urban studies and computer science with
science, technology and innovation studies. His main research interests include: technology-related urban and regional innovation;
sustainable smart urbanism; smart city development projects and strategies; Research and Innovation Strategies for Smart Special-
isation (RIS3); and strategic planning for smart city transitions and RIS3.

Luca has a sustained track-record of producing high-quality publication outputs and has contributed to generate an overall Univer-
sity income of approximately £16 million through research and consultancy projects, mainly supported by EU funding schemes
(EAFRD, 7FP, Horizon 2020).
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ceiving financial support from European Structural and In-
vestment Funds (ESIF). The preparation for these strategies
started in 2011, and in May 2012 the Guide of RIS3 was pub-
lished by Foray, Goddard, Beldarrain, Landabaso, McCann,
Morgan, Nauwelaers, and OrtegaArgilés, as a “methodolog-
ical guidance for policy-makers and implementing bodies
on how to prepare for and how to design, draft and imple-
ment a national/regional research and innovation strategy
for smart specialisation (RIS3)” (Foray et al., 2012).

The new philosophy of innovation policy, which the
smart specialisation agenda and RIS3 introduced, is
founded on previous experiences of the European Com-
mission (EC) on regional innovation and on theories that
explain regional growth patterns based on knowledge and
innovation, such as new growth theory, evolutionary eco-
nomic geography, and learning regions. It is the result of
a very promising amalgam of progressive policy-making
and a robust theoretical approach. However, these theories
and policy guidance have proven insufficient to change the
mind-set of regional and national authorities in strategic
planning for innovation. Many factors help explain the poor
design of RIS3 which can be found in many regions. For
example, the gap between theory and methods of imple-
mentation, delegation of power from central control to bot-
tom-up participation, weaknesses in the mobilisation and
engagement of stakeholders, lack of evaluation and moni-
toring mechanisms. All-in-all, these gaps, needs for dele-
gations of power and methodological weaknesses, outline a
precarious institutional setting and a situation calling for
major reforms in the design and implementation of RIS3.

Funded by Horizon 2020 under the ‘Science with and
for Society’ programme, the Online s3' project is founded
on the disharmony between the poor design of RIS3 and
the considerable funds that became available to implement
smart specialisation strategies, aiming to tackle complex
and interconnected societal challenges. The growth chal-
lenges of RIS3 are complex and often characterized by un-
certainty and ambiguity, including not only dis-agreements
within society, but also power games between interest
groups (Biitschi, 2012). They require the existence of trans-
disciplinary knowledge, transparency and a plurality of val-
ues and opinions. Throughout the design of RIS3, policy
makers should become proactive, develop knowledgebased
and user-driven attitudes, whilst build internal capabilities
to manage information and user engagement. Under this
context, a significant challenge is the proactive attitude
that must appear and evolve within an environment, that in
many respects is precarious and without sufficient institu-
tional and methodological tools.

In order to fill this gap in strategy development, com-
petences and methods, the Online S3 project has been set
out to develop a web-based solution that will facilitate the
creation of a user engagement environment, easy access
to datasets and implementation of complex methodologies.

This has been achieved through the development of many
software applications, targeting on providing a methodical
process for the implementation of smart specialisation as
an exercise in strategic planning. In this regard, it was an-
ticipated that an e-policy platform, augmented with appli-
cations and online services, should be able to assist na-
tional and regional authorities to design more efficiently
their smart specialisation strategies. In this respect, the
Online S3 platform (http://s3platform.eu/) leverages on ex-
isting methodologies, initiatives and tools developed by the
EC, enriching them with developments that strengthen the
capacity for evidence-based and collaborative policy design.

The Online S3 platform has developed and tested in-
novative technologies, tools and e-services, which are in
line with the methodological principles of smart specialisa-
tion as conceived by the EC, innovation experts, and acade-
mics. This is done by a consortium that assembles multiple
partners, composed of three universities (Aalto University,
Aristotle University of Thessaloniki, Edinburgh Napier Uni-
versity); four technology-led companies, (Innova Integra,
Intelspace Innovation Technologies, Research and Inno-
vation Management, and Research, Technology Develop-
ment and Innovation); a not-for-profit policy research lab
(European Future Innovation System Centre); three busi-
ness related organisations (Edinburgh Centre for Carbon
Innovation, Economic Institute of Maribor, Slovak Business
Agency); and three regional authorities (Central Macedo-
nia, Galicia, Northern Netherlands). Working in tandem,
these organisations have developed a web-based platform,
composing methodologies, software applications and
roadmaps, which has been tested in real environments. A
complete guide for the design and implementation of RIS3
is also available.

The “Intelligence and Co-Creation in Smart Specialisation
Strategies” white paper presents some lessons learnt during
this socio-technological experiment in research and inno-
vation policy and sets out how the capacities the Online S3
project develops can be drawn on to improve the design and
implementation of the smart specialisation agenda.

Introduction: RIS3 and the Online S3 Project

In Europe, RIS3 has become a leading political instru-
ment of cohesion policy (Foray, 2014; McCann & Ortega-
Argilés, 2015). Over the last decade, RIS3 has received a
great deal of attention, not only by academics but also by
European policy makers (Landabaso & Mouton, 2005; Mc-
Cann & Ortega-Argilés, 2014). The basic principle of smart
specialisation is that European regions should aim to ex-
plore and exploit key capabilities for global niche markets,
with the intention of creating long term competitive ad-
vantages (Fellnhofer, 2017a; Foray, 2014; Reid & Maroulis,
2017). Thus, the overall objective of RIS3 is to create inno-
vative, but place specific, capabilities which take advantage

1 ONLINE S3 - Online Platform for Smart Specialisation Policy Advice, Funded under the Horizon 2020, SwafS, GA no: 710659
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Figure 1. Core elements of smart specialisation
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Figure 2. Five central steps for smart entrepreneurial discovery

of available resources and competences within a process of
diversification and transformation (Foray, 2014). In partic-
ular, diversification and transformational strategies should
foster cross-sectoral links and/or cross-border cooperation
(Gianelle et al., 2014a; Lammer-Gamp et al., 2014). As
Figure 1 illustrates, the ‘smart’ attribute of specialisation
strategies is a consequence of the following principles
(Landabaso, 2014):

» Creative linkages between research and innovation
activities based on entrepreneurial discovery process,
which allows. policy makers to focus on priorities that
are set in collaboration with local stakeholders.

» A place-based approach with a global ambition that
aims at exploring and exploiting local resources to
generate competitive advantage.

The concept of smart specialisation encourages efficient
and effective investments. Nations and regions are able
to strengthen their innovation capacity and economic
prospects in line with a creative entrepreneurial discovery
process (EDP). In Europe the policy for smart specialisation
requires a tailor-made, case-by-case approach for each na-
tion and region rather than a ‘one-size-fits-all’ approach
(McCann & Ortega-Argilés, 2014). Overall and as shown in
Figure 2, there are five steps in the EDP that deserve partic-
ular attention (Komninos, Musyck, et al., 2014):

1. selecting areas meeting a critical threshold for pro-
ductive activities;

2. exploring productivity gaps and use alternative paths
for productive diversification taking inter- multi- and
trans-disciplinary combinations and technologies
into considerations;

3. evaluating possible scenarios by entrepreneurs and
experts;

4. prioritising assessed scenarios weighing the value-
added benefits; and

5. experimenting with small-scale pilot initiatives be-
fore full-scale implementation.

6. concept.

Place-based approach builds on local
available resources to explore and exploit
high-potential entrepreneurial opportunities

Evidence-driven decision-making focuses on
few but well-identified priorities for smart
knowledge-based investments

Interactive stakeholder engagement boosts
creative bottom-up entrepreneurial discovery
processes

Fostering a broad view of innovation allows
competitive socio-economic environments
and policy co-deisign processes

Figure 3. Core principles of Smart Specialisation
Strategies

2. Building Blocks for Smart Specialization

According to guidelines and recommendations on behalf
of the European Commission’s Joint Research Centre (JRC),
a RIS3 should promote the following (Figure 3):

e A place-based approach, which builds on local avail-
able resources in order to explore and exploit entre-
preneurial opportunities for economic growth.

» An evidence-driven decision-making, focusing on few
but well-identified priorities for smart knowledge-
based investments to strengthen competitive poten-
tials.

» An interactive stakeholder engagement that boosts
the entrepreneurial discovery processes for setting
priorities bottom-up.

e A broad view of innovation that promotes techno-
logical and practice-based social innovation based on
socio-economic environments and policy co-design
processes.

» A solid monitoring and evaluation system, including
effective and efficient revision mechanism should al-
low flexible adaption of strategic decision making.

The design and implementation of Smart Specialisation
Strategies is an exante conditionality for public invest-
ments in research and innovation and smart growth. Exante
conditionalities are policy and regulatory frameworks that
ensure national and regional strategies are of high quality
and in line with standards commonly agreed by Member
States at EU level; comply with the EU acquis; and are based
on sufficient administrative and institutional capacity (Eu-
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ropean Commission, 2013; Griniece et al., 2017; Komninos,
2016; Pessoa, 2016).

3. RIS3: Past and Current Challenges
3.1 RIS3 in the Past

The RIS3 was originally conceived of as comprising the
entrepreneurial process of discovery (EDP) that would in-
volve regions in a learning process resulting in decision on
specialisation areas (Foray et al., 2009, p. 2). Through the
EDP, RIS3 has proved to be quite successful in encourag-
ing stakeholders’ interaction, widening their participation,
enabling more efficient functioning of multi-level gover-
nance, as well as enabling continuity of the process of plan-
ning and execution of a regional innovation strategy (see
Gianelle et al., 2016).

However, there are issues concerning design and im-
plementation of RIS3 when it comes to their underlying
methodology. A survey of nine countries and twenty-one
regions in Europe showed that the phases of the RIS3 were
not followed sequentially or linearly (Griniece et al., 2017).
Furthermore, ‘the mapping exercise also highlighted that
the robustness of methodological approaches varied and, in
many regions, even the key concepts of the various RIS3
steps were not (fully) understood’ (Griniece et al., 2016, p.
6; emphasis removed). Furthermore, very few online tools
were used for designing RIS3 (Griniece et al., 2016, p. 7)
at the time. Tools widely available before 2016, were quite
limited in scope and came from the European Commission’s
sources.

Applications of the Online S3 platform (see www.s3plat-
form.eu) have been developed to cover all phases of RIS3,
from analysis of context, governance, strategy formulation,
priority setting, policy mix, to monitoring and evaluation
(for description of the phases see Foray et al., 2012), and
include 28 methods and applications. Though since 2004
governance, not the regional context is the new priority,
regions and countries should have a quality of governance
at the level required to meet the challenges of the RIS3.
The 28 Online S3 application can support this requirement.
In addition, 4 ‘roadmaps’ were developed by the Online S3
platform, allowing users to learn about and work on RIS3 in
an intuitive and simple way, while working with and com-
bining the online tools available to address specific prob-
lems and challenges.

It should be mentioned that two basic issues with the
online tools for RIS3 have been identified. Online tools are
generally faced with a bottleneck with regard to a general
shortage of data that can be used for the design and imple-
mentation of RIS3 at the EU level. In addition, Griniece et
al. (2016, p. 4) recognise a need for real-time data gathering

and data visualisations that may help the entrepreneurial
discovery process (EDP).

3.2 RIS3 at Present

At present, all new industrial and innovation policies —
including policies for smart specialisation — share certain
characteristics that confine them to the sphere of the pri-
vate sector, actors of an innovation system, and markets in
general (Radosevic, 2017). Societal stakeholders are not as
involved in EDP as they should be (Marianelli & Perinez
Forte, 2017). This essentially limits those policies as re-
gards the choice of innovations that RIS3 focuses on. One
recent exception may be the social economy partnerships in
six EU regions that ‘stimulate cross-border operations for
mutual and cooperatives to enable them to use the full po-
tential of the internal market in order to expand the activi-
ties of social economy, through interregional collaboration
activities’ (Smart Specialisation Platform, 2018). However,
social innovations that have wide-ranging effects on well-
being and that essentially create enabling conditions for
other innovations themselves, should be taken into consid-
eration more consistently.2

RIS3 should ideally be more integrative among R&D-
driven innovation policy, cohesion policy, European value
chains and networking initiatives, industrial policy, and
grand challenges policy (Foray et al., 2018). This is consis-
tent with mission-oriented policies3 in the field of R&I that
should have societal relevance and be multi-sectoral in na-
ture (Mazzucato, 2018). That way RIS3 would expand the
boundaries of its current scope and scale.

This has been recognised by the European Commission.
Hence for the next programming period (2021-2027), it pro-
poses, among other things, “The bulk of European Regional
Development Fund and Cohesion Fund investments will go to-
wards innovation, support to small businesses, digital tech-
nologies and industrial modernisation. It will also go to the
shift towards a low-carbon, circular economy and the fight
against climate change, delivering on the Paris Agreement”.

Smart specialisation strategy in the next programming
period will focus on several enabling conditions for the
ERDF fund, listed below (European Commission, 2018a, p.
19): “1. Up-to-date analysis of bottlenecks for innovation dif-
fusion, including digitalisation 2. Existence of competent re-
gional / national institution or body, responsible for the man-
agement of the smart specialisation strategy 3. Monitoring and
evaluation tools to measure performance towards the objec-
tives of the strategy 4. Effective functioning of entrepreneurial
discovery process 5. Actions necessary to improve national or
regional research and innovation systems 6. Actions to man-
age industrial transition 7. Measures for international collab-
oration”.

2 The European Commission (2018b) defines social innovations as > new ideas that meet social needs, create social relationships and form
new collaborations. These innovations can be products, services or models addressing unmet needs more effectively.’

3 Mazzucato (2018, p. 4) defines them as ’ systemic public policies that draw on frontier knowledge to attain specific goals’.
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3.3 Current challenges of RIS3

The expansion of the RIS3 goals that should encompass
societal challenges, and of its approach that should be more
integrative, has repercussion on the analysis and on gov-
ernance accompanying the process. With demands for in-
dustrial upgrading posed by digitalisation trends and key
enabling technologies, RIS3 of the future needs to change.
While aforementioned issues with RIS3 remain, new ones
are potentially added to the picture, in anticipation of the
RIS3 arrangements for the programming period 2021-2027.

Firstly, as many of the fulfilment criteria for the RIS3 en-
abling conditions generally require better governance (cri-
teria 2, 3, 4, and indirectly also other points on the list),
monitoring of governance during the process of design and
implementation of RIS3 should be implemented. With a
wider definition of innovations and the RIS3 that is truly
multi-sectoral and long-term, the process of governance
gets more complex and more demanding to follow. Sec-
ondly, monitoring and evaluation of RIS3 will require better
databases that should not just provide more up-to-date
data, but also allow for an analysis of main societal chal-
lenges. A proper multi-level governance of RIS3 would en-
able comparison of data across regions and member states
of the EU. Thirdly, there is a need for tools capable of
analysing innovation diffusion and their bottlenecks. This
applies in particular to the sphere of digitalisation,4 trans-
formative potential of which is still largely untapped.

4. Moving RIS3 forward: Data- and software-
based intelligence

Policy design, and specifically Smart Specialisation, is
an inherently complex activity that in most cases involves
multiple stakeholders and a plethora of insufficient infor-
mation. Two features that have been identified as crucial
for improving strategy formulation processes, such as RIS3,
are extended quantitative analytical exercises and en-
hanced stakeholders’ participation (Charalabidis et al.,
2010; Komninos, Musyck, et al., 2014; Panori et al., 2016;
Rowe & Frewer, 2004). A review of existing smart special-
isation methodologies emphasizes the importance to map,
monitor and assess regional assets to identify opportuni-
ties for innovation through existing and emerging activi-
ties (Foray et al., 2012; Griniece et al., 2017). Smart spe-
cialisation is not a ‘one-size-fits-all’ approach, but rather
an evidence-based innovation-driven process, focusing on
the economic transformation of EU regions towards higher
added value and more knowledge intensive activities. Un-
der this framework, data collection and analysis emerge as
two of the most valuable assets, not only for entrepreneurs
concerned with leveraging new market opportunities, but
also for regions, which are required to design strategies for
strengthening their economic growth models.

To date, various contributions and preliminary RIS3
evaluation reports highlight the difficulties in designing
and implementing smart specialisation strategies (Capello
& Kroll, 2016; Gianelle et al., 2016; Komninos, Tsarchopou-
los, et al., 2014; Kroll, 2015; Reid et al., 2012). The initial
European Commission’s RIS3 planning documents pro-
vided little guidance to regional policy makers in the rather
complex process of RIS3 design policy (Cooke, 2012; Ia-
cobucci, 2014). Iacobucci & Guzzini (2016) try to identify
different methodological ways to overcome the theoretical
vagueness of the RIS3 guide in selecting regional priorities,
while Boschma & Gianelle (2013) investigate the ways in
which technological relatedness can provide significant in-
put to the overall EDP process. Throughout literature, it
becomes evident that the observed obstacles in designing
the regional and national RIS3 strategies can largely be at-
tributed to the lack of a clear methodological guidance and
data sources, as well as the inability to adopt place-sensi-
tive policy-support methodologies that define key aspects
of the RIS3 process, such as related variety, priority setting,
intervention logic etc (Capello & Kroll, 2016; Reid et al.,
2012).

Currently the JRC S3 platform (http://s3plat-
form.jrc.ec.europa.eu/) features several online tools de-
signed for RIS3 strategy design processes, including mostly
databases and mapping tools. More specifically, the tools
aim to help users to extract information on the selected
RIS3 priorities across European regions, understand the
earmarked ESIF funding allocations, provide background
information on sectoral trade patterns as a proxy indication
for main competitor regions, as well as benchmark regions
with similar structural characteristics. In other words, the
available online tools offer mainly the opportunity to scope
the emerging landscape of specialisations and identify
benchmark regions for improved cross-border learning.
Through a critical perspective, they offer limited analytical
insights in supporting regional policy-makers and experts
in charge of RIS3 processes, whereas they do not support
more sophisticated online functionalities for RIS3
processes (Griniece et al., 2017; Panori et al., 2017).

On the other hand, advanced methods in smart special-
isation include strategy development processes that rely
heavily on large-scale user engagement, datasets coming
from several sources, and high complexity computations.
More specifically, there is a need to strengthen multi-level
policies that require a wide range of combined evidence
to collectively identify and select regional priorities (Kleib-
rink & Magro, 2018). Based on this rationale, effective RIS3
processes should result as an outcome of sophisticated and
well-coordinated interactions between datasets, methods
and actors, each one of them contributing in a different way
to the overall strategy development (Ranga & Etzkowitz,
2012). Coordination and support of these interlinked build-
ing blocks could be a critical parameter towards increasing

4 For data on digitalisation, see Eurostat https://ec.europa.eu/eurostat/web/digital-economy-and-society/overview
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the effectiveness of RIS3 policy-design and monitoring
processes.

In this aim, the emergence of digital platforms as an in-
trinsic feature of a continuously evolving economic struc-
ture, has opened new opportunities that relate to issues
concerning stakeholder participation and the exploitation
of advanced datasets. Platforms offer cyberspaces which
enable the formation of new ecosystems, where users can
effectively collaborate across a broad range of activities
(Biber et al., 2017; Kenney & Zysman, 2016; Oskam &
Boswijk, 2016). In this arrangement platform environments
can be exploited for dissemination activities and sharing
common vision goals, towards enhancing stakeholder col-
laboration and user-driven innovation during a RIS3 design
process (Kakderi et al., 2018; Komninos, 2018). Smartness,
in terms of innovation, collaboration and coordination, can
be effectively elaborated through network-based relation-
ships (Antonelli & Cappiello, 2016). To this end, the use of
online platforms in policy and strategic planning could be
received as an essential ingredient, given that big datasets,
pilot experimentation and continuous assessment guide
decision-making processes (Komninos, 2018).

The Online S3 Platform constitutes an experiment of
reference towards empowering RIS3 processes by advanced
methods, software and roadmaps for several reasons. First,
it focuses on providing an online environment for manag-
ing the design process of a RIS3 strategy. Second, it tries to
foster effective online collaboration between different ac-
tors, offering the opportunity to cover all quadruple helix
stakeholders. Third, it ensures equal access opportunities
to existing datasets and RIS3 methodologies (simple or
more sophisticated), since all tools are freely available and
open access. Finally, it provides a monitoring module, in-
cluding a set of applications that focus on the implementa-
tion process of RIS3 actions and measures. The developed
applications cover all existing phases of the RIS3 process,
offering the opportunity to the users to better understand
existing methodologies and their main rationale. The de-
velopment of a set of roadmaps on the platform (see Annex
pp. 43-44) aims on helping decision-makers to systemati-
cally organise their actions and enhance their effectiveness.
More specifically, the Mini-S3 roadmap has been designed,
including only a short list (14 applications) of the most es-
sential methodologies and tools that should be used during
a RIS3 design process. The applications have been chosen
based on the importance of the corresponding method-
ology, as well as the feedback from the users regarding
their user friendliness. At the same time, the EDP roadmap
has been structured based on the EDP methodologies fol-
lowed by the JRC and the World Bank, including three main
tasks: knowledge production, stakeholder engagement and
knowledge sharing and collaborative decision-making.

The last two roadmaps mainly focus on the identification
of emerging and niche sectors of the regional markets that
could be prioritized through a RIS3 strategy in order to
boost regional economic growth. The Specialisation
roadmap explains its role and usefulness in the RIS3 and
describes three possible approaches to the analysis. A con-
ceptual framework for specialisation analysis and accompa-

nying methods for implementing it are presented, as well as
a selection of 10 Online S3 applications that may be used in
this process. On the other hand, the Vertical roadmap pro-
poses a five-stage process for designing innovative invest-
ment projects per niche industry market, using a set of 14
Online S3 applications. These focus specifically on actions,
such as: mapping sectoral and regional strengths, identifi-
cation of actors per sector of interest, actors’ engagement,
collaborative project design, monitoring and evaluation

At this point, it should be noted that the success of an
online platform, which is designed to facilitate a wide range
of users with different background and levels of experience,
largely depends on following co-creation principles, to get
feedback from a multi-stakeholder audience, as well as its
ability to adapt in different geographical and development
contexts. The no-‘one-size-fits-all’ approach has also been
followed in the Online S3 case in terms of software design,
to ensure that all users can easily understand and personal-
ize their strategic planning process. These principles have
been incorporated in the Online S3 Platform throughout
the design of the applications and the creation of the 4 the-
matic roadmaps (Panori et al., 2018). Therefore, the Online
S3 Platform provides an essential effort towards reinforcing
regional authorities capabilities for revising and enhancing
existing RIS3 strategies through advanced methods, soft-
ware, and roadmaps, opening the road to the Smart Special-
isation 2.0 era.

5. Moving RIS3 forward:Co-design and collective
intelligence

Collaborative co-design, data-driven intelligence and
collective intelligence provide means to facilitate an inclu-
sive, evidence-based process for RIS3 that is recommended
in RIS3 literature. For instance, Gianelle et al. (2014b) argue
that RIS3 should be based on a thorough understanding of
the regional economic structure and competitive position
of the economy. Furthermore, the RIS3 Guide states, “RIS3
needs to be based on a sound analysis of the regional econ-
omy, society, and innovation structure” (Foray et al., 2012).
It also underlines “The fact that RIS3 is based on a wide
view of innovation automatically implies that stakeholders
of different types and levels should participate extensively
in its design” (Foray et al., 2012).

The EDP is a core principle of RIS3. It should ensure
that the views of different ‘quadruple helix’ stakeholders
- academia, industry, public sector and civil society - are
part of the smart specialisation strategy. Data intelligence
serves as a key input for EDP providing information on the
regional strengths and competitive advantages in relation
to other regions. For instance, regional data on geogra-
phy, demography and society, economy and labour, sectoral
structures, business characteristics and innovation system
are needed for regional profiling and to develop interna-
tional comparisons (Kroll et al., 2011; OECD, 2013). In ad-
dition to the collecting and analysing data on the current
stage of the region, it is important to gather data on future
trends and uncertainties that can affect the future develop-
ment of the region. Data intelligence on the current stage
of the region and the future development provide sound
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bases for regional quadruple helix stakeholders to develop
together a shared vision of the future and to identify key
priorities for regional development.

Prior literature has called for collaborative co-design of
a regional RIS3 action plan and RIS3 monitoring and eval-
uation system (Gianelle & Kleibrink, 2015). The engage-
ment of regional stakeholders is vital to ensure stakehold-
ers commit to RIS3 strategy and feel ownership of it
(Gianelle et al., 2016). Indeed, prior literature has empha-
sized that EDP should be a continuous process to realize
full benefits of smart specialisation (Gianelle et al., 2016;
Marianelli & Perinez Forte, 2017; McCann & Ortega-
Argilés, 2016; Roman & Nyberg, 2017). However, many re-
gions have faced challenges in engaging different types of
stakeholders to facilitate true interaction between the dif-
ferent stakeholder groups (Aranguren et al., 2018). Thus,
regions are in need of further guidance to implement a
truly participative EDP (Fellnhofer, 2017b; Gheorghiu et
al., 2016). Methods like participatory foresight and horizon
scanning are interesting ways of involving all regional
stakeholders in the RIS3 development. Participatory fore-
sight is demand-side driven and is meant to directly involve
beneficiaries and users of the RIS3, providing insight into
the demand for societal challenges. This method usually in-
volves public consultations feed-in and steered with expert
recommendations, in many cases facilitated by web-tools to
carry the information flow (Griniece et al., 2016). Horizon
scanning involves searching, finding, analysing and assess-
ing how developments, emerging and existing, will have an
effect on the ‘pertinent’ environment. The data comes from
a wide variety of sources including government, commer-
cial and scientific documents, but also from social media,
events and conferences, through a variety of techniques in-
cluding document scanning, expert groups, surveys, social
media and text mining techniques (Griniece et al., 2016).

As an example, at European level, the European Cluster
Observatory has performed foresight analysis on industrial
and cluster opportunities with the aim to explore new soci-
etal, technological and economic trends, as well as the ways
in which cross-sectoral collaboration could affect value cre-
ation structures and innovation processes. The exercise fol-
lowed a Delphi-related approach and used a mix of different
methods such as desk research including a literature re-
view, expert interviews, an online survey, internal and ex-
ternal workshops, horizon scanning and scenario planning
(Teichler et al., 2015). Another example of broad foresight
exercises is from Lithuanian RIS3 process that used a mixed
of qualitative and quantitative methods including expert
panels, surveys, statistical and bibliometric analysis,
roadmaps, and analytical studies on the emerging trends
and long-term challenges (Paliokaité et al., 2015). Online
tools and web environments were also developed to support
co-design of innovation strategy and policy, such as the
open innovation platform (https://goo.gl/jDzujB); the web
environment for sharing applications promoting participa-
tion and collaboration in communities, local ecosystems
and complex projects for the region of Lombardy
(https://go0.gl/uSRW7A); the smart specialisation map
(https://g00.g1/9768qd); the regional ecosystem scoreboard

methodology to analyse regional development framework
conditions (https://g00.gl/JAUf59).

The Online S3 project has aimed to bridge the gap be-
tween RIS3 theory and practice through the development
of online tools for data intelligence such as Regional Asset
Mapping and Scenario Building and for collaborative co-
design such as the Intervention Logic tool. Regional Asset
Mapping allows regions to compile their regional profile
and to compare it to other regions. As part of the European
Structural and Investment Funds (ESIF) agreement, all EU
regions must produce a descriptive analysis on their re-
gional assets, e.g. economic performance, employment and
infrastructure. Regional Asset Mapping integrates the re-
gional profile data into a searchable platform, to enable
anyone to access, compare and produce visually appealing
reports on regional assets across the EU. The application
uses data provided by Eurostat and follow Eurostat’s NUTS
(Nomenclature of Territorial Units for Statistics) system for
dividing the economic territory of the EU.

Scenario Building tool supports the development of re-
gional scenarios and the assessment of their implications
for the region. Not all regions have the competences and
experience of scenario building, which motivated the devel-
opment of the Scenario Building tool that consists of five
templates that facilitate the implementation of each of the
following key steps of the scenario building process.

1. Identify future trends and uncertainties (PEST analy-
sis template)

2. Assess the importance of each trend and uncertainty

(Impact analysis template)

Form scenarios (Scenario building template)

4. Describe scenarios in-depth (Scenario description
template)

5. Assess scenario implications and plan for preparatory
actions (Preparation plan template)

o

PEST (Political, Economic, Social, Technological) analy-
sis is a framework which allows structuring trends along
uncertainties and impact. Since there are a multitude of
factors that may affect the region’s future, the uncertainties
and impact become easier to assess when they are cate-
gorised in the PEST categories. Assessing the importance
and the level of uncertainty and impact associated with all
trends allows the selection of scenario axes. This activity
should involve all relevant regional stakeholders to identify
together the most important and uncertain factors and ob-
jectives affecting the future development of the region. The
trends with the lowest uncertainty and the highest impact
form the best scenario to select.

After forming the regional scenarios, the next step is to
develop in-depth descriptions of the scenarios. The more
intriguing the scenarios are, the more they tease out cre-
ative thinking, solutions and preparation plans in the next
phase. Thus, good scenarios should include storylines and
detailed portrayals of what life is like in the region in the
scenario. The assessment of scenario implications includes
the identification of common opportunities or challenges
across the different scenarios (For-Learn, 2008). These
things should feed into the development of the regional
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This is where we ask the question "what =
to change and how" 2

We embrace a theory of cause-effect
based on input from the entrepreneurial
discovery process, analysis, strategic
intelligence, etc.

Phase 3 —Selection of

[ Envisaged solutions to achieve strategic objectives ]

# Choosethe el ements defining strategicaction

We proposea setof solutions based on our
embraced theory of cause-effect

. £ E3 E4 -
Bavarsita Groups ar
= B categories of X
change the Economic and Sivere that Incentive aor
status quo In 4}' knowledge E | - ﬂ regulatory
specificsocio- domains, potentially instruments of
economic markets R intervention
dimensions LHan;;e- )

Together define what RIS3 calls

Priorities

Figure 4. The model of Intervention Logic

Source: Kleibrink, A., Gianelle, C. and Doussineau, M. (2016).
Credit: Kleibrink, A.

strategy. While the desktop research supports the collec-
tion of data on regional trends and uncertainties, the in-
volvement of regional stakeholders is necessary to analyse
the data, to build scenarios and to assess their implications
to understand different viewpoints and commit different
stakeholders to the scenario work.

The Intervention Logic tool is based on the model of Gi-
anelle & Kleibrink (2015). The Intervention Logic assists
the regions to develop the links between their RIS3 objec-
tives, targets, inputs, actions, outputs, results and longer-
term outcomes. The overall objective is to provide the ra-
tionale behind the RIS3 strategy to all stakeholders and to
promote consensus among stakeholders regarding the pri-
orities and actions to select (Fig. 4).

According to Griniece et al. (2016), around 40% of re-
gions have used this Logic of Intervention. Given that in-
tervention logic should form the backbone for setting the
overarching goals of smart specialisation, this seems to be
a small share. Either regions are not well acquainted with
the approaches to intervention logic design or they do not

Together define what R153 calls
Policy mix

explicitly document their assumptions about causal chains
of RIS3 policy intervention.

The Intervention Logic tool, developed in Online S3,
starts with the user selecting a specific Thematic Objective
and Investment Priority and incorporating the information
from RIS3 strategic planning process regarding the regional
context, vision, policy mix and monitoring. After this step,
the user is to describe the connections between the main
building blocks of the intervention logic. A set of 7 ques-
tions help the user to provide a precise description of the
rationale behind the selection of the specific priorities, pol-
icy mix and monitoring indicators for the corresponding in-
vestment priority.

Data intelligence and collaborative co-design tools fa-
cilitate implementing inclusive, evidence-based EDP in the
region. In addition, successful implementation of the tools
and continuous participatory EDP requires strong commit-
ment to smart specialisation at various institutional levels
(Grillo, 2017; Rodriguez-Pose & Wilkie, 2017).
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6. Moving RIS3 Forward: Quadruple Helix
Governance

Triple and Quadruple-Helix models of research and in-
novation are at the centre of the EPD. The Triple Helix
appears to be the model of choice for Joanneum Research
(2012), whereas the EC’s Joint Research Centre (JRC) see the
EDP as a platform of stakeholders broader than university,
industry, and government (Foray et al., 2012). Given this
commitment from JRC to a broadening out of the EDP, the
following shall provide a synopsis of the Triple and Quadru-
ple-Helix models and insights these representations of the
EDP offer into RIS3.’

6.1 The Triple Helix Model

Advocates of the Triple Helix (like Etzkowitz & Leydes-
dorff, 1997; Etzkowitz and Leydesdorff, 2002; Leydesdorff,
2005; Leydesdorff & Meyer, 2006), find Mode 2 accounts of
social change, cultural development and economic growth
limited and explain the differences between (national and
regional) research and innovation systems in terms of pos-
sible arrangements. The Triple Helix model suggests each
research and innovation system remains in endless tran-
sition, but this does not mean anything goes, rather that
emerging systems such as RIS3 should not be mistaken as
something which is yet another variation on the theme.
That is as the EDP of either a national or regional research
and innovation system, because the interacting uncertain-
ties, which surround the reflexive instability of any smart
specialisation strategy, does much to determine the priori-
tisation of science and technology they reflect as the place-
based polices.

This means the Triple Helix account of social change,
cultural development and economic growth offers a neo-
evolutionary model of research and innovation (Leydes-
dorff and Deakin, 2010) and as evolutionary systems society
cultivates the environmental conditions of. These are: (1)
the intellectual capital of organized knowledge production;
(2) wealth creation and (3) the reflexive control of the sci-
ence and technology they in turn govern the regional eco-
nomic growth of (Leydesdorff & Deakin, 2011).

Within this model the EDP is represented as a broad col-
laborative platform of stakeholders from universities, in-
dustry and government and as the key components of an
eco-system in which organized knowledge production is
not only socially-constructed, but also cultivated as a
process of wealth creation that is smart in the prioritisation
of a specialisation strategy whose reflexive control of sci-
ence and technology it in turn governs as a knowledge
economy able to sustain the growth of regions (Deakin,
2014, 2015; Deakin & Reid, 2018; Deakin, 2016; Deakin,
2017).

6.2 The Quadruple-Helix Model

The EC’s Guidance Notes for RIS3 also recognizes the
virtues of the Quadruple-Helix as the model of knowledge-
based production (Foray, 2015). This model of social
change, cultural development and economic growth,
switches attention away from the stakeholders that under-
pin the intellectual capital of organized knowledge produc-
tion and focuses instead on an EDP of a wealth creation
able to support the reflexive control of RIS3 (Carayannis
& Campbell, 2012, 2010). Which is to say, on the EDP of
that wealth creation in which RIS secures a reflexive control
of science and technology and this system of knowledge-
based production governs the economic growth of regions
on behalf of the public. In particular, on behalf of the pub-
lic as the user communities of a democracy, whose partici-
pation in this governance and science and technology culti-
vate environments able to sustain the economic growth of
regions (Carayannis & Rakhmatullin, 2014; Carayannis and
Rakhmatullin, 2017).

In this model, user-communities are not only under-
stood to be engaged in the EPD, but also involved in shap-
ing new types of research and innovation strategies, whose
specialisation is smart in connecting users with other com-
munities and as part of a knowledge exchange distributed
across universities, industry and government (Carayannis
& Campbell, 2012, 2014, 2010; Carayannis & Rakhmatullin,
2014; Carayannis and Campbell, 2017; Carayannis and
Rakhmatullin, 2017). This means the Quadruple Helix sees
the role of these institutions not as the agents of any in-
tellectual capital, or organized knowledge production, but
instead as the media of an emergent creative sector. The
media of a creative sector, whose wealth creation and re-
flexive control of science and technology is democratic in
the sense it allows the user-communities of this emergent
creative sector to participate in the governance of civil so-
ciety by cultivating environments able to sustain the eco-
nomic growth of regions.

6.3 Online S3 for RIS3 Governance

As a result, it is the Triple and Quadruple Helix models
of EDP that underpin the governance phase of RIS3 and as-
sessment methods which support this, either as the institu-
tional stakeholders, or media of an emergent creative sec-
tor. The Online S3 methods and applications in question
are listed below:

+ RIS vision sharing;

» RIS3 debate at a glance;

+ RIS3 legal and administrative framework related to
the Economic and Social Investment Fund (ESIF).

5 This synopsis of the triple ad Quadruple Helix of The EDP and insights they offer into the governance of RIS are drawn from Deakin et al.
(2018) The research and innovation of smart specialisation strategies: the transition from the triple to quadruple helix, Book of Proceed-
ings for the 27th International Scientific Conference on Economic and Social Development, pp.94-103.
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This synopsis of the models offers an initial insight into
the Triple and Quadruple Helix and response of both the
“RIS3 vision sharing”, “debate at a glance” and “legal and
administrative framework”, to do what they call for, vis-a-
vis restore public trust in science and technology and clear
the democratic deficit by assembling a platform for the cre-
ative sector to participate in the governance of civil society
(Deakin, 2014, 2015, 2018; Deakin, 2017).

It also serves to highlight the reflexive control science
and technology as democratic and matter relating to a par-
ticipatory governance in which the science and technology
of civil society is able to cultivate environments that sus-
tain the economic growth of regions (Carayannis & Camp-
bell, 2012, 2014; Carayannis and Campbell, 2017). This re-
sults from a critique of the Triple Helix model which the
Quadruple-Helix offers and the latter’s representation of
the former as a model whose vision od RIS3 and debate
at a glance is that dominated by the proprietary system of
an elite university-industry axis. That axis which is pre-
dominantly corporate and whose research and innovation
is organized as a knowledge-based production, in which the
prioritisations of a any smart specialisation strategy that
emerges, either by way of 'vision sharing”, or through “de-
bate at a glance”, are proxies for a process of wealth cre-
ation whose reflexive control of science and technology is
via a “legal and administrative framework for ESIF” which
is not democratic in sustaining the economic growth of re-
gions.

This goes someway to capture what distinguishes these
two models of knowledge-based production. In particular,
the fact they are not only research and innovation strate-
gies, or an EPD, but also the source of (bottom-up and
place-based) regional policies, whose visions and debates
are constructed as the administrative framework of a RIS3
that is not only proprietary, but which is also democratic.
The distinction between the models lying in the distance
separating the respective vision, debate and framework on
not what is proprietary, but how this system can also be
democratic. In that sense, in the respective interpretations
of whether-or-not any such vision, debate and framework
can stand on the propriety of a research and innovation
found in the university-industry axis of a smart specialisa-
tion whose strategy rests on either on the pre-dominantly
corporate priorities of the independent sector, or in a sys-
tem which is civic in the sense the wealth this creates as-
sembles a platform for the third to reflexively control sci-
ence and technology. For the third to reflexively control
science and technology as part of a democracy whose par-
ticipatory governance of civil society in turn provides the
creative sector this nurtures with the “media” to cultivate
environments whereby the funding of priorities secures the
investment to sustain the economic growth of regions.

6.4 From the triple to quadruple helix

As the discussions in the previous section on the vision,
debate and framework for governance phase of RIS3 serve
to demonstrate, the public trust gap which opens up as a
democratic deficit, presents the research and innovation of
smart specialisation strategies with trust deficit that has

significant implications for both the Triple-Helix and
Quadruple-Helix models, for it is not only seen to be a
transgression of public trust, but a democratic deficit also
regressive for civil society.

Here, the significance of the implications is summarized
in the interests of reaching beyond any formal critique of
the models and governance phase of RIS3 they relate to, by
moving towards what might be best referred to as the dis-
content with the transgression of public trust by the Triple
Helix and regression of this into the democratic deficit of
the Quadruple Helix. In that sense, the dis-content, which
circulates around this transgression, can be revealed as a
regression that relates to:

e a lack of public trust in the EDP that underlies re-
search and innovation strategies within university
and industry and which surfaces as a gap between the
knowledge economy this wealth creates and priorities
such a smart specialisation sets for a reflexive control
of science and technology, which is democratic and
allows user-communities to participate in the gover-
nance of civil society. The reason given by the public
for this deficit is that any reflexive control of science
and technology does not tackle the major challenges
which civil society confronts. In that sense does not
tackle poverty, or combat deprivation and because of
this, is either unethical or ecologically destructive.
This also suggests the ethics of poverty, deprivation
and ecological destruction, are ignored, because re-
search and innovation is increasingly developed by
trans-national corporations, whose intellectual prop-
erty rights organize knowledge production in such a
way the wealth created offers little opportunity for ei-
ther the nation-state, or region to exhort any reflex-
ive control of science and technology on behalf of the
public, or as part of a democracy whose participatory
governance sets the agendas for cultivating those en-
vironments able to sustain the economic growth of
regions (the Triple Helix model).

» the democratic deficit within civil society which pro-
poses that user-communities in the creative sector
lack the reflexive control of science and technology
needed for civil society to cultivate environments
which sustain the economic growth of regions. The
reason given for this being that such a deficit leads
to civil society being excluded access to: 1) consul-
tations on how to tackle poverty, combat deprivation
and overcome environmental destruction; 2) deliber-
ations over how the wealth, prosperity and ecolog-
ical reconstruction of the knowledge economy, can
meet these challenges by way of the reflexive control
it exhorts over science and technology and through a
democratic process, whose participatory governance
of civil society cultivates environments able to sus-
tain the economic growth of regions (Quadruple Helix
model).

This transgression results because that trust which the
public assume to be an abundant property of the EDP and
readily available in methods such as: RIS3 vision sharing
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and debate at a glance, is that very intellectual capital
which organized knowledge production in fact lacks and
falls short of as the administrative framework of the EISF.
That intellectual capital of organized knowledge produc-
tion, which is assumed to be an abundant property of
wealth creation, readily available and openly sourced, but
that in reality turns out to be a system for the reflexive
control of science and technology which is not democratic.
Not democratic in the sense the very absence of any direct
participation of the creative sector in the governance of
RiS3 denies civil society access to a research and innovation
strategy able to prioritize smart specialisation as the reflex-
ive control of a science and technology credible enough for
any vision of and debate over security, food, energy, mo-
bility, health and well-being of the public to clear the trust
deficit and for democracy to include those members of the
public who are otherwise left out of such a framework.

In particular, those members of the public, who are oth-
erwise left dis-empowered as user-communities and in that
sense excluded from any reflexive control of science and
technology, which the wealth creation of organized knowl-
edge production should mobilize as a vision, debate and
framework to confront the major challenges civil society
faces in tackling the likes of food and energy poverty, com-
batting depravation and promoting the health and well-be-
ing of an ecological reconstruction as part of a research
and innovation strategy. In that sense, the wealth creation
of organized knowledge production any such vision should
mobilize to scope out, discuss and frame the major chal-
lenges which civil society confronts in developing a re-
search and innovation strategy smart enough for the wealth
this vision of security, food, energy, mobility, health and
well-being creates to reframe science and technology as
a process of reflexive control that allows civil society to
prioritize debates over poverty, deprivation and ecological
destruction, by way of consultations and through deliber-
ations. By way of consultations about security, food, en-
ergy, mobility, health and well-being and deliberations over
poverty, deprivation and ecological destruction as interven-
tions in the governance of RIS3 designed to restore public
trust and clear the democratic deficit by cultivating a legal
and administrative framework whose funding of such prior-
ities secures investment to sustain the economic growth of
regions.

7. Conclusions: Towards the Next Stage of RIS3

The decade of 2010s has been a period of introduction
and experimentation on smart specialisation strategies and
initial testing of their underlying growth assumptions.
There is plenty of information on the content and chal-
lenges of RIS3 at regional or national levels - thanks to
JRC peer review of strategies - and on difficulties in apply-
ing rigorous methodologies for RIS3 design, implementa-
tion and assessment. RIS3 linking regional, national, and
EU policy frameworks, regulations and strategy objectives
require a variety of evidence to define problems, priorities
and objectives, and use suitable policy instruments to
achieve them. But, how this variety of evidence become fea-
sible in practice remains largely elusive (Kleibrink & Ma-

gro, 2018). The same decade has been also a period towards
more mature Internet technologies, wider use of online ser-
vices, web assistants, and large datasets that became avail-
able by online access to databases and user-generated con-
tent in social media.

Online S3 is positioned at the interface of these trends,
offers web services and tools to implement RIS3 method-
ologies across regions and facilitate the design process with
the use of datasets and software agents. Having developed
online assistants for 28 methodologies, documented as the
most used or useful in 30 EU regions, these web solutions
have been tested in four regions (Scotland, Central Mace-
donia, Galicia, and Northern Netherlands). In the pilots,
142 stakeholders were engaged, 12,000 users, of which 1089
were contributed with ideas and comments by open con-
sultation. The degree of acceptance of the proposed online
applications assisting RIS3 methodologies was very high,
with strong and very strong acceptance ranging between 58
- 82 percent. It became evident that online services con-
tribute to smart specialisation strategies in three ways: (1)
easier access to data, use of larger datasets, and data-based
evidence on regional context and trends, (2) use of com-
plex methods, transferring the complexity to algorithms,
roadmaps, and routines embedded into software applica-
tions that facilitate their use, and (3) wider user engage-
ment, easier dissemination of strategy vision, and collabo-
rative elaboration of priorities and action plans.

In our mind, these directions are setting the scene for
the coming programming period 2021-2027, in which the
smart specialisation agenda and RIS3 will reach a more
mature stage, enabling higher quality and more informed
strategies.

7.1 The Significance and Contribution of Datasets

Easy access to data has a direct impact on the effort
needed and productivity of the RIS3 management team.
Take for instance, the Regional Assets Mapping. Finding re-
gional data on 55 indicators by using this application and
comparing with peer regions is a work of minutes. Doing
the same by access to Eurostat databases needs effort mea-
sured in days. The gain in productivity is enormous. The
same is true for disseminating the vision of RIS3, under-
standing the institutional and administrative framework of
the smart specialisation, which can be done by direct ac-
cess to mash-up applications and use of available templates
avoiding duplication of efforts.

Evidence-based policy design is a matter of data. There
is a pressing need of data for monitoring and assessment.
A common EU monitoring and assessment model would be
extremely useful in this regard. The first steps have already
done by standardising the RIS3 actions by Thematic Ob-
jective and Investment Priority; also, by defining a pool of
common outputs indicators (CO01 to CO46). But assess-
ment needs more data. Time series by output indicator are
not enough. Finding data from other regions, peer regions
in particular, would enable benchmarking, and identifying
the focus areas of each strategy in absolute and compara-
tive terms. Moreover, assessing the regional impact of pol-
icy instruments demands data from many regions to inves-
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tigate relationships and dependences between output and
results indicators. This would reveal the real power of pol-
icy instruments to influence growth and sustainability. The
Output and Result Indicators application that has been de-
veloped enables correlation and regression analysis, pro-
vided that datasets from many regions are available con-
formed to conditions of correlation and regression.

Another area in which data would improve the quality
of RIS3 is related to user-generated content. Data from
social media or user satisfaction surveys may directly in-
form about the added value and the acceptance of RIS3
actions. Much more effective would be content provided
by stakeholders on actions already implemented, creating
a European database of RIS3 actions, which would be ex-
tremely useful during the co-design process, avoiding not-
invented-here attitudes. Finding datasets ready for analysis
and visualisation (e.g. academic publications, patent data,
specialisation data, etc.) would elucidate trends for which
statistical agencies do not provide data at lower geographi-
cal nomenclatures.

7.2 The Contribution of Software to Methods

Together with data, software applications are proved
very effective in improving the quality of RIS3. In combina-
tion with the guide for each application, a very clear under-
standing of the respective method, which is implemented
by software, is obtained. There is no space of fuzzy defi-
nitions or misunderstanding on data and calculus. More-
over, when applications are open source — as happens in
OnlineS3 - and the code is available on the GitHub, there is
total transparency how calculations are set, and results are
produced.

Standardisation is also a direct outcome of using soft-
ware for method’s implementation. The benefits of process
standardisation are extensively discussed (Ash & Burn,
2003; Kuhlang et al., 2011; Stevens & Dimitriadis, 2005).
There is improvement in technical communication and un-
derstanding, facilitation in exchange of know-how and easy
technology transfer and learning, establishing of best prac-
tice how to carry out a process. All these improvements are
translated to easier onboarding. Having a standard way of
doing something, it becomes easier to transfer this knowl-
edge. Standardising best practice and most efficient
processes, higher productivity spreads across an organisa-
tion.

Moreover, through software applications complex meth-
ods or use of sophisticated procedures becomes feasible,
even by non-experts. As know how is transferred from per-
sons to machines, software applications in the case of RIS3,
the effort needed for the implementation of methods is
minimized. The machine takes over and replaces the com-
plexity of the internal process by an algorithmic sequence.
The problem is solved at the stage of software design and
development. Then, complexity is replaced by repetition.

Using software applications, RIS3 methodologies obtain
transparency; access become easier; and productivity gains
reduce the effort needed for a state-of-the-art strategy de-

sign.

7.3 The Significance of RIS3 Participatory Model

Given the social significance of the Triple and Quadruple
helix models and especially the weight they each put on the
democracy of this participatory governance, merely carica-
turing the division between the Triple and Quadruple he-
lix as the difference between say, the proprietary systems of
knowledge economy and participatory governance of civil
society, would do them an injustice. As would any sugges-
tion either one of them is sufficiently powerful to bridge
such a deeply rooted division by themselves. For any such
claim would merely serve to exemplify how the ambiguities
currently surrounding the entrepreneurial discovery of re-
search and innovation strategies, not only run the risk of
misrepresenting what Smart Specialisation is, but also ig-
noring the real consequences of the prioritisations selected
to serve a knowledge economy whose deeply rooted social
divisions bring any notion of reflexive control, democracy
and user-communities in a participatory governance of sci-
ence and technology to the fore.

The reason for uncovering the division in the Triple and
Quadruple-Helix models is not to capture any errors in the
conceptual schemas they advance in relation to the entre-
preneurial discovery, or how research and innovation affect
Smart Specialisation Strategies. It is instead done to reveal
the deeply-rooted social division underlying all of this and
which surfaces as a lack of public trust in the participatory
governance of science and technology, and attempts made
to meet the democratic deficit associated with any reflex-
ive control of the wealth created from organized knowledge
production. In that sense, the lack of public trust in the
EDP and democratic deficit in Smart Specialisation Strate-
gies, which make up any claim about the participatory gov-
ernance of user-communities in science and technology.
Moreover, and in spite of what the Triple and Quadruple-
helix models both claim, that transgression of public trust
and deficit in democracy, which user-communities perceive
as the outcome of that reflexive control which is regressive,
because of how Smart Specialisation prioritizes research
and innovation as entrepreneurial discoveries related to the
organisation of a knowledge production whose economy is
only able to sustain regional growth at the expense of civil
society.

Given the weight of significance which the statement:
“at the expense of civil society” takes as a reflexive control
that transgresses public trust, and which results in a de-
mocratic deficit believed to be regressive, it is a matter
that not only warrants further examination, but which also
calls for additional consideration. Not only because at first
sight this lack of public trust is exactly what the Quadruple
Helix is understood to offer the prospect of delivering as
that knowledge economy which meets the governance chal-
lenge the Triple Helix leaves unresolved, but for the reason
a closer examination of the Triple Helix model does also
bring this democratic deficit reading of the transition from
the Triple to Quadruple Helix into question (Lombardi et
al., 2011; Kourtit et al., 2013; Deakin & Leydesdorff, 2014).
For what such a deficit reading of the transition tends to
ignore is the fact those advancing the Triple Helix model
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do meet the governance challenge without putting so much
critical distance between the intellectual capital of orga-
nized knowledge production (Deakin, 2014, 2015, 2018;
Deakin & Reid, 2018) and that democratisation of the pub-
lic which the Quadruple Helix calls for. That democratisa-
tion of the public which it calls for as a basis for user-com-
munities to gain trust and clear any deficit by participating
in the governance of science and technology as members of
civil society (Carayannis & Campbell, 2012, 2014; Carayan-
nis and Campbell, 2017).

For what those championing such a “Advanced Triple
Helix” are fully conscious of is that neither any democ-
ratisation of the public, nor user-communities which par-
ticipate in the governance of science and technology, are
the exclusive property of any social ecology this media cul-
tivates, but instead attributes of that intellectual capital
which underlies the organisation of knowledge production
and that surfaces in the economy of a wealth creation which
this governance exerts reflexive control over. Which this
governance exerts reflexive control over and that calls, not
so much for the addition of another helix dedicated to any
democratisation of the public, but instead an extension of
the Triple Helix model’s reach from the intellectual capital
of organized knowledge production out into the economics
of wealth creation. Not just in terms of that entrepreneur-
ial discovery which underpins the research and innovation
of any emergent “knowledge economy”, but as a process
that also supports the priorities of such a Smart Specialisa-
tion as a platform for the reflexive control of this democ-
ratisation by the public as user-communities. Furthermore,
by the public as user-communities which participate in the
governance of science and technology and in a manner that
does serve to clear any deficit in the system.

This way, vis-a-vis by way of the emergent properties
of an entrepreneurial discovery process underpinning re-
search and innovation and through the organisation of
knowledge production into an economy supporting this
process wealth creation, it does become possible for the pri-

orities such a Smart Specialisation sets to act as a plat-
form of reflexive control. In particular, that reflexive con-
trol which the public would not otherwise possess as
user-communities and for the reason that for all intents
and purposes, they lack the intellectual capital of organized
knowledge production as a platform for the process of
wealth creation to democratize the knowledge economy.
That is, to democratize the knowledge economy as the pub-
lic of those user-communities, which do possess the means,
vis-a-vis “wealth of intellect” needed to participate in the
governance of science and technology, not only as special
interest groups, but as members of civil society with the
“wisdom of the crowd” also required for them to sustain re-
gional growth.

This is the only way it is possible to get any equivalence
between the entrepreneurial discovery process of the re-
search and innovation strategies championed by the Triple
and Quadruple Helix models of Smart Specialisation, not
as a transgression of public trust whose democratic deficit
is regressive, but as part of that participatory governance
which is progressive. Which is instead progressive by virtue
of the fact this Smart Specialisation does not turn on a
strategy able to merely inflect some semblance of control
over a knowledge economy, but instead demonstrate the re-
flexivity of that democratisation which the public is sub-
ject to and user-communities assume to be virtuous. As-
sume to be virtuous as a consequence of the trust which
the public have in the user-communities that participate
in the governance of science and technology and potential
this Smart Specialisation has to clear the democratic deficit
within civil society as part of a bottom-up search for place-
based polices whose strategies are able to sustain regional
growth.
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This paper takes up the results of two research projects led by the authors: Contemporary
Architecture in Colombia and Optimization of building management through the
implementation of digital twins. These results are applied to a pedagogical investigation
on the work developed in an architectural design workshop. The experience of the
Architecture and BIM workshop of the Universidad de Bogota Jorge Tadeo Lozano
(UTADEO) is presented. This academic space, which responds to some challenges of the
implementation of the BIM building information modeling in university education in
Colombia, uses BIM methodology to train the student in architectural design
competencies. It highlights the one corresponding to the integration of the technical
dimension and its impact on space design decisions.

The experimental exercise in the workshop seeks to transpose the methodological and
technological advances derived from the digital transformation of the industrial sector to
the training processes in the academy. This strategy links the information modeling of the
building as a method to generate a change of the projective thinking and to improve the
decision-making for the production of architecture.

In the second part of the article, on section four, from the results of the workshop
experience, we proceed to discuss the digital interface where data and information collide
and the architecture teaching model in Colombia and to outline a new, more appropriate
and current epistemological point of view for architecture education.

This exploration of the ‘data’ theme in architecture design process through both a
practice-based and a theoretical approach suggests a prospect for the future professional
practice and its associated training processes. The possible widespread implementation of
these new ways of projecting can lead to the development of a new epistemological model
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for architecture education in Colombia, in accordance with disruptive practices such as
the design process under the influence of digital transformation.

1. Introduction

The Building Information Modeling (BIM), as a method-
ology for the development of projects, is a set of collab-
orative processes supported by industry 4.0 technologies
(Sukhodolov, 2019). These processes allow the integrated
development of projects through the information modeling
of each phase of their life cycle, managed through a com-
mon data environment and the use of open standards that
facilitate continuous collaboration between different
agents and disciplines. Therefore, the evolution of BIM in-
formation modeling must be framed within a paradigm that
takes into account people, processes, and technologies in an
increasingly interconnected world (Boje et al., 2020).

The implementation of BIM in the design subjects of ar-
chitecture programs in Colombia has not occurred at the
same speed as its implementation in the building industry.
In this sense, the teaching and learning of design is not
yet fully benefiting from the potential use of data, models
and documents embedded in design. This would allow new
paths to advance in the design process, as well as new
routes of analysis and evaluation of the design in the life cy-
cle of the project.

Information modeling connects the data that structures
the design information and its application to the project as
a synthesis of knowledge. The type and scope of the pro-
ject, the context of the project, added to the knowledge and
experience of the design team, allows defining the quantity
and quality of input and output data that configure the flow
of design information. Likewise, the design criteria are en-
riched by the quantity and quality of information that is ap-
plied to the solution of a problem in a certain context. In
the design process, information processing is understood as
all the actions of the designer for the formulation of the de-
sign problem and its solution (Montano Bello & Ledn Rojas,
2020). The BIM methodology is an ally for the management
of information that affects the formulation of the problem
and the search for the design solution. It advances itera-
tions and optimizations from the conceptualization stage
and efficiently organizes workflow, technical coordination,
and design documentation (Montano Bello & Le6n Rojas,
2020).

The implementation of the BIM methodology in univer-
sity teaching processes in architecture, in tune with
STEAM-type educational models, University of Bologna and
with theories Management contests such as Lean Construc-
tion or Integrated Project Delivery (Montano Bello & Ledén
Rojas, 2020), mean an opportunity to strengthen architec-
tural design competencies by incorporating them into the
traditional space of the project workshop.

Since 2018, the UTADEO School of Architecture gener-
ated an action-research space in the classroom through the
planning, development and continuity of the Architecture
and BIM workshop. The research presented assumes as a
hypothesis that the implementation of BIM methodology
in the training process of future architects allows the inte-
gration of structured information as a condition for the en-
trance of formal and spatial production of the architecture.

Action Research
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Figure 1. Methodology diagram

Source: Authors

At the same time, it strengthens a projective thinking based
on the life cycle of the project and the development of high-
performance architectural designs (Montano Bello & Leén
Rojas, 2020).

2. Methodology

Action Research (Frayling, 1993) is based on reflection
in action (Latorre Beltran, 2003). Its pedagogical research
methodology starts from an empirical observation in the
classroom that establishes connections between learning
activities and learning outcomes. Subsequently, a hypothet-
ical model of actions is built to structure a pedagogical
planning and provide a causal explanation of the teaching
and learning phenomena given in the classroom. Finally,
the pedagogical planning model is subjected to multiple it-
erative cycles of improvement that affect practice and ad-
justments to the following planning model.

The applied action-research was developed in four mo-
ments: planning workshop in the first and second semesters
2019, the first semester 2020, the last feedback from this
workshop and the planning of the second period 2020. The
structure of the action-research is based on a design exer-
cise proposed to the group of students, who simulate the
work of an architectural agency that receives a commission
declared and executed through a specific BIM Execution
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Plan.
2.1. Project sample

The action-research worked on design processes devel-
oped by two workshops between 2019 and 2020 correspond-
ing to stage two, three and four of the research. Each work-
shop was made up of 3 project subgroups, each with 7
members according to the specialties involved in the exer-
cise, for a total of 9 projects evaluated in 18 months of work,
as follows:

» Stage 1: Organization of the workshop teams.

» Stage 2: Team 01: Project Men’s clothing store. Team
02: Cocoa Shop project. Team 03: Perfume Shop pro-
ject

» Stage 3: Team 04: Watch Store project. Team 05: Co-
coa Shop project. Team 06: Children’s clothing store
project.

» Stage 4: Team 07: Cocoa Shop project. Team 08: Co-
coa Shop project. Team 09: Cocoa Shop project.

2.2. Data collection and analysis

For the Action Research (Till, 2008) process, documents,
models and data obtained thanks to the following instru-
ments were analyzed.

Performance assessment and observation matrices.
Evaluation rubrics were used to establish criteria and scales
for evaluating the learning evidences and their relationship
with the learning objectives proposed by the workshop. The
instrument allowed analyzing the performance of each
team and each member in each of the moments proposed in
the research design.

Interviews with students. Structured interviews were
conducted with the students in each of the project com-
mittees. These were recorded and allowed their subsequent
analysis. This instrument allowed us to analyze the rele-
vance of the proposed activities as a basis for their subse-
quent adjustment.

Audiovisual recordings and digital evidence record.
By time three and four, the quarantine derived from the
Covid-19 pandemic, led to synchronous sessions with tech-
nological aids that were operated remotely. This condition
allowed having a digital record of each session and the pos-
sibility of observing and analyzing the learning results in a
digital repository.

Participatory observations in the classroom. During
the process, notes and records were taken on the achieve-
ments obtained, as well as on the difficulties expressed by
the students regarding the construction of their learning
evidences, both individually and in groups. This instrument
allowed the evaluation of the activities and their effects on
the planning of the workshop.

2.3. Critical analysis

The results recorded in the following point three allow to
formulate in point four, and from an epistemological point
of view, a discussion of the architecture teaching model
in Colombia. It is based on two critical contributions sup-
ported by the concepts “potency” and " asignifying” formu-

eProject ideas
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eTour and commercial experience
eProgram and associated data
*Architectural features and
materiality

Formal and

spatial

synthesis

Site
analysis

#Variables
eVariables' associated data
sConclusions
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aspects

*Associated business ideas

*Associated images

eUser requirements and
associated data

eAssociated experiences

*Data of products and services to

be commercialized

Figure 2. Conceptual map of the Kahau commercial
project

Source: Architecture Workshop & BIM (2020)

lated by Deleuze (1981/2003), and “indexes” and “indices”
a concepts worked by Van Lier (1996/2014) and Huyghe
(2019). The critical contributions will link these concepts to
two results of the Action Research developed in the class-
room experience, with the purpose of demonstrating the
changes brought about by the BIM methodology in the
teaching of the project in architecture.

3. Results

The exercise allowed us to identify findings in two im-
portant variables: 1. The change in the type of information
that flows during the design process; and 2. The transfor-
mation of processes and flows of information. These
changes are related to improvements in performance indi-
cators and in learning outcomes for the traditional teach-
ing-learning processes of architecture design.

3.1. Change in type of information that flows
during the design process

In the initial stages of design, unstructured information
(@) is usually constructed, that is, valuable data for the pro-
ject thinking process such as sketches or analogous models.
However, since they are not made through electronic
means, they are not computable or interoperable. Even so,
they are progressively integrated through documents and
models that drive the projective thinking of designers to
advance in the consolidation of more elaborate project hy-
potheses. Figure 2 shows examples of this unstructured in-
formation generated in the initial stages of the process.

In the development of the design, digital tools are incor-
porated and one can migrate to an increasingly structured
information (II). Computable data and information that is
organized for different purposes and uses in the project are
produced, such as digital models, 2D drawings, digital im-
ages, digital documents of all kinds, etc. However, this in-
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formation is usually not connected. This structured infor-
mation generated early in the process involves architectural
plans and renders.

With information modeling (III) it is sought that certain
design data are structured and integrated into a 3D model
for particular uses. For example, figure 3 shows different
models of the same project that are used for the spatial
analysis of the design, the structural analysis or the analysis
of facilities. The structured information that is modeled al-
lows it to be processed by the machines and used for mul-
tiple processes. Among these are the planning, simulation
and testing of the solutions that are decisive to guarantee
the quality of the design in the later stages of the life cycle
of the draft.

The characteristics of the types of BIM models depend on
different factors. The most important - which are also inte-
grated with each other - are the type of project, the scope
of its development by phases, and the dimensions that it in-
tegrates. These in turn define the BIM uses that the model
will have and the level of development of the model, which
is known as the LOD. This in turn is made up of levels of
graphic advancement and development of integrated infor-
mation. Figure 4 illustrates the relationship of these aspects
in the definition of the information modeling developed in
the exercise.

A final stage in the management of design and project
information is the possibility of generating and using inte-
grated data (IV), that is, interconnected and highly struc-
tured information. Such information is produced by multi-
ple sources and managed in a common data environment
that can be used in multiple projects and different plat-
forms.

3.2. Process transformation and information
flows

The transition from processes based on analogous media
to processes based on digital media implies translating un-
structured information into structured information for
modeling and integration. The design process is thus fed
with structured information that allows better decision-
making from the early stages. The integration of data asso-
ciated with the conditions of the site and its analysis, data
that allow better technical analysis and 3D coordination
which facilitate the estimation of costs and construction
phases, or the construction scheduling are some examples
of how the information-driven design can be optimized.
Figure 5 shows a matrix with data integration, product of
the modeling of existing conditions, and site analysis. It is
useful for selecting between initial designs alternatives.

In the experimental exercise carried out, activities of the
design process with different degrees of autonomy in the
production of design information were identified: assisted
activities in which the tasks are carried out manually by
the student with the assistance of the computer, such as
graphic modeling and incorporation of data into the model;
automatic activities such as tasks performed by the machine
after preliminary programming, for example construction
simulation based on data from external programming; au-
tomated activities in which the tasks are executed by the
machine, for example in processes of quantification of pro-

Figure 3. Information models of the Kahau
commercial project: architectural, structural and
technical installations

Source: Architecture Workshop & BIM (2020)

TYPE OF PROJECT, DEVELOPMENT PHASES AND BIM
DIMENSIONS.

LoD BIM
MODEL'S DEVELOPMENT LEVEL

LOD 300/ 400

Definition of LOD 300 model
LOD 400 details.

Figure 4. Aspects that define the types of
information modeling in the design

Source: Authors
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Figure 5. Analysis matrix for the selection of design
alternatives for the Kahau commercial project

Source: Architecture Workshop and BIM (2020)

ject areas or of components and materials. In figure 6, a di-
agram is presented with the three types of activities identi-
fied in the design process.

The exercise allowed evidence of improvements in the
skills for collaborative work thanks to a common data en-
vironment, the use of protocols, and the flow of structured
information. The quality of the information produced ac-
counts for the improvement in the design results, synchro-
nized with reflections on the performance of the design in
the project life cycle. A better performance of designs in
multiple dimensions is also projected as a result of energy,
structural and bioclimatic analyzes, among others. Finally,
there are improvements in control from the design on cost
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and time constraints of the project, an aspect generally iso-
lated in traditional design teaching processes.

3.3. Limits of the experience

The information generated through the exercise also
shows limitations derived from the technological resources
used in the workshop, in terms of the degrees of integration
and autonomy in the generation of information. As infor-
mation is structured and integrated to advance the devel-
opment of design in architecture, the importance of knowl-
edge as a basis for decision-making and as a fundamental
resource for the synthesis of design is also understood. The
project is thus understood as a synthesis of knowledge
based on a complex interconnection of graphic and non-
graphic information, in turn based on a large amount of in-
tegrated data. The design exercise takes place in a set time
of 16 weeks that limits the number of design iterations.
However, the results show an awareness of the importance
of integrated information for the continuous improvement
of solutions, both in the progress flows verified in the pro-
duction of deliverables, as well as in the revision flows veri-
fied in the feedback of the process and in the partial results
obtained.

4. Critical contributions

For a theoretical proposal to be accepted as a valid con-
ceptual framework or as a predictor of reality, it must be ad-
equately described, explained and comprehensively tested
over time and under different operating models. In addi-
tion, for a conceptual framework to continue to reflect
process innovations and to benefit from emerging oppor-
tunities from information integration, this process of de-
scription, explanation, and testing must be iterative (Succar
& Poirier, 2020). In this sense, the description and expla-
nation of the experience, in addition to allowing it to be
improved by other researchers and peer-reviewed through
open scrutiny, questions the relevance of current epistemo-
logical frameworks in the practices of teaching - learning in
architecture.

This section is developed from the articulation between
the results of the study and the concepts indicated, from
which the two critical contributions arise. Thus, the first
contribution entitled “Computable data and visualization”
links a first result of the study, the type of information that
flows during the design process, with the concepts of in-
dexes and indices, in order to make evident how, depending
on the type of information, the digital visualization of de-
sign processes exceeds the visualization possibilities of the
classical perspective. The second critical contribution called
“towards a new epistemological horizon” links a second re-
sult of the study - the transformation of processes and in-
formation flows - with the notion of power. The objective
is to explain some modifications that the BIM methodology
contributes to the teaching of architecture.

4.1. Computable data and visualization

The relationship between unstructured and structured
information implies that analogous non-computable data
are raw material that cannot be reduced to significant data

'Assisted ‘Automatic ‘Automated
activities activities activities
[ [ Area
Graphic Constructive quantification
modelling simulation
Components
Manual quantification
incorporation
of data into the Quantification
| model of materials
A ) A \

Figure 6. Some activities of the design process and
associated degree of autonomy

Source: Authors

or information. However, in the digital interface where
structured information enables the production of informa-
tion models, some computable data act as raw material.
These asignifying data behave as an event in tension with
significant computable data, articulated to one purpose: the
development of a high-performance project. However, asig-
nifying computable data, without being articulated to a spe-
cific meaning, also affect the development processes of a
high-performance project. Of these processes, the informa-
tion visualization process is suitable for exploring the pro-
ductive tension between data.

In the information visualization processes of the work-
shop, significant data (structured information) is recog-
nized. They are signs of an established meaning. The stu-
dent confronted with visualization processes recognizes the
data as chained to the trajectory of a previous data. In this
process in which the data is articulated according to a spe-
cific meaning of information visualization, for example,
representing the spatial systems of a project, the parame-
ters of the visualization processes do not necessarily vary
in relation to the visualization parameters of the analogous
supports governed by perspective. Now, in epistemological
terms, within the framework of the parameters of the clas-
sical perspective inscribed in the processes of digital visu-
alization, the asignifying computational data are perceived
but not recognized, because they are not articulated to the
parameters of the established visualization regime.

In the information modeling that integrates analytical
data from the site in figure 4, the integrated data is indexed
to the perspective; the information visualization is adapted
to a form familiar to the student. This procedure where digi-
tal innovation of computer modeling is assisted by the past,
the perspective, corresponds to the early adoption phase of
the technology. Just as the way the first cars were made,
when they did it in a way that intended to disguise that, in
reality, it was something that had no precedent. Zuboff calls
this the “horseless-carriage syndrome”, the first cars were
built with the appearance of carriages, like horse-drawn
carriages, so that their novelty would go unnoticed (Zuboff,
2019). However, the indexing of the unfamiliar to the famil-
iar does not exclude of the visualization field of computer
modeling the asignifying data from the field of visualiza-
tion of computer modeling. They are visualized as intercon-
nected networks in three dimensions or as energy flows that
trace the solar incidence on the volume in perspective. In
the digital interface, the asignifying data affects the visual-
ization of a space in perspective, which is made up of signif-
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icant data.

Asignifying data are “indices” and significant data are
“indexes”. Indices are not signs, but rather the effects of a
cause they physically signal either through ‘monstration’ —
as when the imprint of a boar’s paw shows this same paw —
or ‘demonstration’, as when a disarrangement of furniture
might reveal a thief’s path through the house. Indices are
non-intentional, non-conventional signs. Indexes indicate
objects in the same way as the index finger might point to
an object. Indexes are intentional and conventional but des-
ignate nothing by themselves (Maes, 2008).

An asignifying data is an indice that can be considered an
act when referring to the domain of the real, while the sig-
nificant data is an index or action that refers to reality (Van
Lier, 1996/2014). Now, actions are also different from one
another: one indirectly encompasses the act and indicates
it; the other one encompasses it directly and expresses an
increase of a potency (Deleuze, 1981/2003). The indicative
“action” then differs from the action that increases the po-
tency of computer model display images. These images
would be indicative only if they represent the spatial coor-
dinates in perspective of the analog images. However, the
purpose of these images is not the constitution of a space in
perspective. The perspective is no longer the line of conver-
gence or the direction to which all the productive phases of
the processes that make them possible must be articulated.
In the images of a project developed with BIM methodology,
the expression of the temporal and resource dimensions as-
sociated (4D and 5D) to the constructive modeling and life
cycle of the projects are indices, asignifying data, acts, since
these dimensions they have not been historically indexed in
the image of architecture in perspective. Figure 5 shows the
volume of a building in relation to energy intensity lines,
which have no antecedent in the history of image, visual-
ization and communication of architecture.

The temporal and resource dimensions, as well as the en-
ergy incidents, are indices of the real that acts in the reality
of the architectural image, still subject to the perspective
as reality of the architectural representation. The fact that
project decisions are made in a participatory way with these
indices means that such events act to increase the potency
of the project. That the indices of the events are translated
in terms of qualitative and quantitative information, speaks
of the constant reconfiguration of the indexes from their ex-
posure to the always-active indices. In this sense, the tech-
niques of the present cannot be understood from the men-
tal habits of the past; their capacities or potency increase
due to the indices of the real that constantly reconfigure
their interfaces and their codes.

Architecture should be thought not in terms of form but
in terms of potency (Deleuze, 1981/2003). The development
of projects with the BIM methodology increases the potency
of the architecture since the data processing and the corre-
sponding visualization processes allow the project space to
be the effect of climate flow analysis and joint work where
each one of the phases are productive. These cases are not
explained from a line of convergence dependent on an idea
or a vanishing point as in perspective, nor from a linear
work organization where all the elements that affect their
systems and interfaces, and that also make up their mod-
eled and simulated images.

The development of parametric design projects with the
BIM methodology and its visualization processes contradict
the epistemological tradition, according to which the tech-
niques, in this case a methodology in which various soft-
ware participate, are finalized instruments of the designers.
Understanding that a technique is unfinished implies that
project thinking has been based on epistemological mis-
takes that, by idealizing ideas and articulations of meaning,
have not retained all the data or asignifying actions that
have constantly transformed the image of architecture. BIM
facilitates a more productive participation to what architec-
ture has always configured: the indices of the real.

To understand the permanent participation of data as
indices of a specific reality, the epistemological and on-
tological paradigm of means and ends must be displaced.
The purpose of architecture is always the physical construc-
tion of space. However, in its processes, there are indices
of the real - solar radiation on surfaces, the fourth and
fifth dimension in BIM—, which increase the action capacity
of architecture. A projected space that results from the
processes associated with computer modeling and a simul-
taneous work of conception / realization in which multiple
actors participate in real time, is a more powerful space and,
therefore, a more complete space with a degree of perfec-
tion (Deleuze, 1981/2003). The increase in the degree of
perfection is not the purpose but the expression of a con-
tinuous increase of a potency. The modeled and simulated
image allow exploring and presenting the possibilities of ar-
chitecture, due to the incidence and participation of the real
in its reality system. Contrary to the free simulation of the
real, computer models are powerful thanks to the participa-
tion of the real.

4.2, Towards a new epistemological horizon

The teaching of architecture in Colombia is based on the
French traditional model Beaux Arts and its conception-re-
alization distinction. BIM information models question the
project model executed according to an idea defined from
the conception phase. The preeminence of the idea in this
model of mental foundation corresponds to the transforma-
tion of architecture into arts liberated from its mechanics.
This model still colonizes architecture teaching practices
by being unconscious, not thought and, therefore, not dis-
cussed. In BIM, the conception is a phase of the project, the
hierarchy of which is no greater than that of the construc-
tion or the operation of the building. The construction is no
longer subordinate or separated from the conception, nor is
it the execution of an idea. In fact, conception and construc-
tion begin to collaborate jointly with the other stages of the
project process. BIM also implies a transformation in indus-
trial management that links production with operations or-
ganized according to the same source (the idea), that is, ac-
cording to a succession of tasks that are non-productive on
their own (Huyghe, 1999/2015).

The classroom experience with the BIM methodology in-
cludes construction in project development. Unlike the idea
that remains in its execution as it was conceived, thus in-
dexing the products to the source, the construction is ex-
ternalized in different elements. Products are detached (de-
indexed) from a source, which can be architecture, but also
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network design or structural design. Additionally, BIM
teamwork affects the economics of production and the
Beaux Arts division of labor, since each phase of work affects
the whole. If construction has to do more with production
than execution, the principle of convergence of the classical
production line is replaced by a mode of production whose
non-convergent parts are dispersed and affect, each one si-
multaneously, the entire project cycle.

To conclude the analysis of the tension produced by the
BIM methodology with respect to the Beaux Arts model,
we turn to the notion of “modernity” (Huyghe, 1999/2015).
Huyghe defines it by its difference with modernism, which
does not do as before; it substantially modifies the heritage
of the past. The economics of today’s innovation society ad-
mits modernism: what was done before is done differently
now; it excludes the classical in the method, but protects
the classical at the level of appearances (Huyghe, 1999/
2015). The same happens at the beginning of the 20th cen-
tury with architecture: historicism, new materials and con-
struction methods with an old look, suitable to be assim-
ilated by classical taste. Here, rather than discovering
inventions, they cover themselves with the past. The aes-
thetic, ethical and political problems that arise from such a
trick - to accommodate the new to the classical taste, that
is, to manipulate both the perception and the thinking of
the users -, is a capital issue in terms of the strength of the
Beaux Arts indexing systems on technological practices not
adjusted to classical taste.

Modernity admits that the situation is not as before and
registers the change by appropriating it. Modernity assumes
the new techniques, as a modification of the current histor-
ical situation of the teaching of architecture, but without
cutting off any relationship with the past or deceiving at
the level of appearances (Huyghe, 1999/2015). This is the
case at hand. As argued in the previous section, the visu-
alization of the project development in BIM uses the clas-
sical perspective, but simultaneously, the images produced
are unprecedented, and completely change the representa-
tive content of the project development processes.

5. Conclusion

Thanks to its relationship with technique, humanity can
regularly redefine itself. Similarly, BIM redefines the teach-
ing of architecture with the computer models in constant
redefinition. A digital model of a building is not the build-
ing; it resembles the building, which is its objective system,

but it is not its copy; it has different characteristics de-
pending on what is intended to be understood with it. This
allows digital models to improve and evolve, pressured by
the facts, by establishing that the conventions of a given
moment are not sufficiently compatible with the facts. The
construction linked to architecture is not compatible with
the epistemological model of yesteryear, which affects the
academic idea of the architect.

Data management in the computer model of a building is
an activity that cannot be understood from the classic epis-
temological paradigm of architecture, a paradigm where the
architect is considered a genius whose conception work is
the fruit of an idea. Before, the genius of the architect
meant that his work was secret and solitary. On the con-
trary, the data management process in a computer model is
redefined, without secrets, at each stage and in real time,
thanks to the work of a community of professionals. In this
sense, the architect works as a team with other profession-
als on projects that are developed progressively, according
to the schedule, the operation, the life cycle of the project
and all kinds of information necessary for the construction
of the project.

The new epistemological horizon that is proposed lies in
the design knowledge that is produced by the incidence of
collaborative work, the technical contributions from differ-
ent disciplines, and the conditions of possibility of technol-
ogy related to the management of structured information
from an early age of the process of design. This condition
also implies a change in the design results from a new per-
formance paradigm. These conditions, which are evidenced
through the exercise of action research in the classroom,
necessarily impact the pedagogy of the teaching-learning
process and, specifically, the processes that occur in the
space of the design workshop. The action-research exercise
carried out shows the advantages of the implementation of
the methodology from an early age of the design process
and not only in its optimization phases.

The BIM methodology draws a new epistemological hori-
zon by modifying the Beaux Arts model, the idea of an ar-
chitect, and the architectural work and production. Archi-
tecture, in the end, affects all stages of the project’s
development. Such stages, being collaborative and creative,
rather than undermining architecture, improve and en-
hance it.
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Centrality of knowledge-based industries (KBI) in the economy of metropolitan areas
leads to the transformation of their labour markets and promotion of new forms of urban
growth, because of creation of KBI specialized clusters. KBI are industries that are highly
based on codified and tacit knowledge located in people and communities, which become
important aspects for spatial employment location. The hypothesis of this paper suggests
that, despite high specialization of KBI and their integration into global networks, these
industries have functional linkages in regional markets, thus affecting the dynamics of
employment growth as a whole. This is verified for Catalonia, in which Barcelona
Metropolitan Region (BMR) is the largest urban agglomeration. Methodology includes a
Proxscal Multidimensional Scale Analysis that relates an Economic Dependency matrix,
which explains the relationship between all the economic sectors with a Spatial
Dependency matrix, which weights the size of the localized employment with the
inter-municipal distance. Results reveal, firstly, that KBI have intense economic
interlinkages with other industries in the Catalonian market, however, these interlinkages
do not encourage spatial proximity among them in terms of employment location, which
reveals the existence of long-range economic interlinkages; secondly, proximity to
metropolitan core evidenced as a key factor for location of KBI’ employment; this is
because in those areas firms may access to benefits of network and agglomeration
economies, encouraging in this way polycentric growth. Furthermore, paper results offer
an attractive and informative data-driven approach to conduct urban analysis studies that
may be reproducible in other urban data contexts, to provide solutions in employment
growth city planning public policies related.

1. Introduction

Since the late twentieth century, metropolitan areas
have experienced a key economic shift because of mass
deindustrialization and consolidation of services. In this
new scenario, the so-called knowledge-based industries
(hereinafter KBI) emerged as the main drivers of that
process (Harris, 2001).

The earlier works of Romer (1990) and Lucas (1988) claim

that knowledge and innovation tend to be highly localized,
thereby conferring an increasing value on human capital
and urban agglomeration as factors that encourage eco-
nomic growth. This leads to the creation of knowledge
spillovers in specific areas that encourage the generation of
buzz environments, which boost cross-fertilization among
specialized and diverse networks through face-to-face con-
tacts (Storper & Venables, 2004), even temporary spatial
proximity to develop processes of interpersonal trust
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(Growe, 2019).

Furthermore, network externalities, which are created by
long-range non-hierarchical interactions between territo-
ries, encourage KBI’ firms’ agglomeration in central areas
of large cities with deeply embedded innovations processes
(Taylor et al., 2010). All those processes supported by a so-
cial capital, which involves shared codes of behaviour fa-
cilitating knowledge transfers (Lambooy, 2010). However,
it remains unclear how the spatial clustering of KBI and
other industries are related and what role functional inter-
industry linkages, both forward and backward, have in this
process.

The research paper hypothesis suggests that, despite
high specialization of KBI and their integration into global
networks, these industries have functional linkages in re-
gional markets, thus affecting the dynamics of employment
growth as a whole. These processes studied in Catalonia, in
which Barcelona Metropolitan Region (BMR) is the largest
urban agglomeration. To achieve this, this paper studies
with the use of Proxcal Multidimensional Scaling (MDS)
analysis, the relationship between the technical coeffi-
cients’ matrix of Catalonia’s input-output (I-O), which
show economic interdependences among all industries, and
a geographic interdependences’ matrix that is calculated
with municipal employment data and intercity distances.
This matrix summarizes in one single value the average
physical distances between total employments by industry,
which are located in many municipalities. Furthermore, the
MDS analysis enables to reduce the original proximity mea-
sures of both economic and geographic interdependences
matrices to Euclidean distances that represent new prox-
imity measures, which are visualized in a Cartesian plane.
Hence, the position of each industry in the two resulting
Proxscal MDS spaces is a synthesis of its functional dynam-
ics and spatial location relating to all the industries of Cat-
alonia. In that sense, this paper highlights the use of in-
novative data-driven approach to analyse KBI’ employment
growth processes and their clustering patterns in the met-
ropolitan arena.

After this introduction, the next section reviews briefly
the literature in which location theory is based; then fol-
lows an overview of data and methods used; the results
presented next, a final section summarizes conclusions and
recommendations to public policies related.

2. KBI’s Location Factors

The three main theoretical approaches used here to ex-
plain the location of KBI are: 1) inter-industry linkages,
which in the case of KBI are also related to knowledge ex-
changes; 2) agglomeration and network externalities, which
explain the benefits that firms gain by locating close to each
other in specialized cluster or in central areas of large cities
that are increasingly networks’ nodes through which in-
tense flows of knowledge pass; and 3) human and social
capitals, which encourage successful business relationships
for innovation.

Firstly, Hirschman’s concept of inter-industry linkages
states that firms create backward and forward linkages in
their investment decisions, which establish cross-industry
ties with spatial effects. Hirschman (1958) argues that eco-

nomic growth boosted by the increasing growth of indus-
tries with multiple economic interrelations. Perroux’s
(1955) theory of development poles also refers to inter-in-
dustry linkages as a mechanism for economic growth. Con-
temporary, these interactions that arise between firms are
mainly related to knowledge exchanges, that local and in-
ternational collaboration promote, especially in KBI’ firms
as Fitjar & Rodriguez - Pose (2020) study in Norway.

Furthermore, the regional policy literature has shown a
renewed interest in the promotion of industries with the
potential to embed themselves into regional economies. In
that sense, the input-output (I-O) tables have been broadly
used as a tool in regional development analyses by different
authors. Hauknes & Knell (2009) utilize I-O tables, in vari-
ous countries to analyse knowledge flows in industrial pro-
duction; Hwang & Lee (2014) employ I-O tables in Korea to
analyse knowledge spillovers creation.

Secondly, external economies, both agglomeration and
network externalities, are well-known as other factors that
determine the location of economic activities. This concept
introduced by the economist A. Marshall (1920), to explain
industrial concentration, which leads to a reduction of pro-
duction costs and to an increase in productivity. In the Mar-
shall industrial district, local networks producing the so-
called external economies (Becattini et al., 2009). Of the set
of external economies, knowledge spillovers have a promi-
nent role in the clustering of KBI (Aslesen & Isaksen, 2007).
These are exchanges of non-traded knowledge, which are
massively important for firms because, from a firm’s per-
spective, knowledge production is a private good (Boschma,
2005). Hence, knowledge spillovers are often localized,
which means that local conditions play a critical role in the
emergence and dissemination of many kinds of knowledge;
for this reason, firms often seek locations close to univer-
sities (Lehmann et al., 2020) or in densely populated cities
with high cultural diversity where interactions with other
firms and access to a wide range of network externalities
happens (Audretsch et al., 2021). Additionally, internet fa-
cilities found in large cities enable telepresence meetings
to replicate face-to-face meetings as an effective way of in-
terfirm or interorganisational collaboration (Martin et al.,
2018).

Thirdly, human and social capitals become considered
influential factors in attracting and retaining KBI’ employ-
ment (Van Oort et al., 2009). Even nowadays digital social
capital that is supported by online social networks support,
encourages KBI” employment growth because it facilitates
knowledge spillovers creation between dislocated actors
(Tranos, 2016).

In short, in addition to classical requirements for eco-
nomic growth such as transport and communication in-
frastructures; nowadays, skills, socio-cultural diversity, and
health and environmental conditions also conceived as in-
fluential factors (Kourtit & Nijkamp, 2016). Additionally, in
terms of the direct benefits of agglomeration (functional
links) and indirect benefits (externalities), interaction
among firms should be related to their spatial distribution,
following Porter’s cluster theory (Porter, 1998). However, it
is not entirely clear related to KBI how spatial clustering
encourages functional interrelations within them, and con-
versely, how functional dynamics encourage spatial cluster-
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ing of those and other interlinked industries. In that sense,
this paper offers empirical evidence from Catalonia regard-
ing these processes.

3. Methodology and Data
3.1 Data

Employment data for 1991-2001 at two-digits of the EU’s
statistical classification of economic activities (NACE
Rev.1.1) is used.! This comes from the population census
elaborated by the Statistical Institute of Spain (INE for its
acronym in Spanish). This intercensal period is a key period
to understand the big shift in Catalonian labour market fig-
ures, specially KBI’ employment. In addition, other data
include technical coefficients’ matrix (this represents the
overall economic interdependences among all industries lo-
cated in Catalonia), which is part of the Catalonian input-
output (I-O) table of 2001 and intercity distances that come
from an own analysis.

3.2 Methodological Stages

The methodology comprises two stages. In stage one,
KBI are defined according to workers’ educational level by
industry, highlighting the industries that employ qualified
workers. Furthermore, KBI are categorized according to
their main consumption orientation, isolating those that
are business-orientated from those that are government
and households orientated. KBI consumption orientation
could determine different location patterns and distinct
employment growing dynamics. Additionally, the main KBI’
economic interlinked industries, both suppliers (backward
linkages, hereinafter KBI-iBLINK) and buyers (forward link-
ages, hereinafter KBI-iFLINK) are identified. In stage two,
the relationship between employment location and func-
tional interlinkages of KBI and their interlinked industries,
due to input-output relationships analysed.

3.2.1. Definition of knowledge-based industries
(KBI) and the KBI interlinked industries

The industries studied are those identified by the Or-
ganization for Economic Co-operation and Development
(OCDE, 2001) as high-tech manufacturing and knowledge-
intensive services (ICT, research and development R&D, fi-
nance, business services, health, and education); cul-
tural-creative also included, using the EUROSTAT
classification. This classification validated by a multivariate
analysis (Principal components factor analysis-PCA and hi-
erarchical cluster analysis) built based on workers’ educa-
tional level by industry according to data that comes from
INE of 2001. PCA reveals relationships between employ-
ment variables by identifying new and uncorrelated vari-
ables (factors), which contain those relationships patterns.
Cluster analysis reveals homogenous groups (clusters) of

industries, using PCA factors. Furthermore, KBI’ employ-
ment categorized according to their main consumption ori-
entation. In doing so, a cluster analysis made with data
about consumption orientation by industry from Catalo-
nia’s I-O table. Two main categories of KBI at two digits
of NACE Rev 1.1 were identified, as follows: government
and household-orientated consumption (hereinafter KBI-
GH) that correspond to five (5) industries; and business-ori-
entated consumption (hereinafter KBI-B) that correspond
to nine (9) industries. In addition, in this latter category
two sub-categories were identified: local business-orien-
tated (hereinafter KBI-LB) and export business-orientated
(hereinafter KBI-ExB). Table 1 illustrates this classification.

Additionally, to identify the main KBI’ interlinked indus-
tries, both industries with high sales to KBI (KBI-iBLINK)
and industries with high purchases to KBI (KBI-iFLINK) it
is used the technical coefficients of Catalonia’s I-O table
of 2001 and after performing a cluster analysis, homoge-
nous groups of industries in terms of KBI functional link-
ages found. Table 2 illustrates this classification.

3.2.2 Functional and formal positioning of KBI in
two Cartesian planes (methodology stage two)

The technical coefficients of Catalonia’s I-O table used to
identify functional inter-industry linkages between all in-
dustries, including KBI. In addition, equation (1) is calcu-
lated to build a geographical distances’ matrix of regional
employment by industry. In other words, this matrix sum-
marizes in one single value the average distances at which
employment in each industry regarding remaining indus-
tries are, considering municipal employment structure and
inter-municipal physical distances by road.

22?5:1 EMPiy * EMPjy * dyy W

Sy Pia % Py

In (1) Dg is the geographical distance between two given in-
dustries i and j; x and y are municipalities; emp are the mu-
nicipal employment in 2001; and d is the intercity distances
by road. This geographical distance’s (Dg) advantages are:
1) It is a strong measure regarding the size of municipali-
ties in terms of employment; 2) It is a solid measure con-
cerning size differences between industries; and 3) It sum-
marizes in one single value the average physical distances
between total employments by industry, which are located
in many municipalities.

The resulting matrices are n-dimensional. Therefore, to
visualize both matrices in a low-dimensional space, Prox-
scal Multidimensional Scaling (MDS)2 is used. This tech-
nique enables to reduce the original measures of proximity
(that is functional inter-industry linkages and geographic
distances between all industries) to Euclidean distances
that represent new proximity measures obtained in a Carte-
sian plane. Hence, the position of each industry in the two
resulting Proxscal spaces is a synthesis of its functional dy-

Dyg;j =

1 This study takes the NACE Rev 1.1 as statistical economic classification of reference.

2 Multidimensional Scaling (MDS) Proxscal has been already used in economic and geographic works (Burns et al., 2008).
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Classification according to

Code KBI consumption orientation by
industry

45 Insurance

a7 Real estate Government and household-

57 Cultural and creative activities

orientated consumption (KBI-

53 Education GH)
54 Human health and social work activities
24 Manufacture of computer and office machines Export
26 Manufacture of computer and electronic products business-
27 Manufacture of surgical, precision, and optical products orientated
49 ICT services Business- (KBI-ExB)
50 Research and Development (R&D) orientate.d
43 Postal and telecommunications services CO?;‘&TE';"" " Local
44 Financial services HSinesss
— - orientated
46 Auxiliary services to finance (KBI-LB)
51 Business and professional services
Table 1. KBI classification according to their main consumption orientation
Source: own elaboration
Backward Forward
code Industry linkages linkages
KBI-iBLINK  KBI-iFLINK
9/10 Food, beverage, and tobacco industries v
15 Paper industry v
16 Publishing products v v
18 Chemicals and Pharmaceuticals v v
19 Rubber and plastic products v
22 Metal products (except machinery and equipment) v
23 Machinery and mechanical equipment v
25 Electrical machinery v
32 Production and distribution of electricity, gas, steam v v
33 Water supply v v
34 Construction v
35 Trade, maintenance, and repair of vehicles v
36 Wholesale trade v v
37 Retail v
38 Hotel and accommodation v v
39 Land transport and transport via pipelines v
41 Air transport v
42 Warehousing and support activities for transportation v
48 Rental and leasing activities v v
52 Public administration and defence; compulsory social security v
56 Activities of membership organization v
14 14
Primary - energetic Manufacture and Services
construction
Table 2. KBI’ interlinked industries
Source: own elaboration.
namics and spatial location relating to all the industries 4. Results

of Catalonia. In other words, the Functional Proxscal space
(hereinafter F-Proxscal) shows the functional interlinkages
that exist between all industries; and the Spatial Proxscal
space (hereinafter S-Proxscal) shows the relative geo-
graphic distances that exist between employment locations
by industry in Catalonia. Furthermore, the spatial correla-
tion between these two Proxscal spaces using the Pearson
correlation index reveals functional and employment indus-
trial location links; this is observed for all industries and for
KBI individually.

4.1 Barcelona Metropolitan Region (BMR) as Case
Study

According to the Statistical Institute of Catalonia
(IDESCAT for its acronym in Catalan), in 2020 the BMR was
4.96 million inhabitants, 65% of total Catalonian popula-
tion; these figures was a slightly higher in 2001 when the
BMR corresponded to 67% of Catalan population, showing
a population scattering process from the BMR to the rest of
the region. Catalonia corresponds to a NUTS-2 in the EU’s
Nomenclature of Territorial Units for Statistics (NUTS). Fig-
ure 1 illustrates location and urban situation of the BMR in
Catalonia.

Additionally, according to the Labour Force Survey from
2019 elaborated by IDESCAT, the BMR has 2.42 million jobs,
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