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1 ABSTRACT

This doctoral dissertation is a compendium of articles in the topic of Innovation Districts. The purpose of
this thesis is to propose a framework for developing Innovation Districts (IDs) that advances the scientific
knowledge by providing a comprehensive set of Key Performance Indicators for IDs in the Urban,

Economic, Social, and Governance dimensions, as well as their relationship.

This study is founded on the theories of Knowledge-based Urban Development, Triple Helix, Clusters of

Innovation, the Areas of Innovation lifecycle model, and Performance Indicators underpinnings.

After a deep literature review analysing what science has said regarding Performance Indicators in IDs, the
case study approach was implemented, studying two Innovation Districts of global reference
(22@Barcelona and Porto Digital), to propose a preliminary framework to assess performance in IDs.
Obtaining from them seventy-two main indicators, key dimensions of analysis (urban, economic, social,
and governance), evaluable characteristics, and main agents with power of action over the measures
evaluated. Then, from these seventy-two initial indicators, using the Fuzzy Delphi approach, a panel of
experts was able to select a sub-set of thirty-seven indicators as the most relevant to assess the performance
in IDs. And for these thirty-seven selected indicators, using the DEMATEL approach, the level and
direction of influence among the indicators and the differential value conferred by these urban areas of

innovation was studied.

Several contributions can be derived from this work. (1) A holistic framework of 37 performance indicators
in IDs was developed. (2) Insightful information to learn about the role of each agent over the indicators in
order to contribute to the development of the urban innovation ecosystems is provided. (3) The relationship
between the Performance Indicators in IDs was stablished and validated by a panel of experts. (4) The first
two papers of this work contribute to empirical literature with two study cases and a in deep analysis of key
performance indicators. Additionally, from an academic standpoint, it could be concluded that the
Quintuple Helix and Clusters of Innovation models, and the Knowledge Based Urban Development
(KBUD) theory provide an adequate framework for describing the performance assessment of IDs with a
thorough understanding. From the perspective of policymakers, this work can inspire other urban areas of
innovation that want to be able to focus all their resources on achieving a desired goal, taking into account
not only economic growth, but also urban revitalization, governmental competitiveness, and social and
environmental awareness. This work provides new knowledge at the scientific literature and deliver to

practitioners a tool for deploying and evaluating the performance of IDs.

Keywords

Innovation Districts; Performance Assessment; Key Performance Indicator; Areas of Innovation; Triple

Helix; Knowledge Based Urban Development; 22@Barcelona; Porto Digital.



RESUMEN

Esta tesis doctoral es un compendio de articulos en la tematica de Distritos de Innovacion. El propdsito de
esta tesis es proponer un marco tedrico para el desarrollo de Distritos de Innovacion (IDs) que avance en el
conocimiento cientifico al proporcionar un conjunto integral de Indicadores Clave de Desempefio para IDs
en las dimensiones Urbana, Economica, Social y de Gobernanza, asi como también la relacion existente

entre los indicadores.

Este estudio se basa en las teorias del Desarrollo Urbano Basado en el Conocimiento (KBUD), la Triple
Hélice, los Clusteres de Innovacion, el modelo de ciclo de vida de las Areas de Innovacion y los

fundamentos teoéricos sobre los Indicadores de Desempefio.

Tras una profunda revision bibliografica analizando lo que la ciencia ha dicho sobre los Indicadores de
Desempeino en IDs, se ha implementado el enfoque de estudio de caso, estudiando dos Distritos de
Innovacion de referencia mundial (22@Barcelona y Porto Digital), que ha permitido elaborar un conjunto
preliminar de indicadores para evaluar el desempefio en IDs. Obteniendo de estos casos setenta y dos
indicadores principales, dimensiones clave de andlisis (urbanistica, econdmica, social y de gobernanza),
caracteristicas evaluables y principales agentes con poder de accion sobre las medidas evaluadas. Luego, a
partir de estos setenta y dos indicadores iniciales, utilizando la metodologia Fuzzy Delphi, un panel de
expertos pudo seleccionar un subconjunto de treinta y siete indicadores como los mas relevantes para
evaluar el desempefio en IDs. Y para estos treinta y siete indicadores seleccionados, utilizando la
metodologia DEMATEL, se estudi6 el nivel y direccion de influencia entre los indicadores y el valor

diferencial que confieren estas areas de innovacion urbanas.

De este trabajo se pueden derivar varias contribuciones. (1) Se ha desarrollado un marco holistico de 37
indicadores de desempefio en IDs. (2) Se proporciona informacion valiosa para conocer el papel de cada
agente sobre los indicadores para contribuir al desarrollo de los ecosistemas de innovacion urbana. (3) La
relacion entre los Indicadores de Desempefio en IDs fue establecida y validada por un panel de expertos.
(4) Los dos primeros articulos de este trabajo contribuyen a la literatura empirica con dos casos de estudio
y un analisis profundo de los indicadores clave de desempefio. Ademas, desde un punto de vista académico,
se puede concluir que los modelos Quintuple Helix y Clusters of Innovation, y la teoria del Desarrollo
Urbano Basado en el Conocimiento (KBUD) brindan un marco adecuado para describir la evaluacion del
desempefio de los IDs con una comprension profunda. Desde la perspectiva de los gestores de politicas
publicas, este trabajo puede inspirar a otras areas urbanas de innovaciéon que quieran enfocar sus recursos
en lograr una meta deseada, teniendo en cuenta no so6lo el crecimiento econémico, sino también la

revitalizacion urbana, la competitividad gubernamental y la conciencia social y medioambiental.
Palabras clave

Distritos de Innovacion; Evaluacion del rendimiento; Indicador clave de desempefio; Areas de Innovacion;

Triple Hélice; Desarrollo Urbano Basado en el Conocimiento; 22(@Barcelona; Porto Digital.
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RESUM

Aquesta tesi doctoral és un compendi d’articles en la tematica de Districtes d’Innovacid. El proposit
d'aquesta tesi és proposar un marc teoric per al desenvolupament de Districtes d'Innovacio (IDs) que avanci
el coneixement cientific al proporcionar un conjunt integral d'indicadors clau d’acompliment per a IDs en

les dimensions urbana, econdmica, social i de governanga, aixi com la relacid existent entre els indicadors.

Aquest estudi es basa en les teories del Desenvolupament Urba Basat en el Coneixement (KBUD), la Triple
Hélix, els Clisters d'Innovacio, el model de cicle de vida de les Arees d'Innovacio i els fonaments teorics

dels Indicadors d'Acompliment.

Després d'una revisié bibliografica profunda analitzant el que la ciéncia ha dit sobre els Indicadors
d'Acompliment en IDs, s’ha implementat I'enfocament d'estudi de cas, estudiant dos Districtes d'Innovacio
de referéncia mundial (22@Barcelona i Porto Digital), que va permetre elaborar un conjunt preliminar
d’indicadors per avaluar el rendiment en IDs. D'aquests casos es van obtenir setanta-dos indicadors
principals, dimensions clau d'analisi (urbanistica, economica, social i de governanca), caracteristiques
avaluables i principals agents amb poder d'accid sobre les mesures avaluades. Després, a partir d'aquests
setanta-dos indicadors inicials, utilitzant la metodologia Fuzzy Delphi, un panell d'experts va poder
seleccionar un subconjunt de trenta-set indicadors com els més rellevants per avaluar la performance en
IDs. I per a aquests trenta-set indicadors seleccionats, utilitzant la metodologia DEMATEL, es va estudiar
el nivell i la direccio d'influéncia entre els indicadors i el valor diferencial que confereixen aquestes arees

d'innovaci6 urbanes.

D'aquest treball se'n poden derivar diverses contribucions. (1) S’ha desenvolupat un marc holistic de 37
indicadors de desenvolupament en ID. (2) Es proporciona informacio6 valuosa per con¢ixer el paper de cada
agent sobre els indicadors per contribuir al desenvolupament dels ecosistemes d’innovacio urbana. (3) La
relacié entre els Indicadors d'Acompliment en IDs ha estat establerta i validada per un panell d'experts. (4)
Els dos primers articles d’aquest treball contribueixen a la literatura empirica amb dos casos d’estudi i una
analisi profunda dels indicadors clau d’acompliment. A més, des d'un punt de vista académic, es pot
concloure que els models Quintuple Helix i Clusters of Innovation, i la teoria del Desenvolupament Urba
Basat en el Coneixement (KBUD) ofereixen un marc adequat per descriure l'avaluacié de l'acompliment
dels IDs amb una comprensié profunda. Des de la perspectiva dels gestors de politiques publiques, aquest
treball pot inspirar altres arees urbanes d'innovacié que vulguin enfocar els seus recursos a assolir una meta
desitjada, tenint en compte no només el creixement economic, sind també la revitalitzacié urbana, la

competitivitat governamental i la consciéncia social i mediambiental.
Paraules clau
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2 PREFACE

Five years ago, I completed my master's degrees in Renewable Energies and Energy Sustainability,
concentrating on the energy strategy in Smart Cities for my master's dissertation. This guided me to
investigate all available performance metrics in order to determine which was the most appropriate for
evaluating the energy consumption in smart cities. And because energy is a transversal notion, this analysis

entailed looking at all the dimensions involved in creating a smart city.

Then, as I was finishing up two additional master's degrees in Project Management and Smart Cities, I
worked and continued to study these topics from a management and performance evaluation standpoint.
With time, I began to work with a team on projects with municipalities consortiums that sought to engage
their regions in the digital agenda, such as Localret in the case of Catalonia. We also worked with
established Innovation Districts that needed to be sure they were making progress toward their objectives.
Additionally, we worked on creating innovation ecosystems in the Brazilian states of Goias and Recife. All
of this led us to discover that it was crucial for practitioners and policymakers to be able to measure and
ensure that they were moving in the right direction, but there were few concrete ideas about how to do so

and the scientific community confirmed that there were no deep investigations in this subject.

With all the previous experiences and in accordance with the research lines of Dr. Josep Miquel Piqué and
Dr. Didier Grimaldi, who seek to understand the development of Innovation Districts and new forms of
innovation for the development of smart cities, we decided to continue analysing the development in these
urban areas of innovation, albeit with a greater emphasis on Innovation Districts and with a performance
assessment approach. In response to the information gap exposed by the current state of the art in this
subject, we decided to develop a systematic and exhaustive research of Performance Indicators for IDs that

is the goal of this work.

As a result, we got in touch with the management teams of 22(@Barcelona and Porto Digital in Brazil to
create a preliminary set of indicators. Furthermore, we communicated with the International Association of
Science Parks (IASP) and confirmed that it was crucial for policymakers, practitioners, and governments
to understand how to assess performance in these areas and they expressed interest in our research for the
application of the findings, they decided to sponsor us and connect us through their platform with several
experienced professionals (CEOs, former Presidents, and Directors) of Innovation Districts to be able to
validate the relevance of the indicators found in the first steps of the research, obtaining a final subset of
indicators already validated. Moreover, based on the interest that this research aroused, the IASP decided

to create an Alliance of Innovation Districts to share knowledge and connect ecosystems.

This research has been a phenomenal experience that has provided me with both theoretical and practical
knowledge, and whose contribution has not only a scientific but also a practical influence and I am grateful

to everyone who has assisted and accompanied me on this journey.
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CHAPTER 1.- INTRODUCTION

1. INTRODUCTION

Increasingly, global social, economic and environmental challenges demand greater answers from
communities, which calls for rapid adaptation to the changes caused by the current knowledge economy
(Pareja-Eastaway & Pique, 2011). One of the key answers for meeting the requirement for an environment
that is flexible and offers all-encompassing answers is innovation (Florida, 2002; Pancholi, et al., 2015b).
However, the open economy has shifted how it innovates to more open approaches that yearn for
workspaces in collaborative ecosystems (Webster, et al., 2021). This generated the need to provide the
talented and knowledgeable mobile workforce an increasing sense of belonging (Pancholi, et al., 2015a).
All of these trends revalue cities and urban environments for quality living, enjoyment, and development
that spur bottom-up innovation (Etzkowitz & Schaflander, 1968; Esmacilpoorarabi, et al., 2020a; Belussi
& Caldari, 2009) as a strategy to both recruit and retain this important qualified personnel. Therefore, talent
is the primary resource of these "knowledge cities", which is used to create value through innovation,

technology, and brainpower in order to promote social, economic, and territorial welfare (Carrillo, 2006).

The literature presents various frameworks used to describe and understand how contextual factors
influence the agents’ interactions in the innovation process from National Innovation Systems (Lundvall,
1992; Lundvall, 2007; Nelson, 1993; Freeman, 1995) to Regional Innovation Systems (Cooke, et al., 1997).
Regarding the innovation process in the local dimension, the improvement in the development of a new
economy in inner cities has aroused a strong interest (Hutton, 2000; Hutton, 2004), as well as the urban
knowledge parks (Bugliarello, 2004) and creative and knowledge cities (Lever, 2002; Florida, 2002; Costa,
et al., 2008; Pratt, 2008) and knowledge-based urban developments (KBUD) (Carrillo, et al., 2014). This
last theory (KBUD) argues that cities may become more competitive by working together to build their
urban, economic, social, and governance pillars. (Knight, 1995; Lonnqvist, et al., 2014; Sarimin &

Yigitcanlar, 2012; Nikina & Pique, 2016).

In consequence, in the modern world, metropolitan areas are shaping this idea, where core locations are
being supported and reorganized by the emergence of intellectual production that supports the creation of
knowledge cities (Yigitcanlar, 2011). In addition, during the past few years, this innovative notion of a
knowledge city has caught the attention of international organizations, local governments, research groups,
and practitioners. Major international institutions, such as the World Bank (1998), European Commission
(2000), United Nations (2001), and Organization for Economic Co-operation and Development (OECD
2001), have included knowledge management frameworks into their strategic goals for international
development (Yigitcanlar, et al., 2008f). Additionally, governance is at the forefront of harnessing
information and innovation as key development tools to increase urban competitiveness and prosper in a

knowledge economy (Tull & Dare, 2019; Pancholi, et al., 2017).

According to (Etzkowitz & Leydesdorff, 2000) the three triple helix actors Government, Academia, and

Industry can take on various responsibilities in each KBUD dimension (Pique, et al., 2019b) and stages of

11



CHAPTER 1.- INTRODUCTION

evolution in the innovation ecosystems lifecycle from inception to maturity phases (Pique, et al., 2019a).
The dynamics of the agents, interactions, forces, and outcomes inside the social system's cultural, political,
and economic subsystems, provides the foundation for the smart growth of the innovation ecosystems

(Jucevicius & Grumadaite, 2014).

Urban areas of innovation as Innovation Districts (Pique, et al., 2019a) and their geographical effect on
the status quo have been extensively examined. Over the past two decades, researchers have examined
how cities adapt to the global economy (Derqui, et al., 2020). From general analyses of the
development and organisation of inner cities (Sassen, 1991; Sassen, 1998; Sassen, 2002; Knight, 1995;
Gospodini, 2006), to more specific topics such as sustainable development (Hall, 1997), health
and urban ecosystem (McMichael, 2000), gentrification effects (Atkinson, 2004), competitiveness
of cities (Brotchie, et al., 1995; Jensen-Butler, et al., 1997; Lever, 1999; Strambach, 2002), in addition to
urban regeneration policies (Marcotullio, 2003; Atkinson, 2004; Morisson, 2020). Innovation Districts
are becoming more and more relevant as a way to address these constantly evolving economic, social

and technological concerns.

On the other side, when analysing the evolution of industrial agglomerations, at the beginning of the
20th century, Alfred Marshall introduced the term Industrial District in his article The Principles of
Economics, seeking to describe some aspects of the industrial organization of nations (Marshall,
1920). After that, Walter Isard conceptualized industrial complexes as potential building blocks for the
industrialization of post-war progress of nations (Isard, 1959; Isard, 1960). Later, Stan Czamanski began
to use the concept of industrial clusters (Czamanski & Augusto de Q. Ablas, 1979), and Giacomo
Becattini, following Marshall's concept of industrial districts, explained the industrialization of the Italian
region of Tuscany and offered the first formal articulation of the concept (Becattini, 1962).
Finally, Michael Porter developed a comprehensive notion of industrial clusters to define the spatial

concentrations of industries in a group of nations he examined (Porter, 1990).

In the 1990s, capitalist nations began their economic transition to post-Fordist or knowledge-based
economies (Amin, 1994; Drucker, 1998). In this transition, with the rise of global economy and the impact
of the information and communication technologies, cities were identified as the platforms to generate
technical innovation (Castells, 1989; Florida, et al., 2017). In this context, the concept of ID in cities
is derived from territorial innovation models such as learning region (Morgan, 1997), innovative
milieu (Aydalot & Keeble, 1988; Camagni, 1995; Maillat, 1991; Maillat, 1998), cluster (Porter, 1990;
Porter, 1998), industrial district (Becattini, 2004), and knowledge-based urban economy (Knight, 1995),

which all emphasise the significance of the spatial dimension of innovation.

To remain relevant, urban strategies have had to adapt to new technology and socioeconomic models.
Technological developments, particularly revolutionary and disruptive ones, have a substantial impact
on urban planning and urban policies (Hall, 1997). Urban economic development best practices evolved in
the late 1990s from suburban greenfield initiatives to urban rehabilitation projects (Smith, 2002). The
aims of urban planning in the knowledge economy are to promote variety of uses of the land,

. . 12
densification, new
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facilities, preservation of historic buildings and sustainable infrastructures, in order to increase the urban

competitiveness while promoting the quality of life (Pareja-Eastaway & Pique, 2011).

Storper and Venables (2004) highlight the importance of face-to-face interactions, co-presence, and
co-location of individuals and enterprises within the same sector, locality, or region, which
facilitates knowledge spill overs and the flow of tacit information in innovation ecosystems (Storper
& Venables, 2004) like Innovation Districts. Indeed, information may be exchanged through
serendipitous interactions and cognitive heterogeneity, both of which are more prevalent in dense urban

districts (Jacobs, 1961).

The current Innovation Districts are reached as geographic areas where leading-edge anchor institutions as
universities, and companies cluster are connected with startups, business incubators and accelerators
(Engel, 2022). This connection between corporates and entrepreneurs is beneficial for both sides since
the startups can grow in urban ecosystems of innovation connecting with investors and large corporations
that can absorb disruptive innovation from new tech ventures (Chesbrough, 2003). Physically compact,
transit-accessible, and technically wired, these mixed-use developments also provide housing, office,
and retail space (Katz & Wagner, 2014). Being the talent the raw material of the knowledge-based
economy (Carrillo, 2006), these districts are situated around them, offering a location for working and

living in response to the demands of anchoring talent in the ecosystems.

Then, from a research standpoint, it has become clear that the conditions and surroundings needed for city
growth connected with knowledge based on talent, differ from those needed for manufacturing that is based

on commodities (Knight, 1995; Yigitcanlar, et al., 2008f).

These knowledge-intensive areas (either cities or districts) provide environments and programmes to
facilitate the concentration of creative industries integrated into a supportive social environment
(Scott, 2000) by offering specialised amenities (Yigitcanlar & Dur, 2013) and infrastructures (Hutton,
2004; Porter, 1995; Utterback & Afuah, 1998 ). Such an offering attracts knowledge-based companies,
in substituting traditional businesses of old industrial districts, with large urban clusters (Hutton, 2004),

stimulating the concentration of talented people (Florida, 2008).

These multidimensional Innovation Districts are made up of a complex web of interconnected elements,
including citizens, businesses, transportation, communications, services, and other components of a cluster
of innovation (Engel, 2022), each with their own distinct strengths and weaknesses that must constantly
adapt to new situations, creating the ongoing challenge of coming up with new strategies to
upgrade infrastructure, better quality of life, and create an appealing environment for talent and
investment in line with the paradigm of Knowledge-based Urban Development (KBUD) (Metaxiotis, et
al., 2010; Yigitcanlar, 2014). Understanding how an ID can change and improve based on these elements
is the starting point for the ID to reach its vision and objectives, and this can be achieved by refining its
most complex link, but at the same time, essential: its strategy. Defining a strategy can help determine
where and when to invest, define an integration and optimization schedule across all components and
activities, and uncover new opportunities for gr?xgvth and progress. Mission statements have been

studied in strategic management
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literature as a tool for understanding and evaluating how organisations function (Alegre, et al., 2018). Every
organisation has its own mission, and how it is articulated can disclose important information about an
organisation's strategy. Recent works in the domain of science and technology (Wang et al., 2014; Berbegal-
Mirabent et al., 2020) include mission statements of science parks which are scrutinised in order to identify
possible links between strategy and actual performance. Organizational performance is operationalized in
a variety of ways in these studies, ranging from indicators of a number of startups to indicators of funding.
Organizations use performance indicators to monitor and evaluate their behaviour and ensure that their
efforts are directed towards achieving their goals. Effective evaluation is critical for demonstrating the
worth of projects and initiatives, as well as the benefits provided to city authorities and all city stakeholders.
(Caird, et al., 2016). KPIs can be a universal tool for evaluating the progress of strategies to support the
monitoring of pertinent projects and initiatives (Dameri, 2017). In terms of a product's or innovation
environment's lifecycle, managing the lifecycle maximises value and profitability at each step. The

selection of appropriate strategies and KPlIs is critical for driving the value maximisation process.

Evaluating the main components and activities of an ID is the first step in defining a strategy towards
sustainable prosperity and developing a set of related indicators is the right activity to do so. Indicators
show the changes and progress an ID is making towards achieving a specific result. Hence, it becomes
essential that the elements evaluated are directly linked to the main activities aimed at achieving specific

goals (Berbegal-Mirabent et al., 2020).

Even while there has been research on the topic of indicators in Innovation Districts, this previous studies
has tended to concentrate on the more fundamental features of the area, such as: classification (Yigitcanlar,
et al., 2020; Adu-McVie, et al., 2021), which proposes a set of conceptual attributes to classify Innovation
Districts through a three-prong framework that includes: classification by Function, which highlights the
essential functions of Innovation Districts and proposes indicators like Industry type, Investment Type and
Management model. Classification by Feature, which draws attention to the shared characteristics of
Innovation Districts and proposes indicators like economic scale, locality setting and social activity. And
classification by Space-use, which concentrates on the development, design, and plans of Innovation
Districts, and propose indicators related to Mixed-use, Urban Design and Natural Environment. All of them
could be link with performance in IDs but were not defined for this purpose and have not a comprehensive
perspective lacking more measure to evaluate all the dimensions and characteristics that give to these urban

areas of innovation their differential value.

By the other hand, Esmaceilpoorarabi and Kamruzzaman, take a different angle and they analyse the best
features to ensure assertive emplacement selection of the ID, suggesting five study areas: Context
indicators, which focus on regional and city qualities; Form indicators, which focus on spatial and physical
aspects; Function indicators, which focus on uses-services and socio-economics aspects; Image indicators,
which focus on personal and perceptual aspects and Ambient indicators, focused on socio-equipment and

socio-cultural aspects (Esmaeilpoorarabi, et al., 2017; Esmaeilpoorarabi & Kamruzzaman, 2018). Other
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research focuses on particular aspects of performance, such as wellbeing (Orii, et al., 2020) or specific
district development initiatives, such transportation (Truong & Ta, 2020). But again, there is still
no comprehensive framework for analysing the performance indicators across all dimensions of an
Innovation District in the academic literature and the relevance in the development of this broad vision has
been proven as required in the previous paragraphs as a way to ensure the achievement of their vision and

the effective use of their resources (Caird, et al., 2016, Dameri, 2017; Berbegal-Mirabent et al., 2020).

In order to fill this knowledge gap, this thesis intends to analyse the development of IDs proposing a
comprehensive framework to assess performance. For this purpose, we will address some specific

objectives:

(1)  Explore the set of indicators required for a productive decision-making process in each ID
dimension.

(2)  Analyse the moment when the indicators become active during the IDs stages and the primary
agent with action power.

(3)  Validate the relevancy of the identified indicators and evaluate their interrelationships.
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1.1. ARTICLES OF THE THESIS BY COMPENDIUM

The contribution of the author in each article of this thesis as compendium of publications has been as

follow:

Publication 1: Rapetti, C., Pareja-Eastaway, M., Pique, J. M., & Grimaldi, D. (2022a). Measuring the
development of innovations districts through performance indicators: 22(@ Barcelona Case. Journal of

Evolutionary Studies in Business, 7(2), 6-39.

Under the supervision of J. M. Pique and D. Grimaldi, the PhD candidate has contributed: (1) Defining the
goal of the study. (2) Analysing the state of the art. (3) Defining the methodology. (4) Collecting the data,
which include not just to identify and quantify scientific papers, but also official reports. (5) Elaborating
the results. And (6) writing the paper.

Publication 2: Rapetti, C., Pique, J. M., Figlioli, A., & Berbegal-Mirabent, J. (2022b). Performance
Indicators for the Evolution of Areas of Innovation: Porto Digital Case. Journal of evolutionary studies in

business, 7(2), 219-267.

Under the supervision of J. M. Pique, the PhD candidate has contributed: (1) Defining the goal of the study,
this, (2) Analysing the state of the art, (3) Defining the methodology. (4) Collecting the data, (5)
Elaborating the results, was also challenging because it includes not just to analyse, quantify and clusterise

but also identify the activation schedule for each key performance indicator. And (6) Writing the paper.

Publication 3: Rapetti, C.; Pique, J.; Etzkowitz, H.; Miralles, F.; Duran, J. (2023). ‘Innovation Districts

Development: A Performance Assessment’. Triple Helix Journal, in press.

Under the supervision of J. M. Pique, the PhD candidate has contributed: (1) Defining the goal of the study.
(2) Analysing the state of the art. (3) Defining the methodology, this section with the challenge of manage
two different methodologies (Fuzzy Delphi and DEMATEL) that are connected but have their own
particularities that must be solved and justified during the process of implementation. (4) Collecting the

data. (5) Elaborating the results. And (6) Writing the paper.

This document is developed as compendium of publications structured in 10 chapters: 1.
INTRODUCTION, where the state-of-the-art that evidences the knowledge gap, relevance and contribution
of the author that give foundation to this work are presented. 2. BIBLIOMETRIC ANALYSIS, where the
macro tends and evolution of the topic in science is presented, exposing the relevance and main references
in the field. 3. THEORETICAL BACKGROUND, where all the theoretical underpinning that delivers base
to this investigation and its discussion are described. 4. RESEARCH STRATEGY, where the research
structure, question, objective, scope and methodologies are summarised. 5., 6. y 7. Where the three main
articles of this compendium are introduced. 8. ETHICAL ASPECTS, where the ethical discussion is open.
9. DISCUSSION AND CONTRIBUTION. Where the current state of the art and the theoretical framework
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in the topic in contrasted with the results of this research and the emerging contributions are exposed. 10.

CONCLUSIONS, LIMITATIONS AND FUTURE LINES are presented.
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2. BIBLIOMETRIC ANALYSIS

The foregoing introduction is a synopsis of an exhaustive bibliometric analysis. This bibliometric study
was conducted initially in the subject of Innovation Ecosystems (IE), but subsequently focused on the
concepts of Innovation Districts (IE in urban areas) and Performance Assessment, in order to determine:
first, who are the reference writers in these fields; second, which areas are currently of interest to scientists;
and third, which special aspects of these themes have already been uncovered. This gives us a thorough
picture of the state of Innovation Districts and enables us to determine what truly generates value for both

practitioners and science.

According to Scopus 19832022, over the past 40 years, interest in the study of Innovation Districts has
increased, going from almost no papers published annually at the start of the millennium to more than forty
articles published per year in 2022 (Figure 2.1). Additionally, Social Science and Business and

Management are the areas within the Innovation Districts concept that reunite the most papers (Figure 2.2).
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Documents
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Figure 2-1: Evolution of the topic "Innovation District” in science. Source: Innovation Districts
(Scopus 1983 - 2022)
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Figure 2-2: Innovation Districts most studied areas. Source: Innovation Districts (Scopus 1983-2022)
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Furthermore, the authors: Yigitcanlar, Guardala, Pancholi, Esmaeilpoorarabi, and Kamruzzaman—who are
the primary sources and references in the Introduction section—are those who have published the most in

this topic in recent years (Figure 2.3).
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Figure 2-3: Innovation Districts main authors. Source: Innovation Districts (Scopus: 1983-2022)

Finally, when we discuss current trend topics (Figure 2.4), we can observe that science is nowadays mostly

focused on:

e The knowledge economy perspective.
e The need to establish conceptual frameworks.

e The examination of urban growth.
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Figure 2-4: Trend Topics => Innovation Districts (Scopus 1983 - 2022)

Also observing a shift in perspective as the thematic evolved over time (Figure 2.5), it can be observed the

following migrations:
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e From a perspective of economic to urban expansion.
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e From discussing a singular standpoint of governance to taking a stakeholder viewpoint approach.

e From a single cluster analysis perspective to considering innovation as a whole.
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Figure 2-5: Thematic Evolution => Innovation Districts (Scopus 1983 - 2022)

These ideas not only guide, strength and validate the focus of this work, but also reinforce its contribution.

All of this provides evidence of the growing importance of Innovation Districts in research, as well as the

breadth of perspectives inside them, with the agents shifting from top-down perspectives to a more plural

notion that takes other ecosystem actors into consideration. This also made it possible to better outline the

theoretical framework that guides this work in the sections that follow, which include the KBUD, Triple,

Quadruple, and Quintuple Helix, Cluster of Innovation, and Areas of Innovation Lifecycle, following,

among other rationales, the ideas of expanding bases both in terms of dimensions and agents’ perspectives

inside Innovation Districts, in accordance with the evolution that science reports as occurring.
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3. THEORETICAL BACKGROUND

The theoretical foundation that supports this thesis is derived from many models that frame and shape the
analysed environment. We have selected five theoretical models in order to comprehend and structure the
Innovation Districts' Performance Assessment Framework as follows: (1) the Knowledge-based Urban
Development (KBUD) theory (Knight, 1995; Sarimin & Yigitcanlar, 2012), which proposes the existence
of four dimensions to explain the knowledge-based development of cities, (2) the Triple Helix (TH) model
(Etzkowitz & Leydesdorff, 2000) which seeks to explain the Innovation Ecosystems from the perspective
of the interaction between three main actors: Government, Industry, and the Academia, adding Society and
Environment more recently (Carayannis & Campbell, 2009; Carayannis, et al., 2012); (4) evolution of
Areas of Innovation (AOIs) (Pique, et al., 2018; Pique, et al., 2019a; Pique, et al., 2021), utilised to
comprehend the phases in the evolution of AOIs and the role of Triple Helix agents in this development (an
ID is understood as an urban AOI); (5) Performance indicators underpinning, exposes as metrics for
measuring and evaluating the accomplishment of goals. Key performance indicators (KPIs) can be used as
a universal evaluation tool for the progress of strategies to aid in the monitoring of important projects and

activities (Dameri, 2017).

3.1. KNOWLEDGE-BASED URBAN DEVELOPMENT

Richard Knight stated in 1995 that a new methodology was required to explain the evolution of cities in
light of the knowledge-based growth of Innovation Districts (Knight, 1995). Knowledge-Based Urban
Development (KBUD) is "the transfer of knowledge resources into local development," according to his
definition (Knight, 1995)(pp. 225-226). Consequently, (Sarimin & Yigitcanlar, 2012) included the
following four dimensions into the KBUD: (1) Social and cultural development (such as housing,
community facilities, education, social capital, and knowledge workers); (2) economic development (such
as R&D centres, knowledge based companies, and start-ups); and (3) environment and urban development
(such as green areas, green infrastructures—mobility, energy, waste, and water—and green building); and
(4) governance development (such as public and/or private bodies that manage urban transformation and

the process of citizen engagement).

In the context of urban development, assets are the resources of ID (Velibeyoglu & Yigitcanlar, 2010).
Managing tangible (i.e., physical infrastructure and structures such as transport, property, and utilities) and

intangible (i.e., knowledge, cooperation, and creativity) assets helps to the growth of ID. (Figure 3.1).
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Figure 3-1: Knowledge-Based Urban Development Model.
Source: Sarimin, M. and Yigitcanlar, T. (2012)

Pique et al. (2019b) says IDs require urban, economic, and social change. The infrastructure and urban
dimension, the companies and economic dimension, the talent and social dimension, and the governance

dimension are crucial to urban revitalization:

Urban transformation requires an urban plan, an infrastructure plan, and a legal framework that permits
the use of land for knowledge-based activities and the attraction of real estate investors for renovating

existing buildings and constructing new office and public spaces.

In terms of economic transformation, IDs require smart specialization. This involves determining
which sectors (clusters) are to be developed and what technology agenda is required for innovation

value chains.

For Social transformation, talent is a key asset of the knowledge-based economy and of the society
itself. Innovation Districts must establish a strategy for talent creation, development, attraction, and

retention, as well as the provision of comfortable living and working environments.

For Governance, Triple Helix agents play a crucial role in transformation and should establish hybrid
organisations (public-private partnership platforms) in order to share the vision for the Innovation

District and add activities to be implemented across all project dimensions.

Cities are strongly interrelated within an urban agglomeration, making the agglomeration one of the most
significant drivers of global economic development (Fang & Yu, 2017). In this context, urban area refers

to the highly developed spatial form of cohesive cities.

The essence of cities as urbanised places may be traced back to Weber's (1958) work, which emphasises
the importance of the city's economic and political order. This phenomenon arises when the relationships
between agents of the triple helix inside cities transition from mostly competitive to both competitive and

cooperative.
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3.2. THE TRIPLE HELIX MODEL

The Triple Helix concept started in the mid-1990s, when policymakers urged universities and companies
to collaborate more closely for the benefit of society, resulting in an increase in the commercialization of
new knowledge. In this respect, it is a methodological instrument: the emphasis on the recursive overlay of
interaction between universities, industries, and governments enables the organising of research questions

in connection to the many models and metaphors (Leydesdorff & Etzkowitz, 1998).

The Triple Helix concept posits that university-industry-government interaction is the key to enhance the

ecosystem of innovation in a knowledge-based society (Pique, et al., 2018).

From this point of view, the roles played by each actor in this model are vital to the creation of an Innovation
District. Academia is regarded as a source of new programmes and knowledge to ensure the transference
of technology and innovation. In addition, as providers and attractants of talent, they are crucial for the
continued and sustainable growth. Industry serves as a source of investment and as a centre for the
production and development of products and services in accordance with environmental needs. It is the
primary agent of economic value generation. Government acts as a generator of incentives and rules to

ensure stable contractual connections among the various interest groups (Grimaldi, et al., 2017).

As interactions develop under TH framework, each component adopts features of other agent, culminating
in hybrid institutions. In this regard, the interaction between the University and the Industry focuses on two
primary elements: education and research. The University provides the research upon which the industry
will produce commercial goods, and therefore the transfer of people between the university and the industry
represents a significant knowledge transfer. And because innovation is increasingly founded on scientific

knowledge, universities' role as knowledge providers is becoming more valuable.

Regarding the interaction between the University and the Government, it depends on the government's
engagement in general education policies. That is, in circumstances where higher education is largely
public, the government has a bigger influence as the main source of funding. But in cases where higher
education institutions are mostly private in origin, greater economic independence can be achieved.
Although the presence of the state can continue to exert synergies based on its policies, legislation that
favours the birth of companies within the universities themselves or could be a good facilitator by financing

strategic disciplines.

Lastly, the interaction between the Industry and the Government is highly dependent on the extent to which
the government intervenes in the market; however, the government is primarily responsible for the creation

of clear and effective regulations that streamline and promote economic development projects.

Other authors added a fourth sphere, civil society, to the Triple Helix concept and renamed it the Quadruple
Helix (Carayannis & Campbell, 2009). A further modification of the original model adds a fifth dimension,
resulting in the Quintuple Helix model, which adds the environment as a significant demand component in

knowledge and innovation models (Carayannis, et al., 2012) (Figure 3.2).
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Figure 3-2: Quintuple Helix Model. Source: (Carayannis, Barth, & Campbell, 2012).

In conclusion, the successful management of triple, quadruple, and quintuple helix models demand a long-
term strategic direction that takes into account the role of each actor or institution. Each stage of the value
chain must be subjected to a comprehensive analysis. In addition, the government could function as a
facilitator when spaces for interaction and exchange are favoured, through the design and implementation

of mechanisms that enable alliances between actors to make the scenario really favourable.

The Triple Helix model has been utilised for building innovation ecosystems and provides a framework for
exploring the functions of the three actors in the urban, economic, and social development of Innovation

Districts (Pique, et al., 2019b).

Similarly, (Cai & Lattu, 2019) argue that a shared commitment to social responsibilities and sustainable
goals helps connect the interests and objectives of Triple Helix (TH) agents. In this regard, citizen
engagement is essential. The activation of a Triple Helix necessitates leadership by respected individuals
and organisations, with the understanding that the leadership role can shift from one actor to another during

their interaction (Cai & Etzkowitz, 2020).

(Ranga & Etzkowitz, 2013) present another approach to TH by proposing the Triple Helix Spaces to identify
the appropriate regions for TH actors to develop their functions: the knowledge space, innovation space,
and consensus space. Understanding the function of the TH agent in the establishment of the Innovation

District would be advantageous.

3.3. CLUSTER OF INNOVATION

The Cluster of Innovation (COI) framework focuses on the principal components of thriving business
agglomerations, where the emergence of rapidly expanding startups is significantly spurred by the

behaviours of COI components described below (Engel & Del-Palacio, 2009). In COls, the disruptive
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market potential of new business models held by dynamic entrepreneurs is funded by venture capitalists

and/or major corporations in a win-win situation.

Relevant players, such as the government, universities, management (professional managers of startups),
and professions (such as attorneys and accountants), play an enabling support role for the interaction of the

core components (Engel & Del-Palacio, 2009; Engel & del-Palacio, 2011; Engel, 2015). (Figure 3.3).

A set of hybrid components, including corporate venture capital (CVC), research parks, incubators, and
accelerators, arise through interaction between core and supporting actors as new organisations or

programmes, broadening the contribution of the original component activities (Engel, 2022).
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Figure 3-3: Core, Supporting and Hybrid Components of a COL Source: Engel et al (2022)

Therefore, the establishment of COls is contingent upon the interaction of the many components in the
formation of an innovation cluster. The alignment of components' interests, the collaborative definition and
dissemination of a shared agenda enhance interaction and the development of the COI identity (Bittencourt,

etal., 2018).

Thus, while the presence of the aforementioned components - or their functions provided by other
components - is essential, what actually binds the relationship and enables rapid innovation in COls are the
shared behaviours: entrepreneurial process, high mobility of resources, alignment of interests, global

perspective, and global links (Engel, 2022) (Engel, 2015).

The dynamic processes of COIs can expand into a series of contacts with other geographically distant COls,
allowing them to benefit from shared ideas and information as well as the movement of people and
resources, so creating new opportunities. In this (Global) Network of COls, interactions can range from
ephemeral contacts to more enduring bonds anchored in contracts and formal partnerships, or, in a more
extreme form, two COls can function in a completely integrated way (Engel & Del-Palacio, 2009; Engel &

del-Palacio, 2011).

The worldwide connections help startups and other firms find consumers, collaborators, and investors, as
well as discover new disruptive