Strategic Principles for Smart City Development: A Multiple Case Study Analysis of European Best Practices


Abstract: Recent studies reveal a deep-rooted division in research on smart cities, which surfaces as a set of dichotomies that question whether smart city development should be based on a: (1) technology-led or holistic strategy; (2) double or quadruple-helix model of collaboration; (3) top-down or bottom-up approach; (4) mono-dimensional or integrated intervention logic. These dichotomies generate a critical knowledge gap because they suggest divergent hypotheses on what principles need to be considered when implementing strategies for enabling smart city development. This paper starts filling such a gap by reporting on the findings of a multiple case study analysis which is conducted into European best practices. In meeting this aim, four European cities considered to be leaders in the field of smart city development are analyzed to test the validity of the hypotheses emerging from each dichotomy. These cities are Amsterdam, Barcelona, Helsinki and Vienna. The results of this best practice analysis offer a series of critical insights into what strategic principles drive smart city development in Europe and generate scientific knowledge which helps to overcome the dichotomous nature of smart city research.
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1. Introduction

Disagreements over the status of smart city development were first reported on by Hollands (2008). After reviewing the literature on smart cities produced between 1990 and 2007, his research identified and compared a number of attempts to formulate a definition of the smart city, capturing both a lack of clarity and absence of any agreement on how this concept is understood by the scientific community. According to Albino et al. (2015) and Meijer and Bolivar (2016), despite the intervening growth of research on smart city development, these disagreements on what such a development represents are still firmly entrenched in the scientific literature. The validity of this claim has been proved by Mora et al. (2017; 2018a; 2018b) and Komninos and Mora (2018), with a series of bibliometric analyses that reveal the presence of a deep-rooted division in the research on smart cities: a division which surfaces as four dichotomies questioning how smart city development should be approached.

The research from Mora et al. (2017; 2018a; 2018b) and Komninos and Mora (2018) demonstrates that these dichotomies are significant, because they generate divergent hypotheses on what principles drive smart city development and the strategies assembled to enable it. As they note, this division introduces uncertainty over the implementation of strategies for supporting smart city development and reveal a critical knowledge gap that this paper starts filling by means of a multiple case study analysis. The validity of the strategic principles for smart city development that each dichotomy suggests is tested in Europe, by comparing four cities considered to be leading examples of smart cities. These cities are Amsterdam, Barcelona, Helsinki and Vienna, which are respectively located in the Netherlands, Spain, Finland and Austria.

The paper is split in four five main sections and begins by setting out the dichotomous nature of smart city research. The first section presents the four dichotomies and the divergent strategic principles that they propose by reviewing the most recent literature on smart cities[footnoteRef:1]. This review serves to reveal both the division in research on smart cities and rationale for this study into the dichotomous nature of the strategic principles such a research currently rests on. The second and third sections respectively report on the methodology used to conduct the case study analysis and the results obtained, explaining how each city has approached smart city development in relation to the four dichotomies. The results of this analysis make it possible to conclude with a number of recommendations that address: (1) which strategic principles European cities should take into consideration in order to support smart city development; (2) how future research on smart cities can continue to produce the scientific knowledge that is necessary to fully overcome the knowledge gap that the dichotomous nature of smart city research has generated. These recommendations are discussed in the last two sections of the paper. [1:  This literature review extends the discussion on the dichotomous nature of smart city research proposed by Mora et al. (2018a; 2018c).] 


2. The dichotomous nature of research on smart cities: a literature review

Researchers’ interest in understanding how to effectively enable smart city development has been growing over the years, along with the number of cities seeking to become smart by exploiting the opportunities that ICT-related solutions offer to meet urban challenges. This growth trend can be captured by comparing the data provided by Singh (2010), Lee and Hancock (2012) and Manville et al. (2014). 

According to the consulting firm Frost & Sullivan, only 41 cities were promoting smart city development in 2010 (Singh 2010). However, when this mapping exercise was repeated by Yonsei University in 2012, the figure had significantly changed. In two years, the number of cities increased from 41 to 143 (Lee and Hancock 2012) and most of the additional cases were found in Europe, Asia and North America. This growth trend was also confirmed by RAND Corporation, with a study conducted in 2014 on behalf of the European Parliament. By limiting the search for smart city cases to the European Union’s Member States, about 500 cities were found in the process of assembling smart city development strategies (Manville et al. 2014).

Strategies for smart city development can be found all over the world and researchers have made significant efforts in investigating their design and implementation processes. For example, Bakici et al. (2013), Zygiaris (2013), Bolici and Mora (2015), Grimaldi and Fernandez (2017), Cardullo and Kitchin (2017), Coletta et al. (2017), Cowley et al. (2017), Taylor Buck and White (2017) and van Winden and van den Buuse (2017) all report on the smart city development promoted in Europe by focusing attention on the cities of Amsterdam, Barcelona, Birmingham, Bristol, Dublin, Edinburgh, Glasgow, London, Peterborough, Manchester and Milton Keynes. Vanolo (2014) describes the commitment of Italy to smart city development and provides some theoretical reflections on the approach adopted by the cities of Bari, Bologna, Turin, Genoa, Milan and Naples. Genoa is also analyzed by Grossi and Pianezzi (2017) and Dameri (2014).

Lee et al. (2014) compare the strategies of San Francisco and Seoul, and further studies focusing attention on Asian and American smart city cases are published by Alawadhi et al. (2012), Shwayri (2013), Fietkiewicz and Stock (2015), Wiig (2015a; 2015b), Alvin Yau et al. (2016), Cugurullo (2016), Lee et al. (2016), Schreiner (2016) and Gupta and Hall (2017). These publications explore the experiences of Dholera, Masdar, Songdo, Philadelphia, Rio de Janeiro, Seattle, Quebec City, Mexico City, Tokyo, Yokohama, Osaka, Singapore, Kyoto and Kuala Lumpur. 

In addition, research by Kitchin (2015) and Paroutis et al. (2014) reports on the IBM’s Smarter Planet initiative and its Smarter City Challenge, which invites cities to compete for IBM’s “consultancy, technical assistance and grants aimed at developing technological solutions” for the urban environment (Kitchin 2015). This challenge was launched in 2010 and the cities that have already been selected and included in the initiative exceeds 130[footnoteRef:2]. [2:  The list of cities selected by IBM in the framework of the Smarter Cities Challenge can be found on the official website of the initiative: https://www.smartercitieschallenge.org] 


Additional case study analyses can be found in the following publications:
· Komninos (2011) selects Amsterdam, Hong Kong and Milton Keynes to describe three different approaches to smart city development in which the local communities’ intellectual capital and information technologies are combined;
· Leydesdorff and Deakin (2011) deploy the triple-helix model to analyze the smart city development strategies of Montreal and Edinburgh;
· Alcatel-Lucent compares more than 50 smart city cases (Anderson et al. 2012), and a similar research activity is also undertaken by Cisco Systems (2012) and ARUP (Buscher and Doody 2013);
· Angelidou (2014) proposes a typological classification of smart city development strategies which draws upon the analysis of Malta, New York City, Barcelona, Songdo IBD, Rio de Janeiro, Singapore and Thessaloniki;
· Datta (2015), Yu et al. (2016), Praharaj et al. (2017), Sharma and Rajput (2017) and Bansal et al. (2017) reflect upon the Indian approach to smart city development;
· Mora and Bolici (2016; 2017) compare Amsterdam and Barcelona and build a step-by-step roadmap that describes the design and implementation process of smart city development strategies;
· Aina (2017) classifies and analyzes a number of smart city cases located in Saudi Arabia.

Despite this growing interest in smart cities and almost three decades of literature on the matter, research is still unable to clearly explain what needs to be done in order for urban environments to be successful when designing and implementing smart city development strategies. Recent studies from Mora et al. (2018a; 2018b) show the existence of five main development paths of smart cities, which overlap one another and generate uncertainty on how to deal with smart city development in real-life environments. These paths uncover strategic principles that are divergent in nature and make it difficult to establish whether smart city development should be approached by means of either a: (1) Technology-led or holistic strategy; (2) Double or quadruple-helix model of collaboration; (3) Top-down or bottom-up approach; (4) Mono-dimensional or integrated intervention logic. The questions arising from each dichotomy open up a knowledge gap that current research on smart cities is unable to overcome, and this can be easily demonstrated by examining the literature produced to date. 

ICT companies like IBM, Cisco Systems, Siemens, ABB, Hitachi and Fujitsu suggest the introduction of loads of ICT solutions in urban infrastructures is the sole factor to consider in order to enable smart city development (Chen-Ritzo et al. 2009; Dirks and Keeling 2009; Dirks et al. 2009; 2010; Harrison et al. 2010; 2011; Brech et al. 2011; Cosgrove et al. 2011; Kehoe et al. 2011; Kohno et al. 2011; Katz and Ruano 2011; Kurebayashi et al. 2011; Paul et al. 2011; Ruano et al. 2011; Schaefer et al. 2011; Yoshikawa et al. 2011; Amato et al. 2012a; 2012b; ABB 2013; Siemens 2014; Tamai 2014). 

However, a significant body of research considers this technology-led theory of supply-push solutions to be inadequate and unable to cope with the complexity of smart city development, because it promotes a utopian and technological deterministic interpretation of smart cities that serves nothing but the interests of companies working in the technology industry. The researchers raising objections to this interpretation call for a much more progressive and holistic vision that conceives smart cities not as technological fixes resulting from the agglomeration of ICT solutions in urban infrastructures, but as complex socio-technical systems in which technological development is aligned with human, social, cultural, economic and environmental factors (Hollands 2008; 2015; 2016; Bergvall-Kåreborn et al. 2009; Caragliu et al. 2011; Cugurullo 2013; 2016; Townsend 2013; Christopoulou et al. 2014; Deakin 2014b; Kitchin 2014; Komninos 2014; Luque-Ayala et al. 2014; Soderstrom et al. 2014; Viitanen and Kingston 2014; Carvalho 2015; Luque-Ayala and Marvin 2015; Concilio and Rizzo 2016; McNeill 2016; Niaros 2016; Pollio 2016; Scuotto et al. 2016; Sujata et al. 2016; Yigitcanlar 2016; Yigitcanlar and Lee 2014; Angelidou and Psaltoglou 2017; Ersoy 2017; Grossi and Pianezzi 2017; Mora et al. 2017; Selada 2017; Reddy Kummitha and Crutzen 2017). 

As pointed out by Paroutis et al. (2014), Soderstrom et al. (2014), McNeill (2015; 2016), Pollio (2016) and Grossi and Pianezzi (2017), ICT companies also suggest smart city development strategies require a closed collaborative model in which the interaction is only between: (1) solution providers acting as consultants who offer their technological fixes; and (2) the local governments, which are persuaded to underpin smart city development by adopting such proprietary technologies. The double-helix structure of this collaborative model generates an entrepreneurial mode of governance where information technology corporations working in the market of smart city services become “the main providers of solutions to urban problems” (Pollio 2016: 515).

Leydesdorff and Deakin (2011), Baccarne et al. (2014a; 2014b), Dameri (2014; 2017), Deakin and Leydesdorff (2014), Kourtit et al. (2014), van Waart et al. (2016), Mora and Bolici (2016; 2017), Angelidou (2017), Gardner and Hespanhol (2017) and Selada (2017) all agree in suggesting that such a double-helix collaborative model does not provide the intellectual capital which is necessary to drive smart city development. Their research calls for a broader collaborative ecosystem in which the interests of governments, universities and industry are combined (triple-helix structure), along with those expressed by citizens and civil society organizations[footnoteRef:3] (quadruple-helix structure[footnoteRef:4]). According to this collaborative model, “different urban stakeholders (public, private and civic) [need to] engage in coalitions and innovate together” in order for smart cities development strategies to be successful (van Winden and van den Buuse 2017: 68). [3:  United Nations (1998), Food and Agriculture Organization (2013), World Economic Forum (2013), European Commission (2014b) and London School of Economics (Hutter and O’Mahony 2004) agree to define civil society as a broad category which encompasses non-governmental organizations (NGOs), community groups, charities, trusts, foundations, advocacy groups, faith-based organizations and national and international non-state associations.]  [4:  The triple-helix collaborative model is based on university-industry-government relations (Etzkowitz and Leydesdorff 2000) and is embedded in the quadruple-helix model, which adds civil society organisations and citizens as fourth element of the collaborative ecosystem (Arnkil et al. 2010; Carayannis and Campbell 2014; Cavallini et al. 2016).] 


The division in smart city research also surfaces when trying to establish whether the most suitable approach for supporting smart city development is top-down or bottom-up. This dualism is discussed in research by Ratti and Townsend (2011), Schuurman et al. (2012; 2016), Dameri (2013), Townsend (2013), Lee et al. (2014), Komninos (2014), Kitchin (2014), Breuer et al. (2014), Neirotti et al. (2014), Walravens (2015), Exner (2015), Gooch et al. (2015) and Mora and Bolici (2016; 2017). 

Top-down smart cities are understood to generate from the city government, which defines both a long-term vision and a strategic framework for the governance of smart city development. Bottom-up smart cities result instead from a deregulated process, self-organization and grassroots movements. Also, the bottom-up approach to smart city development puts civil society in the driving seat and calls for the direct involvement of citizens in the development of the ICT solutions needed to service urban environments (Cocchia 2014; Dameri 2013; Ratti and Townsend 2011). 

These two ideologically opposed approaches have generated diverging opinions concerning their effectiveness. On the one hand, the model for measuring the maturity level of smart cities proposed by Lee and Hancock (2012) suggests the presence of a formalized and centralized top-down strategy aligned with the city’s priorities is an important driver of smart city development and is preferable to a strategy based on a bottom-up approach. On the other hand, top-down smart cities are criticized by Shin (2007; 2009; 2010), Townsend (2013) and Gooch et al. (2015) for their inability to effectively serve the people and meet their specific needs. This literature suggests that the smart cities resulting from a top-down approach are much more focused on fulfilling the market expectations and meeting the interests of major corporate suppliers working in the market of smart technologies, rather than society at large.

Additional support for bottom-up smart cities is provided by Bergvall-Kåreborn et al. (2009), Laydesdorff and Deakin (2011), Ratti and Townsend (2011) and Schuurman et al. (2012; 2016). This literature considers a radical shift from top-down innovation processes to open and bottom-up innovation as essential when dealing with smart city development, because “top-down visions ignore the enormous [and] innovative potential of grass-roots efforts” (Ratti and Townsend 2011: 45). This assumption is aligned with research undertaken by Deakin and Al Wear (2011), Alawadhi et al. (2012), Schaffers et al. (2012) and Deakin (2014a), who champion the importance of empowering citizens and providing them with the opportunity to become active actors of change in the making process of smart cities.

The last dichotomy relates to the intervention logic to be considered when implementing smart city development strategies. On the one hand, the European Commission has been promoting a mono-dimensional vision of smart cities, which are pictured as low-carbon and resource efficient urban environments that invest in ICT solutions for smart transport, smart buildings and smart grids (European Commission 2009a; 2009b; 2011; 2012a; 2012b; 2016a; European Innovation Partnership on Smart Cities and Communities 2013). On the other hand, this energy-driven interpretation of smart city development is questioned by Manville et al. (2014), who suggest embracing an integrated and multi-dimensional approach is key to the implementation of successful strategies for smart city development, which need to cover as many application domains as possible. 

This line of thinking is also found in the ranking system for measuring the performance of medium-sized European smart cities that Vienna University of Technology, University of Ljubljana and Delft University of Technology developed in 2007. According to this ranking system, successful smart city development strategies cover six application domains that are labelled using the following keywords: living, economy, people, environment, mobility and governance (Giffinger et al. 2007). A similar assessment of smart city development strategies has been proposed in the evaluation studies conducted by Lombardi et al. (2012) and Kourtit et al. (2014). 

In addition, the multi-dimensional intervention logic is supported by IBM[footnoteRef:5] and Cisco Systems (2016a, 2016b), which promote their operating systems for smart cities: comprehensive ICT platforms that combine sets of digital solutions and applications to improve the management of urban systems, such as energy and utilities, parking, environment, safety and security, transportation, education and healthcare. [5:  See the official website of the IBM’s Smarter Planet Initiative: http://www-03.ibm.com/ibm/history/ibm100/us/en/icons/smarterplanet] 


This extensive literature review uncovers the contradictions that smart city research has generated. These contradictions appear in the form of four dichotomies, which emerge from divergent hypotheses concerning what strategic principles drive smart city development. These hypotheses are listed in Table 1 and the scientific knowledge needed to empirically test their validity is acquired by conducting a deductive-based multiple case study analysis of four European leading examples of smart cities. The next section provides a comprehensive and thorough description of the research methodology used to conduct such an analysis[footnoteRef:6]. [6:  This paper deploys the research methodology for conducting multiple case study analyses of smart city development strategies that Mora et al. (2018c) have assembled and piloted. Their research reports on the practical feasibility, effectiveness and logistics of such a methodology and is an additional source of information for those interested in better understanding the rationale behind it.] 


	DICHOTOMIES



	STRATEGIC PRINCIPLES


	Dichotomy 1: Technology-led or holistic strategy
	Hypothesis 1.1: Technology-led strategy
Hypothesis 1.2: Holistic strategy

	Dichotomy 2: Double or quadruple-helix model of collaboration
	Hypothesis 2.1: Double-helix model of collaboration
Hypothesis 2.2: Quadruple-helix model of collaboration

	Dichotomy 3: Top-down or bottom-up approach
	Hypothesis 3.1: Top-down approach
Hypothesis 3.2: Bottom-up approach


	Dichotomy 4: Mono-dimensional or integrated intervention logic
	Hypothesis 4.1: Mono-dimensional intervention logic
Hypothesis 4.2: Integrated intervention logic




Table 1. The four dichotomies and divergent strategic principles emerging from the literature on smart cities



3. Research methodology

This study reports on a multiple case study analysis conducted to start filling the knowledge gap generated by the dichotomous nature of smart city research and provide insights into what strategic principles European cities should consider when approaching the design and implementation of strategies for smart city development. To meet this aim, the divergent hypotheses emerging from the dichotomies are tested by analyzing a group of outstanding examples of European smart cities, i.e. cities in which smart city development strategies have been implemented and proved to be successful in serving urban development by adopting ICT-related solutions. The sampling process is conducted by means of a theoretical approach[footnoteRef:7] (Eisenhardt 1989; Patton 2002; Eisenhardt and Graebner 2007), which leads to the selection of Amsterdam, Barcelona, Helsinki and Vienna. [7:  Case studies are not randomly selected, but chosen as laboratory experiments “for the likelihood that they will offer theoretical insight” (Eisenhardt and Graebner 2007: 27).] 


The success and international leadership of these European cities in the field of smart cities is demonstrated by reviewing the literature reporting on: (1) the prizes they have been awarded for their smart city development strategies; and (2) the smart city rankings and comparative analyses that are currently available, in which the four cities are shown to be as leading examples. The data resulting from this review is summarized in Appendix A.

The investigation is conducted by adopting a literal replication logic (Creswell 2009; George and Bennett 2005; Yin 2009). This ensures that the selected cases are subject to the same analytical process, which starts with the data collection phase. To establish what strategic principles have led these four cities towards becoming outstanding examples of smart city development, two databases are built and analyzed. 

The first database groups and classify all the activities implemented by each city to enable smart city development. This classification is managed by adopting a system composed of four main categories (see Table 2) and allows the activities to be grouped according to the objectives and outcomes towards which efforts are directed. In the case of those activities which produce outcomes belonging to multiple categories, they are included in more than one group. The analysis of the percentage share related to each group makes it possible to determine whether the smart city development strategies under investigation are: (1) holistic or technology-led (Dichotomy 1); and (2) developed by means of a top-down or bottom-up approach (Dichotomy 3).

	CATEGORY



	DESCRIPTION


	A. Community building
	Activities supporting the construction of an open and inclusive collaborative environment able to support the design and implementation of the smart city development strategy. This is done by raising citizen engagement in the smart city field, stimulating user-driven innovation and community-led urban development, increasing public awareness and digital literacy, informing the city’s stakeholders and improving their level of understanding about smart city development and the benefits it can generate


	B. Strategic framework
	Activities aiming to develop the city’s strategic framework for guiding and regulating smart city development. These activities produce: (1) action plans, programmes, guidelines, roadmaps, recommendations, governmental acts, policy papers and documents; (2) measures proposing standards and technical requirements, evaluation and assessment methods; and (3) workgroups that manage the general course of the smart city development strategy’s operations


	C. Services and applications
	Activities allowing new ICT services and applications to be integrated within the city 


	D. Digital infrastructure
	Activities aiming to develop the technological infrastructure necessary to use and benefit from the available ICT services and applications. Examples of activities include the integration of urban operating systems and the construction or extension of high-speed broadband networks and public Wi-Fi networks




Table 2. Classification System 1

The activities belonging to the category “C. Services and applications” are then assigned to one or more application domains in order for the smart city development strategies’ intervention logic to be analyzed (Dichotomy 4). This exercise is accomplished by deploying a second classification system which groups such activates according to the type of technological solutions that they have integrated within the city. This system is composed of 11 application domains, which are listed in Table 3 and compiled by merging the classification systems for smart technologies proposed to date (Giffinger et al. 2007; Manville et al. 2014; Neirotti et al. 2014; Reviglio et al. 2014; Cisco Systems 2016a; 2016b)[footnoteRef:8].  [8:  See also IBM (http://www-03.ibm.com/ibm/history/ibm100/us/en/icons/smarterplanet). ] 


	APPLICATION DOMAINS
	OBJECTIVES


	C.01. Energy networks
	To increase the efficiency and sustainability of either street lighting, or networks for producing, storing and distributing energy

	C.02. Air
	To ensure a better air quality in outdoor environments 


	C.03. Water
	To improve water resource management 


	C.04. Waste
	To improve waste management processes


	C.05. Mobility and transport
	To provide city users with more sustainable and accessible transport systems and address mobility issues

	C.06. Buildings and districts
	To improve the efficiency, accessibility and management systems of buildings and districts

	C.07. Health and Social Inclusion
	To improve the quality, accessibility and organization of health services and support social inclusion

	C.08. Cultural heritage
	To ensure a better protection of both tangible and intangible cultural heritage and enhance their cultural value

	C.09. Education
	To increase the quality of teaching-learning processes delivered by education systems

	C.10. Public safety and security
	To ensure safety and security in urban spaces and face safety challenges


	C.11. E-government
	To increase the convenience and accessibility of public services and information to city users

	C.12. Other
	ICT services and applications aiming at producing benefits different than those related to the previous application domains



Table 3. Classification System 2

The activities grouped in the first database are mapped and analyzed by cross-referencing the qualitative data extracted from multiple sources. Digital records produced by the city governments are considered as primary sources. These include the followings data items: agendas; minutes of meetings; press releases; news and newsletters; conference presentations; conference speeches obtained from either presentations’ notes or videos of the events; reports; brochures; governmental acts; policy papers and documents; and webpages. Additional data is acquired from records produced by organizations that are either collaborating with the city governments in implementing the city’s smart city development strategy, or not directly involved but interested in providing data describing the programmes of activities that have been undertaken. These sources are considered as secondary and include, for example, reports produced by consultancy firms, research project deliverables, news and articles found in online magazines and scientific literature. This approach makes it possible to conduct the multiple case study analysis by considering the data provided by both internal and external observers. Overall, 2011 digital records in either written, audio, photographic or video form are processed in this study[footnoteRef:9]. These records are found between April and October 2016 by conducting a series of online searches in which Google’s web search engine and multiple search strings are deployed. No restrictions for languages are set during the searches. [9:  The number of digital records by city is: Amsterdam, 329; Barcelona, 1,032; Helsinki, 165; Vienna, 485] 


Coding is used to organize the large volume of unstructured qualitative data collected from the digital records and facilitate both the identification of the activities and their progressive analysis. The coding process is conducted by deploying the software Atlas.ti (Version 1.0.51) and following the procedure suggested by Eisenhardt (1989), Gibbs (2007), Robson (1993) and Strauss and Corbin (1990). After being uploaded onto Atlas.ti, the digital records are reviewed repeatedly to identify the activities that every city selected as case study has implemented to develop its own smart city development strategy. During the coding process, every activity is assigned a code, so as the sections of text or other data items describing the following attributes[footnoteRef:10]: (1) objectives of the activity; (2) generated or expected outcomes; and (3) organizations involved in its development. The coding process results in four detailed reports in which the activities of each city were listed and the data necessary to study them was presented in a structured and well-organized form. [10:  The data items different from text include pictures, maps, technical drawings and sections of audio and video files.] 


The reports are generated by using Atlas.ti’s output function Codebook and used to: (1) populate the first database; and (2) structure the second one, in which the organizations identified during the coding process are individually listed and classified according to their type (see Table 4). The information necessary to classify the organizations is obtained from their official websites, because the data provided by the digital records was insufficient to complete this task. In addition, the data related to each activity is checked to establish if citizens have been involved in the implementation process. These actions are instrumental in assembling the inter-organizational collaborative networks of the four smart city development strategies and establish whether their structure is based on a double or quadruple-helix model (Dichotomy 2).

	CATEGORY



	DESCRIPTION


	Research
	Universities and other research and educational institutions 

	Industry
	Businesses which are involved in consultancy activities and/or in the distribution of goods and services

	Government
	Local, regional and national governmental authorities, along with their majority-owned subsidiaries and external agencies 

	Civil Society
	Civil society organizations

	Other
	Organizations that do not belong to the previous categories or where the information necessary to complete the classification is not available 



Table 4. Classification System 3

4. Multiple case study analysis

With the coding process, 263 activities are mapped and their breakdown by city and category is shown in Figure 1 and Appendix B. The analysis of these activities makes it possible to test the validity of the hypotheses that each dichotomy proposes in a European context and explain how the case studies have approached smart city development.
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Figure 1. Number and percentage of activities by city and category

4.1. Dichotomy 1: Technology-led or holistic strategy

To design and implement their smart city development strategies, Amsterdam, Barcelona, Helsinki and Vienna have adopted a very similar approach and selected a course of action that gives equal weight and attention to: the deployment of technological advancements for either resolving or mitigating urban issues; and the development of both a strategic framework and an open and inclusive collaborative environment for enabling the progressive deployment of such technological advancements. The four cities have therefore embraced a holistic vision of smart cities and consider them not as technology-only focused systems resulting from the massive combination of sets of interconnected ICT devices and infrastructures, but as socio-technical systems in which technological development is aligned with human, social, cultural, economic and environmental factors.

This assumption can be demonstrated by looking at the data in Figure 2, in which the number and percentage of activities by city and group of categories are compared and appear to be balanced in each strategy. The first group includes the activities belonging to at least one of the first two categories, i.e. “A. Community building” and “B. Strategic framework”. These activities are entirely or partially focused on building the city’s capacity to support smart city development by creating: (1) a comprehensive strategic framework able to provide long-term sustainability and drive the efforts of individuals and organizations towards the same direction; and (2) an open, inclusive and engaging collaborative environment strengthening the abilities of such individuals and organizations to act in concert and actively participate in the co-creation of ICT-driven initiatives that bring innovation and improvements into the city.

[image: ../Figures/Figure%202.jpg]


Figure 2. Number and percentage of activities by group of categories

For example, with the projects, CitySDK, Commons4EU, Smart Together and Open Cities, the four cities have developed and deployed new user-driven innovation methodologies to: empower local communities and increase their degree of participation in the smart city domain; and foster co-creation processes of digital services of public interest (Bria et al. 2015). To further stimulate collaboration, Amsterdam has also launched StartUpBootcamp, an accelerator programme that connects start-ups working in the field of smart cities with mentors, partners and investors who help to improve the quality of their products and services. This activity aims to boost the city’s entrepreneurial culture and accelerate the development of new city-scale digital innovation initiatives. 

Additional examples of capacity-building activities are:
· CLUE, TRANSFORM and Urban Learning, three European projects that allow Vienna, Barcelona and Amsterdam to improve the city government’s capability to deliver policy and programs for fighting climate change with ICT solutions (Brandt et al. 2014; CLUE Project Partners 2014; Hartmann et al. 2015; Hemis et al. 2017);
· Helsinki Loves Developers, in which regular meetings are organized to open a dialogue between Helsinki’s app developers on the benefits of open data and enhance their collaboration (Forum Virium Helsinki 2014);
· Cibernarium, the City of Barcelona’s training programme for increasing professionals and citizens’ knowledge, skills, attitudes and behaviours in the effective use of digital devices.

The second group of activities is instead composed of projects and initiatives in which the deployment of ICT services, applications and infrastructures in the built environment is among the objectives that are listed. Examples of technological solutions include: mobile apps and open source platforms for planning customized urban routes in Barcelona and Helsinki; QR codes allowing visitors to get free guided tours along some of Helsinki’s sights by using their smartphones; new public Wi-Fi hotspots in Barcelona and Amsterdam; a platform for stimulating the use of renewable energy and changing energy consumption behaviors of Amsterdam’s city users; and decision-supporting tools for managing the infrastructures of urban energy and mobility systems in Vienna (City of Barcelona 2012c; Rafiq et al. 2013; Sanseverino et al. 2014; 2017; Wiener Modellregion and Climate and Energy Fund 2014; Bednar et al. 2016; Marguerite et al. 2016)[footnoteRef:11]. [11:  Additional information about the projects discussed in this section can be found in the following official websites: Smart Together (http://smarter-together.eu); StartUpBootcamp (https://www.startupbootcamp.org); Helsinki Loves Developers (https://dev.hel.fi); Cibernarium (https://cibernarium.barcelonactiva.cat); Energy Atlas (https://amsterdamsmartcity.com/projects/energy-atlas). ] 


4.2. Dichotomy 2: Double or quadruple-helix model of collaboration

The collaborative model adopted in each of the smart city development strategies is graphically visualized by using the open-source software Gephi (Version 0.9.1) and its Fruchterman-Reingold layout algorithm (Fruchterman and Reingold 1991). This data visualization exercise results in four social-network graphs (see Appendix C), which describe the interaction among the organizations involved in the development of the activities mapped during the coding process, along with their degree of participation. In the networks, organizations are represented as nodes with a diameter that is directly proportional to the number of activities that they have contributed to implement, while the edges connect the organizations which have worked together. The stronger the degree of collaboration between two organizations, the higher the weight of the edge that connects them and its thickness in the graph.

The data describing the networks’ structures is illustrated in Figure 3 and shows that the design and implementation process of the four smart city development strategies has required collaborative environments with hundreds of heterogeneous organizations. With 407 and 255 nodes, Barcelona and Vienna have respectively the largest and the smallest communities. Amsterdam and Helsinki’s networks are instead composed of about 350 nodes each. Despite some differences in size, what these networks have in common is the distribution of organizations by type. With a participation level between 46% and 56%, businesses are always the most active organizations and are followed by institutions for education and research, which represent approximately 20% of each collaborative network. The remaining organizations are divided between Government and Civil Society. However, while the former varies between 22% and 13%, the latter always remains below 10%, especially in the cases of Vienna and Helsinki, where the figures are 4.3% and 6.3%.

The data shows that public and private sector collaboration is the core engine behind the four smart city development strategies under investigation and the programme of activities that they have implemented. These programmes mainly result from a triple-helix model of collaboration based on the interaction between Research, Industry and Government. Civil society organizations are the less represented organization type, along with citizens. This assumption can be confirmed by looking at the data in Figure 4, which reveals the number of activates that citizens have been actively involved in the implementation of. The data shows that citizens’ participation cover approximately between 24% and 59% of the overall activates.

These statistics suggest civil society organizations and citizens are not fully integrated in the collaborative ecosystems. However, they also demonstrate that the four cities have made an effort to connect innovation and civil society by stimulating citizens’ active involvement in the development of smart city projects and initiatives. Despite being found only in a limited number of initiatives, such an effort provides evidence of an attempt to move towards a quadruple-helix collaborative model and the open and user-centric innovation approach it stands for (Arnkil et al. 2010; Cavallini et al. 2016). This aim is clearly expressed in the strategic frameworks that the four cities have developed for guiding and regulating smart city development (City of Amsterdam 2011; 2014a; 2014b; 2015; City of Barcelona and Doxa Consulting 2012; City of Barcelona 2012a; 2012b; 2014; City of Vienna 2014; City of Helsinki 2015).
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Figure 3. Distribution of organizations by type
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Figure 4. Citizens’ involvement in smart city activities

The analysis of the activities show that citizens have been asked to participate as either: (1) users who test ICT solutions and provide feedback; (2) developers who are given support for producing new digital services of public interest; or (3) residents expressing their ideas and needs during workshops and meetings with other stakeholders. For example, citizens have been invited to collaborate in producing Vienna’s smart city strategic framework by attending a series of stakeholders' forums. These forums have been conceived as discussion events for exchanging ideas and opinions and ensuring greater transparency, participation and collaboration in the smart city domain. This approach is also adopted in the case of Amsterdam, where citizens have been involved in meetings and workshops organized to debate on their needs and possible ICT-driven projects and initiatives able to meet them (City of Vienna et al. 2011; 2013; City of Vienna 2012; 2013a; 2013b; 2016; Mora and Bolici 2017).

In addition, the Living Lab methodology has been used to increase citizens’ participation in the testing phases of the ICT solutions and infrastructures to be deployed in the built environment, so as to further develop and network public services. During the delivery of the Street Smart project, for example, Helsinki has piloted a mobile application with a group of citizens who have provided feedback through an online questionnaire[footnoteRef:12]. The same approach has been used in Barcelona during the piloting phase of the decision support system for monitoring buildings’ energy consumption that has resulted from the project BESOS. Additional examples of projects in which the four cities have adopted user-centric innovation methodologies include: APOLLON; Sustainable Neighborhood Geuzeveld; West Orange; Climate Street; Energy Management Haarlem; Smart Challenge; Smart Citizen Kit; Smart Cities Demo Aspern (SCDA); and Smarter Together (Amsterdam Innovation Motor and Liander 2011; Brinkman 2011; Aspern Smart City Research 2015; Bria et al. 2015; Henriquez 2015; Panos et al. 2016; Muhlmann 2017).  [12:  Additional information on the Street Smart project can be found at https://helsinkistreetlab.fi] 


Civil society’s active involvement in the smart city domain has also been encouraged by means of hackathons and competitions, in which citizens have been invited to apply their knowledge and skills for developing new digital services able to face urban challenges. These events have been organized to nurture citizens’ entrepreneurial creativity and digital talent. Some example captured during the mapping exercise include the followings: BCN Apps Jam Recicla; Smart Cities Hackathon; Smart City App Hack; Apps4bcn Competition; Apps for Amsterdam; Apps4Finland; Open Helsinki - Hack at Home; and Open Finland Challenge (Afman et al. 2011; Forum Virium Helsinki 2014; 2015; Mora and Bolici 2016; 2017).

4.3. Dichotomy 3: Top-down or bottom-up approach

Amsterdam, Barcelona, Helsinki and Vienna’s approach to smart city development maintains a balance between top-down and bottom-up approaches. The four city governments are one of the most active organizations in each smart city ecosystem and have contributed to implement between 44% and 91% of the total activities (see Appendix B). This data suggests local governments have played a crucial role and provide evidence of their commitment to supporting smart city development. In addition, by looking at the objectives and outcomes related to the activities they have undertaken, it is possible to note that the city governments have not made use of their position to centralize the implementation process of the smart city development strategies but acted instead as leaders who aim to: (1) encourage the establishment of an open, inclusive and cohesive collaborative ecosystem by bringing large groups of individuals and organizations together; (2) provide these large communities with a strategic framework able to guide their efforts towards the same direction and make full use of both their collective intelligence and common interest in smart city development; (3) enable this collaborative ecosystem to grow; and 4) stimulate bottom-up development processes.

To achieve these aims, the four municipal administrations have adopted a very similar approach and implemented activates that made it possible to:
· shape smart city strategic frameworks composed of policy documents that formally state their commitment to support smart city development and: provide long-term vision; establish the objectives to be achieved in order for local communities to prosper; suggest the main application domains to focus attention on; and introduce the governance systems which are set up to support and speed up the transition process towards becoming smart (City of Amsterdam 2011; 2014a; 2014b; 2015; City of Barcelona and Doxa Consulting 2012; City of Barcelona 2012a; 2012b; 2014; City of Vienna 2014; City of Helsinki 2015);
· increase the cities’ know-how on urban technologies and their capability to manage smart city development by supporting the making and deployment of new: planning and operational tools; user-driven innovation methodologies; recommendations; guidelines; standards and technical requirements; and evaluation and assessment methods (Brandt et al. 2014; Hartmann et al. 2015; Hemis et al. 2017; CLUE Project Partners 2014; City of Barcelona 2014; Bria et al. 2015; Amsterdam Innovation Motor and Liander 2011);[footnoteRef:13] [13:  See also the following projects: CityOpt (http://www.cityopt.eu); TRANSFORM (http://urbantransform.eu); PUMAS (www.pumasproject.eu); TRANSFORM+ (http://www.transform-plus.at); EU-GUGLE (http://eu-gugle.eu); and INNOSPIRIT (http://www.innospirit.org).] 

· organize forums, conferences, workshops, learning programmes and meetings dealing with smart city development in order to: collect ideas, comments and feedback about the cities’ ICT requirements; generate interest; inform the community; engage new stakeholders and make the collaborative ecosystem larger; raise public awareness of the potential benefits that ICTs can produce in urban environments; increase digital literacy; and stimulate collaboration (City of Vienna 2012; 2013a; 2013b; Forum Virium Helsinki 2014; Mora and Bolici 2016; 2017; Amsterdam Innovation Motor and Liander 2011; City of Barcelona and Doxa Consulting 2012)[footnoteRef:14]; [14:  See also Digital City Wien (https://digitalcity.wien).] 

· build platforms for open-data provision and organize hackathons and competitions in order to support IT-skilled individuals and organizations in producing new applications and digital services by using public data (Afman et al. 2011; Forum Virium Helsinki 2014; 2015; Mora and Bolici 2016; 2017; Waag Society 2011)[footnoteRef:15]. [15:  Examples of open-data platforms include the followings: Amsterdam City Data (https://data.amsterdam.nl); Open Data BCN (http://opendata-ajuntament.barcelona.cat); Helsinki Region Infoshare (http://www.hri.fi); and Open Government Vienna (https://www.data.gv.at).] 


In addition, the local governments have also assembled dedicated working groups which have been tasked with managing smart city development and the multidisciplinary, heterogeneous and technologically innovative environment necessary to make it grow. These groups mainly cover the areas of coordination, stakeholder management, communication, promotion, monitoring and assessment of smart city projects. In addition, they have been requested to accelerate the progressive integration of new digital services and technological infrastructures within the city in the short and medium term by: extending participation and strengthening the capacity of citizens and organizations for collaboration in the field of smart cities; forming consortia of cross-sectoral partners for innovative projects; offering access to regional and international networks; and providing information on financial instruments.

The best practice analysis shows that the responsibility for managing these functions and establishing a strong collaborative culture has been assigned to:
· the Amsterdam Economic Board, which is coordinating Amsterdam Smart City, a collaborative platform resulting from a public-private programme launched in 2009;[footnoteRef:16] [16:  The Amsterdam Smart City programme was launched in 2009 by Amsterdam Innovation Motor and Liander (2011), in close cooperation with the City of Amsterdam. Starting from 2013, the Amsterdam Innovation Motor has become part of the Amsterdam Economic Board (The Technopolicy Network 2014; Amsterdam Innovation Motor 2009). It is important to note that, in the analysis of the Amsterdam’s smart city collaborative network, the two entities have been merged.] 

· Forum Virium Helsinki (2015), a non-profit organization owned by the City of Helsinki;
· TINA Vienna, which is part of Wien Holding GmbH (2012), a holding company of the City of Vienna that carries out community tasks (City of Vienna 2014);
· the Barcelona City Council’s Municipal Institute of Information Technology (City of Barcelona 2012b; 2016).

4.4. Dichotomy 4: Mono-dimensional or integrated intervention logic

The analysis of the activities belonging to the category “C. Services and Applications” shows that the four cities have adopted an integrated intervention logic that covers a mix of application domains (see Figure 5). However, when comparing the cities’ level of interest in each application domain, there is significant variation.
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Figure 5. Number and percentage of activities by application domain

Vienna and Amsterdam’s interest in smart city development is mainly oriented towards smart transport, smart building and smart grid solutions for low-carbon and energy efficient urban environments. Most of the ICT-related services and applications supporting their smart city development strategies are deployed to fight climate change and boost energy efficiency in mobility and transport (C.05), buildings and city districts (C.06), and power infrastructures (C.01). Their approach to smart city development is therefore aligned with the European Commission’s interpretation of smart cities. However, the data reveals that both cities have extended such a mono-dimensional vision by focusing attention on additional policy domains and urban challenges. For example, technological solutions are deployed to: improve the management of natural resources other than energy; increase the quality of public transport services by providing citizens with real-time information; stimulate collaboration and communication between residents, businesses, governmental authorities and welfare organizations by means of digital platforms; provide citizens with digital solutions for working remotely rather than commuting from home to offices; and improve people’s health and wellbeing in the context of an ageing population.

The interest in transport is also shared by Barcelona and Helsinki, where respectively 33% and 43% of the technological solutions are linked to this application domain. However, most of their initiatives relates to e-government (C.11), where ICT solutions are intended to increase the convenience and accessibility of public data and services. Also, Barcelona and Helsinki are both particularly active in the field of health and social inclusion (C.07), in which ICTs are mainly deployed to assist elderly people in their everyday lives[footnoteRef:17]. [17:  See the following projects: CO2 Neutrale; SternE; SeniorTab; Citybike Wien; E-Taxis; SMILE; AnachB; Wien.at live-App; Open Government Data; Wien Gestalten (https://smartcity.wien.gv.at); Smart Citizen Kit; Smart Work@Ijburg; Health-Lab; Change by Us in Amsterdam (https://amsterdamsmartcity.com); Smart Urban Spaces (http://www.smarturbanspaces.org); Projecte Radars; Servei de teleassistència municipal; Vincles BCN; and EsclaTIC (http://ajuntament.barcelona.cat/digital).
] 


5. Strategic principles for smart city development: lessons from Europe

In May 2016, the European Union’s Ministers responsible for Urban Matters agreed to establish an Urban Agenda for the European Member States, which promotes a new model of urban development and contribute to the implementation of both the United Nations’ 2030 Agenda for Sustainable Development and the New Urban Agenda issued by the Habitat III Secretariat. These three international policy documents all stress the important role that sustainable urban development plays in increasing economic prosperity, social and territorial cohesion and wellbeing at a global level. They also recognize smart city development as an integral part of sustainable urban development processes, with smart technologies that provide cities with the opportunity to become safer and more inclusive, resilient and sustainable (European Commission 2016b; United Nations 2015; 2017). 

The United Nations’ policy paper on urban services and technology further emphasizes this recommendation by highlighting the potential that smart city development has to support transformative changes in society by helping cities to address the increasingly complex challenges that they are currently facing. However, this policy paper also recognizes the presence of a knowledge gap with regard to how cities can enable such a development and, in response, calls for a better theoretical and practical understanding that current research on smart cities is still unable to offer (United Nations 2016). 

The ambiguity generated by the four dichotomies that Mora et al. (2017; 2018a; 2018b) and Komninos and Mora (2018) have captured in their studies provides a fundamental challenge that must be addressed before it is possible to clearly articulate what needs to be done in order for urban environments to be successful in enabling smart city development. The deductive multiple-case study analysis that this paper reports on does help meet this challenge. It focuses attention on Europe, where the validity of the hypotheses that each dichotomy proposes is tested by examining the way in which four best practices have gone about the design and implementation of their smart city development strategies. The results of this analysis are summarized in Figure 6, which shows the choices that have allowed Amsterdam, Barcelona, Helsinki and Vienna to address the dichotomous nature of smart city research and successfully enable ICT-related development and innovation in urban environments. 

The lessons learned and new insights captured by this best practice analysis make it possible to establish a set of strategic principles instructing European cities on the path to follow in designing and implementing smart city development strategies able to produce meaningful results and be successful in meeting urban challenges by means of ICT solutions. These strategic principles are proposed to support decision-making processes in the field of smart city development and speed up the effective deployment of smart technologies in European urban environments.
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Figure 6. Dichotomies and divergent strategic principles: the best practices’ choices

Strategic principle 1: Look beyond technology

Enabling smart city development is a challenge going far beyond technology. These four leading European smart cities have proven to be complex socio-technical systems in which smart city development results from the integration of new ICT services, applications and infrastructures for either resolving or mitigating urban challenges. The development process of this technological layer is progressive and recalls the idiomatic expression of Urban Acupuncture, which refers to Jaime Lerner (2014)’s approach to modern urban development, i.e. to continuously implement large numbers of small-scale projects that progressively improve the urban context instead of relying upon massive urban renewal projects. This approach suggests dealing with urban development in an era of constrained budgets and limited resources requires a more dynamic, flexible and community-based line of action. The European best practices have applied this Urban Acupuncture in the field of smart city development, which has been enabled by the continuous implementation of short and medium-term ICT-related interventions that have gradually transformed the cities into smart environments.

However, to let this progressive digital transformation take place, the case studies show that significant efforts must be oriented towards building the capacity of the city to integrate and deploy such technological solutions. This requires cities to: (1) align technological development with the contents of a holistic and comprehensive strategic framework able to provide long-term sustainability and drive individuals and organizations in the same direction; and (2) build an open, inclusive and engaging collaborative environment that strengthen the capacity of these individuals and organizations to work together and actively participate in the co-creation of ICT-driven initiatives that bring innovation and improvements into the city.

Strategic principle 2: Move towards a quadruple-helix collaborative model

Collaboration is key to successful implementation of smart city development strategies and supporting the growth of an open, inclusive and engaging collaborative environment is pivotal to this. In developing this collaborative environment, it is important to: (1) rely on public and private sector collaboration; (2) institute the industry-government-research relationships of the triple-helix collaborative model; and (2) make significant efforts to strengthen the participatory qualities of civil society by progressively moving towards a quadruple-helix model of stakeholder engagement and the open and user-centric innovation approach it promotes (Arnkil et al. 2010; Carayannis and Campbell 2014; Cavallini et al. 2016).

Strong engagement mechanisms and user-driven innovation methodologies are necessary to bring together large communities composed of heterogeneous organizations representing the Triple Helix and to increase citizens’ participation in co-creation processes of digital services of public interest. Working with citizens sets a complex challenge because it requires moving away from “an era of linear, top-down and expert-driven development, production and services [and start] practicing with different forms and levels of co-production” (Arnkil et al. 2010: III). However, this makes it possible to gain high-value place-based knowledge that can be exploited in the integration and deployment process of ICT-related urban innovations (Mathie and Cunningham 2003; Curwell et al. 2005; Deakin and Allwinkle 2007; Torres et al. 2006; Veeckman and van der Graaf 2014; Bria et al. 2015). As suggested by the United Nations’ guidelines for sustainable and socially inclusive urban infrastructure, citizen participation can: “improve the quality of decision making and facilitate the execution of actions; […] provide a better way of dealing with cross-cutting issues; […] and help ensure that actions taken and services provided reflect the needs of people more adequately” (Santucci et al. 2011: 52).

Engagement plans and stakeholder analysis techniques can be useful tools for mapping key actors and understanding both their interests and the potential contribution they may offer (Brandon et al. 2017; Future Cities Catapult and Arup 2017; Moghadam et al. 2017). Examples of stakeholder engagement for managing smart city development strategies are described in research by Ielite et al. (2015) and Mayangsari and Novani (2015), which respectively report on the experiences of Riga and Bandung.

Strategic principle 3: Combine top-down (government-led) and bottom-up (community-driven)

As suggested by Breuer et al. (2014), Lee et al. (2014), Exner (2015), Angelidou (2017) and Mora and Bolici (2016; 2017), smart city development “requires a two-pronged approach: top-down (government-led) to build foundations and bottom-up (community-driven)” (Estevez et al. 2016: VII) “A purely top-down view on the smart city carries a danger of authoritarianism with it, while a bottom-up-only approach leans towards chaos and lack of long-term vision” (Breuer et al. (2014: 162), therefore, they need to be combined.

Governments have a central role in the design and implementation of strategies for smart city development, but their activity needs to be oriented towards creating the favorable conditions for individuals and organizations to pool their knowledge, skills and interests and collaborate in delivering smart city projects and initiatives. To achieve this aim, city governments are required to put smart city development among the priorities of their political agenda and assemble a strategic framework and a smart city accelerator, which are both instrumental in: (1) building the open, inclusive and cohesive collaborative environment needed to activate smart city development and the bottom-up development process required to achieve this; (2) facilitating the creation of partnerships for jointly implementing ICT-related initiatives; and (3) coordinating the efforts of this collaborative environment towards achieving a common set of goals which reflect the vision and priorities of the city. 

In addition, the local government’s action is needed to improve the city’s capacity to enable smart city development. This can be done through activities which aim to: generate feedback on the cities’ ICT requirements and new ideas for ICT-related activities; generate interest and inform the community; stimulate collaboration; engage new stakeholders and help the collaborative ecosystem to grow; raise public awareness of the potential benefits that ICTs can produce in urban environments; and increase the level of digital literacy within the city.

Open data initiatives like app contests, hackathons and codefests are an interesting example of activities for building capacity by raising awareness, increasing participation and stimulating community-driven development in the smart city domain, especially from citizens. By hosting these events, city governments bring together groups of IT-skilled individuals which are invited to conceive new digital applications to address urban concerns by using public data (Johnson and Robinson 2014; Irani 2015; Komssi et al. 2015; Lodato and DiSalvo 2016; Carr and Lassiter 2017; Concilio et al. 2017).

Forums, conferences, workshops and training courses are additional activities that cities are using to increase their capacity to sustain smart city development. Barcelona has been organising the Smart City Expo World Congress since 2011. This event has become a leading global platform for experts working in the field of smart city development, which are brought together to share knowledge and debate[footnoteRef:18]. Barcelona has also launched a Smart Education programme for primary and secondary schools in order to bring the concepts of innovation and smartness to kids through practical activities and workshops. Turin has instead offered intensive training courses on the management of smart city development strategies to executives and directors working for the City Council (Pisu 2015).  [18:  Additional information on the Smart City Expo World Congress and Barcelona’s Smart Education programme can be found at http://www.smartcityexpo.com and http://cordis.europa.eu/news/rcn/136756_it.html] 


Strategic principle 4: Build a strategic framework

The policy documents composing the city’s strategic framework for smart city development need to clearly establish: a long-term vision highlighting ambitions and motivations driving the smart city transformation process; the expected outcomes and targets to achieve by deploying ICT solutions; the main application domains to focus attention on; and the working group responsible for managing and accelerating the implementation of the strategy.

Along with Amsterdam, Barcelona, Helsinki and Vienna, further examples of cities that have designed comprehensive strategic frameworks for driving smart city development include New York, Turin, Heraklion and Birmingham. “New York has created a stand-alone strategy in the early 2010s but has now integrated its digital plans within the overall city vision in order to help think about technology more holistically” (Future Cities Catapult and Arup 2017: 23). Turin’s strategic framework was launched in 2013 and resulted from an elaboration process based on strategic urban planning principles. More than 350 key experts representing governmental authorities, businesses, universities, research centres and civil society organizations have been involved (Carcillo and Macii 2013; Deambrogio 2013). The same participatory approach has been applied by Heraklion and Birmingham, which have both designed strategic plans for smart city development in order to help the stakeholders to work together instead of operating independently of one another (URBACT Secretariat 2017; Digital Birmingham 2012; 2014).

Despite being at an early stage of investigation (Komninos 2014; Angelidou 2014; Ben Letaifa 2015; Mora and Bolici 2016; 2017; Marsal-Llacuna and Segal 2016; 2017), strategic planning tools and techniques appear to be particularly useful when adopted to deal with the design process of such strategic frameworks. For example, scenario building, collaborative vision building, stakeholder analyses and focus groups have been deployed by the city of Vienna to produce a long-term vision, along with a roadmap and an action plan for guiding the city’s urban transformation dynamics in the smart city domain (Hofstetter and Vogl 2011). In addition, potential for smart city development can be tested by means of SWOT analyses (Álvarez-García et al. 2017).

Strategic principle 5: Boost the digital transformation by establishing a smart city accelerator

In addition to the strategic framework, local governments are also required to assemble a smart city accelerator: a working group which is dedicated to accelerating the progressive transformation of the city in a smart environment, by strengthening the capacity of individuals and organizations to collaborate in delivering innovative ICT-related initiatives. Based on the lessons learnt with the best practice analysis, the main activities that these working groups need to carry out are the followings: boost the production of new ideas for ICT-related interventions; engage new potential partners and facilitate the creation of new consortia; provide information on financial instruments and funding mechanisms that can be used to finance projects and initiatives; offer access to regional and international networks; monitor the ICT-related interventions and assure they are aligned with the strategic framework’s contents; and generate interest by promoting the smart city development strategy in order to facilitate the creation of new partnerships and the acquisition of new resources.

Considering the experiences of Amsterdam, Barcelona, Helsinki and Vienna, the smart city accelerators can be: (1) part of either the City Council, or other existing organizations that carry out community tasks; or (2) set up by establishing new public-private organizations which are autonomous and provided with independent legal identities. Examples of the latter type can also be found in Genoa and Turin, where the smart city development strategies are respectively managed by the Genoa Smart City Association and Torino Smart City Foundation. Both organizations have resulted from the collaboration between the City Council and a group of public and private organizations, which belong to the city’s metropolitan area and represent industry, government and research (Deambrogio 2013; Sanseverino et al. 2014; Grossi and Pianezzi 2017). Unfortunately, no research has been conducted yet to investigate how these different types of smart city accelerators work, especially in different urban contexts, and what benefits and disadvantages each of them offers.

Strategic principle 6: Adopt an integrated intervention logic

The energy-driven interpretation of smart city development sets boundaries that cities need to overcome. Smart city development pathways need to be shaped according to each city’s socio-economic and cultural background and the selection of the application domains depends on local context factors (Neirotti et al. 2014). These factors include the urban challenges that the city has to tackle, which are not always energy or environmental-related. Therefore, it is important to adopt an integrated intervention logic that: (1) cuts across the multitude of application domains that smart city development represents; and (2) extends the benefits that ICT solutions can offer to any policy sectors of the city. This requires cities to have a clear understanding of both the urban issues limiting their sustainable growth and the technological advancements to be deployed in order to either mitigate or fully resolve such issues.

Once again, strategic planning tools and techniques can help obtain this knowledge related to urban issue and technological fixes. For example, open consultations through digital platforms and applications can be deployed to actively engage citizens and other relevant stakeholders in the identification of urban issues and local needs (Pentikousis et al. 2011). Issues and possible technological solutions may then be matched by adopting strategic decision processes, such as Technology Roadmapping. Roadmapping processes for smart city development have been analysed by Lee et al. (2013) and adopted by Birmingham (Fullard 2016).

6. Conclusions

This paper formulates a set of strategic principles that European cities should take into consideration in order to successfully design and implement smart city development strategies. These principles suggest enabling smart city development in Europe requires to:
· Look beyond technology;
· Move towards a quadruple-helix collaborative model;
· Combine top-down (government-led) and bottom-up (community-driven);
· Build a smart city strategic framework;
· Boost the digital transformation by establishing a smart city accelerator;
· Adopt an integrated intervention logic.

The strategic principles that this paper proposes are sourced from a multiple case study analysis which focuses attention on four European best practices: Amsterdam, Barcelona, Helsinki and Vienna. Further research is therefore needed to generalize the lessons which have been learned with this analysis to regional contexts beyond Europe, and continue to build the know-how necessary to fully overcome the knowledge gap that the dichotomous nature of smart city research has generated. This requires smart city researchers to: (1) identify examples of both leading and unsuccessful smart city development strategies belonging to non-European countries; and (2) process additional case study analyses to test the validity of the strategic principles that this paper puts forward.

Extending the generalization of this paper’s findings by conducting additional research into the design and implementation of smart city development strategies is also instrumental in enabling peer-learning and knowledge transfer processes able to support evidence-based decision-making. The scientific literature demonstrates that a large number of cities across Europe and beyond are working on strategies for enabling smart city development. Gathering, codifying and sharing the practical knowledge produced by these real-life experiences, in the form of good practices and recommendations, is key to succeed in dealing with the ambiguity surrounding smart city development strategies and their design and implementation process. This knowledge can be exploited to create the conditions for continuous learning and innovation, which both serve to accelerate the adoption of strategies that progress smart city development. For example, such a knowledge can be used for: (1) building transnational knowledge-sharing platforms that connect cities together and let them learn from each other, as in the case of the digital market place of the European Innovation Partnership on Smart Cities and Communities[footnoteRef:19]; (2) developing and delivering learning events and educational strategies; and (3) supporting the production and deployment of decision-making support tools for underpinning the design and implementation of smart city development strategies. [19:  See http://eu-smartcities.eu ] 


Future research should also be conducted into the application of strategic planning tools and techniques in the field of smart city development strategies. The paper’s findings suggest this area is promising and a number of cities are already experimenting in this innovative domain. Examples of highly-valuable research activates aiming at increasing the collective understanding in this knowledge domain include the followings: mapping what strategic planning tools and techniques are being used and providing detailed examples able to explain why and how to apply them; and identifying additional instruments which have not been deployed yet, but that hold promise for the future.
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