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Intro

This Annex to the Final Report of DIGISER (D4) reports all the information related to the work carried out by
the research team of the Politecnico di Milano, aimed at developing and testing a set of composite indexes
capable of capturing and synthetically describing the performance of cities in the digital transition and their
ability to drive this transition towards the creation of public value.

This index (or set of indexes), labelled “Digital Public Service Value Index” (DPSVI), is one of the main
outputs of DIGISER and its development has also been documented in depth in the Inception Report, where
the conceptual bases of the DPSVI have been exposed, in the Interim Report, where the related Data Model
has been built starting from the concept has been explained in depth, and in the Draft Final Report, that
included the first version of the data model that has been updated and refined in the final months of the
research project.

In summary, the DPSVI is conceived as a multi-level composite index, developed on top of primary data
collected through a survey (DIGISURVEY) targeting European cities. These data are processed and com-
bined to feed a system of composite indexes that provide a synthetic assessment of the performances of
European cities in relation to complex phenomena underlying digital transformation. In addition, a specific
subset of indexes has been developed to explore in detail the state of the art of digital transformation through
different service areas (Sl - Service Index).

The DPSVI has been used in almost all the project’s output as a compass to explore complex challenges
and phenomena related to the digital transformation of governance methods and public service delivery in
European cities, reported in the main DIGISER Final report and in the DIGISER Policy Handbook, as well
as in dedicated annexes that explore systematically all the indexes composing the DPSVI (Annex 1.2.1 and
Annex 1.4 to DIGISER Final Report).

All these documents are published on the ESPON website at https://www.espon.eu/DIGISER.

This technical annex reports extensively the methodology used to develop the DPSVI, including the theoret-
ical definition of the index, the design of the data model, the data collection process, the mathematical com-
puting of indexes and their statistical validation, as well as the data visualization methods implemented.

ESPON // espon.eu 9
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The DPSVI framework

The “digital” dimension of public services has been long interpreted as a driver of innovation and changes
since it became evident that ICT represents a vital tool in the governance balancing act as buildings,
transport networks and utility systems (Economist Intelligence Unit, 2010). Over the last decades, a novel
vision emerged of the public sector activated by ICT in public services where principles such as information
sharing, transparency, openness, and collaboration became key concepts with relevant organizational and
policy implications. This slow, yet steady, process has considerably contributed to making more complex
and demanding the reflection on governmental capacity in terms of competences required, institutional/or-
ganizational arrangements and policy actions' responsiveness and appropriateness.

Within this framework, an effective and deep observation and analysis of the role played by digital innovation
of public services needs to be framed within a more complex and longer process of technology-enabled
public sector reform (Ferro et al., 2013), able to capture the complexity of the service creation process and
its capacity to contribute to possible responses to global societal challenges. Providing (digital) public ser-
vices by capturing the powerful potentials offered by the ICT fast advancements and development represents
a crucial manner to make cities protagonists of the very urgent transition every city, every public institution
should feel responsible for.

The key question targeted in the work is, therefore: are the ICT growing potentials effectively adopted in
services conception and provision and turned into opportunities for a public sector reform to be
aligned with the urgent socio-technical transition?

This interrogative represents both a specification of an overarching and more fundamental question about
how the technological “infrastructuring” of public administrations may be turned into value for society and
the critical interpretational driver for the conceptual development of the Digital Public Service Value Index.

The Digital Public Service Value Index: a transitional
perspective

The DPSVI acquires the key meaning of a digital transition capacity index, i.e., evaluating the capacity of a
public authority to translate the growing ICT potentials into transitional opportunities of the public sector in
general and of the related socio-technical system (Geels, 2005, 2011; Geels and Schot, 2007) in particular.

The operational translation of such a “dilemma” result in three key research questions.

1. How can digital transformation generate long-term innovation in public sector organiza-
tions? This question refers to the capacity of the digital transformation of services to also activate
organizational restructuring and innovation (Avgerou, 2000; Poole and Van de Ven, 2004; Deserti
and Rizzo, 2019). The creation of new digital services or the digital innovation of existing ones is
an opportunity for reflection and learning at the institutional level, and challenges institutional or-
ganizations towards more flexible and open structures being collaborative, transparent, experi-
ment-prone, and capable (Van der Voet et al., 2016; Plesner et al., 2018; Elliot, 2020).

2. How does public sector organizational innovation generate public value in local contexts?
From a transition perspective, the digital innovation of services represents a means to drive
changes in practices and behaviours in everyday life (Shove et al., 2012; Chilvers et al., 2018).
Coherently with the shared interpretation of any innovation process as a value generation process
(Hansen and Birkenshaw, 2007), innovation -especially public service innovation- should bound
the value generation process to the situated perspectives of local contexts and the different stake-
holders that operate at that level. Citizens groups, small organizations and innovators are co-pro-
ducers of such public values based on the principle that beneficiaries are also the experts of their
needs (Krogstie, 2006; Emaldi et al., 2017).

3. What paths and key enablers can make best innovation practices replicable and scalable?
Public administrations neither act alone nor in vacuum environments; their action spaces are
strongly affected by several factors like market pressure. This is especially true in the ICT for public
service provision and creation (Albury, 2005), by experience of similar public administrations within
the current cities marketing global competition or by their belonging to national/international net-
works enabling experiences exchange and collaboration (Campbell, 2013). In these dynamics,

10 ESPON // espon.eu
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cities represent sources and drivers of (new) practices replication and diffusion, as well as repli-
cants or active adopters of (new) practices developed by other cities.

The three research questions underlying the development of the Digital Public Service Value Index are able
to indicate the way towards sets of indexes and may contribute to explicit them by focussing on the key
mechanisms of socio-digital transition: scaling-up, scaling-deep, and scaling-out (Riddell and Moore, 2015;
Omann et al., 2019).

Research questions underlying
o Focus
the definition of a DPSVI
How digital can transformation generate long-term in- Organizational Change and Performance (Scaling-
novation in public sector organizations? Up)

How does public sector organizational innovation gen-  Local Context Change and Performance (Scaling-

erate public value in local contexts? Deep)
What paths and key enablers can make best innova- Relational capacity: Replication and Transfer (Scal-
tion practices replicable and scalable? ing-Out)

The introduction of a transition perspective and the related research questions suggest looking at the
DIGISER analysis as a transformational learning (Bateson, 1973) or Triple-Loop Learning (T-LL)! process,
to be activated through data collection activities at the scale of local institutions. In transition theory, learning
is central as it can enable, accelerate, and guide socio-technical transformations (Loorbach, 2010; Loorbach
and Rotmans, 2010).

In this view, systemic change —targeted as a transition to improvement — requires cognitive energy and
learning outcomes to be situated into action at multiple levels. The level of learning, and the degree to which
it has been embedded into actions, routines, practices, and behaviours (both at the institutional and at the
individual levels) reflect the maturity of a transition. In other words, the more changes are embedded and
internalized in the subject, whatever complex is what is learnt, the better Triple Loop Learning is achieved.
The more disruptive is the change to be achieved, the more Triple-Loop Learning needs to engage all in-
volved actors, from individuals to organizational and institutional infrastructure, up to the societal scale (Jo-
hannessen and Wamsler, 2017).

In T-LL, each learning loop (single, double, triple) has been conceptualized by some authors (Sinek, 2009;
Engelbart, 2002) as a possible joint view of three learning modes. They focus on the goal each loop reflects
on - the “what”, the “how”, and the “why” - as shown in the graph below (see Figure 1).

1 Triple-Loop Learning is required when problems are wicked and unstructured and especially when the deep underlying
causes and context have to be considered in redefining, relearning, and “unlearning” what we have already learned before
(Gupta, 2016). In T-LL, iterative questionings and madifications help to shift the perspective, ideally leading to a systemic
change, in coherence with any transformation or innovation process within the perspective of transition. In Stacey’s terms,
T-LL is manifested as a form of collective awareness (Stacey, 2007); the relationship between organizational structure
and human behaviour changes as the organization learns how to learn and understands more about the values and
assumptions which lie below the patterns of actions (Kahane, 2004). Triple-Loop Learning allows not only individuals, but
also organizations to question whether the values and assumptions are locking them into a recurring cycle in which today’s
solutions become tomorrow’s problems. In this way, the values, as well as the strategies and expectations, can be modi-
fied (Argyris and Schon, 1978).

ESPON // espon.eu 11
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triple loop learning 2

double loop learning

(I

single loop learning

Figure 1 - Triple-Loop Learning and the “what, how, and why” questions

Looking at the T-LL in terms of the three reflection levels able to activate learning into organizations, the
DIGISER concept has been developed conceiving the Digital Public Service Value Index as structured in
coherence with the “what”, “how” and “why” questions (see Figure 2). This conceptual setting is reflected
also in the survey for data collection (see Chapter 3), making it work as much as possible as a learning
infrastructure, supporting reflection especially for those Public Administrations that will be the focusses of
the analysis.

digital service
innovation maturity
(what)

digital public

service value
index

orientation to
mission
(why)

Figure 2 - Conceptual structure of the Digital Public Service Value Index

1.

Digital service innovation maturity. Representing the “what”, the “digital service innovation ma-
turity” is the concrete object of the DIGISER analysis. “Digital innovation is about the creation and
putting into action of novel products and services; by digital transformation we mean the combined
effects of several digital innovations bringing about novel actors (and actor constellations), struc-
tures, practices, values, and beliefs that change, threaten, replace or complement existing rules of
the game within organizations and fields” (Hinings et al., 2018). DIGISER mainly refers to two main
elements: the advancement in technological infrastructuring, i.e., the product; and the changes in
the structures, practices, values/beliefs it requires or activates, i.e., the process. Advancements in
technological infrastructures ask for new services models and interactions. These two components,
in turn, require a change in the processes, structures, practices, value and culture of the public
administrations.

Proneness to change. The shift from reactive to proactive service delivery mechanisms is enabled
by the transition from e-government to digital government, where the use of digital technologies is
assumed as an integrated part of governments’ modernisation and innovation strategies, creating
public value through the engagement of a broad ecosystem of stakeholders (OECD, 2017). This

12 ESPON // espon.eu
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shift is only possible if organisations have a strong orientation to changes, i.e., low internal re-
sistances, strong competences, high availability to learn (see Fernandez and Rainey, 2006). In
DIGISER conceptual structure, proneness to change therefore represents the “how”, which defines
the way chosen to guarantee both an innovation process and an effective exploitation of the grow-
ing beneficial potentials of digital transformation.

3. Orientation to mission. Exploring the “why” represents the final aim of every reflexive public action
(Argyris and Schon, 1978). Starting from this assumption, “orientation to mission” (Mazzucato,
2018) is used to define the horizon to achieve in terms of systemic change as an answer to one or
more societal challenges local authorities are asked to face. It represents the overarching perspec-
tive the innovation of public services should be contributing to. In short, “orientation to mission”
represents the transition driver of service innovation, and it offers the key values that should be
mobilized by the services and their digital innovation.

” o« » o«

In the following section, the triplet “digital service innovation maturity”, “proneness to change”,
to mission” is analysed in richer details.

orientation

Inside the DPSVI structure

As illustrated in the previous paragraph, DIGISER conceptualises the Digital Public Service Value Index by

focussing on three components, “digital service innovation maturity”, “proneness to change” and “orientation
to mission”, that will be described in detail in the following paragraphs. They have been specified as follows:

e Digital service innovation maturity is described through the digital maturity and the level of
service embedment.

e Proneness to change is described by change management and innovation governance.

e Orientation to mission is mainly described through the alignment to Sustainable Development
Goals.

These three elements of the Digital Public Service Value Index are deeply inspired by the socio-technical
transition perspective (Geels, 2005, 2011; Geels and Schot, 2007), that has been adapted and operational-
ised by the three research questions described in the previous paragraph. The three research questions
represent a productive driver to the identification of indexes composing the Digital Public Service Value Index
by leveraging on the three key mechanisms: scaling-up, scaling-out and scaling-deep. These mechanisms
“underscores the complexities and complementary nature of the strategies involved in advancing large sys-
tems change” (Riddell and Moore, 2015: 3), and together they can explain: (i) how a socio-technical transition
works and (ii) how one innovation can contribute to transition by activating changes, transformations, learn-
ing dynamics and synergies with other innovations at multiple levels.

Scaling-up - Organisational change and performance. This mechanism entails modifications of the or-
ganisational structures, routines, and practices, and it impacts policies, rules and laws, and organisational
routines. Scaling-up mechanisms can be grounded in different levels of critical reflection (Argyris and Schén,
1978). In line with the T-LL scheme illustrated above (see Figure 1), they can refer to changes in the actions
undertaken to support service development and provision (“what”), but also to modification in how innova-
tions are managed and decisions about digitalisation and innovation governance processes are taken within
the PA organisational structure (“how”). Focusing on the role of digital transformation as a driver of change,
DIGISER explores in particular how scaling-up mechanisms can contribute to support long-term innovation
within public sector organisations.

Scaling-deep - Local context change and performance. Scaling-deep refers to impacts generated on
cultural roots, and it is related to the notion that “durable change has been achieved only when people’s
hearts and minds, their values and cultural practices, and the quality of relationships they have, are trans-
formed” (Riddell and Moore 2015: 3). In the context of DIGISER, scaling-deep mechanisms are understood
in terms of public value generation. They look specifically at the capacity of institutions to generate innovation
in their context of reference, and at the dynamics through which public sector organisational innovation
effectively impacts local context dynamics. Notably, scaling-deep mechanisms are affected by the capacity
of PAs to support services that meet context-specific needs, which in turn depends on “context readiness”,
which is shaped by socio-demographic factors, as well as by the degree of digital capacity of local actors
(including service end-users) and by the type and quality of existing digital infrastructures.
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Scaling-out - Relational capacity: replication and transfer. This mechanism emphasises replication and
dissemination of innovations in different communities (Riddell and Moore, 2015) and deals with the spread
and (re)production of innovative values, ideas, and tools across the multiple levels of interactions character-
ising socio-technical systems (Geels and Schot, 2007). In line with DIGISER research questions (Table 1),
scaling-out mechanisms are related to the paths and enablers that allow for innovation practices to be rep-
licated somewhere else e.g., to the mechanisms through which cities reproduce, replicate, and adopt digital
service procedures or innovation practices developed in different contexts?.

Scaling mechanisms play a role in the concept specification that is twofold.

On the one hand, they represent the changes and transformation that a public authority achieves to
activate by governing their contexts through flexible, adaptive, learning-prone, and context-sensitive
schemes, and by managing relations and interactions with other actors, including public subjects (other in-
stitutions at local or higher levels), private actors and citizens. This first dimension foresees a proactive role
of public institutions, which drive innovation process generation and are engaged in spreading innovation
across the multiple levels of socio-technical systems (see Geels and Shot, 2007; Geels, 2020). In this case,
scaling mechanisms allow explore different transition pathways that may emerge within service innovation
processes. First, scaling-up mechanisms allow investigating the capacity of public institutions to proactively
generate innovation dynamics through the modification of their internal governing mechanisms, of organisa-
tional routines, of decision-making processes and of the are taken and tools are developed and adopted.
The capacity of PAs to support long-term organisational innovation primarily depends on their “proneness
to change”, and particularly on their capacity to “manage change”, e.g., through the acquisition of new com-
petences and skills, the redefinition of legal and funding schemes, or the modification of internal governance
structures. Second, scaling-deep mechanisms enable exploring how institution-led innovation can support
public value generation and capturing the dynamics through which innovation is adopted and used by local
actors across the public, private and civic realms. Finally, DIGISER assumes that “the role of public manag-
ers is not necessarily to accomplish all public innovations themselves, but rather to facilitate and align con-
stellations of diverse actors to address various societal challenges" (Bugge et al., 2019: 4). Accordingly,
scaling-out mechanisms are used to look at how PAs generate and spread innovation. The capacity of insti-
tutions to replicate and transfer innovation practices and modes ultimately depends on their position within
existing relational networks, and more specifically by their level of interconnection with other agents acting
across service sectors and governance levels.

On the other hand, scaling mechanisms represent the dynamics that a service creation (ideation, de-
sign, experimentation, implementation, supply) or innovation may require to generate an effective
response to the societal needs it is created for. In this second set of innovation pathways, the role of PAs
changes. On the one hand, it consists in ‘detecting’ innovation signals developed in different arenas (scaling-
out) and in adopting and adapting them in a way that allows responding to context-specific needs. On the
other hand, it requires PAs to embed innovation in their actions through a modification of their internal mech-
anisms and procedures (scaling-up).

Considering the roles that they play and the relevance they have as for the coherence with the DIGISER
research questions, scaling mechanisms are considered as a cross-cutting interpretative category. In
particular, they are related to two elements specifying the DIGISER concept, namely the “level of service
embedment” and the “change management” (see Figure 3).

2 Achieving innovation in the public sector can be difficult and requires additional, targeted support and resources. In
recent years, there has been a significant growth in the type and number of organisations and structures dedicated to
supporting innovation in the public sector (OECD, 2017). These are known as teams, units, labs, networks to name a few.
Among these, innovation-focused networks and innovation labs have attracted most of the attention. Networks can sup-
port and motivate public sector innovation by creating a space where innovators can share ideas, practices, and chal-
lenges for implementing innovations. Dedicated innovation units/labs can help address some of the barriers to innovation:
e.g., compensate for the lack of innovative leaders and champions and help overcome rigidities in the reward and incentive
systems that can often hinder innovative performance in the public sector. They can foster the creation of organisational
knowledge about how to apply innovation processes and methods, and support more collaborative and harmonious ap-
proaches in problem solving. This can help address departmental silo thinking by adopting cross-cutting, inter-disciplinary
approaches, bringing together different or new tools, methods, and skills. (OECD, 2018: 198)
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2.2.1 Digital service innovation maturity

Digital technologies are profoundly affecting people's lives and how they interact with public infrastructures
(Welby, 2019). These technologies, their growing availability and performances, the wide use of data, the
broad offer of services provided by a large variety of actors are re-shaping the value supply chain of public
service and the associated concept of public good. Also, “over the past decades, countries have enacted
large-scale public sector reforms to prioritise digitalisation/...J, investing considerable resources to adopt
new practices to modernise their services and make them more responsive to citizens’ needs” (OECD, 2019:
148).

Exploring Public Service means to deal with one of the two key roles of the Public Administrations: the
“management and implementation of the whole set of government activities dealing with the implementation
of laws, regulations and decisions of the government and the management related to the provision of public
services” (UNDP, 2015: 2). For what concerns the latter, digital technologies play a crucial innovative role,
as they place increasing and new demands and expectations on the public sector. Furthermore, the fast
evolution of technologies continuously offers new opportunities towards digital government, transparency,
and openness. Accordingly, even if the digital transformation of government and services has now achieved
an advanced state of maturity, realising the full potential of these technologies still represents a key chal-
lenge for governmental organisations (DESI, 2019; DESI, 2020). Public service innovation constitutes an
integral part of digital government strategies and more and more “relies on a digital ecosystem comprised
of government actors, non-governmental organisations, businesses, citizens’ associations and individuals,
which supports the production of and access to data, services and content through interactions with the
government (for example, open data platforms common to several governmental institutions (OECD, 2019:

146).

Most recent DESI reports (2019; 2020) show that, from the user side, the demand for digital public services
is growing, witnessing that societal digital literacy is growing together with the digital transformation and
maturity process. In this dwelling of growing demand for and evolving offer of digital services two elements
appear relevant and contribute to determine digital service innovation maturity. The first is digital ma-
turity, which is defined by the level of digital infrastructure and transformation (i.e., what technologies and
to what extent services are digitally offered and used). The second refers to the level of service embedment
and consists in the level of adoption of the digital service and in its internalization in the public administration
organization and setting (i.e., how far the digital service is accessible and adopted by most of the citizens;
to what extent the digital service potentials are fully exploited by the skilled organization and affect the public
administration renewal and innovation). Together, these two dimensions specify what has been recently
defined digital readiness of innovative public services (European Commission, 2020) explored through four
dimensions: technological, societal, organizational, and legal (p. 7).
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e Digital maturity mainly attains to the extent to which public administrations embrace new digital
technologies and deliver innovative public services. Digital maturity is usually referred to the four
layers of the European Interoperability Framework (EIF), aligned with user centricity principles de-
fined by the Tallinn Declaration in 2017 to ensure that the adoption of new technologies does not
lead to creation of new silos or compartmentation. Digital maturity considers the distinction between
mature technologies and emerging technologies, these last playing a relevant role in describing to
what extent the public authority challenges itself while developing new services.

e Thelevel of service embedment reflects the role played by the service in driving changes in public
authorities. The three scaling mechanisms reflect here a different perspective. Scaling-up mecha-
nisms are related to the achievement of the public authority to supply the service autonomously,
reflecting the completion of a process of adaptation and renewal throughout service development.
The scaling-out mechanisms reflect the public authority’s capacity to drive service adoption by oth-
ers, either in case it has been entirely and autonomously developed, or it represents the result of
an improvement process. In this respect, specific and dedicated experiences of sharing and col-
laborative networks are crucial and allow public authorities to access a large variety of services and
related solutions opportunities. Finally, scaling-deep mechanisms reflect the level of adoption by
the users in service development, so capturing changes in practices and behaviours that the service
innovation aims to affect.

Proneness to change

The second dimension explored by the DPSVI concerns PA’s proneness to change. As previously men-
tioned, (Fernandez and Rainey, 2006), the degree of proneness depends on a variety of factors, including
organisational structuring and degree of internal resistances, attention towards capacity building and pres-
ence of adequate competencies, and availability to learn, i.e., to engage in iterative learning processes that
encompass the different dimensions illustrated in the T-LL model (see Figure 1). In DIGISER, proneness to
change is defined in relation to change management and with is specified considering specific governance
innovation processes.

Change management is hereby defined by the capacity of PAs to manage change in order to engage into
digital innovation processes, and to shape change (Rammel et al., 2004) by supporting innovation pathways
through transitional scaling dynamics. On the one hand, change management in the DIGISER context refers
to the capacity of PAs to put in play a set of actions, norms, policies, and tools either to proactively support
innovation in (digital) service development and provision or to increase its capacity to detect and adopt
innovation dynamics developed in different contexts. This notion implicitly acknowledges that innovation can
originate either within the institution or within specific service domains. Accordingly, it relies upon the capac-
ity of an organization to adapt its internal procedures in order to adjust to both internal and external circum-
stances (see scaling-up mechanisms), but also upon its ability to create spaces for other agents (both from
other contexts and the local level) to engage along the different dimensions of governance innovation pro-
cesses (as described in the following paragraphs). “Proneness to change”, therefore, also includes the ca-
pacity “to utilize innovative bottom-up developments in a more strategic way by coordinating different levels
of governance and fostering self-organization through new types of interaction and cycles of learning and
action for radical innovations offering sustainability benefits” (Kemp et al., 2007: 3). On the other hand,
change management refers to the capacity of an institution to support government modernisation and to
modify its internal procedures and practices to “create space for short-term innovation and develop long-
term sustainability visions linked to desired societal transitions" (Loorbach, 2010: 163). Concerning digitali-
sation processes, this ultimately relates to increasing its openness, transparency, and effectiveness in terms
of digital service development and ICT-enabled service delivery.

The capacity of PAs to manage and shape change is affected by a variety of factors, including (i) the degree
of awareness PAs have about their role and transitional potential; (ii) their commitment to change, e.g., in
terms of proneness to experiment and to use advance ICT technologies, but also to activate new modes of
governance; (iii) their capacity to act, e.g., with respect to the adoption of adequate tools and procedures
(see “digital maturity”) and (iv) their role and position in their network, e.g. in terms of capacity to develop
policies and practices in the interaction of a variety of societal actors within innovation governance struc-
tures..

Also, “proneness to change” is explored in relation to four innovation governance processes, which reflect
key challenging opportunities public authorities have faced in the last years. Those are:
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1. Data management. Data (open and big) represent an un-precedent opportunity for growing avail-
ability combined with the growing computational and analytical potentials. Although public authori-
ties have been exposed to the request for data disclosure, more recent reflections (Concilio and
Molinari, 2019; Concilio and Pucci, 2021) also show the growing relevance played by data as a
resource mainly having private owners and making cities compete at the market level.

2. (Public) Procurement. Public procurement represents one of the most important innovation chan-
nels for public authorities. The way public authorities run procurement procedures can reveal a lot
on their innovation strategy and their proneness to learn.

3. Societal engagement. The role of citizens is gaining importance up to obliging public authorities
to develop dedicated programs overcoming participatory approach and transforming societal en-
gagement into collaborative city making towards new citizenship models.

4. Institutional capacity building. Organisational learning is a pre-requisite for innovation to emerge
at the institutional level. Many elements contribute to institutional capacity building: employee skills
and competences, the internal personnel mobility, collaboration and sharing, the organizational
involvement in experiments and tests.

Given the growing value of data in today’s societies and economies and their crucial role in governmental
processes, effective data management strategy is becoming increasingly imperative towards better public
services. As highlighted by the OECD (2018: 192), “Open Government Data (OGD) can be a powerful lever
for social and economic development. It can also be used to strengthen public governance by improving the
design of public services with a citizen-driven approach, by enhancing public sector efficiency and by spur-
ring public sector integrity and accountability. By ensuring OGD availability, accessibility and reuse by public,
private and civic actors, governments can design more evidence-based and inclusive policies, stimulate
innovation inside and outside the public sector, and empower citizens to take better-informed personal de-
cisions”. In this context, OGD policies are set “on ideas and principles that centre on making data from public
bodies available to everyone in open, free and accessible formats” (OECD, 2019: 148). Obstacles in the
design and implementation of such policies emerge at the central/federal level, due to a great variety in “the
extent to which countries conduct initiatives to promote data re-use outside government (such as hackathons
and co-creation events) and inside governments (via training and information sessions to civil servants)”
(OECD, 2018: 192); and to the fact that , “few countries monitor the economic and social impact of open
data as well as the impact of open data on public sector performance (...and to the possible existence of) an
implementation gap in a number of countries where policy developments have been introduced very recently
including notably in some of the eastern European countries such as the Czech Republic, Latvia, the Slovak
Republic and Slovenia” (ibidem). . Relevant challenges also emerge at the urban scale. As part of the
rhetoric surrounding the Open Government and Smart City concept, cities are increasingly challenged in
relation to data (e.g., management, governance, processing, storage, publishing), as per the growing power
acquired by the data market and the great relevance assigned to data ownership rather than to data-exploi-
tation know-how. Concurrently, policies call for more open data to foster service innovation and government
transparency. More and more crucial is the policy framework they can develop to shift the data culture from
ownership to exploitation (Walravens et al., 2021). Public authorities may become drivers for data manage-
ment strategies that make cities less impacted by the (big) data market and transform cities into data eco-
systems where: citizens become (big) data sources and literate users; private actors are exchanging infor-
mation while transforming their services into public value production systems; public services are considered
strategic data collection and utilization systems enabled by format and procedural standards that allow the
data to be used by anyone; public authorities promote initiatives of data utilizations for the creation of inno-
vative services (Concilio and Pucci, 2021).

(Public) Procurement refers to techniques, structured methods, and means to streamline an organization's
procurement process and achieve desired results while saving cost, reducing time, and building win-win
supplier relationships. “Governments continue to use public procurement to pursue secondary policy objec-
tives while delivering goods and services necessary to accomplish their missions in a timely, economical
and efficient manner. The high relevance of public procurement for economic outcomes and sound public
governance, as implied by its large volume, makes governments use public procurement as a strategic policy
lever for achieving additional policy goals, which aim to address environmental, economic and social chal-
lenges according to national priorities” (OECD, 2018: 174). This is true at all government levels, as public
procurement is one of the main demand-side innovation policies to support innovative goods and services.
Information and communication technologies play a twofold role in procurement processes. On the one
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hand, they may represent the object of the procurement and how procurement processes are conducted
may reveal important insights on the digital innovation strategies of the public authorities (e.g., the innovation
perspective, the level of delegation, the ICT advancement challenge). On the other hand, ICT technologies
may represent the supporting infrastructure of the procurement process (e-procurement) enabling “govern-
ments to increase the transparency of public procurement activities as well as collect consistent, up-to-date
and reliable data on procurement processes” eventually feeding “other government information technology
(IT) systems through automated data exchanges, reducing risks of errors and duplication” (OECD, 2019:
138). Within the first perspective, it is crucial to consider the role potentially played by “pre-commercial”
procurement (PCP) as a means to use public needs as a driver for innovation. The concept was introduced
as a response to the need to reinforce the innovation capabilities of the European Union while improving the
quality and efficiency of public services: it is a very challenging and fascinating concept still having a complex
implementation perspective in terms of standard procedures as well as in terms of interpretation (see
Edquist and Zabala-Iturriagagoitia, 2015).

The notion of societal engagement, while being characterized by a shared pool of keywords and concepts
(e.g., transparency, efficiency, accessibility, inclusion, or even democracy), proved capable to absorb cul-
tural influences from the contexts where it is materialized into policies and practices, cross-fertilizing itself
with pre-existing political and cultural traditions (Sintomer et al., 2016). Narrowing down the extreme variety
of approaches to societal engagement in complex governance (Fung, 2006), DIGISER focuses on two
prevalent streams of literature and practices. The first one reflects on the political foundations of societal
engagement. This stream focuses on the active participation of non-elected actors and stakeholders in public
decision-making processes as a means to reinforce local democratic systems in response to the generalized
crisis of institutions of representative democracy (Avritzer and Santos, 2005). In this first interpretation,
DIGISER will observe and contextualize participatory democracy experiments seeking to engage urban ac-
tors to influence decision-making processes, as in the case of participatory budgeting, local stakeholder
engagement in urban planning policies, local petitioning, and referendum mechanisms. The second stream
approaches societal engagement from a co-design and co-creation perspective, considering urban actors
as both consumers and producers of public services and generator of public value. This interpretation fo-
cuses on the “constellation of design initiatives geared toward making social innovation more probable, ef-
fective, long-lasting, and apt to spread” (Manzini, 2014: 65). Notably, while the implementation of participa-
tory processes necessarily entails the active engagement of urban public authorities, the co-creation of pub-
lic services can also be grounded on bottom-up initiatives generating public value, that can be eventually
institutionalized at a later stage (lbarra, 2007). Even though both approaches to societal engagement were
pre-existing the recent digital transformation, both have been significantly affected by the widespread avail-
ability of digital technologies. Not only they provided new means and opportunity to engage people, but they
also enhanced the potential active role of societal actors as providers of input and data, coproducers or
owners of the services (Public Private People Partnership - PPPP) and unlocked new domains of engage-
ment. A relevant example is provided by a new generation of collaborative platforms, which has been intro-
duced and implemented by urban authorities with the purpose to extend e-participation opportunities (Ses-
tini, 2012). The deployment of collaborative platforms by an urban authority entails several challenges re-
garding “hard” technological choices (e.g., code, licenses, data ownership) as well as interaction design
choices that will be observed in DIGISER as an indicator of both the level of digital maturity and as proxies
to understand the actual orientation to interoperability and openness. Another crucial dynamic refers to the
multiplication of co-design and co-creation initiatives, many of them regarding projects and topics typical of
digital transformation (e.g., the co-design of e-government services, or the active involvement of urban actors
in the collection and publishing of new open data series), which are intended to be a relevant indicator of the
vitality and integration of the urban innovation ecosystem.

Starting from the assumption that “organisations require both existing and novel organisational capabilities
to utilise digital technologies in order to respond to transformation drivers” (Faro et al., 2019: 2), the explo-
ration of institutional capacity building addresses both training and educational activities put in play to
enhance the digital skills of civil servants and the proneness of PAs to enhance and mobilise their organisa-
tional and technological resources through the adoption of ICT technologies or the modification of internal
rules and procedures (in relation with the scaling-up dimension, see Figure 3Error! Reference source not
found.). Concerning the former, institutional capacity building focuses on the role played by employees’
skills and competences, which is crucial when digital innovation is targeted, as “civil servants need the ability,
motivation and opportunities to contribute to innovation. Therefore, human resource management (Hm) is
an important lever for supporting public sector innovation by enabling managers and front-line staff to for-
mulate ideas that result in new and improved ways to deliver public services” (OECD, 2017: 196). DIGISER,
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therefore, looks at the practices developed to enhance organisational capacity for innovation, such as “in-
centive structures and awards; managerial and leadership approaches; organisational practices related to
recruitment, training, mobility and compensation of employees; and job design factors such as autonomy
and ways of working” (ibidem), as one of the main factors contributing to “digital service innovation maturity”.
Attention is paid to the capacity of local government to support both flexibility (e.g., through smart working,
and autonomy in service development and delivery (see “level of service embedment”, in Figure 3Error!
Reference source not found.). With respect to the latter, the proneness to proactively foster innovation
through capacity building is assumed to be grounded into the PAs’ capacity to engage into iterative learning
processes (see the T-LL model, Figure 1Error! Reference source not found.) affected by internal and
external constraints and pressures. In this direction, capacity building is affected by the relational capacity
of an institution2.2, e.g., concerning collaboration schemes with other cities and networks, as well as to the
participation to projects and programmes targeting service digitalisation objectives or facilitating a vast de-
ployment of digital technologies.

Orientation to mission

DIGISER uses “orientation to mission” (Mazzucato, 2018), which has been recently receiving attention in
the scientific domain and in the actual policymaking field, to explore the extent to which institutional actions
intentionally answer to one or more societal challenges local authorities are asked to face. The mission-
oriented approach to research and innovation policies refers to a methodology that aims to manage complex
governance aligning it toward specific and explicit missions. This approach can be recognized when inte-
grated policies and initiatives are aligned toward a clearly defined mission, (i.e., achieving a measurable
goal or implementing a solution), targeting a specific and explicit societal challenge (i.e., reducing social
exclusion in a given context). Differently from other approaches to innovation based on the simplistic equa-
tion that relate innovation to mere digital transformation, orientation to mission “does not facilitate innovation
merely by levelling the playing field with horizontal policies that prescribe no direction. On the contrary(... it
provides) explicit technological and sectoral directions to achieve the ‘mission’.” (Mazzucato, 2018a: 5).

At the institutional level, targeting missions requires inscribing research and innovation strategies in a larger
strategical framework, associated with consistent regulatory and organizational provisions. In this perspec-
tive, public organizations must set long-term perspectives towards, and commitment to, clearly identified
missions deducted through a process of prioritisation of societal targets and create conditions for very effec-
tive solutions to emerge, root and survive (Mazzucato, 2018b; European Commission, 2018).A sound orien-
tation to mission is shaped through a differentiated set of initiatives being ambitious, cross-disciplinary, ex-
ploratory, and ground-breaking in nature and mixing narrowly defined actions, aimed at single, well-defined
objectives with more broadly defined initiatives addressing societal challenges and targeting the transfor-
mation of the system as a whole. At the same time, to be successful, mission-oriented policies “must also
enable bottom-up experimentation and learning.” (Mazzucato, 2018a: 5).

Despite its fluidity and context-sensitivity, the notion of mission-oriented approach has been introduced in
DIGISER after a critical reflection on the technology-driven assumptions underlying much of the research
on the relation between digital transformation and societal innovation in recent years (Wyatt, 2017). The
DIGISER perspective goes beyond simplistic techno-determinism and explores the purposes underlying
digital transformation in public service provisions. In doing so, it seeks to research if public policies are
oriented to societal goals and how much those goals are clearly defined, and their achievement adequately
monitored.

In DIGISER, orientation to mission is interpreted in relation to four key societal challenges: scaling gov-
ernments and markets to take the full advantage of the digital revolution; changing the government structure;
government processes, service design and delivery; and skills and capacity (see DIGISER Final Report).
These key challenges resonate with the dynamics investigated throughout the Project, with the support of
the DIGISER conceptual framework (see Figure 3).

The exploration of “orientation to mission” is carried out indirectly with the support of quantitative raw data
from the DIGISURVEY (see DIGISER Final Report) and - considering the extreme context-sensitivity of the
phenomena - of in-depth qualitative methods. To better investigate “orientation to mission”, DIGISER refers
to the Sustainable Development Goals (SDGs), which are identified as a major, urgent set of societal chal-
lenges, in coherence with a recent framework to roadmap mission-oriented innovation policy for SDGs
(Miedzinski, 2019). In particular, DIGISER tries to capture efforts put in play at the local level to enable and
accelerate the transition towards the Sustainable Development Goals (SDGSs).
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As this this third conceptual and interpretative dimension of “orientation to mission” is only partially
explored in DIGISURVEY, it is not included in the in the DPSVI Data Model (see Figure 6), but it is
explored directly in the DIGISER Final Report based on the results of qualitative investigation carried
out in the cities explored in the case studies (see DIGISER D3 Main Report, Chapter 3. and Annex 1.7
Case Studies at https://www.espon.eu/DIGISER).

2.3 Conceptual data model development

The DPSVI data model has been drawn upon the results of a preliminary Data gap review (reported in the
Interim report of DIGISER) and to answer to solicitations developed within the conceptual framework.

The process of definition of the data model has been then developed considering both theoretical and prac-
tical concerns and required the development and discussion of several possible scenarios of data collection
that have been finally selected involving both the client and the experts of the SAG. The main outcomes of
this work can be summarized in 2 points.

e  First, the research team decided to develop a data model that is fed in first place by primary
data collected directly through a survey, allowing the research team to design an ad hoc ques-
tionnaire targeting specific research questions.

e Second, the team decided to consider the key processes introduced in the concept, nhamely the
innovation governance processes (Data Management, Procurement, Societal Engagement, In-
stitutional Capacity Building) and the scaling mechanisms as the starting drivers to the survey
so implementing a “from processes to services” data model hypothesis.

Combining the analytical perspective of the DPSVI with the potential availability of primary data a preliminary
data map was drawn.
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Figure 4 — DPSVI preliminary data map

Figure 4 clearly shows two process families representing the starting points of the data collection strategy.
They refer to processes related to “innovation governance” and to “scaling mechanisms”. As stated in the
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concept, the latter can be considered as a cross-cutting interpretative category, shared by both the process
and the service perspectives.

These typologies are then articulated in a sub-hierarchy of respective fields of action. From this level, it is
then possible to identify the terminal leaves of the conceptual data model, representing the single data units
retrieved. Every data unit may inform more than one “position” in the hierarchy. In Figure 4, this fact is
represented by the stroke thickness attributed to the curves connecting the second level of the fields of
action to the data level.

The disaggregation according to processes and the one according to services are summarised and dis-
played in the Circular Dendrogram of Figure 5, where the process-related hierarchy is displayed using the
branches of the dendrogram tree, while the connection to the service level is shown via the colours of the
balls representing the entity. In this visualization, data that feed multiple points of the dendrogram are dupli-
cated and identified via a black dot inside.
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Figure 5 - Circular Dendrogram, combining the process and the service perspective

Focusing on those pieces of information that can only be acquired via a survey - and being the conceptual
data model also a clustering dendrogram able to group the data into thematic entities - the hierarchy allows
creating modules of items that can be seen as conceptually homogeneous. Being also a map in terms of
conceptual relationships (and thus, of statistical correlation), the hierarchical structure, both in terms of pro-
cesses and services, will constitute a theory-driven framework to inform the statistical analysis. The
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technique of choice, in this case, will be Structural Equation Modelling (SEM) (Kaplan, 2008), and specifically
the use of measurement models to extract latent factors (which in our case will represent the “scores” of the
cities in different categories) from data. Such a measurement model will be refined after the data collection
phase via exploratory factor analysis techniques, and then validated via a confirmatory factor analysis. The
creation of a validated measurement model (and connected factor calculation procedures), and so of a sta-
tistically validated scale to measure the Digital Public Service Value along its dimensions will allow the use
of the designed survey as an instrument to evaluate such dimensions also on different cities and to provide
them with a quick comparison with the representative sample of cities that we aim to analyse.

DPSVI data model

The DPSVI data model has been designed in order to answer to the solicitations developed within the con-
ceptual framework and considering the constraint related to the data collection method adopted in DIGISER.

In summary, the DPSVI is conceived as a multi-level composite index, nourished by primary data collected
through a survey (DIGISURVEY) targeting European cities. On the one hand, cities have provided a relevant
base of data and knowledge that can be used directly to formulate analyses and interpret specific phenom-
ena through the analysis of raw questions. On the other hand, these data are combined and used to feed a
system of composite indexes that provide a synthetic assessment of the performance of cities in relation to
complex phenomena.

Figure 6 provides an overview of the index tree that makes up the DPSVI.
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Overall, the DPSVI is composed of 31 Composite indexes that are organized in three groups:
e 3 Top Indexes: are the apical indexes including the DPSVI itself and the two pillars (11 DIGITAL
SERVICE INNOVATION MATURITY and 12 PRONENESS TO CHANGE)
e 21 Bottom Indexes: the indexes directly generated on top of DIGISURVEY data

e 7 Intermediate Indexes: the other indexes in intermediate positions
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It explores the degree of penetration and maturity of technical and or-
ganizational innovation in public service delivery

It assesses the level of digitalization of the public authority, intended not only
as shift toward digital technologies, but also encompassing the related or-
ganizational change, namely the delivery of innovative public services

It focuses on the degree of digitization of pre-existing internal procedures
either ancillary or directly related to public service delivery

It explores the degree of adoption of innovative technologies (Al, blockchain,
wearables, etc.)

It analyses the level of consistency of methods and principles used to in-
crease the digitalization level of the public authority

It indicates the extent to which the innovation of services is pervasive and
has already generated changes

It indicates the extent to which the innovation of services is pervasive and
has already generated changes in the local context, at societal level

It indicates the extent to which the innovation of services has already gen-
erated changes either by replicating successful innovations from other con-
texts or exported elsewhere the innovations experimented locally

It indicates the extent to which the innovation of services is pervasive and
has already generated changes within the organization of the public author-
ity

It assesses the inclination or readiness of the public authority to
change and alter its behaviour, vision, procedures, and its prepared-
ness to integrate and amplify innovations

The capacity of public administrations to put in play a set of actions, norms,
policies, and tools either to proactively support innovation in digital service
development and provision, or to increase its capacity to detect and adopt
innovation dynamics developed in different contexts (within the context, or
towards or from other contexts).

It measures the effectiveness of the strategies, developed by the public au-
thority, to ensure impacts of innovation within in the local context, at societal
level, e.g. instillation of cultural values oriented to innovation and change;
encouragement for the development of sustainable relationships

It measures the effectiveness of the strategies developed to ensure replica-
bility in other contexts to the innovations experimented locally, so to impact
a larger number of citizens or communities

It measures the effectiveness of the strategies developed to ensure impacts
of innovation within the organization of the public authority

It refers to the way in which the public authority uses transversal administra-
tive processes (data management, societal engagement, public procure-
ment, capacity building) as a leverage to promote cross-sectoral digital in-
novation

It assesses the innovation capacity of data management strategies used
by the public organization

It assesses the features of the data platform and the consistency between
data management strategy and its underlying technical infrastructure

It explores, from an operational perspective, how data are used by the
public administration for the purposes of evaluation and monitoring, deliv-
ery, and anticipation and planning.

It investigates whether the definition and the embrace of governance models
effectively set appropriate and favorable conditions for data-driven, data-in-
formed, or data-aware decisions and services for creating public value.

It provides an overview of the degree of application of open data principles,
practices, and framework, that are meant to improve performance and effi-
ciency of government services in general

It refers to the capacity of the city to generate, manage and use big data

It assesses the level of digitalization of the public procurement processes
within the public authority and their orientation to digital innovation
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It provides an overview of the intensity and level of digitalization of societal
engagement policies, and their impact on public service design and innova-
tion

It gives the level of involvement of the citizens in service design and innova-
tion

It refers to the level reached by the municipality in involving citizens and/or
communities through digital platforms

It provides information about how pervasive is the communication via social
media by the municipality

It refers to the institutional capacity of the public authority in relation to the
experimentation and consolidation of digital innovation

It provides information about the agenda setting and pursuing capacity in
relation to digital innovation strategies

It analyses the readiness to experiment new organizational settings and
methods within the public authority

It assesses the availability, within the public authority, of skills as key to the
management of digital innovation
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Data collection

Data collection in DIGISER has been carried out following the lines defined in the conceptual research
framework presented in the Interim Report of DIGISER (Chapter 3 of the DIGISER Inception Report), and
from the results of the data gap analysis carried out at the beginning of the project (Chapter 2 of the DIGISER
Inception Report).

The conceptual framework defined at high level the key research questions and hypotheses and frame the
Digital Public Service Value Index (DPSVI), intended as a key summary measure of the extent to which
each urban public authority is actually adopting and scaling up best practices through open data, APls, and
standards, and thus increasing public value2. In the inception report the DPSVI has been detailed as the
combination of several sub-indices, each one targeting a subset of underlying questions and hypotheses.

The initial Data Gap Analysis - the mapping of available data developed for the Inception Report through
and looking at several open databases and pre-existing research projects (see Chapter 2.3 of the DIGISER
Inception Report) - showed the limited availability of relevant data at the adequate scale of analysis (i.e., the
local level) and supported the option of a large-scale primary data collection.

As a consequence, the DIGISER team in accordance with the client, decided to proceed with the develop-
ment and deployment of an online questionnaire called DIGISURVEY.

DIGISURVEY

The development and consolidation of DIGISURVEY followed a long and non-linear process as a result of
three combined challenges.

- First, the kind of information and data necessary to answer the research questions have a degree
of complexity that is unfit for an online questionnaire. This concern led to work on both the simplifi-
cation of language and on the questionnaire logical structure itself, modifying the hierarchy of the
guestions that had to be reviewed from the perspective of the responders.

- Second, the typology of information researched and the lack of control on the accuracy and auton-
omy of responders generate a significant risk of collecting biased answers. To mitigate this risk, the
formulation of questions has been carefully reviewed and in particular those more potentially sen-
sitive to political biases. The most relevant decision regarded the exclusion of questions aimed at
exploring the “orientation to mission” branch. After careful assessment, the DIGISER partners
agreed that the quantitative questionnaire was not an adequate tool to grasp the complex and
subtle insights regarding the techno-political agency in the cities surveyed, and entrusted task 4
(targeting a limited number of case studies) with the exploration of this dimension.

- Third, the numerous feedbacks received from partners and stakeholders and the requests of inte-
gration of additional topics and questions coming from the client and from the members of the EC
included in DIGISER'’s advisory board finally modified in part the questionnaire, widening the origi-
nal conceptual framework by introducing new topics of enquiry.

As a result, the questionnaire has been severely edited through an iterative process occurred from March to
May 2021, where seven different versions have been produced. In its final version, the flow of the question-
naire does not precisely follow the structure of the DPSVI as it is presented in the conceptual model. On the
contrary, the sequence of questions has been reorganized considering the perspective of the responder and
the contiguity of information and data requested. Finally, a relevant number of questions has been hierar-
chically ordered and nested and would appear only under specific conditional criteria.

3 The definition of DPSVI is elaborated on top of the definition provided in the Terms of Reference of DIGISER
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The final

Structure and content of the questionnaire

version of the questionnaire is structured around 9 sections and includes 74 mandatory ques-

tions and 54 nested questions that could appear depending upon the answers to previous questions.

The 9 Sections refer to the following field of actions:

1.

General Information: The scope of this section is to collect general information about the respond-
ent public authority, its competences, and its responsibilities on public service delivery.

Digital Innovation Strategy: In this section, we want to find out whether the public authority have
specific strategies in place to manage digital innovation, what effects digital innovation has had so
far on the public authority and whether the public authority is part of a network of cities sharing
knowledge and innovation.

Financing & Procurement of Digital Solutions and Services: Because digital innovation is
closely linked to financing and procurement, we would like to find out more about how the public
authority funds digital innovation and how procurement of digital innovation is organised.

Institutional Capacity & Skills: In this section, we want to know more about how the public au-
thority organises work around digital innovation and if it supports employees to build the necessary
set of skills.

Data Management: In this section, we would like to get better insights into how the public authority
governs data, whether platforms to manage, analyse, model data are in place, how interoperable
and accessible data are as well as whether the public authority is using or sharing big data.

Citizen Engagement and Innovation Ecosystems: As part of the DIGISURVEY, we would like to
find out more about the public authority’s innovation ecosystem, as well as how it involves and
informs citizens about innovation activities.

Service Design: In this section on Service Design, we would like to get a better understanding of
how the public authority approaches the design and implementation of new (digital) services. Also,
we want to learn more about what innovative technologies it has already implemented or is planning
to implement in the near future.

Digital Maturity: In this part of the DIGISURVEY, we would like to get more insights on the offer of
digital services in the public authority and how they impact the different service areas.

The Impact of COVID-19: Covid-19 has influenced everyone and every organization in the past
year. We would like to get a better understanding of how the pandemic has affected the public
authority and what role digital innovation has played.

Each section could include the following typologies of questions:

Binary

Single Choice
Multiple Choice
Likert

Cardinal

Matrix Single

Matrix Multiple Choice

A specific set of questions have been introduced in all sections in order to explore in detail the performance
of cities through different public service areas. These questions had the format of matrix as represented in

Figure 7.

26 ESPON // espon.eu



FINAL REPORT // DIGISER

2.4 Is your public authority part of a (local, regional, natienal, EU) network of cities sharing operational digital solutions or open source code?
Local | Regional | Natienal | International | NotApplicable
= General Services / Administration O O O O O
=Building & Spatial Planning
=Culture & Leisure
+Education
~Healthcare
=Qrder & Safety
=Sacial & Welfare Services

=Transport & Mobility

Ojo 0o/0 oo oo
O/ 0|0 o0 0o0Ol0O
Ojo 0o/0 oo oo
O/0 0|0 o000 00O
O/ 0|0 o0 0o0Ol0O

=Utilities

Figure 7 - DIGISURVEY Service Area question

3.1.2 Survey deployment

DIGISURVEY has been distributed online through the platform EU survey, at the address: https://ec.eu-
ropa.eu/eusurvey/runner/DIGIsurvey2021

EU survey is a free service based on open code supported by the European Commission's ISA2 programme.

The expected time requested for filling the survey was about 1hr.

LIVNG- £ ‘

Views

DIGISER

Weicome to the DiGisurvey on Digital iInnovation in Cities and Communities

Figure 8 - DIGISURVEY splash page

3.2 Participant cities

While the DIGISURVEY was open to any city willing to participate, the research aimed to reach a minimum
sample of cities that could be considered representative of the European scenario of digital transformation
at local level.

3.21 Definition of city in DIGISER

DIGISER decided to adopt a multi-layer approach to the definition of the notion of ‘city’, reusing different
conceptualization used in recent years by international institution and agencies as the EC, Eurostat, UN,
OECD, and ESPON itself in research projects, datasets and studies that were analysed during the data gap
analysis (see the Inception Report of DIGISER)
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In particular, the definitions used in DIGISER tries to grasp the best geographical definition of cities according
to the following order of priorities*:

e Cities: “is a local administrative unit (LAU) where the majority of the population lives in an urban
centre of at least 50 000 inhabitants” (Eurostat, 2021);

e Greater Cities: “is an approximation of the urban centre when this stretches far beyond the admin-
istrative city boundaries” (Eurostat, 2021);

e LAU: local administrative units. Low level administrative divisions of a country below that of a prov-
ince, region, or state. They may refer to a range of different administrative units, including munici-
palities, communes, parishes, or wards (Eurostat, 2021);

e FUA: consists of a city and its commuting zone. Functional urban areas therefore consist of a
densely inhabited city and a less densely populated commuting zone whose labour market is highly
integrated with the city (OECD, 2012) (Eurostat, 2021).

As a result, DIGISER accepted as valid participants all the Local Authorities with direct responsibility on any
of these territorial definitions including the following categories:

e Municipalities

e Sub-municipal authorities (Districts, parishes, etc.)
e Metropolitan authorities

e Unions/agglomerations of municipalities

In order to define a compass to get oriented in the variety of competences and responsibilities of the public
authorities participating to the survey, several filter questions were included in section 1 of the DIGISURVEY
“General information”.

All the public authorities that participated to the DIGISURVEY have been identified, validated, and associ-
ated with a NUTS 3 code and, where possible, with a LAU code. The association with these codes, widely
adopted in the Eurostat statistical system, will be used to analyse the interplay between DIGISURVEY data
and external data series, and is expected to enable further research opportunity and maximize the potential
for reuse of data collected.

Reference sample

Following the directions of the original Terms of Reference of DIGISER, the research targeted since the
early stage a reference sample of European cities. The reference sample is intended to be the best approx-
imation attainable that could be considered as representative of the variety of European cities.

The reference sample plays a relevant role in the analysis and interpretation of the results of the DIGISUR-
VEY. On one hand it will be used to describe an overall picture of the state of the art of digital transformation
in European cities. On the other hand, it will be used to establish a benchmark to assess the results of single
cities or groups of cities, allowing the measurement of their performance against average values computed
for the reference sample.

The reference sample of cities has been composed using several statistical criteria:

e The sample should cover all European countries, proportionally to each country’s population (i.e.,
larger countries equal more cities in the sample), with at least one city for each country of the
ESPON space. For smaller countries with only one city listed the Capital is included in the sample.

e The sample should include cities of all sizes (according to OECD-EC classes) above 50.000 in-
habitants, trying to counterbalance the bias toward large cities and metropolis that characterize
most of the studies on public service innovation and digital transformation. Cities below 50.000
inhabitants will participate anyway to the DIGISURVEY, but their results will not be considered for
the reference sample.

4 https://ec.europa.eu/eurostat/web/cities/spatial-units
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Local_administrative_unit (LAU)
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e The overall sum of the inhabitants of the cities of the sample should account for at least 10% of the
total EU population.

e The sample should avoid cities within the same province (NUTSS3 level).

As a result, a reference sample of 170 cities have been defined a priori at the launch of the DIGISURVEY
and the engagement campaign targeted primarily the cities included in this list.

The initial list of cities, driven also by concerns regarding the engagement of cities, prioritized those cities
that belong to city networks and organizations related to the promotion of digital transformation and
public sector innovation, including all those networks indicated as relevant by the members of the SAGS.

All along the data collection stage, while the survey was open online, the research team monitored the rate
of completion of the sample. The initial list of cities has been modified according to the actual participants to
the survey. New cities that were included in the sample in substitution of other missing cities with equal
statistical criteria.

3.3 Overview of data collected

At the date of December 3¢, 2021, DIGISURVEY collected 248 valid questionnaires filled by as many Euro-
pean local authorities.
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Map 1 - DIGISURVEY participant cities

Out of the 248 questionnaires collected, 156 are validated as the reference sample, that in this manner
is completed above 90%.

As shown in Table 3 and Map 2, the main data gap related to the sample lies in the lack of responses of the
cities in Germany, that responded less promptly to the engagement campaign accompanying DIGISURVEY.

5 OASC, https://oascities.org/; Living-eu JBS, https://www.living-in.eu/; ICC, https://www.intelligentcitieschallenge.eu/;
GDC; Eurocities, https://eurocities.eu/; Smart city marketplace, https://eu-smatrtcities.eu/ .
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Nonetheless, despite this data gap the sample maintain sufficient integrity to allow interpretation and gener-
alization (with the exception of in-depth analysis of the group of German cities).
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Map 2 - DIGISURVEY sample saturation

Collected
AT

Austria 3 2 67% 1 3
BE Belgium 5 5 100% 0 8
BG Bulgaria 3 3 100% 0 7
CH Switzerland 2 2 100% 0 3
CcY Cyprus 1 1 100% 0 4
Ccz Czech Republic 4 4 100% 0 11
DE Germany 23 12 52% 11 13
DK Denmark 3 3 100% 0 4
EE Estonia 1 1 100% 0 6
EL Greece 4 4 100% 0 7
ES Spain 15 15 100% 0 16
FI Finland 2 2 100% 0 7
FR France 18 16 89% 1 18
HU Hungary 3 3 100% 0 5
IE Ireland 2 2 100% 0 6
IT Italy 19 19 100% 0 21
LT Lithuania 1 1 100% 0 3
LU Luxembourg 1 1 100% 0 2
LV Latvia 1 1 100% 0 6
MT Malta 1 1 100% 0 1
NL Netherlands 6 6 100% 0 8
NO Norway 2 2 100% 0 3
PL Poland 11 11 100% 0 13
PT Portugal 4 4 100% 0 10
RO Romania 6 6 100% 0 9
SE Sweden 4 4 100% 0 11
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Data Analysis

The data collected in DIGISER have been processed and analysed through different and complementary
approaches aimed at exploring different dimensions of the digital transition of European cities, according to
the conceptual framework presented in Chapter 2.

Raw data vs. composite indexes

The main distinction between the analytical approaches adopted regards the direct use of raw data vs. the
computation of composite indexes such as the DPSVI:

Raw Data

Raw data are intended to be the data directly stemming from the questionnaires filled by cities. They con-
stitute the basis of the composite indexes themselves but can even be interpreted without any specific math-
ematical and statistical processing. Their explanatory potential is limited to the specific topic of each ques-
tion, even though in some case, findings at this very simple level can prove capable to support relevant
inferences and analyses. Raw data can be also used as proxies to interpret larger phenomena, such as in
the analyses carried out in the main DIGISER Final report, where these are used to provide a picture of the
state of the art of European cities with respect to the Grand Challenges individuated by the SAG of DIGISER.

This report focuses on the methods used to generate the DPSVI and the other composite indexes
and does not explore raw data. Nonetheless, raw data from the DIGISURVEY are made accessible
through the delivery of the full DIGISER dataset to ESPON. In addition, the whole set of charts generated
directly on top of raw data is made available as DIGISER_D4_Annex 1.3 DIGISURVEY Questions Report
(Q_Report), made accessible on the project’'s webpage.

Composite Indexes

Composite indexes consist of “scores” calculated through the processing of the raw data collected through
the DIGISURVEY.

DIGISER developed two kinds of Composite Indexes®
I DPSVI - Digital Public Service Value Index

The DPSVI and its other sub-indices, explained in detail in Chapter 2 of this Scientific Annex, are meant to
be a concise measurement of the performance of each city with respect to several phenomena, that are
explored through the combination and cross-checking of the answers to several single questions. The core
data model for the computation of the DPSVI is the Data model described in Chapter 2.4. Despite indexes
have been conceived as a mean to measure and assess the performance of cities at single level, the above-
mentioned clustering of data collected can eventually enable large scale interpretations as well as generali-
zations of the findings.

Il. Sl - Service Area Index:

In addition to the DPSVI, an ad-hoc index has been developed with the purpose of measuring the perfor-
mance of different service areas at the European scale with respect to several phenomena related to
Digital Transformation.

The computation of indexes followed three steps that will be explained in detail in the following sub-chapters.

o Mapping In this first step the DIGSURVEY’s questions and answers are mapped to the indexes

8 During the early stage of the project the research team hypothesized to develop also an alternative method to compute
the DPSVI, where all the values of cities were re-calculated against the average value of the Reference Sample of cities
that could be considered as representative of European trends. The results of data collection induced the team to not
proceed on this path and focus the effort on the standard “absolute” DPSVI.
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. Standardization: this second step aims at transforming each question mapped to an index in a
standardized value on the scale 0,00-1,00, converting the raw answers provided by the cities into
numerical values via data coding and/or standardization techniques.

. Aggregation: in this final step the standardized numerical values obtained from the questions are
aggregated and combined into indexes according to the hierarchy established in the Data Model.
The value of indexes corresponds to a weighted average of the values of the questions aggregated.

The table below provides an overview of the different approaches to data analysis, highlighting the differ-
ences among the three typologies of indexes DIGISER computed.

Raw primary data di-

DIGISER_D4_Annex

rectly referable to a . . 1.3 DIGISURVEY
Raw Data specific question of the CIIELE na Questions Report

DIGISURVEY (Q_Report)

Composite indexes Standardization  of DIGISER_D4_AN-
DPSVI-Digital measuring cites’ perfor- questions on a scale NEX 1.2 DPSVI Re-
Public Service mance in absolute val- City/Entity 0.00-1.00/ Aggrega- ports Error! Refer-
Value Index ues, against an idea- tion according to the ence source not

typical city DPSVI data model found.

Composite indexes Stanqardization ol
S| - Service measuring the perfor- questions on a scale DIGISER_D4_AN-

. Service Area 0.00-1.00/ Aggrega- NEX 1.4 Service Area
Area Index mance of different ser- . .
tion according to the Index Report

vice areas

Sl data model

DPSVI computation

The DPSVI has been developed on top of the conceptual model explained in chapter 2.4

Overall, the DPSVI is composed of 31 Composite indexes that are organized in three groups (cfr. Table 2 -
Composite indexes of DPSVI:

. 3 Top Indexes: are the apical indexes including the DPSVI itself and the two pillars (I1 DIGITAL
SERVICE INNOVATION MATURITY and 12 PRONENESS TO CHANGE)

. 21 Bottom Indexes: the indexes directly generated on top of DIGISURVEY data

. 7 Intermediate Indexes: the other indexes in intermediate positions

Mapping questions and answers

The first step of data processing has been the detailed mapping of questions to the 21 Bottom Indexes, that
are the ones directly generated on top of the raw data collected with the Digisurvey, while the other indexes
are resulting from a successive aggregation between composite indexes. Figure 9 maps the detailed relation
between the questions of the DIGISURVEY and the DPSVI structure and represents the logical basis for the
statistical aggregation of data (described in detail in Chapter 4).

It is important to clarify that in several cases only a limited number of answers (of a given questions) have
been mapped to indexes. In this manner the same question could have been used more than once but
considering each time only a limited set of possible answers to which has been attributed a different meaning
(and consequently a different numeric value). In summary the same question could have been standardized
in different manners according to the indexes to which it is associated.

7 Final version of the annexes will be made available at: https:/www.espon.eu/DIGISER
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Figure 9 - DPSVI detailed structure — Questions
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Standardization

To render the information gathered via the questionnaire processable via computational methods, each
guestion, or group of answers, has been transformed into a number.

In practice, raw data have been replaced by a set of numerical values x,, wherep = 1, ..., P and P is the total
number of questions, or groups of them.

This operation is usually performed in an ad-hoc way, given the specificities of each item of the question-
naire. Nevertheless, the following table provides a synthesis of the methods for data standardization adopted
for each category of question.

Standardization methods

Binary Converted into dummy (0-1)

Single Choice Converted to cardinal value (e.g., answer A = 1, answer B = 3, Answer 3 =0)

Likert Scales Converted to correspondent ordinal (e.g., Low = 1, Medium-Low = 2, Medium-High
= 3, High = 4)

Multiple Choice / Matrix Converted into dummies, then (weighted) sum, propaedeutic yes/no are dropped.

Scalars Normalised using external values (population, size of municipality) if representative
of relative phenomena

Matrix — Service Level Converted into dummies, then summed by column (i.e., process level), finally nor-
malised over number of digitalised services

It is important to clarify that in the case of single choice, multiple choice and matrix questions a different
weight has been attributed to the answers for the purposes of standardization into a numeric value.

The appendix A.l.1 DPSVI Data model — Answers weighting in questions’ standardization Includes a
detailed table with all the information related to the standardization process underlying the DPSVI, including
the detailed map of answers to indices and the weight attributed to each answer for standardization pur-
poses.

Before aggregating the numeric answers, it is crucial to rescale them into a 0.00 —1.00 range, so to make
them comparable. The mathematical operation that needs to be performed to move these different scales
into a unique one, where 0 is the worst possible value and 1 is the best possible one, is the following:

_ ,min
xIT _ xp xp
P T _max _ ,min
Xp Xp

Where x;T is the rescaled value, x, is the original value mapped on a generic scale and xJ"", x*** are,
respectively, the minimum possible and the maximum possible value of datum x,,.

For example, if x,, is 0-1 valued (for instance, it is originated by a single-choice question), the standardisation
is fairly simple since the formula becomes:

In a more complex case, such as the one of a Likert variable with four levels where the lowest possible value
is 1 and the highest possible one is 4, the formula becomes:
X

-1
IT __P
Xp =3 "1
Aggregation

In this final phase the standardized values computed on top of the answers to DIGISURVEY questions, are
aggregated via a mathematical procedure, with the goal of finally creating the indexes.

After having refined the data to be taken as input, in accordance with the standard literature for this kind of
dimensionality reduction task, the indices are introduced as linear combinations of data, that is:
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IT IT IT
aix.;ta1x1+..+ta 1 x
n1 g nz g N, Tlfv,

I =
an{ + ané + ...+ anIIv,
The table published in appendix A.l.2 DPSVI Data model — Question aggregation relative weights illus-

trates the different relative weight attributed to each of the question composing an index.

4.3  Service areas Index (SI) computation

In addition to the main DPSVI, the research team explored an alternative and complementary analytical
approach that shifted the point of view from the single city to the public service areas: instead of observing
the way in which cities are performing on public value creation through digital innovation, the Service Index
focuses indeed on the performance of several service areas.

The underlying research question aims at exploring to what extent each service area contributes to
the digital transformation of the city, and what are the most advanced service areas in terms of dig-
italization.

In detail, DIGISER considered the service areas described in the appendix A 1.3 Sl Service Index — Detail
of service areas, drawn upon pre-existing studies and classification? in the attempt to define a taxonomy
applicable to different institutional systems where responsibilities and competences of local authorities can
differ significantly.

Even though service areas are the items observed in this alternative analytical approach, nonetheless the
database used to analyse them consists of the same primary data used in the computation of DPSVI and
based on the answers of cities to the DIGISER Survey. In particular, the Sl relies on 16 matrix or multiple-
choice questions that collected the data per service areas, as exemplified by the following figure.

2.4 Is your public authority part of a (local, regional, national, EU) network of cities sharing operational digital solutions or open source code?

Local = Regional = National @ International = Not Applicable

*General Services / Administration ] (@] O ] O
+Building & Spatial Planning O @] @] O (@
*Culture & Leisure O O (@] O (@]
*Education 0 O O 0 O
*Healthcare ] (@] O O @]
*Order & Safety ] O (0] 0O O
+Social & Welfare Services O O O O O
*Transport & Mobility ] O O O O

«Utilities O o) O O O

Figure 10 - Example of a service-based multiple-choice matrix from DIGISURVEY

8 Main references for the definition of the Service Areas were two studies carried out by the Committee of the Regions:
. Committee of the Regions, ed. Regional and Local Government in the European Union: Responsibilities and
Resources. CDR - Studies, E-1/2001. Luxembourg: Office for Official Publications of the European Communi-
ties, 2000.
. Committee of the Regions. and European University Institute. Study on the Division of Powers between the
European Union, the Member States, and Regional and Local Authorities. LU: Publications Office, 2008.
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Mapping questions and answers

Alike the DPSVI itself, an analytical model has been designed to measure and interpret the state of the art
of the digital transformation and organizational innovation in each service area.

The Service Index Data Model is structured as a hierarchical tree of indices fed directly by questions, where
each sub-index aims to explore a specific phenomenon and is epistemically relevant for its interpretation.

Considering the relatively small base of data to be computed, the analytical model, represented in Figure
14, looks like simpler than the original DPSVI tree, and all the indices are positioned at the same (unique)

level.

SERVICE AREA INDEX

73
Al adoprion per service areas

Q74
IeT adoption per service areas

51 Q73 . ~
Advanced technologies Bleckchain adoption per service areas

Q76
wearable adoption per service areas

Q77
Robetics adopticn per service areas

Q&1
Lewvel of digialization per service areas

52 Q&2 i
Digitalization Lewvel of adopticn of digital services

QE3
Multilingual oplions per service areas

Q524
Service areas collocting data

95252
Service areds using digital Lwins

53 Q5121
Datacy Service areas producing big data
Q51221
Service areas using thind parties hig data

Q72
Service related data for service design

Q24
Metwnork

5 ozs
Knowledge exchange “hAring solutions

033
Tap servire area in funding calls

The 16 questions are combined to create composite 4 thematic indexes aimed at exploring a specific per-
spective on digital transformation in service areas. The four Indexes are then combined into a unique index
(SI Index) that can be used to compare and assess the performance transversally to the four themes. The
following table specifies the focus of each one of the sub-indexes.

S1 Advanced technologies

S2 Digitalization
S3 Datacy
S4

Knowledge Exchange

Standardization

It reports the state of the art of the adoption and use of brand new and
complex technologies as Al, l0T, Blockchain, Wearables, Robotics

It assesses the level of digitalization of each service area in core and an-
cillary services and the level of actual usage of digital services by citizens
and users

It focuses on the contribution of each service area to feed the open data
ecosystem of their organization, as well as to their capacity to exploit the
potential of open data and big data for service design and delivery

It explores the role of each service area in disseminating, sharing, and
exchanging knowledge regarding digital innovation both within the organ-
ization and with other public organizations

This phase aims at converting the raw answers provided by the cities into numerical values via data coding

and/or standardization techniques.

As per the DPSVI, to render the information gathered via the questionnaire processable via computational
methods, each answer, or group of answers, requires to be transformed into a given number. As a result,
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raw data are replaced by a set of numerical values x,, where p = 1, ..., P and P is the total number of ques-
tions, or groups of them.

As above, this operation is usually performed in an ad-hoc way, given the specificities of each item of the
guestionnaire, nevertheless some general guidelines were followed. The following table provides a synthesis
of the methods for data standardization that have been adopted for each category of answers.

Standardization methods

Binary Converted into dummy (0-1)

Single Choice Converted to cardinal value (e.g., answer A = 1, answer B = 3, Answer 3 =0)

Likert Scales Converted to correspondent ordinal (e.g., Low = 1, Medium-Low = 2, Medium-High
= 3, High = 4)

Multiple Choice / Matrix Converted into dummies, then (weighted) sum, propaedeutic yes/no are dropped.

Before aggregating the numeric answers, it is crucial to rescale them into a 0.00 - 1.00 range, so to make
them comparable. The mathematical operation that needs to be performed to move these different scales
into a unique one, where 0 is the worst possible value and 1 is the best possible one, is the following:

_ Lmin
x1T_ xp Xp
P T . max min
Xp Xp

Where xz’,T is the rescaled value, x, is the original value mapped on a generic scale and x{,”in, xp %% are,
respectively, the minimum possible and the maximum possible value of datum x,,.

Aggregation

In this final stage the standardized values computed on top of the answers to DIGISURVEY questions are
aggregated via a mathematical procedure. After having refined the data to be taken as input, in accordance
with the standard literature for this kind of dimensionality reduction task, the indices are introduced as linear
combinations of data, that is:

IT IT IT
an{xn{ + anéxné + ...+ aﬂz’v,xnfv,

a1 a1 a
wl Ul

I =

The following table illustrates the different relative weight attributed to each of the question composing an
index.

2 4 - = - 33%
2.5 - - - 33%
3.3 - - - 33%
524 - - 29% -
5252 - - 14% -
512 1 - - 14% -
51221 - - 14% -
7.2 - - 29% -
7.3 20% - - -
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50% = =

25% = =

25% = =

The final operation is the aggregation of the four Sx Indices into a higher-level general Service area Index
(SI), where all sub-indexes have equal weight, resulting in the simple average of its inputs x;/,p = n, ..., nj;,.
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5 Analysis of the robustness of the DPSVI
data model

The DPSVI has been built on top of a set of theoretical assumptions and hypotheses (cfr. Chapter 2) and
the consequent data model followed a deductive approach.

To validate the robustness of the analytical framework the research team conducted an ex-post confirmatory
analysis of the DPSVI data model.

Following the results of the validation analysis, the DPSVI data model has been updated and the indexes

values have been re-computed accordingly.

5.1

The analysis was structured around four different steps, each one using different methods and techniques
to explore and assess the statistic robustness of the data model used to compute the DPSVI.

Robustness analysis flow

COMPONENTS

INPUT

FEATURES

DATA PREPARATION

DIGISURVEY RAW DATA
FURTHER INFO ABOUT CITIES
LIST OF INDICES

From raw to numeric

Standardisation

DATA ANALYSES

CSV FILE WITH INDICES
CSV FILE WITH QUESTIONS

Questions — Index
relationship

Index internal balance VS

DATA VISUALIZATION

THE TWO RData STRUC-
TURES

Boxplots

Correlation tables

INTERPRETATION

THE TWO RData STRUC-
TURES
VISUALIZATIONS

Questions — Index
relationship

Index internal balance

AEEJTEEEITIeN Redundancy Eaees VS Redundancy
Questions interactions Questions interactions
Overall discussion
OUTPUT 2 CSV FILES WITH INDICES 2 RData FILES WITH A DATA-  VISUALIZATIONS AND A TO BE DISCUSSED IN A
1 FOR THE QUESTIONS BASE STRUCTURE DASHBOARD WORKSHOP -

1 FOR THE NARRATIVES

Figure 12 - Robustness analysis flow

The analysis started with the first computation of DPSVI indexes, described in detail in Chapter 4, necessary
to have a first batch of data to test and validate statistically; then several statistical techniques have been
used to assess the robustness of the DPSVI model.

The focus is directed only to DPSVI bottom indexes (the last level of indexes directly generated on top of
standardized questions — cfr. chapter 4.2.1) and the questions that compose them.

Three tasks are investigated for each “bottom” index:
e what is the contribute given by each question to the bottom index it feeds,
e whether each bottom index is internally well-balanced,
e if there are correlations between the questions composing each index.

To translate these inquiries into a statistical language several computations have been implemented.

51.1 Test 1: Questions —Index relationship

The first test aims to explore the relation between each index and its underlying questions, measuring to
what extent each question influences the index value.
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To explore the relationship between each question inside an index and the index itself, a multiple regression
for every block of questions is introduced, with the goal of extracting a representative value for the contribu-
tion of each question in the making of the index. The formula below shows, indeed, a linear additive model
that aims at describing the values of the output variable (index value) in terms of input data (answers to
index questions). To give a practical example, it is reported the case of subindex 12.2.3.1:

I3231 =B1*qe2+ B2*q71+ B3 *q711+Ba*qr2+ €243

The outcomes of this model are the B’s , which correspond to the weights given to each question to compute
the index, and the error ¢, that accounts for the contribute not captured by the current combination. Note
that, due to the structure of the indexes (see subchapter 4.2.2), the linear combination perfectly covers the
behaviour of the index, so the error term is always equal to zero.

The beta coefficients serve to accomplish a bigger purpose: the actual decomposition of any index with
respect to its underlying questions can be visualised. For what concerns the answers distributions, a
condensed and complete view of the data behaviour is obtained via boxplots. These plots emphasise the
central range of variability and also allow a rather punctual overview of the data-points, as perceivable in
Figure 13. Every coloured solid circle represents a data value (e.g., if the possible answers to a question are
just “Yes” and “No”, one will see only two coloured circles in correspondence of the numerical value trans-
lating the answer — for example in question 7.1 the dots are in 0 and 1), the grey boxes cover the range
containing the central 50% of the data (called Inter-Quartile Range), namely the bottom line of the dark grey
box is the 25" percentile, the median corresponds to the change of the shade, and the 75" percentile is the
top line of the light grey box; finally the whiskers embrace the data contained in 1,5 * IQR.

Then, the computation of the decompositions scaled by the S coefficients (Figure 13 on the right) is provided.
Since in most of the cases the index is given by an average of the answers to its constitutive questions,

implying the equality of the B coefficients, i.e. g; = rm—— ;m_de pry Vi, the relevance of such a choice

may be hard to grasp. However, if a weight rebalancing happens, then the single contributions of the ques-
tions are no more equally distributed, and finally this choice reveals it usefulness.

Index / Question Index / Question

12_2 3 1 12_2 31

Value
<

5
regression_coefficient * question_value %

varé_2 var7_1 var7_1_1 var7_2 varé_2 var7_1 var7_1_1 var7_2

A tool that can help analysing the effect of each question is the linear correlation coefficient between a
question and its wrapping index. From this computation a ranking among questions can be established, and
it should be interpreted in the following way (proposing again the above example): “if one tries to explain the
behaviour of index 12.2.3.1 only by means of one single question, the best performing question is 7.1, then
immediately after we find 7.1.1, a bit further away 7.2 and finally 6.2”. This is not a mere ranking: not only
does it provide an order for the best performing questions, but also reveals the scores that led to this rank.
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varé_2 var7_1 wvar7_1_1 wvar7_2
12_2_3_1 0,5081 0,7534 0,7494 0,5883

It is noticeable that the multiple regression can be seen as complementary to the correlation coefficient. This
is because the first explores the index de-structured in all its questions while the latter analyses the specific
contribution given by each single input question: in other terms it quantifies how the index behaviour reflects
the behaviour of one single question.

Test 2: Index internal balance VS Redundancy

The second test aims to explore the internal balance of each index, validating the number of questions used
to shape the index.

To tackle the issue of internal balance, two instruments, both based on the variability inside an index, are
employed. To begin with, it is worth explaining in an unequivocal way the concept of “equivalent number
of independent questions”: given that an index is a priori designed with X questions, one may ask whether
all of them cover distinct aspects and complement each other, or if there are (too) many superpositions. To
give a precise, synthetic, and scientific answer, it is possible to research a new formulation of independent,
perfectly complementary, and ideal questions, able to replicate the index. To achieve this, the existing ques-
tions are mixed, and it is important to stress the fact that the output will be a non-interpretable nor verbally
reasonable set of new questions, but with the property of being complementary and perfectly additive. In this
way, the variability of the index can be decomposed into these new components, and only at this point a
decision about the “equivalent number” mentioned above can be taken. As a general rule, one selects the
smallest number of new questions needed to cover a sufficiently close to 1 proportion of explained variance.
Therefore, in the example of index 12.2.3.1, 3 is the selected value, as with three out of four equivalent
guestions, more than 99% of the variability is captured (see Figure 15). The interpretation of “sufficiently
close” depends on the problem at hand and on the number of components involved; the typical thresholds
considered are 90, 95 or 99%.

Number of independent components
N

0,78 0,79 0,800,81 0,82 0,82 0,84 0,85 0,86 0,87

0,88 0,89 0,90 0,91 0,92 0,93 0,94 0,95 0,96 0,97 0,98 0,99 1,00

Proportion of explained variance

Second, we introduced the concept of generalised variance, a numerical value that measures the common
variance of an object made up of multiple elements. According to the literature, the Kaiser-Meyer-Olkin index,
an overall and summarising measure of sampling adequacy, is the most suitable index for the current
scenario. In other words, according to this value, it is possible to have an indication of how suitable are, as
a hole, the input variables that model the output.

According to Kaiser reasoning, the input data are to be considered:
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from 0.00 to 0.49 unacceptable;
from 0.50 to 0.59 miserable;
from 0.60 to 0.69 mediocre;
from 0.70 to 0.79 middling;
from 0.80 to 0.89 meritorious;
from 0.90 to 1.00 marvellous.

However, this reasoning is not perfectly suitable with all the problems. Kaiser ranking is based on the im-
portance given to the pair-wise correlation between all variables: a high KMO would imply that all the varia-
bles are well correlated with each other, no one excluded. From one hand, this could mean that the index is
coherent within, yet this is instead something not completely desirable. In fact, high correlation can be trans-
lated with redundancy in this scenario. In the picture below the behaviour of the deepest subindexes is
shown, most of them lay in the middle but few of them perform poorly, according to Kaiser.

Besides, a deeper and more detailed interpretation of this value will be given, also by comparing this result
with the ones from the other analyses.

Measure of Sampling Adequacy

Figure 16 - KMO index for generalised variance

5.1.3 Test 3: Questions interactions

This test aims to assess the correlations between couple of questions within each index with the goal to
verify the existence of questions behaving in similar manner.

Finally, concerning the interactions between the questions inside the index, the computation of pair-wise
correlations between couples of questions is proposed. The most powerful way of visualising these interac-
tions is via a table filled with the calculated correlation values and coloured accordingly, in order to highlight,
for examples, groups of strongly correlated variable.

Taking the absolute value of the correlation, the following classification can be drafted:

e 0.0-02 negligible correlation
e 02-08° moderate correlation
e 08-10 strong correlation.

Figure 17 reports the usual example of index 12.2.3.1, where it is clear that between question 7.1 and 7.1.1,
which can be accessed only if one affirmatively answers to the former, there is a quite strong positive corre-
lation. On the other hand, all the other questions do not manifest relevant similarities from a correlation point
of view.

9 This range is kept wide on purpose: there are several currents of thought in the literature.
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varée_2 var7_1 wvar7_1_1 var7_2

var6_2 1,0000 0,1834 0,1788  0,1245
ms m  Var7_1 1,0000 0,5836 0,1214
1000 1,200 yar7 11 1,0000 0,2120
var7_2 1,0000

Figure 17 - Correlation matrix

5.2 Visualization of the outcomes of robustness analysis

The current subchapter complements the previous one in terms of comprehension and interpretation of the
numerous outputs produced. Due to the elevate numerosity, they have been stored in two well-organised
database structures, in a way that complies with the input requirements of the Tableau software. In fact, to
facilitate the understanding of the numerical outputs, as already shown, a graphical support has been ren-
dered for every index and for every feature. However, to smooth the navigation through this large number
of plots, a dashboard has been introduced.

Correlations inside index Boxplots of the questions contribution
2.2 3 1 Index / Question
- 12 2 3
varG_2 var7 1 var7 1 1 var7 2
12_.2.3_1 0,5081 0,7534 0,7494 0,5883

g
var6_2 1,0000 0,1834 0.1788 0,1245 E
var7_1 1,0000 05836 0,1214 %

S04
var7_1.1 10000 0,2120 .EI
var7_z 1.0000 g —1— .

5

o

varé_2 var7_1 var7_1_1 ar7_g

Equivalent number of independent questions inside Boxplots of the questions contribution, non-scaled

12_2_3_1 Index / Question

€.
n
=

Value

Number of independent compone..

0,65 0,70 0,75 0.80 0,85

Proportion of explained variance varG_z ar7_1 var7.

Figure 18 - Dashboard for robustness test

Figure 18 shows an exemplificatory page of the summarising dashboard, which can be explored in two
directions: by moving the focus from index to index, separately for every plot, or by selecting a subset of the
questions composing an index. This particular view has been designed to allow an immediate comparison
of the main statistics computed, to achieve a complete and coherent interpretation of them. As a matter of
fact, such a global perspective is crucial, since the investigated features happen to overlap a little in some
cases, therefore, if the results points towards the same direction, then they enforce each other and empower
the researcher’s deductions, either positive (meaning that the index follows overall a desired behaviour and
the initial assumptions and reasonings underlying its construction were founded) or negative. Otherwise, if
discordant, they may draw one’s attention toward possible unexpected responses, that could be generated
by incomplete or biased initial hypotheses.

Beside the dashboard there are some other visualizations worth mentioning. For what concerns the single
elements composing the above-mentioned dashboard, there are ad-hoc sheets for each of them, where
even comparisons among different indexes within the same analysis are viable. Moreover, a page is devoted
to the KMO visual representation, which is not included in the dashboard since already comprising all the
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indices, and a final booklet containing all the cited visualizations, accompanied with a brief description, con-
cludes the work.

Input for the modification of the DPSVI tree

The aforementioned results can be used as input for a possible re-organization of the tree structure, at a low
level. Examples of the drivers for this re-evaluation are the presence of too many highly correlated questions
inside an index, something that can be seen from a too small number if equivalent independent variables,
or from the last pair-wise internal correlations. Another problem may be an unexpected imbalance in the
contributions given by single questions, noticeable from the index-questions correlations combined with the
s; or again, the complete absence of correlation of an index with one of its internal questions, or eventually
too low values of the KMO index. These many outputs become inputs of an articulate reasoning, which
ultimately leads to the validation.

In summary, the kinds of input for the modification of the DPSVI tree that were considered by the DIGISER
research team have been:

e Changes to the DPSVI structure
e Minor changes in answer mapping and standardization methods (Answer_Weight)
e Changes in question weighting for aggregation purposes

Using for example the index 12.1.1, the output of the validation techniques now become inputs and drivers
for the modifications to practically happen. Firstly, one can start from Kaiser Meyer Olkin, being a very simple
tool that provides just a number. Its value is 0.76 and suggests the indicator to be quite well-constructed. To
better comprehend this, one has to widen the spectrum of investigation. First of all, it is coherent with the
pair-wise analysis there are three out of five strongly correlated variables (block 6.3, 6.3.1, 6.3.2), which lift
the KMO up. It does not reach 1 since the others (7.1 and 8.3) to manifest a low correlation with every other
variable. Another similarity can be found with the computation of the equivalent number of questions, where
the identified number is three. The fact that two of the uncorrelated and reformulated questions are redun-
dant, is itself evidence of overlap of some questions or strong correlation between a few of them. Evidently,
the “problematic” questions are those of group 6.3. Up to now, the proofs push towards the same direction,
namely the reduction of weight of the overall 6.3's, and especially of the parent question.

To find the final confirmation, one has to the question-index dependencies. The predominant question is 6.3,
and in general the index is polarised towards these three questions. Despite being crucial in the construction
of the index, according to the urban science argument, they should not be the only ones that matter. The
idea is to reduce the importance of 6.3, allowing a higher the contribution of 6.3.1 and 6.3.2 than 7.1 and
8.3. This is because the former two are considered to cover more relevant aspects of the Context empow-
erment than the latter ones. In the end the applied re-weighting is the following:

New Weigh

6.3 0.06 0.1%06

6.3.1 0.27 (0.9%0.6) *0.5

6.3.2 0.27 (0.9%0.6)*0.5
7.1 0.2 0.2*1

The Computation column shows the rationale behind the weight choices: the block 3.6 is thought to be more
relevant than the other two, so a priori they are set to account for the 60% of the indicator, and the remaining
two 20% each. In particular, the block 6.3 is split into 10% on the parent and 90% on the two child questions.

Following the result of the robustness analysis the DPSVI model has been updated to the new model pub-
lished in this report as Figure 6 and reported in detail in the Appendix I: Detailed DPSVI Model, and all the
indexes have been re-computed according to the new structure and parameters.
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5.4  Post-hoc analysis

In addition to the robustness analysis, the research team carried out other statistical experiments aims to
further explore and unveil possible statistical biases enrooted in the DPSVI data model.

In this perspective, two kinds of possible approaches have been explored seeking for design and contextual
variables that could have eventually influenced the results of the data analysis.

54.1 Internal correlations

First, an internal correlation analysis has been carried out, seeking for patterns of consistent behaviour be-
tween different indexes. The goal is two-folded: on one hand to detect possible biases depending by the
underlying questions (that could influence the behaviour of indexes) and on the other end to identify possible
explanatory relation that could enrich the interpretation of data. The specific objective of this statistical anal-
ysis is the research of the so-called spill-over effects, responding to the followings “Are there indicators such
that their changing affects other indicators in the opposite part of the tree?”, or “Does an implemented ma-
noeuvre apt to improve the performances in a specific aspect of the digital maturity of a city, have an effect
also in another, apparently distant, field? In which direction? And of what intensity?”.

This analysis is based on the pair-wise correlations between indicators. These correlations are intended
across the two halves of the DPSVI tree (cfr. Figure 6 - DPSVI Structure), namely between a sub-indicator
originating from I1 - Digital Service Innovation Maturity - and another one among the ones branching from
I2 - Proneness to Change. These correlations are evaluated respecting the hierarchy, meaning that the
comparisons happen between indices at the same level. The application of this guideline can be recognised
in Figure 19, where three block are identifiable:

e the top-left one comprises the bottom level indexes
e the middle one concerns the intermediate level indexes
e the bottom-right corner has the the value of top indexes directly stemming from the root

0.8
0.6

SEEESENEE EENEEE
AIEEEEEENENNEEEEES
HEE .

Figure 19 - Internal correlation analysis

It is evident that the intermediate and top indices show higher correlations, like in the cases of 11-12, 11.1 and
11.2 with both 12.1 and 12.2). This behaviour is not surprising and seems quite reasonable. Indeed, these top
indexes are the result of consecutive averaging processes of other indicators, that in turn are correlated
themselves, even if in a less pronounced way as the figure shows.

The analysis at the bottom level - thus inside the biggest block — is more relevant due to the major theoretical
independency of these couples of indicators. Nonetheless some interesting spill-over effects are visible like
the ones reported in the table below where the most relevant correlations (above 0.6) are reported.
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Index branch 1 Index branch 2

0.7773 11_1_3 “Advanced method and Principles” 12_2_4 “Institutional Capacity”
0.6453 11_1_2 “Innovative Technologies” 12_2_4 “Institutional Capacity”
0.6200 11_1_3 “Advanced method and Principles” 12_1_2 “Skills”

0.6162 11_2 3 “Scaling up” 12_2_1 “Data Management”
0.6071 11_1_2 “Innovative Technologies” 12_2_ 1 “Data Management”

These data suggest two main inferences:

e Several major digitalization processes are directly correlated with the skills diffused in the city, and
in particular with the institutional capacity of the public organization steering the digital transfor-
mation. In this sense this data seem to confirm one of the main research hypotheses of DIGISER:
the accessibility and availability of digital technologies is not a sufficient condition to generate or-
ganizational and societal transformation.

o Data Management (which is composed by a large number of questions and is a very “robust” index)
seem to be correlated to the experimentation of innovative technologies (where data management
technologies are considered) and is a major driver of the scaling up mechanisms, capable to influ-
ence the transition of digital innovations within the structure of the public organization.

Univariate models
Additional univariate models were tested to interpret the possible influence of external variables on cities’
performances.
Appendix II: Univariate models reports extensively the analysis carried out on the indicator |1 — Digital Ser-
vice Innovation Maturity, as an example of potential future research agenda based on the data collected in
DIGISER.
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Data Visualization

All the data collected through the DIGISURVEY as well as all the Indexes generated on top of these raw
data — Including 31 DPSVI and 5 Sl indexes - are going to be published on the ESPON database® and will
be made accessible and consultable through the standard visualization methods that are available on the
ESPON portal.

In addition, DIGISER implemented several methods to visualize data collected through the DIGISURVEY
and the related indexes both for internal purposes of analysis and interpretation and for public dissemination
of the results.

The following table summarizes the methods currently implemented - explained in detail in the following
subchapters — and the related report/annex where charts and maps are visualizable.

Static report including several standard visualizations
pdf for each question composing the DIGISURVEY. Ma-
trix questions have a dedicated set of charts.

DIGISURVEY Raw
Data

Dynamic dashboards allowing the exploration of all the
DPSVI web 31 DPSVIindexes for each single city and for the main
clusters (Country, GDPPC, Population).

Static report including 2 maps and several standard
visualizations for each of the 31 DPSVI indexes
through several clusters (Country, GDPPC, Popula-
tion, Case studies).

DPSVI pdf

Static report including 2 maps and several standard
Service Index pdf visualizations for each of the 5 Service indexes (Coun-
try, GDPPC, Population).

A narrative report for each city generated automati-

Narrative reports pdf cally according to the scores achieved in the different
domains of DPSVI

All annexes will be published on the ESPON website at: https://www.espon.eu/DIGISER

Raw data from the DIGISURVEY (Annex 1.3)

For each question included in the DIGISURVEY has been created a report that contains several tables and
charts to explore the results by multiple point of views. Each Chapter corresponds to a question and is indeed
labelled according to the number of the question in the original structure of the DIGISURVEY (e.g., the
chapter related to the question number 3.5 will be labelled as Q_3.5).

In the Question Report, each matrix question is considered as a group of questions organized in a table,
where the rows represent features of the matrix question, while the columns are a set of answers applicable
to each row. Matrix question’s results could be explored as a whole, with the matrix report, or line by line as
a simple question report.

10 hitps://database.espon.eu/
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6.2 Dashboards for DPSVI

During the project an interactive dashboard was built with the main purpose of allowing all DIGISER research
team to explore directly DPSVI indexes. Dashboard facilitated the in-depth inspection of the data of the cities
participating in the survey, focusing in particular on the visualization of single cities’ performances.

A custom exploratory dashboard has been built using Microsoft PowerBI to enable experts to analyse and
identify patterns and behaviours within the dataset. The tool has been developed using the Power Bl Pro
(version 13.0.17333.39) license connected to the workspace of the DataScience group of Politecnico di
Milano.

DPSVI https://app.powerbi.com/view?r=eyJrljoiM20Q5NjQwOTYtZTU40OCO00ZTI4LThhM-
mYtODcwZmI3MzEyNTIwliwidCI61jBAMTc3MTJILTZ-
kZiMtNDI1ZC04MDhILTMwOWRMM|hhNWVIYilsimMiOjh9&pageName=ReportSection

Table 12 - DPSVI Dashboard

In general terms the Dashboards offers several kinds of visualizations including simple charts (histograms
and radars), and bidimensional semiotic squares (based on Greimas, 1983)

Simple charts highlight the composition and aggregation of indexes values. Histograms and radar charts
allow visualizing multiple indexes (e.g., 11.1.1, 11.1.2, 1.1.1.3) while a line (in the formers) or simple text value
(in the latter) allows visualizing the upper-level index (e.g., 11.1). As for the previous graphs, Power Bl ena-
bles the user to apply filtering on counties, population range, GDPPC range, and specific cities.

Aaverage o index value

Figure 20 - PowerBI Dashboard - Histogram example

The second group is devoted to pointing out the position of the cities in semiotic squares (cfr. Semiotic
squares interpretation in chapter 6.3.1). These graphs could be explored through filters on counties, popu-
lation range, and GDP per capita range; specific filtering on cities names could also be applied.

The following table provides a detailed overview of all the visualization types available on the POWERBI
dashboards.

# | Type Indices Single Clusters
Cities

1 Semiotic Squares DPSVI, I_1, Countries
| 2

2 Semiotic Squares DPSVI, I_1, Yes Population range
|2

3 Semiotic Squares DPSVI, I_1, Yes GDPPC range
|2

4 Semiotic Squares DPSVI, I_1, Yes -
|2

5 Histogram (with upper-level indexline) All (except No Countries, Population range and
DPSVI) GDPPC range

6 Histogram (no upper-level index line)  All (except No Countries, Population range and
DPSVI) GDPPC range
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#| Type Indices Single Clusters
Cities

7 Radar All  (except No Countries, Population range and
DPSVI) GDPPC range

8 Histogram (with upper-level index line) All (except Yes -
and Radar DPSVI)

9 Histogram (no upper-level index line) All (except Yes -
and Radar DPSVI)

DPSVI static reports (Annex 1.2)

The DPSVI is published in a set of 8 reports, each one exploring a part of the DPSVI tree that can be read
either individually or altogether, as an unique extensive report of the DPSVI:

e DIGISER_D4 _ANNEX 1.2.1 DPSVI

e DIGISER_D4_ANNEX 1.2.2 Digital Maturity

e DIGISER_D4_ANNEX 1.2.3 Level of Service Embedment
e DIGISER_D4_ANNEX 1.2.4 Change Management

e DIGISER_D4_ANNEX 1.2.5 Data Management

e DIGISER_D4_ANNEX 1.2.6 Societal Engagement

e DIGISER_D4_ANNEX 1.2.7 Institutional Capacity

e DIGISER_D4_ANNEX 1.2.8 Innovation Governance

These reports include a large number of charts and maps that are generated on top of the indexes that make
up the DPSVI and in some cases referred to the same underlying questions

The charts used to represent DPSVI indexes are relatively simple, being limited to radars, columns, box
plots. All charts include a legend reporting the following key information:

Index observed Index type Index level Data Sample

Indicates the code Indicates the type  Indicates the Index  Indicates the sam-  Indicates the series
and the label of the of index as either:  position inits Data  Ple thatthe datare-  showed in the
index observed model: fers to charts and listed in
the legend
e DPSVI e Top o All respondents o Capital cities
o Si ¢ Intermediate o Reference sam- o Reference sam-
e Bottom ple ple
e Population
e GDPPC
e Country

Data are presented grouped in clusters. The cluster considered in the report could be the followings:

. None: no cluster, the data refers to the entire sample

* Capital cities: comparing the results of capital cities with all the other respondents.

* Reference sample: compared results of reference sample and all other respondents.
* Population: compared results among cities by population size

*  GDPPC: compared results among cities by GDP per capita size

*  Country: compared results among countries

* Authority Type: compared results among different types of local government

» Case Studies: 10 selected cities also surveyed through qualitative methods
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Semiotic squares interpretation

Only for the three Top Indexes of the DPSVI (“DPSVI”, “Proneness to Change” and “Digital Service Innova-
tion Maturity”, cfr. Error! Reference source not found.), published in DIGISER_D4_ANNEX 1.2.1 DPSVI
a different set of visualization is provided, with a specific epistemic value.

Semiotic squares are used to provide cities with feedback about their attitudes and behaviours in relation to
DIGISER processes and process typologies. Also, they are used to help respondents visualise how they are
currently performing in terms of proneness to change and digital service innovation maturity.

A

I2 Proneness to Change

City Profiles

1) Transformative Pioneer
2) Champion Prospect

3) Conservative Follower
4) Deadlocked Innovator

4

I1 Digital Service Innovation Maturity

Figure 21 — Semiotic square quadrants

To facilitate the interpretation, bisectors are associated with ideal-typical profiles, that characterise each
cartesian quadrant. Those are:

1.

Transformative Pioneer

Innovative and aware / Change prone

The transformative pioneer displays a high level of technical and digital-enabled organizational in-
novation in public service provision and delivery. Also, the pioneer uses digital technologies as an
integrated part of governments’ modernization and innovation strategies.

This profile is aware and ready to actively support changes in organizational behaviors, attitudes,
and procedures to face challenges related to the digitalization, and to drive pervasive and trans-
formative service innovation practices.

Champion Prospect

Conservative and unaware / Change prone

The champion prospect has a strong orientation to change, as it is inclined and ready to modify
behaviors, visions, and practices to foster and amplify innovation, as witnessed e.g., by efforts
made to enhance data management, societal engagement, procurement, or institutional capacity-
building.

The champion prospect, how-ever, might need to work on its ability to actively support technological
and organizational change and to improve the scalability and replicability of service innovation prac-
tices

Conservative Follower

Conservative and unaware / Change reluctant

The conservative follower has a low degree of penetration and maturity of technical and organiza-
tional innovation in public service delivery.

Also, this profile does not seem to be particularly inclined nor ready to modify behaviours or atti-
tudes to support organisational or technological innovation.

Deadlocked innovator
Innovative and aware / Change reluctant
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The deadlocked innovator displays a high level of technical and organizational innovation in pub-

lic service provision and delivery.

The deadlocked innovator, however, might need to overcome organizational, societal, and legal
barriers that constrain its space for action and do not allow this profile to fully grasp its transform-

ative potential.

This characterisation is the same for all three quadrants, even if its specific meaning depends on the axes
and on associated qualitative values, as specified in the following table.

Quad-
rant |

Trans
form-
ative
pio-
neer

Quad-
rant Il
Cham
pion
pro-
spect

Semiotic square A: DPSVI

innovative and aware/change
prone:

The transformative pioneer dis-
plays a high level of technical
and digital-enabled organisa-
tional innovation in public ser-
vice provision and delivery. Also,
the pioneer uses digital technol-
ogies as an integrated part of
governments’ modernisation
and innovation strategies. In ad-
dition, this profile is aware and
ready to actively support
changes in organisational be-
haviours, attitudes, and proce-
dures to face challenges related
to the digitalisation process and
to drive pervasive and trans-
formative service innovation
practices.

conservative and una-
ware/change prone:

The champion prospect has a
strong orientation to change, as
itis inclined and ready to modify
behaviours, visions, and prac-
tices to foster and amplify inno-
vation, as witnessed e.g., by ef-
forts made to enhance data
management, societal engage-
ment, procurement, or institu-
tional capacity-building. The
champion prospect, however,
might need to work on its ability
to actively support technological
and organisational change and
to improve the scalability and
replicability of service innova-
tion practices.
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Semiotic square B: Prone-

ness to Change

active and committed/open and
flexible:

The transformative pioneer has
a pro-active attitude towards
digitalisation. As a public ad-
ministration, it strives to inno-
vate transversal administrative
processes (including data man-
agement, societal engagement,
or institutional capacity-building)
and to use them as leverage to
support cross-sectoral digital in-
novation. It has developed and
implemented effective strate-
gies to ensure long-term trans-
formative impacts in public sec-
tor organisations, generate
value in the local context and
make innovation practices repli-
cable and scalable.

passive and not commit-
ted/open and flexible:

The champion prospect is not
fully using transversal adminis-
trative processes to drive cross-
sectoral innovation. Even if it
might be very successful in de-
veloping sectoral innovation
strategies, it has a limited ca-
pacity to use them to orient
broader innovation governance
processes. It displays, however,
an open and flexible attitude to-
wards change management at
the strategic, tactical land oper-
ational levels, and has a good
capacity to ensure long-term
transformative impacts in public
sector organisations, generate
value in the local context and
make innovation practices repli-
cable and scalable.

Semiotic square C: Digital
Service Innovation Maturity

advanced and aware/advanced:

The transformative pioneer can
enhance the overall digitalisa-
tion of the public administration,
not only supporting a technolog-
ical shift but also achieving digi-
tal-enabled organisational
change. This profile succeeded
in digitalizing pre-existing inter-
nal procedures, adopting new
technologies and in using ad-
vanced methods and principles
to foster organisational innova-
tion. Also, in these Public Ad-
ministrations digital services are
accessible and adopted by
most of the citizens, are fully
exploited by skilled employees
and have been successfully
replicated also in other con-
texts.

basic and unaware/advanced:

The champion prospect is capa-
ble to develop and implement in-
novative services, that are
widely accessible to citizens,
that are exploited by public em-
ployees and that have also been
adopted in other contexts. De-
spite this high level of internali-
sation of digital settings in the
public administration organisa-
tion and setting, the champion
prospect has not yet succeeded
in achieving digital-enabled or-
ganisational change, as it failed
to challenge itself while develop-
ing new services.



Quad-
rant

I -
Con-
serva
tive
fol-
lower

Quad-
rant
IV -

Dili-
gent
em-
ploye

Semiotic square A: DPSVI

conservative and una-
ware/change reluctant:

The conservative follower has a
low degree of penetration and
maturity of technical and organi-
zational innovation in public ser-
vice delivery. Also, this profile
does not seem to be particularly
inclined nor ready to modify be-
haviours or attitudes to support
organisational or technological
innovation.

innovative and aware/change
reluctant:

The diligent employee displays
a high level of technical and or-
ganisational innovation in public
service provision and delivery.
The prisoner, however, might
need to overcome organisa-
tional, societal, and legal barri-
ers that constrain its space for
action and do not allow this pro-
file to fully grasp its transforma-
tive potential.

Semiotic square B: Prone-

ness to Change

passive and not commit-
ted/locked-in:

The conservative follower has a
limited capacity to use transver-
sal administrative processes to
support and orient cross-sec-
toral innovation governance
processes. Also, lock-in mecha-
nisms (e.g., related to their
scarce degree of awareness, to
limited commitment to change
and capacity to act, or to their
role and position in their net-
works) do not allow this profile
of PAs to fully support innova-
tion in (digital) service develop-
ment and provision or to in-
crease its capacity to detect
and adopt innovation dynamics
developed in different contexts.

active and committed/locked-in:
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Semiotic square C: Digital
Service Innovation Maturity

basic and unaware/basic:

The conservative follower might
rely on a good degree of tech-
nological innovation but fails in
fostering digital-enabled organi-
sational transformation. Also,
due to technological, social, or-
ganisational, or legal barriers,
the innovation of services is not
pervasive and face problems in
generating impacts that pro-
duce changes within the public
administration, in the local con-
text or in other contexts through
replication.

advanced and aware/basic:

The diligent employee is making
significant efforts to enhance in-
novation governance and to
support cross-sectoral govern-
ance innovation processes. |t
developed strategies and
measures to enhance innovation
e.g., in relation to data manage-
ment, procurement, societal en-
gagement and institutional ca-
pacity-building, and displays a
positive attitude towards learn-
ing. As for the conservative fol-
lower, also in the case of the or-
ganisational prisoner lock-in
mechanisms do not allow this
profile of PAs to fully support in-
novation in (digital) service de-
velopment and provision or to in-
crease its capacity to detect and
adopt innovation dynamics de-
veloped in different contexts.

The diligent employee em-
braces new digital technologies
and delivers innovative public
services, displaying a high de-
gree of digital infrastructural in-
novation and a positive attitude
towards organisational change.
Due to technological, societal,
organisational, and legal barri-
ers, however, the prisoner can-
not fully supply its services au-
tonomously, nor achieve
changes in practices and be-
haviours related to service inno-
vation adoption by local users
or by stakeholders acting in
other contexts.
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Table 15 - Semiotic squares ideal-typical profiles
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Figure 22 — DPSVI - Semiotic square example

6.4  Service Index report (Annex 1.4)

A static report in PDF format includes charts and graphical processing and visualization related to the Ser-
vice Index (Sl). It is a document that resemble the structure of DPSVI static reports and includes several
types of visualizations related to the Service Index and the 4 underlying indexes.

Visualizations include histograms, radar, and combined charts, as in the following example.

Building &
Spatial
Planning

0.7

0.6 Culture &

Utilities ;
Leisure

S| - Service Index

e S1 - Advanced technologies

Transport & Education
Mobility e G2 - Digitalization
e S3 - Datacy
= S/ - Knowledge exchange
Social & General
Welfare Services /
Services Administration

Order & Safety Healthcare

Figure 23 — Service Index — Radar example
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Narrative feedback (Annex 1.5)

The last visualization method used in DIGISER aims at providing participant cities with a customized narra-
tive feedback that can direct better strategies and policies, built upon their answers to the DIGISURVEY.

The indexes and data of the DPSVI analytical model have been translated into semi-automated narrative
feedback. Shaped as a structured narrative description, the feedback is tailored to each public authority that
answered the DIGISURVEY questionnaire. By its design, the narrative builds on the answers provided as
well as their computation into indexes and sub-indices.

The concept on the ground of the narrative feedback is to provide public authorities with a proactive and
constructive description of their activities and practices. The intent is to inform about their performances
while situating their activities and practices in the broader scenario of digital innovation in the public sector.
Therefore, the higher scope is to trigger a reflection on their multi-level and cross-sector attitude and behav-
iour toward digital innovation while feeding the mindset for potential medium and long-term changes and
improvements.

Going beyond the provision of a mere number, which returns little information on the performance, each
data is considered relevant and able to inform future strategies and strategies. The narrative description is
therefore a complex interpretation that dynamically associates multi-level indexes and specific data to texts
serving a descriptive function. Consequently, the narrative feedback develops embedding and elaborating
information that is based on the interpretation of punctual data, namely answers to questions, and indexes
and sub-indices, as computations at different levels of data aggregation.

The following figure provides an example of a narrative feedback for the index “Institutional Capacity” of an
(anonymized) city.

INSTITUTIONAL CAPACITY

Institutional capacity is strongly related to transformation drivers, organisational ones included,
influencing the adoption and management of digital technologies. It entails both training and
educational activities put in play to enhance the digital skills of civil servants. Moreover, it affects
the proneness of public administrations to enhance and mobilise their organisational and
technological resources through the adoption of ICT technologies or the modification of internal
rules and procedures. Institutional capacity considers therefore dimensions as /nnovation
strategies, Proneness to experiment, Skills and competences related to both digital management
and information, and communications technology.

In this regard, CityNameRemoved has an overall fair capacity to experiment and consolidate
digital innovation.

Innovation Strategy

In terms of Innovation strategy, CityNameRemoved provides a good level of information about
the agenda setting and pursuing capacity.

CityNameRemoved has approved and published a digital innovation strategy, which
covers only one public administration, and is linked to regional, national or European
regulatory frameworks, strategies, directives. There is a Chief Digital Officer, internal or
shared with other public authorities, coordinating the implementation of the digital
innovation strategy, with some budget dedicated.

In terms of funding sources for digital innovation, the public authority reaches out to a limited
amount of funds, and compared to the average, the per capita investment in ICT services is
very limited. Moreover, CityNameRemoved has no dedicated ICT team supporting one or
more departments and services; it encourages the use of Free/Libre and Open Source
Softwares|(FLOSS), and its IT set-up offers the possibility to implement open source alternatives.
No incentives are provided encouraging cooperation across service areas, regarding data
sharing and data re-use, collaborative service design, ICT platform sharing, or cooperation
among teams from various service areas.
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Appendix I: Detailed DPSVI Model

A.l.1 DPSVI Data model — Answers weighting in questions’ standardization

Q# A¥ | [ ima [ima 2 |2 a2 |2 |z | i2a |21 |22 (1221 |12z21 | 1221 | 122 1223 (1223 | 1223 [1224 1224 |1224
1 2 3 1 2 3 1 2 3 1 2 3 4 5 2 1 2 3 1 2 3
Al - = = 5 = s = . = . = = s = = = = .

Q21 67% . 40%

Q.21 A2 = S = - = - = - 33% = S = S = = = - - 30% -
Q21 A3 = = = - - - - - - - - - - = = = = o 20% -
Q.21 Ad - - - - - - - - - - - - - - = = = o 10% o
Q213 Al - - - - - - - - - - - - - - o o o = 10% =
Q213 A2 - - - - - - - 33% - - - - - - - - - - 20% -
Qr2:1.3 A3 = = = = = = = 33% = = = = = = = = - - 30% -
Q213 A4 - - - - - - - 33% - - - - - - - - - - 40% -
Q214 Al - - - - - - - - - o o o o o - - - - 100% -
Q.22 Al - - - - - - - - - - - = - - o o 5 - 50% -
Q.22 A2 = = = = = = = 100% = = = = = = = = - - 50% -
Q 23a AL - 5 5 - - 7% B - B - - . . B ) B B B N _
Q_23a A2 - - - - - 13% - - - - - = = o - - - - - -
Q 23a A3 - 5 5 - - 20% - - B . - - - B . B ) _ 5 _
Q_23a A4 - - - - - 27% - - - - - - - = = o - - - -
Q 23a A5 - . 5 5 - 33% - - B . - - - . . B ) . N _
Q_23b Al - - - - - 7% - - - - - = o = - B - - - -
Q. 23b A2 - . 5 5 - 13% - - B . - - - . . B ) . N _
Q_23b A3 - - - - - 20% - - - = = = o o - - - - - -
Q_2.3b Ad - - - - - 27% - - - - - - - = = = o o a -
Q_2.3b A5 - - = 5 = 33% - - - - - - - B 3 B ) B B _

Q. 23c Al - = = 5 = % = . = . = . = = s = = = = =
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IrO
£
>
ETS

2.1
2

i | ima |ima |2 |2
1 2 3 1 2

Q. 23c A3 - = . . - 20% - - - - - - - . . . . . . - -

Q. 23c A2 13% - - - - - - - - . . . B i ) B
Q. 23c A4 - . = . = 2% - 5 = - - - - - - - - - - - -
Q. 23c A5 - - - . - 33% - 5 = - - - - - - - - . . - .
Q 23d Al - . = . = 7% = 5 = - - - - - - - - - - - -
Q. 23d A2 - - - . - 13% - 5 = - - - - - - - - . . - .
Q. 2.3d A3 - - - 5 = 20% - . = 2 = 2 = = - - . . - - .
Q 23d A4 - - - 5 - 2% - . c - - - - - - - - . - - -
Q. 23d A5 - - - - - 33% - 5 = 2 = 2 . = = = . . - - -
Q 24a Al - - - 5 - 5 - 25% - - - - - - - - - . - - -
Q 24a A2 - - - - - . - 25% - . . . . = . - - . . 8 .
Q 24a A3 - . = 5 - . - 25% - - - - - - - B - . - - -
Q 24a A4 - - - - - . - 25% - . . . . = . - - . . 8 .
Q. 24b AL - . = 5 - . - 25% - - - - - - - B - . - - -
Q. 24b A2 - - - - - - - 25% - - - - - - - - - . . 8 .
Q. 24b A3 - . . 5 - 5 . 25% - - - - - - - - - - - - -
Q. 24b A - - - - - - - 25% - - - - - - - - - . . 8 .
Q24c Al - . . 5 - 5 . 25% - - - - - - - - - - - - -
Q. 24c A2 - = - - - - - 25% - - - - - - - - - . . N .
Q. 24c A3 - . . . = 5 . 25% - - - - - - - - - . - - -
Q. 24c A4 - = - - - - - 25% - - - - - - - - - . . N .
Q 24d Al - . . . = . . 25% - - - - - - - - - - - - -
Q 24d A2 - - - . - . - 25% - - - - - - - - - . . - .
Q. 24d A3 - . = . = . = 25% - - - - - - - - - - - - -
Q 24d A4 - - - . - . - 25% - - - - - - - - - . . - .

Q. 24e Al - = = 5 = > . 25% = 5 = 5 . - - - - - - - -
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q. 24e A2 - .

2.1 |21 |2
1 2 3

25%
Q 24e A3 - = - - - - = 25% - - - - - - - - - . . N .
Q. 24e A4 - . = . = . = 25% - - - - - - - - - - - - -
Q 2.4f Al - - - . - . = 25% - - - - - - - - - . . - .
Q 2.4f A2 - . = . = 5 = 25% - - - - - - - - - - - - .
Q 2.4f A3 - - - . - . = 25% - - - - - - - - - . . - .
Q 2.4f A4 - = = . = = = 25% - - - - - - - - - - - B -
Q249 Al - - - 5 - 5 c 25% - 5 - - - - - - - . - - -
Q249 A2 - = = . = . = 25% - - - - - - - - - - - B -
Q249 A3 - - - 5 - 5 c 25% - 5 - - - - - - - . - - -
Q249 A4 - - - - - . = 25% - . . . . = - - - . . 8 .
Q. 24h AL - . = 5 - . . 25% - - - - - - - B - . - - -
Q. 24h A2 - - - - - . = 25% - . . . . = - - - . . 8 .
Q. 24h A3 - . = 5 - . . 25% - - - - - - - B - . - - -
Q. 24h A - - - - - - = 25% - - - - - - - - - . . 8 .
Q. 24 Al - . . 5 - 5 . 25% - - - - - - - - - - - - -
Q 24 A2 - - - - - - = 25% - - - - - - - - - . . 8 .
Q. 24 A3 - . . 5 - 5 . 25% - - - - - - - - - - - - -
Q 24 A4 - = - - - - = 25% - - - - - - - - - . . N .
Q. 25a Al - = 17% . = 5 . 33% - 5 . 5 - - - - - - . - -
Q. 25a A2 - = 33% - 100% - - 33% - . = . - - - - - - - - .
Q 25a A3 - - 50% . = 5 - 3% - - - - B - - . ) B i _ :
Q 25b Al - = 17% . - 5 - 3% - . N - B - - . . . i _ :
Q_25b A2 - - 33% - 100% - = 33% - - - . - - - - - . ) ) i
Q 25b A3 - = 50% . - 5 - 3% - . N - B - - . . . i _ :

Q 25c¢ Al - = 17% 5 = s = 33% = . = . = = s = = = = = .
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q_25c¢ A2 - - 33% 100% -

2.1 |21 |2
1 2 3

33%
Q. 25c¢ A3 - - 50% - - - - 3% - - - - - - - - - - - - -
Q. 25d Al - - 7% - - . - 33% - . - . - - . - . - . - .
Q. 25d A2 - - 3% - 100% - - 3B% - - - - - - - - - - - - -
Q. 25d A3 - - 50% - - - - B% - - - - - - - - - - - - -
Q. 25e Al - - 7% - - - - 3B% - - - - - - - - - - - - -
Q. 25e A2 - - B% - 100% - - 33% - . - . - g - : - g . ) .
Q. 25e A3 - - 50% - - - - 38% - - - - - - - - - - - - -
Q. 25f Al - - 7% - - . - 33% - . - . . - . - 5 - 5 - .
Q. 25.f A2 - - 3% - 100% - - 38% - - - - - - - - - - - - -
Q. 25.f A3 - - 50% - - - - 3% - - - - - - - - - - - - -
Q2549 AL - - 7% - - - - 3% - - - - - - - - - - - - -
Q2549 A2 - - 3% - 100% - - 3% - - - - - - - - - - - - -
Q2549 A3 - - 50% - - - - 3% - - - - - - - - - - - - -
Q. 25h Al - - 17% - - - - 3B% - - - - - - - - - - - - -
Q. 25h A2 - - 3B/% - 100% - - 3% - - - - - - . - . - 2 - .
Q. 25h A3 - - 50% - - - - 3B% - - - - - - - - - - - - -
Q. 25 Al - - 7% - - . - 3% - - - - - - . - . - 2 - .
Q. 25 A2 - - 3% - 100% - - 3B% - - - - - - - - - - - - -
Q. 25 A3 - - 50% - - . - 33% - . - . - - . - 2 - . - 2
Q31 Al - - - - - - - - - - - - - - - - - - 50% - -
Q31 A2 - - . . - . - . - . - . - - . - . - 50% - .
Q.32a A2 - - - - - - - - - - - - - - - - - - 17% - -
Q.32a A3 - - . . - . - . - . - . - - . - . - 33% - .
Q.32a A4 - - - - - - - - - - - - - - - - - - 50% - -

Q_3.2b A2 - = = 5 = s = . = . = . = = s = = = 17% = .
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IrO
£
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ETS

Q. 3.2b A3
Q_3.2b A4 = = = = = - - - - - - - - - - - - - 50% - -
Q.32c A2 - - = 5 = s = . = . . . . . 5 = 5 = 17% - .
Q_32c A3 = S = - = - - - - - - - - - - - - - 33% - -
Q_3.2c A4 - - - - - - - - - - - - - - - - - - 50% - .
Q_3.2d A2 = S = - = - - - - - - - - - - - - - 17% - -
Q_3.2d A3 = = = = - - - - - - - - - - - - - - 33% - -
Q_3.2d A4 - - - - - - - - - - - - - - - - - - 50% - -
Q_3.2e A2 - - - - - - - - - - - - - - - - - - 17% - .
Q_32e A3 - - - - - - - - - - - = = = = o = - 33% - -
Q_32e A4 = = = = = - - - - - - - - - - - - - 50% - -
Q_3.2f A2 - - - - - - - - - - - - - - - - - - 17% - -
Q_3.2f A3 = = = = = - - - - - - - - - - - - - 33% - -
Q_3.2f A4 - - - - - - - - - - - - - - - - - - 50% - -
Q329 A2 = = = = = - - - - - - - - - - - - - 17% - -
Q. 3249 A3 - o . . = . = . = . - - - - - - - - 33% - .
Q329 Ad = = = = = - - - - - - - - - - - - - 50% - -
Q. 3.2h A2 - = . . = . = . = . - - - - - - - - 17% - .
Q_3.2h A3 = = = = = - - - - - - - - - - - - - 33% - -
Q_3.2h A4 - . . > = > = > = . = - - - - - - - 50% - -
Q34 Al = = = = = = = = = = = = = = 33% = = = = - 100%
Q34 A2 - - - - - - - - - - - - - - 33% - . - . . .
Q.34 A3 = S = - = - - - - - - - - - 33% - - - - - -
Q_3.6.a Al = = = = - - - - - - - - - - 17% - - - - - -
Q_36.a A2 = S = - = - - - - - - - - - 33% - - - - - -

Q_36.a A3 - - - - - - - - - - - - - - 50% - - - - 100% -
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Q# A#¥ | ima |
1 2

2.1

Q_3.6.b Al - - - - - = o S o 17% o o - - - -
Q_3.6.b A2 - - - - - - B - - - = = - - 33% - - - - - _
Q_3.6.b A3 - - - - - - - - - - - - - - 50% = = = a 100% a
Q.37 Al - - - - - - - 67% - - - - - - 75% B - o = - -
Q.37 A2 - - - - - - - 33% - - s - - - 2506 - - B . - ;
Q371 Al - - - - - - - - - - - - B = 17% = = - - - -
Q371 A2 - - - - - - - - - - - - - - 33% o o = 5 = -
Q371 A3 - - - - - - - - 100% - - - - - 50% - - = s - -

Q 38 Al - - 25% - - - - - - - - - - o 25% o 5 = 5 - -
Q_38 A2 - - 25% - - - - - - - = = = = 25% o = - - - 50%
Q_38 A3 = = 25% = = = = = = = = = = = 25% = = = = = 50%
Q_38 A4 - - 25% - - - - - - - - - = = 25% o o - - - -
Q.41 Al = = = = - - - - - - - - - - - - - - 40% - -
Q.41 A2 - - - - - - - - - - - = = = o o o - 40% - -
Q41 A3 = - - - - - - - - - - - - o = - - - 20% - R
Q_43 Al = = 100% - - - - - - - - - - - - - = = 100% o a

Q_ 44 Al = = 100% = = = = = = = = = = = = = = = = = 100%
Q_45 Al - - 67% - - - - 67% - - - - - = = o s o - - -
Q_45 A2 = = 33% = - - - 33% - - - - - - = = = = - - -
Q_4.6.a Al = = = = = - - - - - - - - - - - - = = = 50%
Q_46.a A2 = = = = - - - - - - - - B = = = = = - - 50%
Q_4.6.b Al = = = - - - - - - - - - - - - - - = - = 67%
Q_4.6.b A2 - - - - - - - - - - - - B = = = = o - - 33%
Q_4.6.c Al = = = - - - - - - - - - - - - - - - - - 25%
Q_4.6.c A2 - - - - - - - - - - - - = - = o > o - - 17%

Q_4.6.d Al - - - - - - - - - - - - - - - - = = = = 33%
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 4.6d A2
4.8 Al - = - - - - - - 25% . = - - - - - - - - - -
4.8 A2 - . = . = . = . 25% 5 = - - - - - - - - - .
4.8 A3 - - - . - . - . 25% 5 5 - - - - - - - - - -
4.8 A4 - . = . = . = . 25% 5 = - - - - - - - - - .
5.1 Al - - - - - - - - = - = 43% 100% - . - . - . 5 .
5.1 A2 - = = . = . = . = = = 29% - - - - . . - - .
5.1 A3 - - - 5 - 5 - . c 5 5 14% - - - - - - - - -
5.1 A5 - - - - - - = 5 = . = 14% . = . = . = = = -
5.2 Al - - - 5 - 5 - . - 100% - . - - 5 - 5 c 5 - -
521 Al - - - - - . - . - 40% - = - - . - - = 5 . .
521 A2 - . = 5 - . - . - 30% . . . - . - . . 5 - -
521 A3 - - - - - . - . - 20% - = - - . - - = 5 . .
521 AL - . = 5 - . - . - 10% . . . - . - . . 5 - -
522 Al - - - - - - - - - 17% - - - - - - - = . - -
 5.2.2 A2 - . . 5 - 5 . . . 17% . . . . 5 . 5 . 5 - -
5.2.2 A3 - - - - - - - - - 17% - - - - - - - = . - -
 5.2.2 A4 - . . 5 - 5 . . . 17% . . . . 5 . 5 . 5 - -
522 A5 - = - - - - - - - 17% = - = - - - - = . - -
522 A6 - . . . = 5 . . . 17% . . . = 5 . . . 5 - -
523 Al - = - - - - - - - 13% = - - - - - - = = - -
 5.2.3 A2 - = = 5 = - = . = 13% = = . = . . . = . . 5
523 A3 - - - . - . - . - 13% - = - - . - . = . - -
 5.2.3 A4 - = = 5 = s = . = 13% = . . = . = 2 = 2 . 5

 5.2.3 A5 - - - - - - - - - 13% - - - - - - - - - - -

OOOOOOrOOrOfOrOrOrOrOrOrO/OrO/OrO:OO:OOOrO

 5.2.3 A6 - - - - - - - - - 13% - - - - - - - - - - -
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Q# A#
Q523 A7

Q523 A8 -
Q.5.24a Al -
Q. 5.24a A2 -
Q.5.24a A3 -
Q.5.2.4b Al -
Q.5.2.4b A2 -
Q.5.24b A3 -
Q. 5.24c Al -
Q. 5.24c A2 -
Q. 5.24c A3 -
Q. 5.24d AL -
Q. 5.2.4d A2 -
Q. 5.24d A3 -
Q. 5.24e Al -
Q. 524e A2 -
Q. 5.24e A3 -
Q. 5.24f Al -
Q. 5.24f A2 -
Q. 5.24f A3 -
Q. 52449 Al -
Q. 52449 A2 -
Q. 5244 A3 -
Q_5.2.4h Al -
Q_5.2.4h A2 -
Q_5.2.4h A3 -
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q_5.2.4i Al - =

Q. 5.2.4.i A2 - - - - - - - - - 33% - - - - - - - - - - -
Q. 5.2.4. A3 - - - - - - - - - 50% - - - - - - - - - - -
Q5252a Al - 13% - - - - - - - - - - - - - - - - - - -
Q5252a A2 - 38% = . = . = - - - - . - - - - - . . B i
Q5252a A3 - 25% - - - - - - - - - - - - - - - - - - -
Q5252a A4 - 13% = . = . = - . - - - - - - B . . ) N i
Q5252a A5 - 13% - - - - - - - - - - - - - - - - - - -
Q5252b AL - 13% = . = . = - . - - - - - - B . . ) N i
Q5252b A2 - 38% - - - - - - - - - - - - - - - - - - -
Q5252b A3 - 25% - 5 = . = - . . - . - i . B i . ) B i
Q5252b A4 - 13% - - - - - - - - - - - - - - - - - - -
Q5252b A5 - 13% - 5 = . = - . . - . - i . B i . ) B i
Q5252¢c Al - 13% - - - - - - - - - - - - - - - - - - -
Q5252¢c A2 - 38% - 5 - - - - . . - . - - - B . . ) B .
Q5252¢c A3 - 25% - - - - - - - - - - - - - - - - - - -
Q5252¢c A4 - 13% - 5 - - - - . . - . - - - B . . ) B .
Q5252¢c A5 - 13% - - - - - - - - - - - - - - - - - - -
Q5252d Al - 13% - . - - - - . . - - - - - B i . ) B g
Q5252d A2 - 38% - - - - - - - - - - - - - - - - - - -
Q5252d A3 - 25% - . - - - - . . - - - - - B i . _ B .
Q5252d A4 - 13% - - - - - - - - - - - - - - - - - - -
Q5252d A5 - 13% - 5 - - - - . . - - - - - B § . N B :
Q5252e Al - 13% - - - - - - - - - - - - - - - - - - -
Q5252e A2 - 38% - 5 - - - - . . - - - - - B § . N B :

Q_5.252e A3 = 25% - - - - - - - - - - = = = o o o - - -
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q52526 A4 - 13%

Q5252e A5 - 3% - - - - - - - - - - - - - - - - - - -
Q5252f Al - 13% - . - - - . - . - - - - . . . . i ) i
Q5252f A2 - 38% - . - - - . . - B - B - - - § . i B i
Q5252f A3 - 5% - . - . - . - . - . - - . - . - . - .
Q5252f A4 - 3% - - - - - - - - - - - - - - - - - - -
Q5252f A5 - 3% - . - . - . - . - . . - . - 5 - 5 - .
Q52529 Al - 3% - - - - - - - - - - - - - - - - - - -
Q52529 A2 - 38% - . = . - - . . - - B - - i . . . N i
Q52529 A3 - 5% - - - - - - - - - - - - - - - - - - -
Q52529 A4 - 3% - - - - - - - - - - - - - - - - - - -
Q52529 A5 - 3% - - - - - - - - - - - - - - - - - - -
Q5252h AL - 3% - - - - - - - - - - - - - - - - - - -
Q5252h A2 - /% - - - - - - - - - - - - - - - - - - -
Q5252h A3 - 25% - . - - - . . . B . B - - - . . i B g
Q5252h A4 - 13% - 3 - - - - - - - - B . . . : . i B i
Q5252h A5 - 3% - - - - - - - - - - - - - - - - - - -
Q_5.25.2i Al - 3% - . - . - 2 - - - - - - . - . - 2 - .
Q. 525.2i A2 - ‘% - - - - - - - - - - - - - - - - - - -
Q_5.25.2i A3 - 25% - 5 - - - - - - - - - - . . . . i ) i
Q. 5.25.2i A4 - 13% - . - - - . . . B - B - - - i . i B .
Q. 525.2i A5 - 3% - . = . - - - - - - B - - . . . . ) i
Q526 Al - 67% - - - - - - - - - - - - - - - - - - -
Q526 A2 - 33% - . - . - . - . - . - - . - . - . - .
Q527 Al - - - - - - - - - - - 14% - - - - - - - - -

Q527 A2 - = = 5 = s = . = . = 14% = = s = = = = = .

66 ESPON // espon.eu



FINAL REPORT // DIGISER

Q# A#¥ | ima |
1 2

Q527 A3 - -
Q527 A4 - - - - - - - - - - - 14% - - - - - - - - -
Q527 A5 - - - - - - - - - - - 14% - - - - - - - - -
Q527 A6 - - - - - - - - - - - 14% - - - - - - - - -
Q527 AT - - - - - - - - - - - 14% - - - - - - - - -
Q53 Al - - - - - - - - - - - 67% - - - - - - - - -
Q53 A2 - - - - - - - - - - - 33% - - - - - - - - -
Q.54 Al - - 100% - - - - - - - - - - - - - - - - - -
Q541 Al - - 25% - - - - - - - - - - - - - - - - - -
Q541 A2 - - 25% - - - - - - - - - - - - - - - - - -
Q541 A3 - o 25% - - - 2 - 2 - o - o - - - - - - o -
Q541 A4 - - 25% - - - - - - - - - - - - - - - - - -
Q5411 M| = o 1% - - - 2 - 2 - o - o - - - - - - o -
Q5411 A2 - - 1% - - - - - - - - - - - - - - - - - -
Q5411 A3 - - 1% - - - - - - - - - - - - - - - - - -
Q.54.1.1 A4 - - 1% - - - - - - - - - - - - - - - - - -
Q5411 A5 - - 1% - - - - - - - - - - - - - - - - - -
Q.54.1.1 A6 - - 1% - - - - - - - - - - - - - - - - - -
Q5411 AT - - 1% - - - - - - - - - - - - - - - - - -
Q5411 A8 - - 1% - - - - - - - - - - - - - - - - - -
Q5411 A9 - - 1% - - - - - - - - - - - - - - - - - -
Q.5.4.1.2 Al - - 14% - - - - - - - - - - - - - - - - - -
Q5412 A2 - - 14% - - - - - - - - - - - - - - - - - -
Q.54.1.2 A3 - - 14% - - - - - - - - - - - - - - - - - -
Q5412 A4 - - 14% - - - - - - - - - - - - - - - - - -

Q5412 A5 - = 14% 5 = s = . = . = . = = s = = = = = .
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q5412 A6 - = 14%

Q5412 A7 - - 14% - - - - - - - - - - - - - - - - - -
Q.55 Al - - 67% - - . - . - . - . - - . - . - . - .
Q.55 A2 - - 3% - - - - - - - - - - - - - - - - - -
Q.56 Al - - . . - . - . - . - . 20% - . - . - . - .
Q.5.6 A2 - - - - - - - - - - - - 20% - - - - - - - -
Q.56 A3 - - - - - - - - - - - - 20% - - - - - - - -
Q5.6 A4 - - - - - - - - - - - - 20% - - - - - - - -
Q.56 A5 - - - - - - - - - - - - 20% - - - - - - - -
Q5.7 Al - - - - - - - - - - - - 25% - - - - - - - -
Q5.7 A2 - - - - - - - - - - - - 25% - - - - - - - -
Q5.7 A3 - - - - - - - - - - - - 25% - - - - - - - -
Q5.7 A4 - - - - - - - - - - - - 25% - - - - - - - -
Q.58 AL - - - 100% - - - - - - - - 33% - - - - - - - -
Q5.8 A2 - - - - 100% - - - - - - - 33% - - - - - - - -
Q.58 A3 - - - . - . - 2 - - - - 17% - . - . - 2 - .
Q5.8 A5 - - - - - - - - - - - - 17% - - - - - - - -
Q5.9 Al - - - . 100% - - 2 - - - - - - . - . - 2 - .
Q.5.9.1 Al - - - - 20% - - - - - - - - - - - - - - - -
Q591 A2 - - - . 20% - - 2 - . - . - - . - 2 - . - 2
Q591 A3 - - - - 20% - - - - - - - - - - - - - - - -
Q.59.1 A4 - - . . 20% - - . - . - . - - . - . - . - .
Q.5.9.1 A5 - - - - 20% - - - - - - - - - - - - - - - -
Q_5.10 A2 - - . . - . - . - . - . 17% - . - . - . - .
Q_5.10 A3 - - - - - - - - - - - - 33% - - - - - - - -

Q_5.10 A4 - = = 5 = s = . = . = . 50% = s = = = = = .
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Q# A

HH*

Q511 Al 50% 50%
Q511 A2 - - - - - - - - - - - 33% 33% - - - - - - - -
Q511 A3 - - - - - - - - - - - 17% 17% - - - - - - - -
Q512 Al - - - - - - - - - - - - - 100% - - - - - - -
Q5121a Al - - - - - - - - - - - - - 13% - - - - - - -
Q5121a A2 - - - - - - - - - - - - - 25% - - - - - - -
Q5121a A3 - - - - - - - - - - - - - 38% - - - - - - -
Q5121a A4 - - - - - - - - - - - - - 25% - - - - - - -
Q.5.12.1b Al - - - - - - - - - - - - - 13% - - - - - - -
Q.5.12.1b A2 - - - - - - - - - - - - - 25% - - - - - - -
Q.5.12.1b A3 - o - - - - 2 - 2 - o - o 38% - - - - - o -
Q5121b A4 - - - - - - - - - - - - - 25% - - - - - - -
Q5.121c¢ M| = o - - - - 2 - 2 - o - o 13% - - - - - o -
Q. 5.12.1c¢ A2 - - - - - - - - - - - - - 25% - - - - - - -
Q5.12.1c¢ A3 - - - - - - - - - - - - - 38% - - - - - - -
Q.5.121.c¢ A4 - - - - - - - - - - - - - 25% - - - - - - -
Q5.12.1d Al - - - - - - - - - - - - - 13% - - - - - - -
Q. 5.12.1d A2 - - - - - - - - - - - - - 25% - - - - - - -
Q5.12.1d A3 - - - - - - - - - - - - - 38% - - - - - - -
Q. 5.12.1d A4 - - - - - - - - - - - - - 25% - - - - - - -
Q5.12.1e Al - - - - - - - - - - - - - 13% - - - - - - -
Q. 5.12.1e A2 - - - - - - - - - - - - - 25% - - - - - - -
Q5.12.1e A3 - - - - - - - - - - - - - 38% - - - - - - -
Q. 5.12.1e A4 - - - - - - - - - - - - - 25% - - - - - - -
Q. 5.12.1f Al - - - - - - - - - - - - - 13% - - - - - - -

Q. 5.12.1f A2 - = = 5 = s = . = . = . = 25% s = = = = = .
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Q# A

HH*
N - =
I
-
I
N~ =
|
-
|
N =
|
-
I
N - =
|
N
I
N
|
N
|

= = = = 38% = = = = - = -

Q 5.12.1.f A3
Q_5.12.1f A4 - - - - - - - - - - - - - 25% - - - - - - -
Q. 5.12.19 Al - - - - - - - - - - - - - 13% - - - - - - -
Q_5.12.19 A2 - - - - - - - - - - - - - 25% - - - - - - -
Q. 5.12.19 A3 - - - - - - - - - - - - - 38% - - - - - - -
Q. 512149 A4 - - - - - - - - - - - - - 25% - - - - - - -
Q 5.12.1.h Al - - - - - - - - - - - - - 13% - - - - - - -
Q_5.12.1h A2 - - - - - - - - - - - - - 25% - - - - - - -
Q 5.12.1.h A3 - - - - - - - - - - - - - 38% - - - - - - -
Q_5.12.1h A4 - - - - - - - - - - - - - 25% - - - - - - -
Q_5.12.1i AL - - - - - - - - - - - - - 13% - - - - - - -
Q_5.12.1.i A2 - - - - - - - - - - - - - 25% - - - - - - -
Q_5.12.1.i A3 - - - - - - - - - - - - - 38% - - - - - - -
Q_5.12.1.i A4 - - - - - - - - - - - - - 25% - - - - - - -
Q._5.12.2 AL - - - - - - - - - - - - - 100% - - - - - - -
Q_5.1221a Al = = = = = = = = = = = = = 67% = = = = = = =
Q.5.1221.a A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1b Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1.b A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1c Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1.c A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1d Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1d A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1e Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1.e A2 = = = = = = = = = = = = = 33% = = = = = = =

Q_5.12.2.1f Al = = = = = = = = = = = = = 67% = = = = = = =
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Q# A#¥ |ima [ ima [ima |2
1 2 3 1

2.1

Q_5.12.2.1f A2 = = = = = = = = = = = = = 33% = = = = = = =
Q512219 Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.19 A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1h Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1h A2 = = = = = = = = = = = = = 33% = = = = = = =
Q_5.12.2.1. Al = = = = = = = = = = = = = 67% = = = = = = =
Q_5.12.2.1.i A2 = = = = = = = = = = = = = 33% = = = = = = =
Q6.1 Al - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A2 - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A3 - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A4 - - - - - - - - - - - - - - - - 10% - - - -
Q. 6.1 A5 - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A6 - - - - - - - - - - - - - - - - 10% - - - -
Q. 6.1 AT - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A8 - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A9 - - - - - - - - - - - - - - - - 10% - - - -
Q6.1 A10 = = = = = = = = = = = = = = = = 10% = = = =
Q_6.1.2 A2 - - - - - - - - - - - - - - - - 17% - - - -
Q._6.1.2 A3 - - - - - - - - - - - - - - - - 33% - - - -
Q. 6.1.2 A4 - - - - - - - - - - - - - - - - 50% - - - -
Q6.2 AL - - - - - 100% - - - - - - 20% - - 20% - - - - -
Q. 6.2 A2 - - - 50% - - - - - - - - 40% - - 40% - - - - -
Q6.2 A3 - - - 50% - - - - - - - - 40% - - 40% 100% - - - -
Q 6.3 Al - - - - - - 100%  100%  100% - - - - - - - - - - - -
Q_6.3.1 Al - - - - - - - 50% - - - - - - - - - - - - -

Q. 6.3.1 A2 - = = 5 = s 20% . = . = . = = s = = = = 50% .
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©
T+
>
ETS
N - =
I
fiN
I
N~ =
|
[N
|
N =
!
-
I
N - =
|
N
I
N
|
N
|

Q. 6.3.1 A3
Q 6.3.1 A4 - = = = =
Q631 A5 - - - - -
Q. 6.3.1 A6 - = = - =
Q631 AT - = - - B
Q 632 A2 - - - - B
Q632 A3 - - - - -
Q 632 A4 - - . - i
Q 632 A5 - = - - N
Q 632 A6 - = = - =
Q 632 AT - . - - B
Q 632 A8 - - . - N
Q 632 A9 - . - - B
Q 632 AL - - . - N
0
Q632 Al - = - - N
1
Q6.4 Al - - - - B
Q. 6.4.1 Al - - . i B
Q. 6.4.1 A2 - - . - i
Q 6.4.1 A3 - B . i B
Q. 6.4.1 A4 - = = - =
Q 6.4.1 A5 - - - - -
Q 6.4.1 A6 - - . - N
Q7.1 Al - - - - -
Q711 Al - = = 5 =
Q711 A2 - - - - -
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12.1_

20%
20%
20%

20%

25%

25%

25%

25%

100%

2.1

100%

25%

25%

25%

25%

100%

100%

13%

13%

100%

17%

17%

17%

17%

17%

17%

100%
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q711 A3 - - - - - - - = = B > 13% > = - - -
Q711 A4 - = - - - - - - - - - - = - - 13% . s - - -
Q711 A5 - - - - - - - - - - - - - - o 13% o o 5 A A
Q711 A6 = S = - - - - - - - - - = = = 13% - - - - R
Q711 A7 - - - - - - - - - - - - - - o 13% o o 5 A A
Q711 A8 - - - - - - - - - - = = o o 5 9% - - - - R
Q. 7.2a Al - = 5 5 o 50% - - - - - - - . - - . i B R B
Q. 7.2a A2 - = - - - 50% - - - - = - = - - 100% 5 - - R B
Q_7.2b Al - = 5 5 o 50% - - - - - - - . - - . i B R B
Q_7.2b A2 - - - - - 50% - - - - - - - = - 100% - - - o -
Q_7.2c¢c Al = = - - - 50% - - - - 5 - 5 = = = o o a - -
Q. 7.2c A2 - = - - - 50% - - - - = - = - - 100% 5 - - R B
Q_7.2d Al = = - - - 50% - - - - 5 - 5 = = = o o a - -
Q_7.2d A2 - - - - - 50% - - - - - - - - - 100% - = - - .
Q_7.2e Al = = - - - 50% - - = - - = = = - - - - - - -
Q._7.2e A2 - - - - - 50% - - - - - - - - - 100% s = - - .
Q_7.2f Al = = - - - 50% - - = - - = = = - - - - - - -
Q 7.2.f A2 - = - - e 50% = - E - = - = - - 100% 5 - - R B
Q7249 Al = = - - - 50% - - - - - - - = = = - - - - -
Q 7249 A2 - = - - E 50% = - = - = - = - - 100% 5 = - R .
Q_7.2h Al = = - - - 50% - - - - - - - = = = - - - - -
Q_7.2.h A2 - - - - - 50% - - - - - - - - - 100% - = . o 5
Q_7.2i Al - - - - - 50% - - = - o = - - - - - - - - _
Q_7.2i A2 - - - - - 50% - - - - - = = = o 100% o o - - -
Q_73a Al = 25% = - = - - - - - - - - - = = = - - 33% -

Q 7.3a A2 - 75% = 5 = s = . = . = . = = s = = = = 67% .
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q_7.3b Al -
Q. 7.3b A2 -
Q 7.3c Al -
Q. 7.3c A2 -
Q 7.3d Al -
Q 7.3d A2 -
Q 7.3e Al -
Q 7.3e A2 -
Q. 7.3.f Al -
Q. 7.3f A2 -
Q7349 Al -
Q. 7349 A2 -
Q. 7.3h Al -
Q 7.3h A2 -
Q_7.3i Al -
Q_7.3i A2 -
Q 7.4.a Al -
Q 7.4.a A2 -
Q. 7.4b Al -
Q 7.4b A2 -
Q 7.4c Al -
Q. 7.4c A2 -
Q 7.4d Al -
Q 7.4d A2 -
Q 7.4e Al -
Q 7.4e A2 -
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25%
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25%
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25%

75%

25%

75%
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33%
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33%

67%
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67%
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q 7.4f Al - 25%

Q_7.4f A2 = 75% = = = = = = = = = = = = = = = = = 67% =
Q_7.49 Al | - 5% - - - - - - - . - . . = . . 5 . - 33% -
Q 749 A2 - 75% - - - - - - - - - - - - - - - B - 67% -
Q_7.4h Al - 25% . > = > . . . . . . . = > . > . . 33% .
Q_7.4h A2 = 75% = - = - = - - = S = S = - = - - - 67% -
Q 7.4i A | s 25% . 5 . 5 . 5 . . 5 . 5 . 5 . 5 . . 33% 5
Q_7.4i A2 - 75% - - - - - - - - - - - - - - - - - 67% -
Q_75a Al = 25% = - - - - - - - - - - - - - - o s 33% =
Q_75a A2 = 75% - - - - - - - - - - - - - = s = s 67% -
Q_75b Al = 25% = = = = = = = = = = = = = = = = = 33% =
Q_7.5b A2 - 75% = 5 = - = - = = = = = = - = - = - 67% -
Q_75c¢c Al = 25% = = = = = = = = = = = = = = = = = 33% =
Q 75c¢ A2 - 75% = 5 = - = - = = = = = = - = - = - 67% -
Q_7.5.d Al - 25% - - - - - - = - - s = o - - - - - 33% R
Q_7.5d A2 = 75% - - - - - - - - - - - = - = s o s 67% -
Q_75e Al = 25% = = = = = = = = = = = = = = = = = 33% =
Q 75e A2 - 75% = - = = - - - = = = = = = - - - - 67% -
Q_75.f Al = 25% = = = = = = = = = = = = = = = = = 33% =
Q_75.f A2 - 75% - - - - - - - - - - - = = = 5 o 5 67% -
Q_7549 Al = 25% = = = = = = = = = = = = = = = = = 33% =
Q 759 A2 - 75% . . = . = 5 = 5 . 5 . = . = 5 . . 67% 5
Q_7.5.h Al = 25% = - = - = - - = S = S = - = - - - 33% -
Q_75.h A2 - 75% . > = > . . . . . . . = > . > . . 67% .
Q_75.i Al = 25% = - = - = - - = S = S = - = - - - 33% -

Q_75. A2 - 75% = 5 = s = . = . = . = = s = = = = 67% .
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q 7.6.a Al -
Q. 7.6.a A2 -
Q_7.6b Al -
Q_7.6b A2 -
Q 7.6 Al -
Q. 7.6c A2 -
Q. 7.6d Al -
Q. 7.6d A2 -
Q 7.6e Al -
Q 7.6e A2 -
Q. 7.6.f Al -
Q_7.6.f A2 -
Q. 7.649 Al -
Q 7649 A2 -
Q. 7.6h Al -
Q_7.6h A2 -
Q_7.6.i Al -
Q_7.6. A2 -
Q7.7a Al -
Q7.7a A2 -
Q7.7b Al -
Q7.7b A2 -
Q7.7c Al -
Q17.7c A2 -
Q7.7d Al -
Q7.7d A2 -

76 ESPON // espon.eu

25%

75%

25%

75%

25%

75%

25%

75%

25%

75%

25%

75%
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25%
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25%

75%

25%

75%

25%

75%

25%

75%

25%

75%

67%

33%

67%

33%

67%

33%

67%

33%

67%
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67%

33%

67%

33%

67%

33%

67%
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Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q7.7e Al - 25%

Q7.7e A2 - 75% - - - - - - - - - - - - - - - - - 67% -
Q_7.7f Al = 25% - - - - - - - - - - = = = = o o o 33% -
Q7.7f A2 - 75% - - - - - - = - B = > = - - - - - 67% -
Q7749 Al - 25% . > = > . . . . . . . = > . > . . 33% .
Q7749 A2 - 75% = - = - = 5 = - = - = = - = 8 = 5 67% 8
Q 7.7.h A | s 25% . 5 . 5 . 5 . . 5 . 5 . 5 . 5 . . 33% 5
Q_7.7.h A2 - 75% - - - - - - - - - - - - - - - - - 67% -
Q_7.7.i Al = 25% - - - - - - - - - - = = = = o o s 33% -
Q_7.7.i A2 = 75% - - - - - - - - - - - - - = s = s 67% -
Q.81la A2 17% - - - - - - - - - - - - - - - - - - - -
Q. 81la A3 33% - - - - - - - - - - - - - - - - - - - -
Q.81la A4 50% - - - - - - - - - - - - - - - - - - - -
Q. 8.1b A2 1% - = 5 = - = - = = = = = = - = - = - = -
Q_8.1b A3 33% - - - - - - - - - - - - - - - - - - - -
Q. 8.1b A4 50% - = - = = - - - = = = = = = - - - - = -
Q.8.1lc A2 17% - - - - - - - - - - - - - - - - - - - -
Q. 8ic A3 33% - = - = = - - - = = = = = = - - - - = -
Q. 8.1lc A4 50% - - - - - - - - - - - - - - - - - - - -
Q 8.1.d A2 1% . . > = > = > = . . . . = > = > = 5 . .
Q_8.1d A3 33% - - - - - - - - - - - - - - - - - - - -
Q 8.1.d A4 50% . . . = . = 5 = 5 . 5 . = . = 5 . . . 5
Q.81le A2 17% - - - - - - - - - - - - - - - - - - - -
Q. 81le A3 33% - = 5 = s = . = . = . = = s = = = = = .
Q.81le A4 50% - - - - - - - - - - - - - - - - - - - -

Q. 8.1f A2 17% = = 5 = s = . = . = . = = s = = = = = .
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Q# P O T N
1 2 3
Q 8.1f A3 33% = =
Q. 8.1f A4 50% = =
Q. 81g A2 17% = =
Q81lg A3 33% = =
Q. 81g A4 50% = =
Q. 8.1h A2 17% = =
Q. 8.1h A3 33% - -
Q. 8.1h A4 50% = =
Q 8.1i A2 17% s =
Q. 8.1i A3 33% = =
Q. 8.1 A4 50% - -
Q. 82a A2 33% = =
Q. 82a A3 33% - -
Q. 82a A4 33% = =
Q. 82b A2 33% = -
Q. 82b A3 33% = =
Q. 82b A4 33% = -
Q. 82c A2 33% = =
Q. 82c A3 33% = =
Q. 82c A4 33% = =
Q. 82d A2 33% = =
Q. 8.2d A3 33% - -
Q. 82d A4 33% = =
Q. 82e A2 33% = =
Q. 82e A3 33% = =
Q. 82e A4 33% = =
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Q# A#¥ |ima [ ima [ima |2
1 2 3 1

Q_8.2f A2 33% - - 17% - - = - = - o 5 o - - - - - - - .
Q_8.2f A3 33% - - 33% - - - - - B = = o o - - - - - - -
Q_8.2f A4 33% - - 50% - - = = = - o o o - - - - - - - .
Q._82g A2 33% = - 17% s . = - - - - - - - . B . B _ B B
Q_8.29 A3 33% - - 33% - - - - - - - = s o > = 5 - - - -
Q8249 A4 33% - - 50% - - = - - = o . - - - - - - - R R
Q_8.2.h A2 33% - - 17% - - - - - - = o o 5 5 - - - - - -
Q_82h A3 33% - - 33% - - = - = = o - - - - - - R - - R
Q_82h A4 33% - - 50% - - - = = o s o o o - - - - - R R
Q_8.2i A2 33% - - 17% - - = - = = o - - - - - - R - - R
Q_8.2i A3 33% - - 33% - - - - - - o o o o . - - - - - -
Q_8.2i A4 33% - - 50% - - - - = = o - - - - - - R - - R
Q_83a Al = - - - - 50% 50% - - - o = = . o . . - - - -
Q_83a A2 - - - - - 50% 50% - - - - - = o 5 - - - - R -
Q_83b Al - - - - - 50% 50% - = - = = = s - - - - - - -
Q_8.3b A2 - - - - - 50% 50% - - - = - = o 5 o - - - - -
Q_83c Al - - - - - 50% 50% - = - = = = s - - - - - - -
Q_8.3.c A2 - - - - - 50% 50% - - - = - = o 5 o - - - - -
Q_8.3.d Al - = - - - 50% 50% - - - - - = = . s - - - - -
Q_8.3d A2 - - - - - 50% 50% - = = = - o o 5 - - - - - -
Q_83e Al o = = = = 50% 50% - - - - - - B = = = o o - -
Q_8.3e A2 - - - - - 50% 50% - - - = - = o 5 o - - - - -
Q_8.3.f Al ® S - - - 50% 50% - - - - - = = . . - - - - -
Q_83.f A2 - - - - - 50% 50% - - = = S o o a - - - - - -
Q_8.3.9g Al ® S - - - 50% 50% - - - - - = = . . - - - - -

Q_8.3.9 A2 o = = = = 50% 50% - - - - - - - - = = o o o -
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2.1 | 121
1 2

Q# A#¥ | ima [ima [ima 2 | n2
1 2 3 1 2

Q.83h Al - 50%  50% - . . 5 - - - - - - . - - -
Q.83h A2 - - - - - 50%  50% - - - - - - - - - - - - - -
Q_8.3i Al - - . . - 50%  50% - - . - . - - . - . - . - .
Q_83i A2 - - - - - 50%  50% - - - - - - - - - - - - - -
Q. 831 A2 100% - . . - . - . - . - . - - . - . - . - .
Q831 A3 - - - - - - - - - - - - - - - 100% - - - - -
Q. 84a Al 20% - . . - . - . - . - . . - . - 5 - 5 - .
Q. 84a A2 - - - - - - - - - - - - - - 100% - - - - - -
Q. 84a A3 20% - . . - . - . - . - . . - . - 5 - 5 - .
Q. 84a A4 20% - - - - - - - - - - - - - - - - - - - -
Q. 84a A9 40% - - - - - - - - - - - - - - - - - - - -
Q_8.4.b AL - 20% - - - - - - - - - - - - - - - - - - -
Q. 8.4b A2 - - - - - - - - - - - - - - 100% - - - - - -
Q_8.4.b A3 - 20% - - - - - - - - - - - - - - - - - - -
Q. 8.4b A4 - 20% - - - - - - - - - - - - - - - - - - -
Q_8.4.b A9 - 0% - . - . - 2 - - - - - - . - . - 2 - .
Q. 84.c Al - 20% - - - - - - - - - - - - - - - - - - -
Q.84c A2 - - - . - . - 2 - - - - - - 100% - . - 2 - .
Q. 84c A3 - 20% - - - - - - - - - - - - - - - - - - -
Q.84c A4 - 20% - . - . - 2 - . - . - - . - 2 - . - 2
Q. 84c A9 - 0% - - - - - - - - - - - - - - - - - - -
Q. 8.4.d Al - 20% - . - . - . - . - . - - . - . - . - .
Q._8.4.d A2 - - - - - - - - - - - - - - 100% - - - - - -
Q.8.4d A3 - 20% - . - . - . - . - . - - . - . - . - .
Q._8.4.d A4 - 20% - - - - - - - - - - - - - - - - - - -

Q. 8.4d A9 - 40% = 5 = s = . = . = . = = s = = = = = .
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Q_# A# 111 | 11
1 2

Q_8.4.e Al - 20%

Q. 8.4e A2 - = - - - - - .
Q_8.4.e A3 - 20% - - o - - -
Q_84.e A4 - 20% - - - . - .
Q_8.4.e A9 - 40% - - o - - -
Q_8.4.f Al - 20% - - - . - .
Q_8.4f A2 - - - - - - - -
Q_8.4.f A3 - 20% - - - - - B
Q_8.4f A4 - 20% - - - - - -
Q_8.4.f A9 - 40% - - - - - B
Q_84.g Al - 20% - - - . - -
Q. 84g A2 - = - - - - - B
Q_84.g A3 - 20% - - - . - -
Q_84g A4 - 20% - - 5 - - .
Q_84.g A9 - 40% - - - . - -
Q_8.4.h A2 - = - - - - - B
Q_8.4.h A3 - - 25% - s - - -
Q_8.4.h A4 - - 25% - S - - B
Q_8.4.h A9 - - 50% - s - . .

DPSVI Data Model — Answers weighting in questions’ standardization
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A.l.2 DPSVI Data model — Question aggregation relative weights

11.1.1 11.1.2 11.1.3 11.2.1 11.2.2 11.2.3 12.1.1 12.1.2 12.1.3 12.2.1.1 12.2.1.2 12.2.1.3 12.2.1.4 12.2.1.5 12.2.2 12.2.3.1 12.2.3.2 12.2.3.3 12.2.4.1 12.2.4.2 12.2.4.3

100% - 100%
2.1.3 - - - - - - - 100% - - - - - - - - - - 100%

214 - - - - - - - - - - - - - - - - : - 100%

2.2 - - - - - - - 50% - - - - - - - - - - 100%

2.3 - - - - - 40% - - - - - - - - - - - -

2.4 - - - - - - - 100% - - - - - - - - - -

25 - - 100% - 100% - - 100% - - - - - = - - - -

3.1 - - - - - - - - - - - - - - - - - - 100%

3.2 - - - - - - - - - - - - - - - - - - 100%

3.4 - - - - - - - - - - - - - - 100% - - - - - 10%
3.6 - - - - - - - - - - - - - - 100% - - - - 25%

3.7 - - - - - - - 100% - - - - - - 100% - - -

3.7.1 - - - - - - - - 100% - - - - - 100% - - -

3711 - - - - - - - - - - - - - - - - - -

3.8 - - 100% - - - - - - - - - - - 100% - - - - - 30%
3.8.1 . : : . : . : . : - . : . : . : - :

4.1 - - - - - - - - - - - - - - - - - - 100%

4.2 . : : . : . : . : - . : . : . : - :

4.3 - - 100% - - - - - - = - = = = = - - - 100%
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4.4 - :

4.5

4.6

4.7

4.8
4.8.1
5.1
511
5.2
521
5.2.1.1
522
5.2.3
524
5.2.5
5251
5.251.1
5.2.5.2
5.2.6
5.2.7
5271
5.2.7.2
5.3

54
54.1
5411
54.1.2

100%

100%

11.1.3 | 11.2.1 -

100%

100%

20%

60%

10%

10%

100%

100%

20%

80%

80%

80%

80%

100% 100%

100%

100%
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1111 | 12.1.2 | 1213 | 1121 | 1122 | 1123 | 1211 | 1212 | 1213 | 122.1.1 | 122.1.2 2213 | 122.1.4 | 12215 | 1222 | 12231 | 12232 | 12233 | 12241 | 122.4.2 12.2.4.3

54121

5.5 - - 100% - - - - - - - - - - - - - - -
5.6 - - - - - - - - - - - - 100% - - - - -
5.7 - - - - - - - - - - - - 100% - - - - -
5.8 - - - 20% 100% - - - - - - E 100% = - = - =
5.9 - - - - 0% - - - - - - - - - - - - -
5.9.1 - - - - 0% - - - - - - - - - - - - -
59.1.1 - - - - - - - - - - - - - - - - - -
5.10 - - - - - - - - - - - - 100% - - - - -
5.11 - - - - - - - - - - - 100% 100% - - - - -
5.12 . . - - : - . . . - - : - 20% - . - .
5.12.1 - - - - - - - - - - - - - 40% - - - -
5.12.2 - - - - - - - - - - - - - 8% - - - -
5.12.21 - - - - - - - - - - - - - 32% - - - -
6.1 - - - - - - - - - - - - - - - - 100% -
6.1.2 - - - - - - - - - - - - - - - - 100% -
6.2 - - - 20% - 20% - - - - - - 100% - - 100% 100% -
6.3 - - - - - - 6% 10% 20% - - - - - - - - -
6.3.1 - - - - - - 21%  45% - - - - - - - - - - - 13%
6.3.2 - - - - - - 27% 45% 80% - - - - - - 100% - - - 13%
6.3.2.1 - - - - - - - - - - - - - - - - - -
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11.1.1 11.1.2 11.1.3 11.2.1 11.2.2 11.2.3 12.1.1 12.1.2 12.1.3 12.2.1.1 12.2.1.2 12.2.1.3 122.1.4 12.2.1.5 12.2.2 12.2.3.1 12.2.3.2 12.2.3.3 12.2.4.1 12.2.4.2 12.2.4.3
6.4 - - - - . . - . - . - - - - : - : . . .

100%
6.4.1 . . : . : . . . . - . : . : . . - 100%

6411 - - - - - - - - - - - - - - - - - -

6.4.2 . : : . : . : . : - . : . : . : - :

7.1 - - - - - - 20% - 100% - - - - - - - - -

7.1.1 - - - - - - - - - - - - - - - 100% - -

7.2 - - - - - 20% - - - - - - - - - 100% - -

7.3 - 100% - - - - - - - - - - - - - - - - - 10%
7.4 - 100% - - - - - - - - - - - - - - - - - 10%
741 . : : . : . : . : : . : . : . : : :

7.5 - 100% - - - - - - - - - - - - - - - - - 10%
7.6 - 100% - - - - - - - - - - - - - - - - - 10%
7.6.1 - - - - - - - - - - - - - - - - - -

7.7 - 100% - - - - - - - - - - - - - - - - - 10%
8.1 30% - - - - - - - - - - - - - - - - -

8.2 30% - - 60% - - - - - - - - - - - - - -

8.3 - - - - - 20% 20% - - - - - - - - - - -

8.3.1 0% - - - - - - - - - - - - - - 100% - -

8.4 30% 100%  100% - - - - - - - - - - - 100% - . R
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A 1.3 Sl Service Index — Detail of service areas

General / Administration

Included Service Sectors Example of a digital solution
Certification/registration Certify/register personal information online
Information Find information online

Taxation & fees Declare taxes, pay fees online

Interaction Provide feedback/information online

Follow council meetings (streaming)
Participate in process (eVoting, streaming)

Business services Certify/register business information online
Included Service Sectors Example of a digital solution
Strategic/Land use planning Consult data and plans (GIS)

Apply for permits and trace progress

Consult/participate (streaming, teleconference)

Predictive modelling

Car Share

Fleet and Ride Share

Person-to-Person Car Rental

Real-Time Tracking of Journey inside and in stations (Cloud, Big Data, Al, 10T)

Notifications on service interruptions
Construction Apply for permits, register and certify

Legal: building codes for smart buildings
Transport & Mobility

Included Service Sectors Example of a digital solution
Parking Pre-Booking & Reservations
Dynamic Availability & Smart Payment
EV Charging
Towing and removal
Traffic Management Real-Time Traffic Information and Management (Cloud, Big Data, Al, 10T)

Road User Charging (IoT)
Connected Vehicles
Connected Traveller
E-Call Road Assistance
Digital Information Boards
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Logistics Crowdsourced Logistics
Delivery Apps
Robots & Drones
Public Transport Multimodal Transportation Information (Apps)

Route Management and Planning
Autonomous Transport Systems [Robotics, Big Data, Al, 10T, 5G]
Dynamic Availability & Smart Payment
Bike/Scooter Share
Utiities ]
Included Service Sectors Example of a digital solution
Waste disposal Route Management and Planning
Smart Sensor Bins and RFID Tags (loT)
Volume/Frequency-Based Payment System
Water (clean & waste) Smart meters
Public Health Monitoring (Smart Sensors)
Quality Monitoring (Smart Sensors)
Leak & degrading infrastructure detection
Maintenance planning (automated geolocation of failures)
Infrastructure repairs (robotics)
Elecriticty Smart meters and consumption monitoring
Electronic billing
Smart Energy Grid

Internet Public wifi (4G, 5G)
Package stations
Street lighting Smart lampposts
Road maintenance Apps to communicate about road conditions
Snowplow, cleaning (route planning)
Heating Real time energy demand information and management

Smart Thermal Grid

Smart energy systems

Smart buildings
Social & Welfare Services

Included Service Sectors Example of a digital solution
Social Housing Registration, process management
Building smart monitoring and management

Social assistance Registration, process management
Water (clean & waste) Smart meters
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Public Health Monitoring (Smart Sensors)
Quality Monitoring (Smart Sensors)
Healthcare

Included Service Sectors Example of a digital solution
Public health services Registration, ticketing, booking, access to records

Remote assistence, Digital/virtual rehabilitation, health-related data monitoring
Outpatient services Registration, ticketing, booking treatments, access to records

Health-related data monitoring

Included Service Sectors Example of a digital solution
Pre-primary education Enrolment
Primary/secondary education elLearning

eBooks

Culture & Leisure

Included Service Sectors Example of a digital solution
Cultural services Ticketing, booking access, digital guides (app), service evaluation
Recreation and sporting
activities Ticketing, booking access, service evaluation
Tourism services Ticketing, booking access, digital guides (app), service evaluation
Emergency response Real Time Call Centers

Drones

Order & Safety

Included Service Sectors Example of a digital solution
Emergency preparedness Emergency preparedness plans (Digital Twin, 10T, VR)
Public safery Facial recognition (10T, Drones, Al)
Police Crime prediction modelling (Al)
Recording (Bluetooth, Cloud Computing)
GPS tracking
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Appendix II: Univariate models

This analysis is developed with the aim of doing inference on some external variables. They include the
population of a city and the belonging or not to (at least) one network of cities. These two are available at
the same aggregation level of the cities. Another external variable is the gross domestic product per capita,
which is instead referred to the province of the city, and not precisely to the city itself. Not only are some
hypotheses of linear correlation discussed, via a linear model, but also more general ones. In fact, for every
explored dependence, a baseline tentative is done via linear models. Then, non-linearity is allowed through
the generalised additive models (introduced by Hastie and Tibshirani, 1986). The latter model is selected to
guarantee a high degree of interpretability and communicability of the results, while granting nonlinear de-
pendencies. The strength of the GAMs is the additivity: despite allowing non-linearity between the output
and each variable, the final model is obtained by adding these terms. So, it is easy to separately analyse the
non-linear terms. These analyses deserve attention since provide useful and intuitive tools to explore corre-
lations and dependencies between the enquired phenomena and some variables that may, or may not, be
their drivers.

In this annex, the analysis of index I1 is presented, although the same work has been carried out for the
other indicators too.

Univariate: POP + Country CODE

11 barplot by POP_range 11 barplot by POP range _ reference

The couple of barplots in Figure 25summarises the distribution of 11 versus some predefined clusters of
population. The plot on the right is done considering just the 155 cities belonging to the so-called reference
sample, which does not take into account cities with less than 50 000 inhabitants, and it should cover more
homogeneously all the other population ranges. The other plot instead is obtained with all the respondent
cities, which do not show a clear pattern, yet it seems that there is a considerable up-shift for cities with more
than 250 000 inhabitants. Despite being interesting to compare the average trend noticed in the global sam-
ple and the statistical one, these barplots flatten out the characterising variability of the various cities of the
same cluster. In fact, suppose that there is a wide underlying variability but the cluster dimension is large,
the averaging effect dominates and shades this variability. On the other hand, for the smaller clusters, lev-
eraging elements that move the mean significantly are likely to be found, especially if the leveraging data
point is extremely far from the rest of the data points. Therefore, the following regression analyses will be
useful to statistically prove any evidence of this kind.

Linear Model
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The first proposed model is the linear model where 11 is the output, and the regressors are the base-10
logarithm of the population datum and the categorical variable representing the country. Such a model is
meaningful for various reasons. Firstly, it is the best in terms of Rﬁdj and statistical significance of the esti-
mated coefficients. It outperforms the models without the logarithmic transform, or with, for example, a dou-
ble logarithm or even a square root. Secondly, it provides a neat, simple and easily interpretable overview
of the relation between the population and the current indicator. Moreover, the country factor allows to ad-
dress a crucial research question, namely the existence of a single European reality, against a differentiation
of behaviour country by country. As just mentioned, the Country variable is of a factor-type, thus to insert it
in a regression model in a way that delivers a more natural interpretation of the country coefficients, the so-
called Deviation Encoding'! is applied. Thanks to it, the resulting model can be seen as a “grand mean” term,
i.e. areference value and, plus a set of deviations from it, one for each country. It is important to specify that
by grand mean it is intended the mean of the country means. To practically achieve such a result, the en-
coding works in the following way: assuming n levels of the considered factor variable, an equivalent set of
n—1 contrasts is built, therefore the first n-1 levels are mapped into n-1 dummy variables. The remaining
one is built “by contrast”, so it assumes a value equal to -1 in correspondence of each dummy. When
performing a linear modelling the first n — 1 deviations are directly readable from the model summary, since
they coincide with the regression coefficients, then to retrieve its deviation it is enough to sum the reverse
of the n — 1 coefficients, since the sum of all the deviations is 0, as long as a model including all of them is
nothing but the reference itself. This model confirms a positive dependence between I1 and the logarithm of
the population variable, and in many cases the Country line needs to be shifted, up or down. In fact, from
this summary it seems that a unique European trend does not appear to be realistic, but country by country
the performances differ, as the following ANOVA model summary in Table 16 summarises.

Df Sum Sq Mean Sq F value Pr(>F)
(Intercept) 1 45.58 45.58 3666.396 < 2e-16 ***
Country_CODE 32 1.48 9.e5 3.726 3.72e-09 ***
logle(POP) 1 ©.30 ©.30 24.528 1.45e-06 ***

Residuals 221 2.75 8.e1

11 see, for example, the UCLA website of Advanced Research Computing for Statistical Methods and Data Science
https://stats.oarc.ucla.edu/r/library/r-library-contrast-coding-systems-for-categorical-variables/#DEVIATION.
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Formula: y ~ logl@(POP) + Country_CODE

Residuals:

Min 1Q Median

-@.31290 -9.06349 0.00000 @.07653 @.29433

Coefficients:
Estimate Std.
{Intercept) 9.020622 0.
logla(FOP) 8.933582
"AL" Country_CODE1l (-2.029391 9.
"AT" Country_CODE2 8.119268 e
"BE" Country_CODE3 B.816326 ]
"BG" Country_CODE4 a
"CH" Country CODES | ©.8934898 8.
"CY" Country_CODE6 |-9.208956 ]
"CZ" Country_ CODE7 |-2.059250 ]
"DE" Country_CODE8 [-2.03431¢ ]
"DK™ Country_ CODE9 8.136195 e
"EE" Country_CODEl@ [ 8.187722 ]
"EL™ Country_CODE1l |-2. =]
"ES™ Country_ CODE12| ©.825229 a.
"FI" Country_CODE13 | 8.188999 9.
"FR™ Country_CODE1l4 | 2.917496 e
"HR" Country_CODE1S (-2.033968 a.
"HU" Country_CODE16 |-8.173171 a.
"IE Country_ CODE17 |-8.038957 a.

3Q

Max

Error t value Pr(>|t])

881948

2.806731

188494

.B63165

.837248

.841986

263112

.855048

.@33983

.831467

.B54843

.eded20

.841970

228041

842018

.B27204

e453@5

849331

245169

©.252 9.801546

-a.

4.953

921

.888

.438

.534

.54

797

.748

.891

.483

.665

.482

.908

404

.643

.e74

.518

.862

e

a.

a.

@

@

@

1.45e-86 *=+*

.358211

@se3le .

661603

.126508

.589556

.eea19e **=

.881916 .

.276633

.813759 *

.B@B8266 **

.e13g24 *

.369252

a17e3s =

.520803

.839244 *

.epa542 ***

.389361

U

Country_CODE18
Country_CODE19
Country_CODE2@

Country_ CODE21

" Country_CODE22
" Country_CODE23
" Country_CODE24

" Country_CODE25

Country_CODE26&

" Country_CODE27

Country_CODE28

" Country_CODE29

Country_CODE3@
Country_CODE31

Country_CODE32

@.181726 ]
a
8.e78211 a
]
8.039416 a
-e ]
8.189632 a
@.163680 a
]
8.043457 a
-9.872818 ]
8.823825 a
-8.819689 a
-8.857679 ]
8.042547 a
-8.083892

Obtained by summing the opposite

signif. codes:
t1

@ ¥*E g.gal
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.063885

.925560

.0631@8

.B77261

.046887

.B77835

.835975

.063150

.@31761

.835596

.837220

.933994

.045321

.8338989

.112780

-8.304

1.239

-8.462

©.857

-8.596

2.592

-1.@59

1.222

-1.956

-8.434

-1.482

coeff of every

D

@.e1 =

@.112294
a.761634
@.216542
@.644243
@.392511
@.551888
©.802589 **
@.el1@181 *
@.29@825
@.223021
@.851675
@.498901
@.664394
@.139654

@.786342

country.

@.es ‘.7 8.1 *

Residual standard error: @.1115 on 221 degrees of freedom

Multiple R-squared:

F-statistic: 4.356 on 33 and 221 DF,

Shapiro-Wilk normality test

data: 1m_temp$residuals

W = 8.99159, p-

value = 8.1532

8.3941, Adjusted R-squared: @.3036

p-value: 1.68le-11

Table 17: Summary table of the results of the linear model in the population case,
produced with the help of R software.
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Figure 26: Analysis of the residuals of the LM with population, via typical plots.
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Figure 27: Scatter-plots of fitted values (left) and true values (right) of 11 versus the
logarithm of the population; the straight line is the estimated regression line.

In these two plots (cfr., Figure 27) a logarithmic scale has been used on the x-axis, to provide a cleaner and

clearer visualization. This scale implies that, a value of log;o POP = x corresponds to an actual value of
POP = 10%, e.g. x = 4 means that POP = 10000. In the left plot (fitted values) there are shown the linear
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regression line in black, and all the values computed by the estimated linear model, coloured according to
the country they belong to. On the other hand, the right plot show what is the target, so the true values of
the index at hand. An interesting insight is given by the spreading of the true values against the fitted ones:
the former ones are more widely spread along the y-axis, while the latter are more shrunk. This is the direct
reflection of a statistical evidence brought by the model: it is able to capture around 30% of the variability of
the data2. It means that the population (a city-specific information) and the country variables do not account
for all the variability of the indicator, but there is something left which cannot be referred to them. In particular,
it follows that the 70% left cannot be tackled by variables of a larger aggregation level than the single city.
Thus, the inclusion of the minute city representation in the model is crucial, since each of them in fact pos-
sesses a characteristic and intrinsic behaviour that eludes the country terms. It is worthy underlining once
again that the country contributions are confirmed to be statistically significant and deserve to be kept in
consideration. They provide a substantial differentiation to be added on top of the basic European level, as
it can be seen by the two plots below (Figure 28).

Country shift romthe grand mean Boxplots of I by country
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Figure 28: Barplot of the estimated values of the coefficient values, on the left, where
0 represents the European level; boxplots of the distribution of the index values by
country on the right.

Generalised Additive Models

At this point, a more general model is attempted, both to explore also non linear dependencies and to allow
a better fit in the regions where the data are less dense. Due to the categorical nature of the country variable,
the non-linearity can be applied only to the population term. In this case it has been decided to leave it non
transformed, since the model itself is able to capture any form of non-linearity by using smooth curves. Here,
after the summary Table 18, the GAM curve is shown (Figure 29), and in the following the scatter plots
(Figure 30). The wider and wider confidence interval at 95% around the estimated curve, represented by the
dashed lines, is caused by the scarcity of cities with more than 5 million inhabitants. The European final
regression curve, bold black line in the plots, shows a clear initial linear behaviour, which translates into a
logarithmic positive dependence of the I1 index on the population. Then the following “hill” that occurs in
correspondence of log,,POP € [5.5,6.5] highlights a sudden loss of such a dependence, thus from a certain,
large, number of inhabitants, the index stops to grow along at the same pace.

12 Information brought by the R?-adjusted of the model, see Table 17: Summary table of the results of the linear model in
the population case, produced with the help of R software.
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Family: gaussian Country_CODE28 ©.084844 9.8630842 1.333 ©.183868
Link function: identity Country_CODE21 -8.828957 ©.876891 -8.273 @.785449
Formula: y ~ s{POP, bs = "cr") + Country_CODE Country_CODE22 @.@51373 @.046768 1.898 @.273209
Parametric coefficients: Country_CODE23 -8.046148 98.876867 -0.600 8.543389
Estimate Std. Error t wvalue Pr(>|t]) Country_CODE24 ©.118818 @.837752  3.147 0.e01877 **
(Intercept) 8.417997 9.813452 31.872 <« 2e-1g *** Country_CODE25 @.168625 2.863139 2.671 @.8@3138 **
Country_CODE1 -@.880177 ©.19741@ -©.746 ©.456195 Country_CODE26 -8.833676 ©.833423 -1.008 @.314763
Country_CODEZ2 @.141874 @.e641a3 2.201 ©.828799 * Country_CODE27 @.848639 B8.836594 1.329 @.185178
Country_CODE3 @.030241 ©.838533 ©.785 9.433415 Country_CODE28 -@.071901 @.838584 -1.863 @.063735
Country_CODE4 -8.851867 ©.842926 -1.288 ©.228243 Country_CODE29 ©.836151 8.835236 1.826 ©.306834
Country_CODES @.e457a7 8.863168 ©.787 ©.432189 Country_CODE3@ -8.285789 8.845971 -8.146 @.384094
Country_CODEE -8.196947 @.855289 -3.562 0.808451 *** Country_CODE31 -8.065858 9.839201 -1.580 @.094382 .
Country_CODE7 -©.846858 ©.835389 -1.327 ©.185868 Country_CODE32 -8.238345 ©.378412 -9.609 @.543346
Country_CODES -8.028358 ©.833296 -8.611 @.541556 ---
Country_CODES 8.137308 ©.855826 2.495 @.813328 * Signif. codes: @ "***' @.eea1 “**’ o.e1 *’ @.e5 ‘.’ 8.1
B
Country_CODE1® @.185585 9.840948 2.579 @.e18563 * '

Approximate significance of smooth terms:

Country_CODE1l -8.095774 9.842748 -2.241 B.e26840 *
edf Ref.df F p-value
Country CODE1Z @.835682 @.e3e282 1.179 8.239753
s(POP) 3.199 3.547 9.161 3.7e-06 ***
Country_CODE13 @.182148 @.842833 2.385 @.817948 *

@

Country_CODE14 @.022564 .829161 0.774 9.439889

Signif. codes: @ "¥**¥' @.eel “**’ e.el1 *’ @.es ‘.7 @.1

Country_CODE15 -8.882142 ©.846147 -1.788 ©.8764562 . 'l

Country_CODE16 -9.161400 @.850285 -3.21@ ©.801528 ** R-sq.(adj) = ©.326 Deviance explained = 41.9%
Country_CODE17 -@.0385al ©.845739 -0.667 @.5@5578 GOV = @.814826 Scale est. = ©.812835 n = 255
Country_CODE18 @.188096 ©.863698 1.697 @.891874 . Shapiro-wilk normality test

Country_CODE19 @.883726 @.828041 8.133 @.894417 W = ©8.99199, p-value = @.1815

Table 18: Summary table of the results of the GAM in the population case, produced
with the help of R software.

11 ~ s(POP, bs ="cr") + Country_CODE

5(POP.3.2)

T T T
00e+00 506406 1.0e+07 1.56+07
POP

Figure 29: The estimated GAM curve for 11 versus the population.
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11 fitted values - GAM 11 frue values
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Figure 30: The regression curve, the fitted (left) and true values (right) of I11.

Figure 31 focus again on the country contribution. On the left, there is the representation of the deviation
from the average European behaviour of each considered country estimated with the nonlinear model, whilst
on the right it is shown the comparison of the estimation of the deviations by the two introduced models. The
estimated coefficients are very similar, with the exception of Turkey (penultimate country on the right). This
result is particularly due to the presence of regression line underestimates the index value of Istanbul.

Country shift from the grand mean 11 : Comparison between Country_CODE coefficientsin Im vs gam
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Figure 31: The country contributions estimated with the GA
with the LM results.
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Univariate: GDPpc + Country_CODE

Linear Model

Moving to the investigation of the GDPPC, the same baseline model is attempted, with thelog,,GDPPC as
numerical input variable, and the country as factor. Once again, the ANOVA summary in Table 20 and the
model summary of Table 19, confirm the significance of all the coefficients, country-related too. Also, the
residual plots seem to confirm the statistical significance of the model (see Figure 32)
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Formula: y ~ logl@(GDPPC)+ Country_ CODE Country_CODE17 -8.8946594 8.848276 -1.962 ©.85187
Residuals: Country_CODE1E8 @.086738 8.866555 9.101 ©.91945
Min 1Q Median 3Q Max Country_CODE19 -8.081983 8.826274 -8.875 0.94@852
-8.2908475 -0.072823 -0.0059%8 ©.873672 0.296496 Country_CODE28 @.114848 8.865563 1.752 @.es8121
Coefficients: Country_CODE21 -8.159232 ©.883986 -1.896 ©.85927
Estimate Std. Error t wvalue Pr{>|t]|) Country_CODE2Z ©.862710 ©.858863 1.233 0.21892
(Intercept) -@.264483 ©.209834 -1.268 @.20898 Country_CODE23 -8.034689 2.879241 -8.438 0.66199
logla(GDPPC) @.156114 ©.847548 3.283 @.e8119 ** Country_CODE24 @.898638 ©.838626 2.554 @.81133 *
Country_CODE1 @.ea43a6 @.117ea7 8.841 8.96727 Country_CODE25 @.188882 @.868181 1.596 @.111%7
Country_CODE2 @.986585 ©.866538 1.381 @.19452 Country_CODE26 ©@.020366 2.833617 @.686 ©.54526
Country_ CODE3 -©.824522 ©.839686 -©.628 @.53067 Country_ CODE27 @.851858 8.837216 1.372 9.17147
Country_CODE4 @.815163 ©.849611 ©.3806 ©.76817 Country_CODE28 -8.9012647 9.842439 -8.298 0.76598
Country_CODES -@.847756 ©.868748 -0.695 @.48795 Country_CODE29 -8.823245 @.836393 -8.639 0.52366
Country_CODE6 -8.229475 @.856449 -4.@865 6.67e-05 *** Country_CODE3@ -8.02981@ 9.846563 -0.648 0.52270
Country_CODE7 -©.834928 ©.835636 -©.988 ©.32810 Country_CODE31 -©.878726 8.839773 -1.979 @.04%01 *
Country_CODEE -@.866778 ©.834823 -1.918 @.95644 . Country_CODE32 @.238813 8.112436 2.124 @.e3477 *
Country_CODES @.e79860 ©.859256 1.348 @.17913 -

Country_CODEle ©.102080 ©.842314 2.412 ©.91666 signif. codes: @ “***' @.@e@l “**’ @.el “*’ @.e5 *." 9.1
B
1
Country_CODE1l -@.8285938 0.043886 -2.828 @.04377 *
Residual standard error: 2.1148 on 221 degrees of freedom
Country_CODE12

@

.042364

@

.B28646 1.479 @.14859
Multiple R-squared: ©.3582,Adjusted R-squared: @.2623
Country_CODE13

@

.878536 ©.844585 1.761 ©.87954 .
F-statistic: 3.737 on 33 and 221 DF, p-value: 2.323e-89

@

.ears74

®

Country_ CODE14 -B28543 8.265 @.79897
Shapiro-Wilk normality test
Country_CODE15 -@.068465 ©.848554 -1.418 @.15992
data: 1m_temp3residuals

Country_ CODE16 -©.188658 .@52883 -2.858 @.0488@ *

@

W = 8.99634, p-value = ©.8283

Table 19: Summary table of the results of the LM in the GDPPC case, produced with
the help of R software.

Df Sum Sq Mean Sq F value Pr(>F)
(Intercept) 1 45.58 45.58 3461.181 < 2e-16 ***
Country_CODE 32 1.48 9.85 3.517 1.92e-@8 ***
logle(GDPPC) 1 0.14 9.14 10.780 ©.00119 **

Residuals 221 2.91 .01

Table 20: ANOVA table of the GDPPC linear model.

At a first sight given to Figure 33, the positive dependence between the GDPPC and the indicator stands
out. Thus, on average, the higher the gross domestic product per capita, the larger the index value. Further-
more, by deepening a little the analysis, a similar reasoning to the one done for the population model can
be built.
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Residual Histogram of LM model for index I1
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Figure 32: Analysis of the residuals of the LM with GDPPC, via typical plots.Error! R
eference source not found.
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Figure 33: Scatter-plots of fitted values (left) and true values (right) of I1 versus the
logarithm of the GDPPC; the straight line is the estimated regression line.
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The linear model is able to reproduce a fraction of the total variability of the data around 26%. So, once
again, every city can be partially described by a contribution proper to the country, and for the largest part,
by a behaviour depending only on itself, the so-called city-effect. As mentioned above, the country contribu-
tion is not to be ignored, rather it gives an interesting insight on average behaviours, that can also be com-
pared with the ones retrieved in the previous population model (cfr., Figure 34).
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Figure 34: The country contributions estimated according to the GDPPC-based
regression.

Generalised Additive Models

The results of the nonlinear additive model produced by considering the country factor (forced to be linearly
modelled) and the GDPPC as inputs are here presented. The first plot shows the estimated smooth curve
of dependence between GDPPC and I1 (Figure 35), while Figure 36 contains the estimated curves plotted
on a logarithmic scale, and the usual scatter plots of fitted and true values.

11 ~ s(GDPPC, bs = "cr") + Country_CODE

s(GDPPC,3.17)

T T T T
0e+00 1e+05 2e+05 3e+05 4e+05 5e+05

GDPPC

Figure 35: The smooth GAM curve of 11 as a function of GDPPC.
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y ~ s(GDPPC, bs = "cr") + Country_ CODE Country CODE28 ©.118362 0.865828 1.798  ©.8735 .

Parametric coefficients: Country_CODE21 -@.1129@5 @.88792@ -1.284 @.2004
Estimate Std. Error t value Pr(>|t]) Country_CODE22 @.@67841 @.@51553 1.316 @.189%6

(Intercept) @.428120 2.80991@ 43.203 <« 2e-1g *** Country_ CODE23 -8.843590 8.879699 -9.547 @.585@

Country CODE1 -@.809683 8.116845 -9.883 8.9336 Country_ CODE24 @.888823 @.839748 2.235 ©8.8264 *

Country_ CODE2 @.877419 ©.867368 1.149 8.2517 Country_ CODE25 @.125616 8.069042 1.818 e.avaz

Country CODE3 -@.837785 0.848739 -9.927 8.3547 Country CODE26 @.822685 @.834168 0.662 8._5885

Country_CODE4 @.e14298 8.8449736 8.287 8.7741 Country_ CODE27 @.854245 @.83813e 1.423 B.1563

Country_ CODES -8.823378 8.878838 -0.334 8.7389 Country_ CODE28 -8.818333 @.e42818 -9.241 @.8095

Country CODE6 -@.235824 8.857218 -4.121 5.34e-@5 *** Country_CODE29 -8.838983 @.837992 -1.826 @.306@

Country_ CODE7 -8.831561 8.836367 -0.868 2.3864 Country_ CODE3@ -8.831734 @.847214 -28.672 8.5822

Country CODE8 -8.865384 8.835163 -1.859 2.a643 . Country_CODE31 -8.875156 @.e48243 -1.868 B.8632

Country_CODES @.885578 0.859843 1.437 8.1523 Country_CODE3Z ©.247860 8.112455 2.197 @.9291 *

Country_CODEl@ @.187343 0.842997 2.518 @.0128 * UK --- -8.823626

Country_CODE1l -8.@8843@ ©.8449097 -2.805 @.8462 * Approximate significance of smooth terms:

Country_CODE1Z @.83476@ 0.83e089 1.158 @.2488 edf Ref.df F p-value

Country_CODE13 @.865945 ©.845584 1.447 8.1454 s(GDPPC) 3.17 3.67 3.442 e.e119 *

Country CODE14 -8.802174 0.829582 -9.874 8.9413 ---

Country CODE1S -8.863598  ©.849019 -1.297 B.1959 R-sq.(adj) = ©.268 Deviance explained = 36.9%

Country CODE16 -8@.106138 ©.853815 -2.802 B8.8455 * GCV = 8.815236 Scale est. = @.813875 n = 255

Country_CODE17 -@.@96977 ©.848686 -1.992 8.8476 * Shapiro-wilk normality test

Country_CODE1S -@.@@2381 @.867395 -0.834 9.9728 data: gam_temp$residuals

Country CODE19 -8.811319 ©.927348 -9.414 B8.6794 W = 8.997@6, p-value = @.9233

Table 21: Summary table of the results of the GAM in the population case, produced
with the help of R software.
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Figure 36 : Scatter-plots of fitted values (left) and true values (right) of I1 versus the
logarithm of the GDPPC, and the estimated GAM regression curves.

Up to almost a GDP of 100 000€ per capita, the index grows in a logarithmic way, then it reaches a sort of
plateau until the very extreme values on the right of the axis. The next plots (Figure 37) show again the
contribution of the country factor in the nonlinear model and its comparison with the results obtained in the
linear one. In this case the coefficients are very similar, between GAM and LM. The absence of relevant
discordances is a source of confirmation of the importance of the country factor.
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Figure 37: The country contributions estimated according to the GDPPC-based
regression with the GAM, and the comparison with the LM coefficients.

Interactions: POP + POP:Network + GDPpc + GDPpc:Network +
Network

At this stage, the inference analysis makes use of a slightly more sophisticated technique. It is implemented
a multiple regression model that admits the interaction between some covariates (both population and
GDPPC), and sees the country factor replaced by the dummy “the city belongs to at least one network of
cities”, which for simplicity is referred to as Network. The goal is to understand if European network of cities
positively impact the performances of their cities. The distributions of the data according to the Network
dummy seem to behave quite differently, as it can be perceived in Figure 38.

Distribution of |1 across Network
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Figure 38: The distributions of |11 values according to Network, with the summaries
provided by boxplots and violin plots.
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Linear Model

In this section, quite a general formulation is taken into account to model the index, to give the most complete
description possible, namely the numerical terms are included both interacting and not interacting with Net-
work. In the following, the modelling equation and the summary in Table 5:

I1 ~ Network + log,o POP + log,o GDPPC + log,oPOP: Network + log,o GDPPC : Network

y ~ Network + logle(POP) + logle(GDPPC) + logl@(GDPPC):Network + Netwerk:logl@(POP)
Residuals:
Min 10  Median 30 Max

-0.34734 -9.@8397 0.00677 0.07518 @.30499

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) -9.0873963 9.201272 -0.367 8.7136
Network -8.23117e @.25780e -0.897 8.37e7
logl@(POP) -9.003134 9.024863 -0.126 08.8998
log18(GDPPC) 0.184619 0.042634 2.454 9.0148 *

Network:1logl@(GDPPC) -8.811411 8.855881 -@.2@87 8.8360

Network:logl@(POP) 0.068847 8.832837 2.124 B.8347 *

Signif. codes: @ “®%*' g @@l *** 9.81 “*’ @.@5 *.' 0.1 ¢ 1

Shapiro-Wilk normality test
Residual standard error: ©.1178 on 249 degrees of freedom
data: 1m_temp$residuals
Multiple R-squared: ©.2376, Adjusted R-squared: ©.2223

W = ©.99733, p-value = ©.9581

F-statistic: 15.52 on 5 and 249 DF, p-value: 2.756e-13

Looking at the end of the reported summary, it can be noticed that the percentage of explained variance in
this more complex model is around 22.23%, lower than the one achieved in the univariate simpler models
with one numeric regressor (either population or GDPPC) and the factor variable “Country_ CODE”. A pos-
sible explanation of this gap of at least 4 percentage points relies on the country contributions. In particular,
including both GDPPC and population plus the new variable Network, and allowing for interactions, this
current model can be considered quite complex and thorough, yet it does not achieve the same performance
of much simpler models. There surely are sorts of redundancies (a certain degree of correlation bonds the
POP and GDPPC variables), but the absent player is indeed the country factor, which, following this line of
thoughts, must be considered as a game changer. There is a portion of variability of the indicator, a shade
of its behaviour, that is only captured by such a structured variable. So once again, the relevance of an
explanatory variable at a higher level than the city level is confirmed. At this point is time to deeply analyse
the latest model, to reach an understanding of the coefficient values, and to do so one can take a look at the
set of plots below. Firstly, a few comments on the coefficients found from the linear modelling: the most
relevant and influential ones are the GDPPC and the interaction between the network and the population,
both reporting a positive dependence of the index with the regressor considered. On the other hand, the
network dummy, the population and eventually the GDPPC-network interaction are not significant from a
statistical point of view. In particular, the latter two are also very small in magnitude — note that all these
three coefficients are negative, so as the input variable grows, the index decreases (much more slowly).
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Figure 39: Analysis of the residuals of the interaction LM with network, via typical
plots.

Case by case, the behaviour of the regression lines added to the following scatter plots will be discussed,
paying attention to their direction, which is a direct effect of the combination of sign and intensity of the
estimated regression coefficients. An initial note regards the blue line reported in these boxes. It is not exactly
the computed regression line from the complete model, but the estimated line by letting only POP vary, and
fixing all the other input parameters, namely the Network and the GDPPC. For start, the focus is addressed
to the cities inside a network, as Figure 40 shows. In this case, the GDPPC value is fixed at its average, with
the average taken on only the cities in a network. The regression curve in this scenario is the following:

11 ~ Bg + Byer + (Bpop + Brop:ner) - 10810 POP + (Bepppc + Bapppc:net) * 10810 GDPPC €y

which becomes, substituting the estimated coefficients and under the assumptions made above:

M = —0.0740 — 0.2312 + (—0.0031 + 0.0680) - log;o POP + (0.1046 — 0.0114) - log;o(GDPPC,).

The plots clearly highlight the main features noticeable in the formula (see Figure 40): the dependence
between log,, POP and the indicator 11 is positive. Despite the intercept is downshifted because of -0.2312
from network, the fact that all the cities inside networks have larger values of POP implies that the overall
distribution of data, both of the true and the fitted values, is placed upper on the y-axis than the one of no-
network cities (cfr.,Figure 41).
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Figure 40: In-Network cities: regression line and scatter plots of estimated and true
values.
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Figure 41: Out-of-Network cities: regression line and scatter plots of estimated and
true values.

On the other hand, the cities outside any network manifest a substantially different behaviour with respect
to the population. The slope of the regression line is imperceptibly negative, so being outside a network
means that the dimension of a city in terms of number of inhabitants, does not affect the performances in
the Digital Service Innovation Maturity measured by I1. Similarly, the formula that holds for such model is:

11 ~ By + Bpop * log1o POP + Bepppc * l0gyo GDPPC (2)

M1 =—-0.0740 — 0.0031 - log, POP e + 0.1046 - log,o GDPPC

Changing the perspective by letting vary GDPPC and fixing POP at its “yes-network” average value, the
dependence of I1 on the independent variable (x-axis) is positive, but in this case the distribution of the
points does not part evidently from the one of “no-network” observations. Therefore, differently from what
has just been observed in the POP-regression, the Network variable does not separate the observations
depending on its value (see the right plots of the following two pictures), and therefore the contribution of
GDPPC can be fairly considered independent on Network. This statement is further confirmed by the lack
of significance of the interaction coefficient “GDPPC:Network”.
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Figure 42: In-Network cities: regression line and scatter plots of estimated and true

values.

To conclude, the graphical representation of the fitted values of the cities outside any network deserves a
note: the black dots are almost attached to the regression line (see Figure 43). This fact is a reflection of the
microscopic coefficient associated to the log,, POP term. Conversely, the plot in the above Figure 26, re-
ferred to in-network cities, is characterised by a positive and much larger coefficient associated to the pop-
ulation, due to the presence of the interaction term. As a result, the population effect is more evident and the
fitted values are pushed much away from the blue line. To conclude, both population and GDPPC are posi-
tively correlated with 11, and in addition, there is an interesting relation between population and network.
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Figure 43: Out-of-Network cities: regression line and scatter plots of estimated and

true values
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Generalised Additive Models

Formula:
y ~ s(POP, bs = "cr") + Network + s(GDPPC, bs = "cr") + s(I(POP * Network), bs = "cr") + s(I(GDPPC * Network), bs = "er")
Parametric coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) @.35166 @.e8057 4.364 1.91e-85 ***
Network @.12257 @.13830 0.886 0.376

Approximate significance of smooth terms:

edf Ref.df F p-value
s(POP) 4.939 5.690 1.764 ©.0996 .
s(GDPPC) 1.880 1.000 5.448 0.0204 *

s(I(POP * Network)) 8.884 8.589 1.903 0.0497 *

s(I(GDPPC * Network)) 3.508 4.032 4.204 0.0025 **

Signif. codes: @ “¥*¥’ g @l “**¥’ @ @l “*' @.85 ‘.’ B.1 7 1
R-sq.(adj) = ©.299 Deviance explained = 35.1%

GCV = 0.813546 Scale est. = 9.012588 n = 255

Shapiro-Wilk normality test

data: gam_temp$residuals

W = 8.99374, p-value = 0.3683

Table 23: Summary table of the interaction GAM.

The GAM approach suggests a slightly different perspective, possibly more accurate, since not only it can
account for a distinction in the slope, caused by the Network variable, but also a allows for completely dif-
ferent shapes of the functions. In fact, a part from the pure GDPPC additive term which is estimated to be
linear, all the others are associated to different smooths. As a result, this modelling strategy rewards the
statistician with an increase of the percentage of explained variability: from the 22% of the linear model, to
the current 30%. First of all, the results of the out-of-network sample are investigated: the smooth curve
below, shows an oscillating behaviour, the index grows along with the population, for cities up to 250 000
inhabitants, then there is a decrease of the same proportion up to 500 000, and again a rise and then a fall,
but more delicate. This plot (Figure 45), compared with the one from the linear model, which estimated a
behaviour independent of the population, delivers a more accurate result, unveiling what is behind it.

11 POP GAM curve with interaction NO Newtork

fitted

T T T T T
0 500000 1000000 1500000 2000000

POP

Figure 44: Out-of-Network cities: GAM regression line vs population.
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The two scatter plots of Figure 45 represent the distribution of the fitted valued by the GAM (on the left) and
of the true values of I1.
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Figure 45: Out-of-Network cities: regression line and scatter plots of estimated and
true values.

Moving to inside-network cities (cfr.,

11 POP GAM curve with inferaction YES Newtork

fitted

=a
S
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0.0e+00 5.0e+06 1.0e+07 1.5e+07
POP

Figure 46 and Figure 47), the curve grows up to 1 million of inhabitants, and only after that there is a de-
crease, before a final ascent. Therefore, these cities are much more positively influenced by the growth of
inhabitants, than those outside networks. A note, the final growing behaviour can be recorded thanks to the
presence of a higher number of bigger cities inside networks than outside. However, looking at the left plot
below, an underestimation of the index values, especially in correspondence of small values of population.

106 ESPON // espon.eu



fitted

1.0

08

0.6

0.4

02

0.0

11 POP GAM curve with interaction YES Newtork

FINAL REPORT // DIGISER

T T T
0.0e+00 5.0e+06 1.0e+07

POP

T
1.5e+07

Figure 46: In-Network cities: GAM regression line vs population.
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Figure 47: In-Network cities: regression line and scatter plots of estimated and true

value.

When the focus is addressed to the relation between the gross domestic product per capita and the indicator
11, a positive, very light, linear dependence is found (cfr., Figure 49). Thus, as the GDPPC grows, a very
small increase in perceivable in the indicator, in perfect agreement with the results obtained with the linear
model. Conversely, the distribution of the fitted values is different from before, more spread around the
estimated regression curve, rather than almost attached to it (see Figure 43). The reason lies in the depend-
ence between population and I1 in out-network cities: that curve is neither linear nor horizontal, so it adds a
source of variability that was almost absent in the linear modelling previously proposed.
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Figure 48: Out-of-Network cities: GAM regression line vs GDPPC.
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Figure 49: Out-of-Network cities: GAM regression line and scatter plots vs GDPPC

At a first sight, looking at Figure 51, the cities inside a network show, on average, a better performance all
along the distribution of the GDPPC, than those outside any network. However, even if also in this case one
can say that the GDPPC is a positively correlated variable with the indicator, evidently the trend is more
visible for the poorer cities. However, after the initial steep ascent, for smaller amounts than 100 000€, there
seems to be a inversion of tendency, before a final rise. Needless to say, this final rise is fitted on a very
limited amount of data, therefore the uncertainty about the estimated curve in that interval is huge.
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Figure 50: In-Network cities: GAM regression line vs GDPPC
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Figure 51: In-Network cities: GAM regression line and scatter plots vs GDPPC

To sum up, the generalised additive models provide more accurate results, because of their nature, but in
many cases the liner model remain a valuable option. In fact, there are not significant performance drops by
using them, and moreover there are well known by many stakeholders, therefore they can be better under-
stood from the public. However, from a purely statistical and modelling point of view, the additional value
brought by the GAM should be taken into consideration. Upon a limited cost of admitting non linear smooth
functions for each regressor, finer results are obtained, especially in those regions for which there is scarcity
of observations. The overall analysis on these external variables is satisfying, in the sense that the statistical
results are solid and significant, and many interesting insights are achieved on the data. First of all, it is once
again stressed that the country is a relevant factor: it provides a diversification not negligible. A unified Eu-
ropean reality cannot be identified, for what concerns both the level of digital service maturity. On the other
hand, belonging to a European network of cities can be a decisive added value. As a consequence, one way
to improve the performance of cities in digital innovation may be to involve them inside these networks.
Finally, the evidences collected about population and GDPPC can be summarised in the following way: in
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general a positive dependence is observed, but in a localised interval of values. As population and GDPPC
approach higher and higher values, the measured performance does not grow perpetually. On the contrary,
itis typically observed a phase of saturation of the performance, especially for the population. This behaviour
is indeed not surprising. Intuitively, larger cities may need to be managed in a smarter way, and richer cities
could and have more resources to invest in digitization. Yet it is reasonable that the major changes happen
between administrating 100 000 inhabitants and 1 000 000 and not from, for example one million to 5 million.
The result regarding the richest cities can be a starting point to develop a research in this matter, to under-
stand if there might be some room of improvement, and in case, why it has not been filled yet.
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