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OThe thing that's going to make artificial intelligenc e so powerful is its ability to learn,
and the way Al learns is to look at human culture. | often tell my students not to be

misled by the name ‘artificial intelligence’ - there is nothing artificia | about it .0

Stephen Hawking
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ABSTRACT

The present work proposes an Al implementation plan for the Spanish Public Sector as a
guideline for accomplishing three main goals: (1) to acquire a better understanding of the
Al framework in the context of the Public Administration, (2) to identify the principal actors
of this process of radical transformation that all administrations will have to face in the near
future, and (3) to provide a feasible prioritization strategy for determining which Al sygems
should be applied first, and in which particular areas of the Public Sector.The first step for
developing this strategy has been to conduct a study of the current situation of Al in both
scenarios Europe and Spain. Secondly, fodetermining the priorities among the Al systems
subjected to study -Machine Learning, Deep Learning, Bid Data analyticsNatural Language
Processing, Computer Vision, Content Generdion and Reinforcement Learning-, a
gquantitative analysis based on the PACE prioritization matix has been carried out. Finally,
the order of public areas to approach with the implementation of Al systems -Education,
Healthcare, Smart cities, CitizeAPublic Administration interaction and Security-, has been
based on a qualitative analysis of the current situation of the considered public areas.
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RESUMEN

El presente trabajo propone un plan de implementacion de la IA para el sector publico
espafiol, con la intencion de servir como guia para el cumplimiento de los siguientes
objetivos principales: (1) adquirir una mejor comprension del marco de IA en el contexto de
la Administracion Publica, (2) identificar los principales actores de este proceso de
transformacion radical que todas las administraciones tendran que afrontar en un futuro
préximo, y (3) proporcionar una estrategia de priorizacion viable para determinar qué
sistemas de IA deben aplicarse en primer lugar, y en qué areasoncretas del Sector Publico.
El primer paso para el desarrollo de esta estrategia ha sido la realizacion de un estudio de
la situacion actual de la IA tanto en Europa como en Espafia. En segundo lugar, para
determinar las prioridades entre los sistemas de inteligencia artificial objeto de estudio -
Machine Learning, Deep Learning, Bid Data analytics, Computer VisionNatural Language
Processing Content Generation y Reinforcement Learning-, se ha realizado un andlisis
cuantitativo basado en la matriz de priorizacion PACE.Por ultimo, el orden de clasificacion
de los espacios publicos a abordar para la implantaciéon de los sistemasde IA -Educacion,
Sanidad, Ciudades Inteligentes, Interacciéon CiudadaneAdministracion Publica y Seguridad
, Se ha basado en un analisis cualitativo de la situacién actual dedichas areas

Palabras clave:

> Inteligencia Artificial > ProcesosElectonicos Gubernamentales
> Sector Riblico > Procesos Riblicos

> Administracion Publica > Mejora de Procesos

> Gobierno Publico > Participacion Ciudadana

> Ciudadanos > Gobierno Inteligente
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RESUM

El present treball proposa un pla d'implementacié de la IA per al sector public espanyol,
amb la intencié de servir com a guia per al compliment dels seglients objectius principals:
() adquirir una millor comprensié del marc de IA en el context de I'Administracié Puablica,
(2) identificar els principals actors d'aquest procés de transformacié radical que totes les
administracions hauran d'afrontar en un futur proxim, i (3) proporcionar una estratégia de
prioritzacio viable per a determinar quins sistemes delA han d'aplicar-se en primer lloc, i en
quines arees congetes del Sector Public. El primer pas per al desenvolupament d'aquesta
estratégia ha sigut la realitzacié d'un estudi de la situacié actual de la *IA tant a Europa com
a Espanya. En segon lloc, per a determinar les prioritats entre els sistemes d'intelgéncia
artificial objecte d'estudi -Machine Learning, Deep Learning, Bid Data analytics Natural
Language Processing Computer Vision, Content Generationi Reinforcement Learning-, s'’ha
realitzat una analisi quantitativa basada en la matriu de prioritzaci6 PACE Finalment, I'ordre
de classificacio deles areespubliques a abordar per a la implantacié dels sistemes delA -
Educacio, Sanitat, Ciutats Intel-ligents, Interaccié CiutadaAdministracio Publica i Seguretat-,
s'ha basat en una analisi qualitativa dela situacié actual d'aquestes arees

Paraules clau:

> Intel-ligéncia Artificial > Processos Electronics Governamentals
> Sector Public > Processos Publics

> Administracié Publica > Millora de Processos

> Govern Public > Participaci6 Ciutadana

> Ciutadans > Govern Intel-ligent
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ACRONYMS

PA | Public Administration
PS | Public Sector
Al Artificial Intelligence
EU | European Union
EC | European Commission
JRC | Joint Research Centre
ML | Machine Learning
DL | Deep Learning
NLP | Natural Language Processing
CV | Computer Vision
CG | Content Generation
RL | Reinforcement Learning
NUTS | Nomenclature of Territorial Units for Statistics
RDI | Research, Development and Investigation
ISAZ | Interoperability Solutions for Public Administrations, Businesses and Citizens

9

Masterds Degr ee iandSBrice Managermentd Course®l8 19 | Final Project ~



UNIVERSITAT H‘--QH ADE
POLITECNICA MURGUI HERRERO, Miguel Guillero

DE VALENCIA Development of an Al implementation plan for the Spanish Public Sector FACULTAD DE ADMINISTRACION Y
DIRECCION DE EMPRESAS. UPV

INTRODUCTION

1.1. PRESENTATION

As electricity did once in the past, Artificial Intelligence (Al) is going to transform our

lives in the present and future. Its rise in society is causing a huge impact in our
ecosystem as it is currently known, and the Al expansionis only in its early stage. The
aim of the present work is to provide certain guidance during this process of

implementing the Al in the Public Administration (PA), to facilitate not only the

transformation of the PA, but also the embracement of citizens to this new change.

In order to approach this problem and being able to propose viable solutions that may
soften the transformation of the PA, countries have to act rapidly and work together
for succeeding in this difficult challenge.

By focusing the invedigation on Spain, this work aims to be considered as a support
guide intended to cities that are obliged to face the Al implementation challenge, if
they want to evolve properly and not to lag behind in this race to the future.
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1.2. MOTIVATION AND JUSTIFICATON

Al is going to be the principal actor of change in the society as we know it by

revolutionizing the way things are done in every area (money transactions, data
analysis,healthcare, marketing, etc.). So, it is a very challenging and interesting topic b
research and comprehend. In addition, it is a rising area of research and
implementations; Al is an uncharted territory so there is still room for new investigation

and perspective proposals.

Since Al implementation is a vast topic that penetrates in all areas of our society, it has
been decided to focus this research into the Public Administration (PA) not only by the
necessity of narrowing the field of study but also by the fact that the implementation

of Al in the PA has a bigger margin of improvement than in the private sector, since
the majority of governments are investing much less money in artificial intelligence
than private companies, which are much more innovative and prepared for this change.

Within this context, another challenge of Al capabilities in the Public Administration is
that its implementation is accompanied by some uncertainty. On the one hand, Al
applications are seen as enablers of increased efficiency and effectiveness, by
automating plenty of tasks normally carried out by humans, augmenting predictability,
capacity for decision-making and improving services to citizen queries. Nevertheless,
on the other hand, the introduction of Al is accompanied by challenges related jobs
destruction caused by automation, privacy infringements caused by digital surveillance,
and the reinforcement of biases in policymaking caused by algorithmic governance
(Sun & Medaglia, 2018).

In conclusion, the present work has been conceived as a way of guilance to cities and
governments that are starting to confront the emerging implementation of Al in plenty
of areas. These organisms have to adapt rapidly in order to provide a more efficient
experience to citizens in their interactions with the administration by offering a
personalized treatment, by providing better information of the public processes (forms,
regulations, etc) of its services, and by encouraging them to embrace and adapt the
new structure which will bring citizens and PA much more closer.
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1.3. STRUCTURE

This thesis is structured in 4 principal sections: firstly, the introduction, secondly, the
objectives, methodology and literature review, thirdly, the situation of Al in the EU and
the situation of Al in Spain and finally, the prioritization p roposal of public areas to
apply Al, the Al strategy proposed and the conclusions and future research.

In the first section, the topic has been presented and its contribution to society has
been detailed, particularly for Spain, due to the fact that the analysis will consider the
characteristics (strengths and weaknesses) of this country.

Then, the second section describes a summary of the objectives of the present work, a
feasible and efficient Al strategy for the Spanish Public Sector (PS). Moreover, the
research methodology used is detailed and finally, the literature review analysis of the
Al field will be carried out. In this section the public areas considered for applying Al
and the main Al techniques to take into account for improving the PA will be defined,
so that the reader may identify the wide range of options involved when implementing
the Al.

Thereafter, in section 3, the guidelines of the EU will be exposed in order to establish
the needs of the state members for working together during this p rocess of change. It
is important to understand that the European Commission (EC) has defined certain
activities and rules to be accomplished by the countries involved. Afterwards, the work
will focus on Spain, which is where there is intended to propose an Al implementation

strategy for the PA, and to do so, it is crucial to analyze the current situation of the

country regarding this topic. In addition, a comparison between Spain and the top Al -

leading countries of the EU will be presented.

Finally, in the fourth section, a prioritization of the most appropriate Al capabilities will
be shown. In other words, it is important to convey to the reader that there are plenty
of Al possible applications. Nevertheless, there are restrictions to consider as well. Fo
instance, the application time needed to respect, so, perhaps a given capability has an
enormous potential for improving several scenarios of the PA, but it is not mature
enough for implement it in a short/mid -term. After classifying the Al capabilities to
utilize, the PACE prioritization matrix tool will be used for determining the public areas
to take into account in the proposed strategy. Lastly, the conclusions and future
research in this matter will be presented.
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OBJECTIVESMETHODOLOGY AND LITERAURE
REVIEW

2.1. OBJECTIVES

The objective of the present work is to provide an Al implementation guide for the PA

field. The targets of this guide are the Spanish cities that are facing the disruptive
change of Al and must confront its application by meeting th e deadlines imposed by
the EU. Within this context, in order to develop the strategy of Al application, a
prioritization concerning both the public areas to tackle and the Al techniques to

consider will be made. It will be based on two aspects: 1) The HypeCycle for Al where
the maturity of each Al technique will be analyzed; and 2) the PACE prioritization
matrix technique which will serve as a tool for defining the most important areas of the

PA to approach. In the following chapters, both aspects will be fully described.

In addition, for achieving this goal, 5 research questions have been proposed as a
starting point for investigating the Al application in the Public Sector (PS). The
following lines detail the research questions (RQ) selected for this study, containing the
principal aspects to take into account for applying responsible, competent and efficient
Al capabilities in the cities:

> RQ1:Why is it crucial to implement Al in the Spanish PA and how to do it?
> RQ2:Which Al capabilities can be used in he PA?
> RQ3:Which of these capabilities are more feasible to implement?

> RQ4:Which Al capabilities will have a more significant impact in citizens and
in which areas of the PA?

> RQ5:Which ethical guidelines must be considered during the Al application?

As the main RQ includes the other four, in the image below is represented the
structure of the questions approached in this work. In addition, these questions will
serve as a guide for the literature review analysis detailed in chapter 1.3.
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RQ1:

Why is it crucial to implement Al
the Spanish PA and how to do it

RQ2: RQ3: RQ4: RQS:
. — Which of these capabilities Which Al capabilities will have Which ethical guidelines
Which Al capabilities can feasibl . S di i :
be used in the PA? are more feasible to more impact in citizens and in must be con5|d_ere_d during
: implement? which areas of the PA? the Al application?

Figure I Reseach questions structure
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2.2. METHODOLOGY

Due to the objectives of the present work, it has been decided to elaborate an
investigation work based on two stages: first, the data collection using scientific data
bases, and public institutions reports as the main source, and second, data analysis
observer impression, where qualitative data will be studied, and from which,
conclusions will be extracted and presented in a structured manner.

The following paragraph detail the r esearch method utilized in this work for collecting
the data. It encompasses three subsections: 1) Criteria for selecting the literature, 2)
Keywords and 3) Data collection refinement.

2.2.1. Criteria for selecting the literature

In this research 3 types of surces have been selected:
1. Papers extracted from relevant scientific searchers:
Science Direct:http://sciencedirect.com
ACM Digital Library : https://dl.acm.org/

2. Reports from European organisms and institutions
European Commission
Countries ministries of innovation and science (notice that depending
on the country the official hame of the ministry may have slight
differences)

3. Reports published by top world -leading companies:
McKinsey
PwC
Microsoft

2.2.2. Keywords

The selection of words has been based on several factors to encompass the bias of
this work: firstly, the Artificial Intelligence concept for filtering only papers that
study the PA from the prism of Al. Secondly, to consider all the PA synonyms for
covering the widest range. Thirdly, to add the citizen concept for ensure that the
references taken into account consider the behavior of the citizenry regarding this
topic of study. These are the keywords used in the literature resarch:
> Artificial intelligence,; public sector; PA; public government; citizens, e
government; processes; public processes, process improvement, citizen
participation, smart government.
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2.2.3. Data collection and analysis method

For the scientific searchers the irput parameters utilized where the following: 1)

introducing the keywords detailed above; 2) restricting the publication year from

2018 to the present; 3) Full text and abstrac
OPublicbé, r e s p e cnlyithe epknyaccesd Jourcee Mazeoveri theg/PNo

access to UPV was used in order increment the number of papers with admittance

to the content. The table below show the refinement applied in the search:

Table 1. Literature research refinement

Refinement Restriction
Content format PDF (only)
Publication format Scientific journals (only)
Abstract containing OPublicé
Publication year 2018 and 2019 (only)
Full text containing OArtificial

Science Direct search flow diagram: See in the left sidethe results considered for each
stage of the search, and in the right side, the filter/restriction applied:

Alnitial search using the aforementioned keywods

62
\ ARestrictions added:
17 | APublication year 2018 and 2019

Figure 2: Science Direct search flow diagram

The image below shows the refinement used in the search:

k-i ScienceDirect

o

Artificial intelligence; public Author nam

17 results

L\ Set search alert

Refine by:
Years
m] 2019 (7)

[®] 2015 (10
Figure 3. Science Direct garch

ACM Digital Library flow diagram of the search: See in the left side, the results
considered for each stage of the search, and in the right side, the filter/restriction

applied:

16
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~
N\ Alnitial search using the aforementioned keywods
292,060
J
ARestrictions added: )
N\ APublication year 2019
4,171 | APDF format )
ARestrictions added: )
N\ AAbstract contanining "Public"
82 AFull text containing "Artificial Intelligence" )
Figure 4: ACM Digital Library search flow diagram
The image below shows the refinement used in the search:
< SIGN IN
ACM eDIGITAL
LIBRARY
Advanced Search
Select items from | The ACM Full-Text Collection v ?
Where | Any field ¥ | | matches any ¥ | of the following words or phrases: |Artificial intelligence; public sector; PA; public E]
Where | Full-text ¥ | |matches all ¥ | of the following words or phrases: Artificial Intelligence E]
Where | Abstract v | |matches all v | of the following words or phrases: [Public E]
Where | Abstract ¥ | |onorafter (==} ¥| |2019 ¥ E]
SEARCH =T

Refinements [remove all] click each refinement below to remove

ACM Publications: Proceeding

Publisher: ACM

Content Formats: FDE

Searched for (Artificial intelligence; public sector; PA; public government; citizens; e-government; processes; public processes; process improvement; citizen participa
smart government) AND content.ftsec:(+Artificial +Intelligence) AND recordAbstract:(+Public) [new search] [edit/save guery] [advant

Searched The ACM Full-Text Collection: 556,308 records [Expand your search to The ACM Guide to Computing Literature: 2,849,794 records] ¢

Refinements [remove all] click each refinement below to remove
Published since: 2019
ACM Publications: Proceeding
Publisher: ACM
Content Formats: PDF

82 results found Export Results: bibtex | endnote | acn
Figure 5: ACM Digital Library refinement

After applying this bias, the number of references was reduced to 99 references, 82
extracted from ACM DL and 17 from ScienceDirect. However, after an overview of the
content based on the improvement of PA, the number was reduced to 39 references.

Furthermore, for completing the research and access to papers that research this topic in
a more general and wide-ranging manner certain studies of leading private companies

(Microsoft, McKinsey, MIT and PwC) and public organisms have been considered 17
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(European Union (EU) Research Centre). Concretely, 6 references where extracted from

these sources.

After an exhaustive analysis of all he relevant papers for this research topic (selecting
the papers that take into account the capabilities of Al, its main areas of implementation
or the role of citizens regarding Al), the final number of references was reduced to 45.

18
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2.3. LITERATURE REVIEW

The aim of this section is to structure the aspects studied in the literature according to
the aforementioned research questions, and to organize the main ideas included in
these previous studies, to obtain tendencies, differences, opportunities and conclusons
in the Al field for the Public Sector and evaluate the main implications that could result
from its implementation. This analysis will provide an added value and a different
perspective from the transformation of the administration and the citizens.

Art i fici al intelligence refers to oOany machine
its environment, learning, and based on the knowledge and experience gained, take

intelligent actions and propose decisionsé ( E
Centre, 2018). ValleCruz and SandovatAl mazan (2018) define Al as t
living beingsd behavior by means of intelligent

2.3.1. Why is it crucial to implement Al in the Spanish PA and how to do it?

First of all, regarding the first research question, the references have been grouped
by five topics in order to acquire an overview of the state of the art and answer the
research questions proposed. These groups are benefits for citizens, Al capabilities,
improvement areas of PA, governrment digitalization and ethics. These topics were
defined considering both literature review and reports elaborated by the European
Commission and top consulting firms in the world.

Table 2: State of the art analysis: references by topic

ARTIFICIAL INTELLIGENCE:

REFERENCE / TOPIC Benefits for Al Improvement Government Ethics
Citizens Capabilities Areas of PA digitalization
X

x
o

x

e x
prv— x
x
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Lage et al, (2018) X
Lin & Ho, (2019) X X
Renteria et al, (2019) X
Mergel et al., (2018) X X
Mainka et al., (2018) X X
Cartelli et al., (2018) X X

Dutra & Soares, (2018) X X

Cortés-Cediel et al,
(2018)

Lindgren & van
Veenstra, (2018)

Basri et al, (2019) X X

Agbozo & Spassoy,
(2018)

Prieto et al., (2018) X

Gaut et al, (2018) X X

Kankanhalli et al,

—
N

Sun & Medaglia, (2018) X X

Sinha et al, (2019) X

Gerontaset al, (2018) X X

Millard, (2018) X

Kalyanakrishnan &
Panicker, (2018)

Luciano et al, (2018) X

ryfonas & Crick,

Yoon et al., (2018) X

Buyle et al, (2018) X

Liu & Kim, (2018) X X

Casares (2018) X X X X X

20
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Makridakis, (2017) X X
Agbabiaka, (2018) X X
Valle-Cruz & Sandovat
X X X
Almazan, (2018)
Toch & Birman, (2018) X X
Li et al, (2019) X
Androutsopoulou et al.,
X X X X
(2018)
Appio et al., (2018) X
Chui et al., (2018) X X X X X
PwG (2018) X X X X X
European Commission
Joint Research Centre X X X X X
(2018)
MIT Technology X
Review, (2018)
X
TOTAL / TOPIC 23 20 12 27 10
PERCENTAGE O
0, 0, 0, 0, 0,
PAPERS / TOPId 51,11% 44,44% 26,67% 60,00% 22,22%

Source: own elaboration

First of all, it is necessary to explain certain asgct regarding the methodology of the
analysis carried out; given that each reference can investigate more than one topic, the
sum of all percentages will be superior to 100%.

As shown in the table above, the literature is principally focused on the digitalization of
governments and the benefits that the Al will provide to citizens, 60% and 51.11% of the
total references studied, respectively. These two topics are highly present currently in the
public sector state of the art due to PAs are facing the disruptive changes regarding the
information and communication technologies (ICT) advancements, and they have to
adapt rapidly for providing a proper service to the citizenry in comparison with private
institutions.

Apart from that, a 44.44% of the papers study the Al capabilities in the PA which is a
crucial aspect to take into account for implementing efficient solutions to current
problems.
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In contrast, the OEthicsdé6 and Ol mprovement Area
lesser extent regarding referencesrelated to the enhancement of the Public Sector by
using the Atrtificial Intelligence.

After this initial analysis, this work aims to focus not only in using the Al for optimizing
the PA approach to citizens but also in detailing which areas should be tadkled and in
what order for the first stages of the Al implementation.

2.3.2. RQ2 and RQ3: Which Al capabilities can be used in the PA and which
are more feasible to implement  ?

After analyzing the most relevant topics taken into account in the state of the art,
another division has been made, concerning the research questions 2 and 3 that
analyze which Al capabilities may be applied into the PA its implementation. Within
this context, only those capabilities related to the PA needs have been considered.
For selecing them a filter of the organization of Al eighteen capabilities considered

in Chui et al. (2018), has been made, and 6 categories have been selected due to
their capacity of enhancing Public Sector processes: 1) Machine Learning (ML); 2)
Natural Language Processing (NLP); 3) Computer Vision (CV); 4) Reinforcement
Learning (RL); 5) Content Generation; 6) Analytics.

It is important to clarify that this selection involves only software Al capabilities due
to it encompasses the Artificial Intelligence frame; this is because all hardware
capability such as robots, autonomous vehicles, chatbots, etc, have software behind
it. Nonetheless, the hardware will be considered in chapter 4 for and 5.

The paragraphs below will define each Al capability and justify their selection for
this work analysis:

I.  Machine learning (ML): is the generic class of algorithms that learn from the
data by learning patterns and applying them. These algorithms, as mentioned
in (Hao, 2018)0us e st at i paftdrns .1 massive fimonnts of data
(numbers, words, images, clicks, etc.). If it can be digitally stored, it can be fed
into a machine-learning algorithm. Machine learning is the process that
powers many of the services we use todayi recommendation systems like
those on Netflix, YouTube, and Spotify; search engines like Google and Baidu;
socialmedia feeds like Facebook and Twitter; voice assistants like Siri and
Al e Anapablic services, interaction between citizens and a chatbots needs
the use of machine learning and natural language processing (Kankanhalli et
al., 2019).

It includes Deep Learning (DL), which is a subset of Machine Learning that can
cope with noisier data by increasing significantly the number of neural layers
and neurons, and the amount of data used for the training, (European
Commission Joint Research Centre, 2018)Advancements in deep learning will
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allow, with other technologies, achieving the sixth level in autonomous
vehicles (Lin and Ho, 2019). Strutured deep learning might be used to
automatically enroll individuals in welfare programs for which they are
qualified (Chui et al., 2018).

II.  Natural language processing (NLP): this Al capability has the potential of
recognizing patterns from the types of data they use, particularly
unstructured data rich in information. NLP is able to identify patterns in
historical data, which are being used for diseases prevention, prediction of
criminal activities or detection of frauds in justice. It is also combined with
data mining and text mining for extracting
multimedia content on and wused for biometric identification
(Androutsopoulou et al., 2019). NLP is also used in universities for detecting
plagiarism in student assignments (Chui et al., 2018).

lll.  Computer vision (CV): this Al capability has countless possibilities in
identification field: images, faces, individuals, objects. CV is used in several
areas of the Public Sector such as traffic control, malical diagnosis,
fingerprinting matching and facial comparison, (Androutsopoulou et al.,
2019).

IV. Reinforcement Learning (RL): large-scale and high-speed simulation
modeling which improves on supervised learning by enabling the machine
learning algorithms to choose actions and discover which sequences of
actions lead to mastering a predefined task. This is applicable to many reat
life problems, (CogitAl, 2019). RL is another set of algorithms that focus on
experience-driven sequential decision-making, i.e., they make software agents
take action to maximize some notion of cumulative reward. RL combined with
DL is the basis of many recent successes in complex games, such as Go, Poker
and Dota, where computers have been able to bea leading human experts in
the field. Practical applications of these algorithms are starting to be applied
in many domains, such as autonomous driving, unmanned aerial vehicles,
stock markets, and defense (European Commission Joint Research Centre,
2018). Particularly, RL is important for the present work due to its versatility
for approaching problems of different subjects. So it is easily adaptable for
the Public Sector in matters such as transport decision routes, chatbos
training or self driving cars.

V. Content generation (CG): although this Al capability is in a developing stage,
it may help in the education field due to its potential for generating text and
media (video, audio) content for educational purposes with quic k production
turnaround for wide distribution, Chui et al. (2018b)

23
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VI.  Big data predictive analytics: Al techniques not including deep learning that
may be utilized for optimize processes within the administrations, network
analysis or journey mapping. Concrekly, it is an advance analytic
methodology that examines data to predict a determined result by predicting
what the most probable outcome of the content analyzed is. It uses several
techniques: multivariate statistics, pattern matching, forecasting and
predictive modeling (Krensky et al, 2018)

This analysis of the references will show on the one hand the study of which
capabilities are more developed, and on the other hand, which ones are still
uncharted or in the very first stages of research.

The table below shows the aforementioned organization:

Table 3: State of the art analysis. references by Al capabilities

ARTIFICIAL INTELLIGENCE CAPABILITIES
REFERENCE Big data
generanon .
analytics
Poeset al. (2019)

Cheng et al. (2018)

Chatfield & Reddick
(2018)

Sun & Huo (2019)

Mergel et al. (2018)

Soe & Drechsler
(2018)

Ribeiro et al. (2019)
Wirtz et al. (2019)
Lage et al.(2018)
Lin & Ho (2019)
Renteria et al.(2019)
Mergel et al. (2018)
Mainka et al.,(2018)

Cartelli et al. (2018)
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Dutra & Soares
(2018) -

Cortés-Cediel et al.
(2018)

Lindgren & van

Veenstra (2018) -
Basri et al.(2019) _
Agbozo & Spassov X
(2018)

Prieto et al. (2018) _
Gaut et al. (2018) X
Kankanhalli et al. X
(2019)

Sun & Medaglia X
(2018)

Sinha et al.(2019)
Gerontaset al.(2018)

Millard (2018) _
Kalyanakrishnan & X
Panicker(2018)

Luciano et al. (2018)

Tryfonas & Crick

(2018)
Yoon et al. (2018) _

e
e [
e

Valle-Cruz &
SandovalAlmazan
(2018)

Toch & Birman (2018) X

Master ds

Li et al. (2019)
Androutsopoulou et X
al. (2018)

Degree

n

FACULTAD DE ADMINISTRACION Y
DIRECCION DE EMPRESAS. UPV
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Appio et al. (2018) X
Chui et al. (2018) X X X X X X
PwC(2018) X X X

European
Commission Joint

Research Centre X X X X X X
(2018)
MIT Technology
X X
0SO 019 _ _ _ B B B
TOTAL / TOPIC 17 7 5 4 4 12
PERCENTAGE O
0, 0, 0 0 0 0
PAPERS / TOPIQ 68,00% ([ 28,00% | 20,00% | 16,00% 16,00% 48,00%

Source: own elaboration

On the one hand, the literature considered approaches different aspects of the PA
improvement, there are several papers that do not deepen in the analysis of the Al
from a technical point of view, and this is the reason why 20 out of the 45
references do not investigate the software behind the Al in a quantitative manner.

On the other hand, the table 3 shows that Machine Learning is the Al software
capability more mature in the Public Sector, in this line of analysis, the amount of
topics out of the total is significantly higher that all the others, 68% of the papers
consider this particular capability for solving or analyzing PA problems. The two
following capabilities more considered are Analytics and Natural Language
Processing with 40% and 28%, respectively. Finally, Computer Vision, Reinfcement
Learning and Content Generation are the less mature not only in the PA area of Al
but also in all areas (compared with the aforementioned ones).

To conclude this analysis, it is possible to extract that according to the state of the
art the proper Al capabilities to utilize in the Al implementation are those with more

maturity, not only because of the imminent transformation of the PAs which implies

that the results are expected in the mid-term, but also because of the costs
reduction in investigation of those capabilities which are in development, and the
efficiency of the algorithms developed with them.
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2.3.3. RQ4: Which Al capabilities will have a more significant impact in
citizens and in which areas of the PA?

Studies analyzed explain the benefitsfor citizens of applying Al in the public sector.
Among these benefits are using data to predict and estimate the economic impact
of changes in tax policy, analyze data to improve public safety and optimize
transport in cities (Agbozo and Spassov, 2018). @Qrrently, the use of chatbots in the
public sector offers real-time access to information and support to citizens
(Androutsopoulou et al., 2019). Internet of Things-enabled Al technologies can be
used in areas of smart government such as energy and utilites to optimize the use
of resources (Kankanhalli et al. 2019).

The present section studies which are the principal areas of the PA considered in the
literature for using Artificial Intelligence. Since the PA covers plenty of areas, for the
present work five main areas that are considered crucial for starting the
implementation of Al in a medium -size developed city such as Valencia, Madrid, or
Barcelona have been selected: 1) Smart city; 2) Healthcare; 3) CitizeRA interaction;
4) Education; 5) Security. Tie selection of these Al implementation areas has been
done according to the action area of local governments (entities to which this work
is intended), which may have the power of managing the lights sequence or the
chatbots that interacts with the citize n in their webpage rather than deciding the
next steps of the Al implementation in more global areas such as justice, agriculture
or economy that are managed in a national level.

With regards to the above, in the following paragraphs the five areas of the PA
considered in this work for starting the implementation of the Artificial Intelligence
will be fully described and each selection will be justified:

> Smart city: this area has been selected because of its large impact in the

Public Sectocitpgdnae @asmamecept refers to th
and Information and Communication Technologies (ICT) that can be placed in
a city for improving its sustainability, ef

is no common definition of what a smart city is, there are several accepted

action areas in which the literature converges: the application of this

technology in cities, as mentioned in (Lietal., 2019)0r e pr esent s an adva
information -centric platform for supp orting ICT services for application in e-

government and PA, intelligent transportation systems, public safety, social

dimensions, health care, education, building and urban planning, environment

and energy and water management presents the domain fields of integrated

applications that concern location, tourism, public transport, PA services,

goods and service, financi al services, and

> Healthcare: this area has been considered for this work due to its significant
technology advancements in the recent years and its importance for citizens. 27
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Al is increasingly entering in this sector and it is one of the most promising
areas for Al applications, because healthcare is the public policy area with
higher investments. In addition, plenty of its application will simplify
processes, predict diseases, improve efficiency in operations and make
important findings in the research field. Al use in healthcare has been divided
in two main branches: 1) the virtual bran
deep learning information management to control health management
systems, electronic health records, and actively guide physicians in their
treat ment Gunc& Medaglias @018), 2) the physical branch:
concerning mostly the assistance not only for surgeons but also for elderly
patients.

> Citizen-PA interaction: this area of impact is crucial for this work since the
Public Sector innovation and modernization of PAs is not only a determining
factor for economic growth in a global market (Cartelli et al., 2018) but also it
is the action area most perceived, criticized and felt by citizens. In addition,
city councils have power to transform and improve this interaction between
the PA and people which is sometimes tedious and inefficient. Citizens
normally have a high average waiting times no matter what the formality,
process or petition they need to deal with the administration. Within this
context, the Al implementation in this area will reduce queues, waiting times,
number of mandatory attendances to public institutions to go through
formalities, bureaucracy and paper consumption reduction.
Ultimately, the objective of implementing Al in this particular area is to
improve this important interaction amo ng citizens and PA by converting the
administration in an agile, digitalized, innovative and modern organization
that be able to adapt rapidly to a this disruptive evolution.

> Education: the main raisons for selecting the field of education is due to it is
mostly managed by city councils in important countries of the EU with a
decentralized policy such as Spain or Germany, in addition, education is a very
significant area for the future of every nation, and it has to evolve. In this line
of analysis, the adaptation of education to the Al application has a large
margin of improvement. As detailed in (Chui et al, 2018) 0ln education, |
than 1.5 billion students could benefit from application of adaptive learning
technology, whi ch t ail ors content to students bas:
factor in this field may be the accessibility to educational content e.g., online
courses or intelligent oOchatbots professor
have the potential of increasing the opportunities in this field.
In summary, the main challenges of the Al in education are both to maximize
student achievement and teacher productivity. Several instances for overcome
these challengesare: 1) adaptive learning technology, that could be used to
suggest content to students based on past success or engagement with the 28
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subjects; 2) Stress detection, as Al could also be used to detect student stress
in early stages, even before a teacher be able to notice it.

> Security: a very important aspect of Al implementation is to protect the

technology and ensure that it will be utilized ethically, and this is the main
raison for selecting this particular action area.

Within this context, security in Al presents certain challenges for society that
are divided in three branches (Chui et al., 2018): 1) Harm prevention: including
cybersecurity and physical threats; 2) Fair prosecution: including the
adaptation of the laws (regulation) and smart contracts; 3) Policing: including
street monitoring and crimes prediction. Evidently, in order to achieve a
correct implementation of Al in the security field, it will be necessary to
supervise the security policies for ensuring the ethic approach and for neither
trespassing citizens® privacy nor safety.

After defining the action areas taken into account, the table below will show which
ones have higher potential according to the state of the art:

Table 4: State of the art analysis: references by Al areas of impact considered in the
literature

Al AREAS OF IMPACT
REFERENCE . i
Healthcare .C|t|zen. PA Education Security
cit interaction

Poes et al.(2019)

Cheng et al. (2018)

Chatfield & Reddick
(2018)

Sun & Huo (2019)
Mergel et al. (2018)
Soe & Drechsler(2018)
Ribeiro et al. (2019)
Wirtz et al. (2019)
Lage et al.(2018)

Lin & Ho (2019)
Renteria et al.(2019)

Mergel et al. (2018)
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Mainka et al. (2018) X

Cartelli et al. (2018) X

Dutra & Soares (2018) X

Cortés-Cediel et al. X

(2018)

Lindgren & van X

Veenstra, (2018)

Basri et al.(2019) X

Agbozo & Spassov X

(2018)

Prieto et al. (2018) X

Gaut et al. (2018) X

Kankanhalli et al.(2019) X

Sun & Medaglia (2018) X

Sinha et al.(2019) X

Gerontaset al.(2018) X

Millard (2018) X

Kalyanakrishnan & X

Panicker(2018)

Luciano et al. (2018) _ _ _ _
Tryfonas & Crick (2018) X

Yoon et al. (2018) X

Buyle et al. (2018) X

Liu & Kim (2018) X

Casares(2018) X X
Makridakis (2017) _ _ _ _ _
Agbabiaka (2018) X

Valle-Cruz & Sandovat X X
Almazan (2018)

Toch & Birman (2018) X
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Li et al. (2019) X

Androutsopoulou et al. X

(2018)

Appio et al. (2018) X

Chui et al. (2018) X X X X X

PwC(2018) X X

European Commission

Joint Research Centre X X X X X

(2018)

MIT Technology Review

(2018) - - - - -

TOTAL / TOPIC 13 5 26 3 5
PERCENTAGE O} 33 3394 12,82% 66,67% 7,69% 12,82%

PAPERS / TOPI(Q

Source: own elaboration

The table 4 shows important differences between the diverse areas of impact that

the Al will have in the PA. Firstly, the 66.67% of the references consider the
interaction among citizenry and the Public Sector as a crucial factor. Secondly, the
33.33% explore the Smart Cities area. And thirdly, the areas studiedn a lesser
extent are Healthcare, Education and Security.

From these results it is concluded that Citizen-PA interaction it is the more

important area to tackle at the beginning of the Al implementation in the PS due to

this area of impact encompassestheot her s because citizensd inte
takes place in every area of the administration. Furthermore, a critical aspect for

succeeding in this change is the perception of citizens; they have to feel a

competent, reactive, trustworthy and efficient PA in all areas. Finally, it is important

to mention that fundamental areas of the Public Sector such as Healthcare or

Education are highly managed privately so the poor results in this analysis are not

considered as very significant or the global of each area.

2.3.4. RQ5: Which ethical guidelines must be considered during the Al
application?

Since Al algorithms are characterized for having the capacity of making
autonomous decisions and they will impact eno
to define the ethical guidelines for implementing a trustworthy Al. Some references

of the literature considered in this work study the ethical aspects of Al. For example,

Casares (2018) indicates that when a goal is established, the artificial intelligence will

decide by its own the means to reach that objective, but these means might be 31
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ethically questionable. Kankanhalli et al. (2019) offers the example of autonomous
driving, in which artificial intelligence would decide who lives and this would create
ethical dilemmas. The European Commission, through its Joint Research Centre
(2018) lists the issues that should be considered about artificial intelligence,
including unfair Al decisions that could discriminate against particular groups or
individuals. In the report developed by the McKinsey Global Institute (Cui et al.,
2018), they indicate that discrimination could be generated by racial or gender bias
in the samples used by trained algorithms. Another ethical issue is related to
sharing patient data and that these data are misused for commercial purposes (Sun
and Medaglia, 2018). An additional challenge that generates debate is the effect of
Al in labor. Makridakis (2017) points out that this challenge would have different
impact in developing and advanced countries, as the latter will replace unskilled and
semiskilled labor by computers and robots, reducing their reasons for moving
production and services to developing countries.

As the focus of this study is based on policies developed by countries which will be

applied in the cities by the city councils, concretely, in Spain (state member of the

EU), therefore, it is mandatory to examine the guidelines established by the EU
organisms because these requirements are what European countries will be asked
to implement.

In this line of analysis and the need of considering all the issues related to Al the EC
has gathered an independent group of 52 experts in the Al field for investigating
the ethical impact to take into account and accomplish a safe, transparent and
trustworthy Al. This guide was presented in June 2018, but, as Al is in a constant
change, a revision will be made in 2020.

In (Al HLEG, 2018)the Al experts propose ethical guidelines in this matter
considering three principal stages: the definition of the ethical principles or
fundamental rights that must be respected during the stages of the Al
implementation, the key requirements that Al systems must accomplish, and an
assessment list for ensuring the proper development of stages 1 and 2. These three
stages will be listed in the lines below:

I.  Fundamental rights for the application of Al
Respect for human autonomy
Prevention of harm
Fairness
Explicability

II.  Key requirements for Al systems
Human agency and oversight: 0 A $ystems should both act as
enablers to a democratic, flourishing and equitable society by

32
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supporting the wuserds agency and fost

allow for human oversight¢.
Technical robustness and safetyo Al systems should have
thatenabl e a fallback plan in case of pro

Privacy and data governance: including data protection, privacy,

quality, availability and accessibility,

Transparency: including traceability of Al processes that must be

documented, explainability of the technical processes of Al systems

and communication so that people be aware when interacting with

Al software or hardware.

Diversity, non-discrimination and fairness: f o r enabling O0incl
and diversity throughout the entire Al

Environmental and societal well-being: 61 ncl udi ng sustainabi

environmental friendliness, soci al i mp ¢
Accountability: 6l ncl uding auditability, mi ni mi z

negative impact, trade-of f s and redresso.

lll.  Assessment: two processes are proposed by the Al experts group of the EC
(Al HLEG, 2018)

Qualitative process: to ensure representability, where a narrow
selection of entities from different sectors and sizes will join forces
in order to pilot the assessment list and the governance
organization in practice and to provide feedback.
Quantitative process: interested stakeholders may join to manage
the assessment list and provide feedback through an available open

consultation.

In summary, the deployment of Al not only in PA but also in every layer of society is
a highly complicated task to perform, and, despite the benefits of Al, the institutions
managing this change must be fully aware of its potential dangers and deviations
for being able to implement efficient corrections. These guidelines must be
respected by every organism willing to apply Al within its infrastructure so that all
people involved will not be in any danger.

Besides this expert group managed by the EC, there are several influetial

organi zations and groups such as The Worl d E
Fourth Industrial Revolution, the IEEE, Al Now, The Partnership on Al, Future of Life,

Al for Good, and DeepMind have determined a set of principles that have as its

principal objective the maximization of Al benefits for humanity and the limitation

of its risks.

Some areas with an existing consensus are (PwC, 2018):

> Designing Al with an eye to societal impact 33
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Testing Al extensively before release
Using Al transparently

Monitoring Al rigorously after release
Fostering workforce training and retraining
Protecting data privacy

Defining standards for the provenance, use, and securing of data sets

VVVVYVYVYV

Establishing tools and standards for auditing algorithms

For concluding the literature review, after having analyzed all the papers it is observed

that Al is going to provide much more benefits than risks for the PS providing an

enormous margin of improvement for every branch of the PA, and if Governments

adapt to change and implement t he proper control s, Al wi ||
and better. Particularly it is noted that the government digitalization is quite

considered in the literature, but there is a lack of studies concerning the prioritization

of public areas to tackle during this deployment. Furthermore, it seems that ML the

most influent Al capability for problem solving in any area of the PS, and finally, the

literature shows an important concern regarding the interaction between citizens and

the PA, smart city, heathcare and education.

Then, in chapter 3, the situation of Al in both the European and Spanish landscapes will
be analyzed. Firstly, the EU guidelines, instructions and deadlines that the states
members must comply with will be described, and Secondly, Span current situation
regarding the Al will be studied and compared with the leading European countries in
this matter.

34
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Al ITSSITUATIONN THEEUAND IN SPAIN

3.1. Al IN THE EU: GUIDELINES

After this initial analysis of the general literature, this study focuses on the European
framework. Within this context, the EC has established two main programs for
controlling, measuring and ensuring a proper deployment of the Al in Europe: the Al
watch portal and the Coordinated Action Plan. Both will be described in the following
subsections.

3.1.1. Al Watch Portal

The public internet portal of the EU defines
monitor the development, uptake and i mpact o f
(European Commission, 2018)

It not only advices on the different layers impacted by Al, for supporting the
application of the European Al initiative, but also provides a methodology to detect
opportunities, risks and potential barriers of the Al utili zation. Concretely,
concerning the PS, in the immediate future Al Watch will recommend Al techniques
and tools for helping the development of Al solutions in governments that will be
transferred to individual city councils (depending on the country managem ent of
the PA). In addition, Al watch will boost innovation researches co-developed
between states members and the EC for implementing Al solutions for smart public
services(European Commission, 2018) Deepening in the PS ard summarizing the Al
Watch action for this sector, it establishes in (European Commission- Al Watch,
2018) three main goals for monitoring correctly the Al revolution:

I.  To offer a guide of the Al utilization in the PS and in the delivery of public
services in the countries of the EU.

II.  To establish a methodology for evaluating the impacts of the acceptance of
al in the PA.

lll.  To develop methods for evaluating the potential impacts of the Al
application to recognize strengths and thr eats, and to support public
services.

To conclude the above, these principles will be an asset and will provide guidance
for all the state members of the EU that must cooperate and to combine efforts in

the EU for being a competitive leading member of this disruptive technological

change.
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3.1.2. The Coordinated Action Plan on Al (COM (2018) 795)

The EC is developing as well a coordinated strategy to boost the development and
application of Al in Europe. This plan proposes several actions whose aim is to
increase the states members, Switzerland, Norway and the EC cooperation in terms
of quantity, quality and efficiency concerning 4 fields of action: increasing
investment, data availability, boost of talent and trust assurance. For this Atinduced
transformation, the aforementioned parts involved agreed to monitor the
application of the plan on annual basis. The action plan presented by the EC is the
following:

I.  Mid-2019 deadline: all member states have until mid-2019 for sharing with
the EC and the other members their national Al strategy. Obviously, each
country will decide the content of its strategy taking into account its

national situation.

II.  Periodical discussions: the member states advised by a Sherpa Group
(0ORepresentatives nominat ed obRigtisitge Member
European I ndustry an (Eurdpeah Cdmmissiom PO18) nt el | i g €
will meet biannually for discussing the advancements of the coordinated

plan.

lll. 2019 assessment:at the end of 2019 the progress will be evaluated and
benchmarks for comparing accomplishments and failures will be performed.

These measures confirm that the EU has structured a thorough Al transformation
strategy, by setting deadlines, organizing continuous improvement discussions and
scheduling progress assessments. In this line of analysis, regarding the PS, the EU
Coordinate Plan presents a 4 actions approach for the enhancement of PA services:

I.  Digital Service Infrastructure improvement: the main goal regarding this
area is to build a Digital Europe Programto implement for the 2020 horizon.
To do this, two programs are crucial: Connecting Europe Facility (CEF) and
Interoperability Solutions for Public Administrations, Businesses andCitizens
(ISA?):

CEF is an instrument managed by the Innovation and Network
Executive Agency (INEA) which is dedicated to increase EU PS
growth through shared investments between the member states. It
will improve current European connections and it will develop new
ones within the areas of transport, telecommunications and energy.

ISA2: this program sustains the evolution of digital innovations
within Europe by providing cross-border and cross-sector
interoperable public services, from which public entities can benefit. 36
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ISA? focuses on 54 actiors grouped in 9 work packages related to

interoperable digital solutions. These packages include software

free-available solutions that European countries decide whether or

not to use. Depending on the area to tackle the Al is present in this

solutions or not , e. g., t he wor Kk package cor
opportunities for public administratio
predicting patterns through ML and data mining. Nonetheless, the

Al use is still theoretical in some stages of ISA2; the solutions related

to Al use have still to be. For example in the EC website
(https://ec.europa.eul/isa?/solutions_en) where the solutions are

presented it is detected the lack of content regarding work

packages that may need the application of Al systems (European

Commission, 2019)

Table 5: ISAZ solutions Al impact

Work Package Related Solution provided
to Al (** Al related)
. - e-Documents Reference Achitecture: help
Key and generic interoperability . - . :
No public  administrations make informed
enablers - .
decisions about e-Documents solutions.
Semantic interoperability No No
A ;
ccess to data / data sharing / Yes No
open data
Geospatial solutions Yes No
. e-Certis: a tool for mapping certificates
e-Procurement / e -Invoicing Yes : ; : bping .
necessary in public procurement
Decision making and legislation Yes No
!EU policies & Supporting No No
Instruments
EIRA and CarTool:European Interoperability
Reference Architecture and Cartography tool
NIFO: The National Interoperability Framework
Observatory
EUPL European Union Public License
Supporting instruments for PA Yes IMAPS: Interoperability Maturity Assessment
of a Public Service
OpenPM2  Open project management
methodology
IQAT: Interoperability Quick Assessment
Toolkit
Accompanying measures No No

Source: (European Commission, 2019
As table 5 shows, the Al impact in ISA2 solutions is not developed
yet. According to this analysis, from the 9 work packages, 6 might be
related with Al-systems and only 3 have implemented solutions.
However, after the investigation of these tools, no evidence

T . 37
indicating the current use of Al technigues was found.
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In contrast, even if the lack of Al in ISA? solutions (in the present
year) is significant, its lutions for the PA are widely utilized by
European countries. In the map below is shown which countries of
the EU (in green) use at least one of these ISA?2 solutions:

: Minland [ &

s
b Sweden _, 3

Malta

Figure 6. Member States using ISA? solutions

Source:(ECGeographic Information System, 2019)

For deepening in this analysis, the following table will list the
number of solutions used by each country of the EU:

38
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Table 6: ISA? solutions utilization per country

Work N° of ISA2

Package solutions
Spain 19
Italy 14
Belgium 12
Netherlands 11

Finland

[N
o

Germany
France
Ireland

Luxemburg
Sweden
Estonia
Poland
Czechia

Denmark
United

Kingdom

Slovakia
Greece

Portugal

Lithuania
Austria
Croatia

Bulgaria
Latvia

Hungary

Romania
Cyprus

Malta 4

O 0 00 0 0 O 0 0 0 ©

o1 o1 01 o1 OO O O O O N N

Source: (European Commission, 2019

*=a ADE

FACULTAD DE ADMINISTRACION Y
DIRECCION DE EMPRESAS. UPV

Table 6 shows significant differences regarding the quantity of
applications used by each European country. Nevertheless, the
quantity of ISA2 solutions implemented does not have to be
proportional to the quality of public services, and less in relation to
Al. In chapter 3.2 a comparison between the leading countries of the

EU and Spain will be made and this analysis will be complemented.

II.  European network of Public Employment Services (PES):this strategy

consists in sharing best practices on Al service between countries in order to

capitalize t he

knowl edge

to |l earn

39
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European network is formed by the 28 member states plus Iceland, Norway
and the EC.

lll.  e-Translation: with the aim of connecting Europe, the EC proposes to boost
the investments in further developing NLP tools and algorithms in order to
potentiate the multilingualism in the PA.

Once established and analged the European framework within the Al field, it is
needed to determine where Spain is. With this research it will be possible to study
its PS: strengths, weaknesses, improvement points, etc. As a consequence, it will be
feasible to propose Al tools and a prioritization of public areas to approach. This
analysis will be presented in the following chapter.

40
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3.2. Al IN SPAIN: CURRENT SITUATION

In order to decide on the appropriate levers to promote the growth of Al Spanish

Public Sector, it is crucial to positon Spai nds i nfrastructure regard
important to focus on both a global perspective and a specific perspective of the

country in this matter. Therefore, three different factors will be studied.

Firstly it will be needed to analyze the current situation in other European countries,
the developments that have been made and in where is Spain positioned in
comparison. Since Al is a topic which is rapidly evolving, it is critical to determine the
current situation of Spain in aspects such as A research and the number and quality of
private and public entities committed with Al collaboration within Europe. With all this
information it will be feasible to establish how far Spain is from the Al-leading
European countries.

The second step in thisanalysis will concern the Spanish national strategy regarding Al,
presented in the meeting of April 4™ 2019. Concretely, 2019 is the official deadline
imposed by the EU for the Al Coordinated Plan program. Given the topicality of this
report, the issues tackled and the priorities established by the Spanish government, this
recent information will be determinant for this study. In addition, a comparison
between Spain Al national strategy and the cutting edge countries of the EU in Al will
be made. The counties selected for this analysis are Germany, Sweden, France,
Denmark, Finland, Lithuania and United Kingdom, which according to the EC are the
most prepared for the Al disruptive change that the world is starting to face.

Finally, the Al investments of the most important Spanish city councils will be analyzed
in order to quantify the importance, dedication and responsibility that each city
considers regarding Al transformation.

3.2.1. Al: Where is Spain in Europe?

By introducing the comparison between Spain and European countries, several
factors will be taken into account. As analyzed in (European Commission JRC, 2018)
research, this study will be based on three principal indicators: 1) the main Al
players in Europe (investigation centers and public and private entities commitment
to Al), 2) the Al landscape in research (literature published and conferences), 3) The
Al collaboration network within Europe (information flux, collaborations and
participations between countries). Then, 4) the benchmark of Al national strategies
developed by the top leading countries in the matter of PA. Finally, in subsection 5)
the Government Al Readiness Index, where is categorized the preparation of
governments for taking advantage of the benefits of Al in the delivery of their
services to citizens (Miller & Stirling, 2019), will be detailed and the position of
Spain in Europe will be studied. a1
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3.2.1.1. The Main Al Players in Europe

Within this context, the EU has developed a European Al coordination plan

concerning all state members, Norway, Switzerland and the Commission. The most
powerful countries of the EU in this matter are proposing particular Al strategies

based on their characteristics. Particularly, this common approah is focused on

four key areas: increasing investment, the increase of data availability, fostering
talent and ensuring the trust in Al. Nonetheless, each country is different and must

analyze its strengths and weaknesses for managing the Al transformation of the

Public Sector in a proper and efficient way. If we examine the current situation in

Europe regarding the Al leading countries in Al investigation, it is shown that in

Spain there is still plenty of work to do, especially in all cities apart from Madrid

and Barcelona. See Figurer below:

Figure 7: Al main players in Europe

Source. European Commission JRC Repgr£018b

This figure shows the density of the most important Al players in Europe. Al
players refer to those countries leading in the research of this topic and whose 42
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universities, research centers and private enterprises are involved in Al economic
activities such as Atservices, R&D procedures, industrial manufacturing, etc. In this
line of analysis, the map illustrate that Spanish density is significantly low in
comparison with countries as France, Germany, ltaly, Belgium, United Kingdom,
Netherlands, Switzerland, Denmark and Sweden.

3.2.1.2. The Al European Landscape in Research

Other fact to consider for the pos itioning analysis of Spain is the researchleading
countries. In the Al techno economic Segment report of the European Commission
Joint Research Centre (EC JRC) it is shown the following map (Figure 6)
representing the activity of the EU NUTS2 regions (Nonmenclature of Territorial
Units for Statistics, from the NUTS Regulation, the average population size of the
regions in the respective level corresponds to what is presented in the below
table) concerning their participation in research, patents and EU projects within
the Al area:

Table 7: NUTS Regulationd Population size

Level  Minimum (people) Maximum (people)

NUTS 1 3 million 7 million
NUTS 2 800,000 3 million
NUTS 3 150,000 800,000

For a proper understanding of figure 6, the following legend is det ailed indicating
(from higher to lower blue color intensity, the impact of each city in Al in the
aforementioned features. Plus, the orange dots indicate the Al research centers
with higher activity in Al publications between 2009 and 2018:

Table 8: Figure 6 legend

Very High Low

High Very Low

Medium Other/ No data
Leading Research Centre

Source: own elaboration

Once detailed the specifications of the picture, see Hgure 8 in the next page:
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Figure 8: Al Euopean Landscape in Research

Source: The Al TechneEconomic Segmentd (European Commission JRC, 2018)

I n connection with the previous chapter, i n
impact in research is below the average of the EU leading countries. In fact, Spain
has not any oVery Hi gho region in the Al

investigation centers in 6 regions, and countries as France, Italy, Germany and
United Kingdom, among others, have 13, 11, 24 and 21 respectivédy. Also, in the
picture it is possible to appreciate that the density of investigation centers is lower
in Spain than in those countries, including Belgium, Switzerland and Ireland, which
indicates that Spanish government might increase the investment budget related
to R&D, particularly in Al, for being able to join the leading countries of this Al
transformation and achieve the goal of adapting and improving the efficiency of

the PA.
44
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3.2.1.3. Al collaboration network within Europe

The third indicator to take into account in this subsection is the collaboration
network between European countries regarding the Al research. In the following
graph is represented the network of collaborations intensity and direction within
Europe for Al research projects and activitiesfrom 2009 to 2018 (Figure 9):

Figure 9: Al Collaboration Network in Europe

Source: The Al TechneEconomic Segmentd (European Commission JRC, 2018)

Figure 7 shows the central core of collaboration in north Europe. It involves United
Kingdom, France, Germany, Belgium and Switzerland. In contrast, the position of
Spain regarding this matter is similar to the observed in the other two indicators.
Even if it is a country with certain participation in the Al -related research activities,
Spain is still far from the leading countries in this area.

45

Masterd8s Degree in Business,6@oursedZ®|1819|FamIBrojé&te~a




/'ﬁ"'v-\ UNIVERSITAT MURGUI HERRERO, Miguel Guillermo H"-.H ADE
Gf])s) PouITECNICA

ey IALENCIY ; ; 7 ; FACULTAD DE ADMINISTRACION Y
i DE VALENCILA Development of an Al implementation plan for the Spanish Public Sector st sl Ll

To conclude this subsection, the comparison of Al national strategies between
Spain and the aforementioned 7 European countries will be made. For this analysis
only the information rel ated to Al in the PA will be considered.

3.2.1.4. Al Benchmarking: Al in the PA

Given that Spain is at the early stage of implementing Al in the PA, it is important

to analyze what other countries do regarding this matter, study their strategies

and consider if they are susceptible of being applied in Spain. In this line of

anal ysi s, the O0AI Watchd that gathers plenty
speci fic research activities of the EC JRC,
actions and approaches to the Al implementation.

It is significant that there are only 7 countries that have published official
documents in the EC official website detailing its particular national strategy for Al.
So, in order to develop a plan for Spain, these strategies will be compared and
studied. Conclusions and proposals will be extracted from the analysis. These are
the 7 countries that this subsection will study regarding Al in the PS: Germany,
France, Denmark, Finland, Sweden, United Kingdom, Lithuania and Spain.

Therefore, for andyzing the approaches of these countries, the strategies will be
grouped as in chapter 2.3 but with some variations. Since this study concerns
national strategies that must present solutions regarding all Al implications, the
first organization of the Literature Review chapter where references were
structured depending on the principal Al -related topics i e.g., benefits for citizens,
Al capabilities, improvement areas of PA, government digitalization and ethicsfi ,
will not be used due to the fact that it is ¢ onfirmed that all countries have
considered these 5 areas in their strategies. So, three factors will be considered in
this analysis: a) the Al capabilities intended to be applied, b) the areas of the PS
primarily intended to be improved in each national s trategy and c) the specific Al
solutions proposed in each countryds PS, diff
use and which is planned for the future. In this line of analysis, a table was
intended to be performed for comparing different parameters such as Al
capabilities to be applied, Al areas of impact and Al current and future
applications, the idea was to organized these factors according to each country Al
strategy

Unfortunately, the table could not be performed due to the fact that its study was
not conclusive from the Al application in the PS point of view. This was because
the considered documents present a very qualitative analysis so for several
countries no specific data confirming the Al factors aimed to study has been
found.
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3.2.1.5. Government Al Readiness Index 2018/2019

It is critical to know the position of Spain concerning the Al implementation in the
PA for determining how prepared is the country and which approach for an Al
guideline is feasible and which might be unrealistic. The present work has defined
so far that Spain is not a leading country in the Al field. Nevertheless, is important
to quantify which is the exact position and how big is the distance between the
Spanish government and the cutting-edge governments in Europe.

Since the impact of Al technologies is going to be significant not only in the PS
but also in all sectors of society as it is known, it is crucial to control this disruptive
change. Therefore, this quantification of the countries regarding the Al
implementation in the PS has been actualized this year by the Canadian
International Development Research Centre (IDRC) andOxford Insights have
developed an index to measure how prepared are the governments of each
country of the world for applying Al techniques in the delivery of public services

Within this context, in (Miller & Stirling, 2019) 194 countries have been analyzed
according to 11 metrics organized in 5 areas: governance, infrastructure and data,
skills and education and government and public services:

> Governance:
Data protection/privacy laws
National Strategy

> Infrastructure and data:
Data availability
Government procurement of advanced technology products
Data/Al capability

> Skills and education
Technology skills
Private sector innovation capacity
Number of Al start-ups

> Government and public services
Digital public services
Effectivenessof government
| mportance of | T to government®&s visio

After analyzing all these metrics, a grade from 1 to 10 is given to each country. See
in Hgure 10 the position of Spain in the overall ranking for government Al
readiness in 2018/2019 (find the complete table annexed).

a7
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Rank Country Score
1 Singapore 9.186

2 United Kingdom 9.069

3 Germany 8.810

4  United States of America 8.804

5 Finland B.772

6 Sweden 8.674

6 Canada 8.674

8 France 8.608

9 Denmark 8.601

10  Japan 8.582
Rank Country Score
31 Czech Republic 6.673
32 Mexico 6.664
33 Latvia 6.548
34  Ireland 6.542
35 Uruguay 6.522
36 Spain 6.332
37  Lithuania 6.288
38 Slovenia 6.232

Figure 10: Overall ranking for government Al readiness

Source:(Miller & Stirling, 2019)

As shown in the above figure, Spain is in position number 36 with a score of 6.332

out of 10. In addition Spain is under, a priori, less developed countries in a general

basis, but concerning the Al application in the PA such as Latvia, Uruguay or Czech
Republic and also some that do not appear in the image as Portugal or Poland. In

this line of analysis, although Spain is in a relative high position (36/194), there is a
considerable number of non-developed countries in this analysis of Latin America

(33 countries with an average index of 3.682), and Africa (54 countries with an
average index of 2.7@), which is 97 evolving countries with much less

technological resources than Spain. Therefore, it is needed to compare Spain with
its neighbors in Europe.
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So, once established the position of Spanish Alpotential in the world, Table 9
illustrates the position of Spain in Europe.

WESTERN EUROPE

Regional

1 United Kingdom 9.069

2 Germany 8.810

3 Finland 8.772

4 Sweden 8.674

5 France 8.608

6 Denmark 8.601

7 Norway 8.079

8 Netherlands 7.659

9 Italy 7.533

10 Austria 7.527
11 Switzerland 7.461
12 Belgium 6.859
13 Luxembourg 6.857
14 Iceland 6.809
15 Portugal 6.693
16 Ireland 6.542
17 Spain 6.332
18 Malta 5.961
19 Greece 5.760
20 Cyprus 5.668
21 Liechtenstein 2.619
22 Monaco 2.430
23 Andorra 2.290
24 San Marino 2.071
Average 6.570

Table 9: Western Europe ranking for government Al readiness

Source: 2019 Index data for report d (Miller & Stirling, 2019)

The above table shows, according to this analysis, how unprepared Span is for
introducing Al technologies in its PS, in comparison with the other Western
European countries. In fact, Spain is 0.238 index points under the European
average, not to mention the 2.737 points of difference comparing with the First
position (United Kingdom).

This analysis certifies the reaction that has to be carried out by the Spanish
government for reaching the top positions of the table. To do so, high investment

should be intended to Al systems research and development, and talent attraction 49
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programs for professors and professionals of the private sector should be
implemented in order to manage the Al constant evolution. Thus, the Al national
strategy of Spain which is a starting point for overcoming this challenge has been
already defined and published and will be analyzed in the next subsection.

3.2.2. Spanish Al National Strategy for the PS

As mentioned in the previous paragraphs, the Spanish government, concretely, the
Ministry of Science, Innovation and Universities (MCIU), presented on b\ April 2019
its national strategy (Spanish RDI Strategy in Artificial Intelligence) regarding the
management of Al into the EC. So, in order to provide a feasible and adapted plan
for the PA in a regional framework, it is determinant to analyze the constraints,
opportunities and weakness of Spain in a national framework. To do so, the factors
considered in the Spain Al national strategy report will be studied and conclusions
will be extracted and serve to define the bias proposed in chapter 4.1 for prioritizing
the PS fields to approach. For instance, if there is a determined sector significantly
undeveloped or inefficient compared to the others, it may be needed to apply Al
techniques for increasing its productivity before tackling other sectors. In contrast,
given a very efficient public area, in comparison with others, it may be an adequate
plan to give preference to other areas containing a bigger amount of problems to
be solved. Furthermore, other factors will be considered as well such as maturity of
the Al solutions or the implementation costs, but the prioritization proposed will be
fully detailed in the next chapter.

Starting the analysis of the present subsection, the Spanish national strategy for Al
establishes several objectives for controlling, developing and promoting Al in the
present and future with 2030 as the implementation deadline of its proposals.
Particularly, this analysis will focus on those proposals concerning the management
and application of Al in the PS: Firstly, the presented improvement areas and the
objective defined for them will be evaluated. Secondly, the improvement points and
threats in these public areas will be analyzed. Thirdly, the maturity and research of
the proposed Al capabilities will be evaluated.

3.2.2.1. Public Areas: proposal and objectives for Al application

In the PA field, 4 main areas are proposed as those that may need a more
significant transformation where Al could be increase the productivity and
efficiency by permitting the management of a bigger amount of data, shorten
processes time and predict problems. These areas are 1) Public Administrations; 2)
Education; 3) Smart cities and territories; 4) Health and 5) Safety. The government
of Spain has established objectives for each one of the presented branches of the
PS tha are intended to be accomplished with the use of Al systems. The following
lines detail these assigned goals in (Spanish Ministry of Science, Innovation and
Universities, 2019)

*=a ADE

FACULTAD DE ADMINISTRACION Y
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> Public Administrations
Digital transformation of public services
Response times reduction
Data protection
Ensure the interoperability among PA entities

> Education
Personalized learning according to the knowledge, professional
preferences and progress of students
School leaving rate reduction
Teachers adatation to Al digital competences and ethics

> Smart cities and territories
Make mobility more secure
Improve cities sustainability
Increase the connectivity within the country
Transport accidents reduction

> Health
Improving the prevention diagnosis and treat ment of
cardiovascular, neurodegenerative diseases in general and
childhood obesity and breast cancer in particular
Costs reduction

> Safety

Threats detection
Development of an Al protection for Al attacks
Crime prevention and detection

3.2.2.2. Public Areas: threatsand improvement points

Is evident that in a utopian situation all areas will be improved and all objectives
will be accomplished. Nevertheless, there are critical constraints and threats that
endanger the transformation of the PS in all of the aforementio ned public areas
due to the controversial aspects involved in the Al transformation. The
management of private data is highly sensitive because of the impact that an error
or a security breach may cause, not to mention the possible disappearance of
severalpublic jobs may occur as a consequence of the Al implementation.

Within this context, it is not only important to develop an efficient security
infrastructure that protect privacy violations or performance malfunctions, but also
to ensure the expertness of researches in charge of the PA transformation within
the Al field, because even if mature Al technologies are implemented, it is needed
to ensure that the data feeding the Al algorithms is correct for the results aimed to
achieve. If not, undesired outcomes will be obtained.

With regards to the opportunities and improving points concerning the situation
of Spain, it will be determinant to exploit those specific indicators of each public
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areas such as average waiting tames, school leaving ratio or crimesnumber per
year, so that it may be possible to detect which changes could be applied in the
first place and where is crucial to intervene first.

The following table details the threats and improvement points for each public
area considered in (Spanish Ministry of Science, Innovation and Universities, 2019)
that may be the key for a responsible and efficient prioritization:

Table 10: Spanish PS threats and improvement points

AI. areas Threats Improvement points
of impact
- > Increase processes digitalization
> Difficulty of S . .
. " Response times reduction
PPAA categorization of citizens > -
interactions types Lack of datq .acceSS|b|I|ty
(European Commission, 2017)
> Teachers adaptation to
digital competences
. . 0 .
Education |nvoIV|.ng Al | > 18,3% of early school leaving
> Unethical or incompetent rate (European average = 10,6%,)
management of the data
studied
Smart _ > Deathly transport  accidents
cities amount (1,943 in 2017)
> Doctors training for the
use of cognitive assigants
Health > Unethical / incompetent i
management of the data
studied
> Automated attacks with Al
Safety systems _

> Maturity of the current
used algorithms

As shown in the table, it seems that Education might be one of the first public
areas to approach with the Al application due to its significant problem with the
school leaving statistics which is 7.7 percentage points higher than the European
average, not to mention that Education is a determinant pillar for the development
of a country. Also, the Public Administrations area has several improvement points
to be tackled with Al application. In addition, training the professionals of each
sector seems to be a transversal problem in the future due to the lack of Al
immersion of the average citizen.

In contrast, in the Smart cities area, there is a significant lack of information

regarding present and future threats. The same case occurs for the improvement 50
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points in Health and Safety. However, this analysis provides an overview of the
current situation of the PS areas to approach in next chapter.

3.2.2.3. Public Areas: Al capabilities

Once described the public areas objectives and threats, this subsection will study
the technical factors of the Al application to the PS that Spain has proposed in the
presented national Al strategy. Concretely, the use of each Al technique will be
distributed according to the intended public area. See the table below where the
Al techniques to be used in each area are detailed. Furthermore, the maturity of
the proposed Al capabilities will be defined according to three categories; (1) High
(2 to 5 years), (2) Medium (5 to 10 years) and (3) Low (more than 10 years). This
categorization has been made according to the maturity level of Al defined in
(Gartner, 2018)(Teble 11):

Table 11: Al capabilities intended to be used in each public area

Al areas Al capabilities Al capabilities .
of impact (software) (application) Maturity level
> Chatbots
PPAA > NLP > Automated administrative Medium
procedures
> Al predictive models
Education > ML > Intelligent tutoring High
systems
> Multimodal planning
algorithms Medium
Smart > ML > Multi -criteria optimization Medium
cities > DL > Autonomous vehicles Low
> Intelligent traffic Medium
prediction systems
> ML with Big = Predictive diagnosis Medium
Health data > Intelligent cognitive Low
analytics assistants
. T ey TSRS
SRy = L > Social patterns for Medium

> NLP prevention

Source: (Spanish Ministry of Science, Innovation and Universities, 2019

As shown in Table 10, there is a long way to go as a consequence of the significant
difficulty that implies to control Al capabilities. However, research is constant and
advancements in the Al field are continually going forward.

In conclusion, this chapter has situated Spain in terms of Al advancements in the
European framework. It has illustrated how Spain is not the most unprepared 53
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country but it is still far from the leading countries in the matter. In the following
chapter, the prioritization of public areas to approach will be carried out and the
Al implementation plan proposed in the present work will be detailed.
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The present chapter aims to propose a feasible Al implementation plan with the support of
the analysis effectuated in the previous sections. Its structure is the following: (1)
prioritization proposal, where all factors involving the implementation of A | in the PS will be
categorized according to several parameters, (2) Al implementation plan, where the
proposed plan will be presented as a flow diagram, whose stages will be fully defined, and
(3) conclusions extracted and future research in the matter wil be argued.

4.1. PRIORITIZATION PROPOSAL

In this subsection the public areas to approach with the application of the Al will be
sorted according to several parameters. The first factor to take into account will be the
technical situation of the Al capabilitie s considered to be applied in the PS. To do so,
the Al Hype Cycle will be analyzed. In the second step of the prioritization proposal,
the PACE prioritization matrix that will be used to categorize will be defined. Finally, the
prioritization analysis will be presented; firstly, the Al applications to tackle, and
secondly, the areas of the PS where Al will be applied. It is important to specify that the
Al capabilities prioritization will be conducted by using a quantitative methodology,
whereas, the prioritization of public areas will be analyzed using a qualitative
perspective due to the lack of quantitative information regarding the application of Al
in public areas.

These analysis will permit to discard those Al capabilities and public areas that will
provide fewer benefits to the PA and serve as guideline for meeting the 2030 horizon
set by the EC in the coordinated action plan which aims is to increase the sustainable
development performance of all member states.

4.1.1. Al Hype Cycle

The Al capabilities prioritization will be supported by the Al Hype Cycle presented in
(Gartner, 2018) It is a deep research of the maturity and development of Al
technologies where their current stage of progress is measured. Within this context,
5 stages represent the cycle of the technologies. However, only the las