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Geospatial technologies for public participation:

Better decisions for smarter cities?

ABSTRACT

In recent years society has undergone a proces®dérnization and with it, there
has been increased citizen participation in decisi@king and public policy
development. This is due to, in part, the use dbrination and Communication
Technology (ICT) together with Geographic Informati Systems (GIS) in the
development of channels of participation. This rappement between citizens and
institutions through technology, has encourageddénelopment and evolution of
the smart city concept in a broad sense and sraarpas, applied to the university

context, as test area.

The goal of this thesis is study the relation betvthe three components of a
smart city (human, institution, technology) throughe introduction of an
improvement in the technology component that allomisrrelate the human and
institutional component in a closer way, and analyz potential impact on them. To
this end, public participation has been enablethatUniversitat Jaume | (UJI) by
implementing a Web mapping application that, on ¢gme hand allows users to
report campus incidents (illegally parked vehicis;umulation of garbage, etc.) in
a more accessible way to the administrative instiuof the campus, and on the
other hand allows to this institution to receive timcidents in a structured and
organized visually way, useful for decision-makireparding the management of

campus resources.



Geospatial technologies for public participation:

Better decisions for smarter cities?

ABSTRACT (Spanish)

Durante los ultimos afios la sociedad ha sufridprnaceso de modernizacion y, con
ella, se ha producido una mayor participacion aada en la toma de decisiones y
en la elaboracion de politicas publicas. Esto dsdde en parte, al uso de las
Tecnologias de la Informaciéon y la ComunicacionQ)Tjunto con los Sistemas de
Informacion Geogréfica (SIG) en el desarrollo deates de participacion. Este

acercamiento entre la ciudadania y las institucgqe medio de la tecnologia, ha
fomentado el desarrollo y evolucion del conceptarsroity en un sentido amplio y

el de smart campus, aplicado al contexto univeisjtaomo area de prueba.

El objetivo de esta tesis es el estudio de la id@taentre los tres componentes
de una smart city (humano, institucion, tecnologi&avés de la introduccion de una
mejora en el componente tecnologico que permigriglacionar los componentes
humano e institucional de una manera mas cercaanaljzar su impacto potencial
en ellos. Para ello, se ha habilitado la partiégggapublica en la Universitat Jaume |
(UJI) mediante la implementacion de una Web mappipglication que, por una
parte permita a los usuarios del campus reportardencias (vehiculos mal
estacionados, acumulacion de basura, etc.) de amaafmas accesible a la
institucion administrativa del campus, y por oti@te permita a esta institucion
recibir las incidencias de una forma estructuradaggnizada visualmente, util para

la toma de decisiones en cuanto a la gestion dedossos del campus.
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ACRONYMS

AJAX — Asynchronous JavaScript and XML

API - Application Programming Interface

CGI = Common Gateway Interface

CSS —-Cascading Style Sheets
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PDI — Personal Docente y de Investigacion (Teaching awk&ch Staff)
PGIS - Patrticipatory GIS

PPGIS —Public Participation GIS
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RDBMS - Relational Database Management System
SaaS -Software as a Service
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SWE - Sensor Web Enablement

UJI = Universitat Jaume (Jaume | University)

URL - Uniform Resource Locator

XML - Extensible Markup Language

VGI - Volunteered Geographic Information

W3C - World Wide Web Consortium

WCS -Web Coverage Service

WES —Web Feature Services

WMS - Web Map Service

WPS —Web Processing Service

WWW - World Wide Web
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1. INTRODUCTION

1.1. Theoretical framework

A smart city is composed of three linked core fetpeople (creativity, diversity,
and education), institution (governance, policy adldhinistration), and technology
(hardware and software infrastructures) (Nam, TRP&do, T. A., 2011). Given this
connection (Fig. 1), a city is smart when by meahgarticipatory governance,
investments in human capital and IT infrastrucemeourage sustainable growth and
improves the quality of life (Caragliu, A., Del BG, & Nijkamp, P., 2009).

y Factors Physical infrastructure
Smart technologies
Mobile technologies
Virtual technologies
Digital networks

Technolo

Digital city
Intelligent city
Ubiquitous city
Wired city
Hybrid city
Information City

Creative city
Learning city
Humane city

Knowledge city

Smart community
Smart growth

Institutional Factors Human Factors
Governance Human infrastructure
Policy Social capital

Regulations { directives

Figure 1. Fundamental Components of Smart Cities (&im, T. & Pardo, T. A., 2011)

Next, each of the three components of a smartacity certain closely related
concepts are described. Should be noted that tte®e dimensions are not
independent of each other, but there is a reldtiprisetween them, so that they can

take advantage of the synergy.



1.1.1. Human component

According to Nam, T. & Pardo, T. A. (2011), the hramcomponent refers to
elements related to people living in a smart citghsas affinity to lifelong, learning,
social and ethnic plurality/urban diversity, fledity, creativity, cosmopolitanism,
open-mindedness, and participation in public IN@reover, the authors introduce
two concepts related, learning/knowledge city amiive city. The first one implies
focusing on the creation of a skilled workforce amder to improve urban
competitiveness in a context where knowledge isbtms of the economy, and the
second concept, creative city, is based on creatisgitable climate for the creative
class due to creativity is considered the most @b element for smart cities by

influencing human infrastructure.

Winters, J. V. (2008) exposes that businessesnmafons, and individuals
are attracted to environments with these items smart city is a center of higher
education and smart workforce. In this regard, dbthor introduce the concept of
humane city, which refers to the to the possibiityexploiting human creativity and
potential in a smart city, where the workforce guilified industry migrate to smart
places that act as a magnet for creative peoplenvankiers, making these places are

getting more attractive and smarter, while othecsgasingly less

Apart from the characteristics of this componend &ocusing on the role
played by citizens in it, technological developnsehave led to a change in the role
of the users with respect to the information, froeing mere consumers of content
on the Web 1.0, to become users generators of mootethe Web 2.0, this being a
more participatory process and usually with a gatapcomponent (Rinner, C.,
KeRler, C. & Andrulis, S., 2008).

1.1.2. Institutional component

The institutional component is in charge of designand implementing policies to

promote a smart city as well as creating a suitableronment for its development).



A key feature of this environment is a transpargotvernance, integrated and
accountable, which is achieved, among other reasstriengthening relations
between citizens and institutions in the sense asfigpation and information of

citizens in developing policies that affect thenE(@D, 2001).

This component interconnects dynamically with etig, communities, and
businesses in real time to promote growth, innovatand progress, through the
integration of services and enabling communicatiomugh the use of the Web
(Nam, T. & Pardo, T. A., 2011). In this sense, tbacept of e-governance appears,
which refers to the use of electronic means to camoate with the public in an
interactive and bidirectional way (Marche, S. & Meéh, J. D., 2003).

Although there are different ways to define thesrtilat institutions play in
the creation and development of smart cities, maghors agree that it is necessary
and essential to consider the citizens and to wevtdhem actively. In summary, the
key to a smarter government is playing a broad gemant truly citizen-centric
(Nam, T. & Pardo, T. A., 2011).

Given the importance of participation for instituts, a major existing tools
that have been developed in recent years, areacttee applications between the
administration and citizens, which enable the pgudition of citizens in certain parts
of the management of cities. Thus, the institutigesimplement a joint management
and thereby provide better service.

Under this component, two concepts focused on fofrgovernance can be
highlighted. Smart community, according to the fdafia Institute for Smart
Communities (2001), is "a community in which goveant, business, and residents
understand the potential of information technolagyd make a conscious decision to
use that technology to transform life and work lwit region in significant and
positive ways". This concept encourage informatexhnology as an engine to solve
the social and business needs and as mean to achi@ty significant evolution in

terms of economy and society (Eger, J. M., 2008 3econd one is smart growth,



emerged as a reaction of the community and thergowent to the worsening of
certain social conditions. This concept includesinbgathe urban growth as an
alternative to territorial expansion and it is @lysrelated to the above concept, in
the sense that the smart growth is the main olbgdébr the creation and planning of

a smart community (Freilich, R., 2000).

1.1.3. Technological component

The technology component is an important part toswier a smart city as such,
because of the use of ICT transforms life and weitkin a city in a significant and
fundamental form, and performs the connecting linkction between the other
components, allowing communication between themll@dds, R. G., 2008).
However, the existence of the technological compbmenot enough, but it is also
necessary the existence of institutions and indafsl who intend and desire to

progress in it.

This component is primarily concerned with the temlbgical infrastructure
available, the technology that prioritizes its astiility and availability in everyday
urban life (Giffinger, R., Fertner, C., Kramar, &.Meijers, E., 2007). Among other
things are included network equipments, public seqaints, and service-oriented

information systems, control systems, and dataless®rirces.

Having technology, as explain Fu, P. & Sun, J. @0inakes possible the
further development of new technologies, as has bee case of Web 2.0, that with
its features has enabled Geographical Informatigsteéins (GIS) and Spatial
Decision Support Systems to use Web technology (&1&and Web SDSS).

Washburn, D. & Sindhu, U. (2010) define a smary e$ the use of smart
computing technologies for make critical infrasttwe components and services
more intelligent, interconnected, and efficient.eTBame authors define smart
computing as “a new generation of integrated hardwaoftware, and network

technologies that provide IT systems with real-tiaweareness of the real world and



advanced analytics to help people make more igagiti decisions about alternatives
and actions that will optimize business processésoaisiness balance sheet results”.

Lastly, Nam, T. & Pardo, T. A. (2011) explain soomncepts close to smart
city, especially as regards the technological camept Digital city means a city
connected through broadband communication infregiras to satisfy the needs of
its members. More focused on information and comioation is the intelligent city
which offers the latest technology in telecommutices, electronics and mechanics,
and offers all the infrastructure and infostructafeéhe information technology. With
a virtual element two concepts are developed, afirtity, whose functionality is
implemented in the virtual space known as cybesaaxl hybrid city that combines
real entities and residents with a parallel virtagy. Finally, with a more general
meaning, ubiquitous city, which aims to create amrenment where any member

can get any service anywhere and anytime througldevice.

1.2. Context

From smatrt city concept, increasingly initiativee amerging to integrate ICT in the
resources management of cities with the aim of idiog new and better services

and achieve economic and social development.

University campuses, where many people live daig which are provided
with infrastructure and services, can be compavesirall cities and therefore can be
considered a testbed for smart cities (Klein, GKaefer, G., 2008).

In the Jaume | University (UJI, in its Catalan agnm) in Castellén (Spain),
the Geospatial Technologies research group (GEOT&@hposed of members of
the geographic information section of the InstitofeNew Imaging Technologies
(INIT), is working on a project called Smart&Jihich aims to improve the
monitoring and management of campus resourcegraiteg in a single application

all the relevant information concerning to UJI.

! http://smart.uji.es/



The SmartUJl application is a Web based viewer mapst uses
Enviromental Systems Research Institute (ESRI) neldgy and incorporates
features such as the location of points of intefeigv on the map of the different
services offered, parking areas, waste contaifmndgings, restaurants and shops,
etc.) and information query, as well as get thé patfollow between two points on
campus. This application uses a homogeneous afiddudatabase, and integrates it
with a geodatabase, so the information is curradt@nsistent (Benedito-Bordinau,
M. et al., 2013).

Furthermore, in the UJI, there is a departmentedallechnical Office of
Works and Projects (OTOP, in its Spanish acronynhjciv is responsible for
coordinating and managing new constructions, maartee and energy management
of buildings and campus outdoor, assigning logicedations through codes to
physical locations, and addressing the users ssrviequests. The thesis falls into

the services and procedures provided by this dejeatt

1.3. Problem statement

OTOP informs about the low participation of camus®rs in reporting incidents,
and its attempt to counter this low participatiog &implifying the reporting

mechanism. This simplification, which has affectdte spatial component of
incidents, has led to a loss of useful informationincidents in which locations is
not well defined (where it is not possible to assay logical location), because

location must be described when people report.

With this, it becomes clear the case in which a b@mof the university
(student, teacher and others users) wants to reparicident, such as when the car
of an able-bodied person has been parked on alelisglarking, but the process
sometimes is unknown, long, tedious and not alwsyeasy to report to the OTOP
where they occur, so they are not reporting. Assequence of this "not report”, it



may be that people behavior is not right, incregagassivity, indifference and the

number of incidents.

Moreover, this has consequences for the instituteuch as a waste of
resources at its disposal, as well as inefficieimcyts operation. The institution is
forced to decision-making with a lot of misinfornaet about it, for example, it must
plan recognition rounds in the area looking forideats whose implementation is

carried out by maintenance workers.

So then, in the UJI there are certain difficulttgsobstacles related with the
human component, in principle, outside the orgammnacontrol, that hinder active
participation of users in certain situations. Savhthese factors include ignorance or
time to invest in participation. These have negatigonsequences for the
organization that brings to think weaknesses af tbimmunity.

1.4. Motivation

The XXI Century has been called the century ofesitiin fact, according to the
World Bank (n.d.), more than 90 per cent of popakatgrowth in developing

countries takes place in cities. Furthermore, alingrto the Global Report on
Human Settlements published by the United Nati@399), says that more than half
of the world's population lives in cities and by5RQthis quantity will have risen to
70 per cent. In part, this is motivated by the cedor a better quality of life,

influential factor in the location decisions of ness activities (particularly high
value added). Thus, there has been a notable sereahe rivalry between cities in
attracting residents and businesses, using qualitjye as a crucial factor in urban

marketing (Rogerson, R. J., 1999).

Annually, since 2006, the Intelligent Community &or (ICF) selects 21
cities in the world (The Smart 21) based on fiveigators as "smarter” cities (ICF,
2011): knowledge, innovation, marketing and advgcadigital inclusion, and



broadband. Since that year, only has been selec@ll?2 a Spanish city, Barcelona,
at the tail of countries like France or England.

Key indicators used by the ICF are related to kinee¢ components of a smart
city, belonging knowledge and innovation to the lanmntomponent, marketing and
advocacy to the institutional component, and braadband digital inclusion to the
technological component. From this, can be dedubat the future of cities goes

through to become smart cities.

According to Pelton, J. N. & Singh, I. (2009) thendlamental component of
cities, whether or not smart cities, is the humamgonent and therefore, the future
of cities goes through fostering the developmenitothree components, but with
emphasis on citizens, according to Geraci, J. (RG8&king them about the supply of
services, how to make them better, more efficiemwt laow to make them work at a
much lower cost than the current, i.e., makingesitbpen innovation, crowdsourced

and participatory.

Inevitably the structure and organization of citvei change, regardless of
the speed with which it does and powered largelythy citizens themselves.
Undoubtedly there will be a lot of new applicatiotisat provide citizens and
institutions all sorts of information and full assbility to it, in a way that decisions

will be made from a better position (Geraci, JQ20

1.5. Objetives

To address the posed problem in this thesis, amowement in the technological
component was proposed jointly with OTOP. The obha€ component to change
has been largely determined by current trends bhadcontext, as in the university
prevails using technology as a means of communitcdietween the institution and
users and, given the perspective of the problemthés most suitable for the
introduction of changes.



This technological improvement consists of an asibés and easy incident
report system for users, and a tool able to coliath accurately, emphasizing its
spatial component, for the administration. Thataigpol that provides information

precisely about what is happening and where.

For the purposes of the study, a preliminary amsalg$ the UJI context as
smart campus (the three components) was proposddtéat other possible latent
problems in it (causing, among other things, lowtipgation), and to analyze in
what sense the technological improvement has ledinggrovement in users
participation and in potential problems identifieor this purpose, GEOTEC

provides all the necessary information and toolsatwy out this thesis study.

The aim of the thesis is assessing new technologpleg crowdsourcing as
an institutional decision-making support for smartgties. To achieve it the

following individual objectives are proposed:

1. Analyze the current status of the three componehta Smart City in the
context of the UJI.

2. Introduction of a technological improvement. Web ppiag application
enabling crowdsourcing to help decision-making.

3. Analyze the possible effects of technological inyemment on the human
component of the UJI.

4. Analyze the possible effects of technological iny@ment on the institutional
component of the UJI.

5. Compare decisions making with and without the tetdgical improvement.

1.6. Methodology

The study begins with a literature review in soneptd of aspects related to the
thesis, such as the elements discussed in thed@tatesection.



Secondly, an analysis of the UJI context as a saoitgrts performed in order
to detect possible weaknesses causing low pattioipalhe means for this analysis
are a first round of surveys/interview to differgmbups of users of the university, as
well as the own observation. From this informatiangd as can be seen in chapter 4,

other weaknesses are detected that encourageathigation problem.

Third, an analysis, design and implementation ef tdéchnological improve
(Web mapping application), based on the previoualyars, called UJl Service
Request is performed. Although the applicationinsshed, for reasons beyond my
control, it was not possible to collect data foalgsis. Therefore, three case studies,
based on random data, are proposed to demonstratefunctionality of the

application and the analysis it allows to do.

Finally, a second round of surveys/interview taflexe to the same group of
people to assess the effects of this improvementhenthree components and to
determine to what extent the implementation oféhlfestures would solve the initial

problem and the problems identified in the previanalysis.

1.7. Thesis Structure

This thesis is divided into five chapters. The tfichapter, Introduction, is an
overview of the theoretical framework, context, lgem statement, motivation,

objectives, and methodology used in the developrmkthte thesis.

The second chapter, State of art, is an overvieswuggh some related
elements with the three components of a smart kityhe human component, how
Web second generation made possible the users raentogenerators and its
contribution to Volunteered Geographic InformatiQ¥iGl). In the institutional
component, the reason for enable the public ppéimn in decision-making, and
crowdsourcing as a problem solving model. Finaliythe technological component,
it is described the origins of Web GIS and Web Bp&ecision Support Systems
(Web SDSS), both used to enable the public padiip in decision-making.

10



The third chapter, UJI Service Request, describesptrocess followed to

develop the application into three stages: anglggisign and implementation.

The fourth chapter, Analysis, describes the previoantext analysis, the
analysis of study cases to demonstrate the furalttgnof the application, and a

posterior context analysis.
In the fifth and final chapter, Conclusions, basedhe information obtained

in the analysis, components of a smart city andr tteationships are examined.

Besides, it is focused on the learnt lessons arti@future work.
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2. STATE OF ART

2.1. Human Component

The human component requires a specific environmesged on learning,
knowledge, creativity and human potential. One wayachieve this context is
through the public participation. However, activatgipation does not always go
hand in hand with the institution, but there an@iatives outside the institutions that
enable participation by developing tools, thataffered to institutions as a link.

These tools for governance, although are relatethéothree components,
with the human component because are used by r@tizeith the institutional
component because are enabled by the institutiah \aith the technological
component because they are a technological develaprare clear examples of how

people can voluntarily participate and generatdesan

2.1.1. Volunteered Geographic Information

Participatory GIS (PGIS) is a concept emerged spoase to a change of orientation
of GIS technology to a critical evaluation of itses in society in the mid-1990s
(Harris, T. M., Weiner, D., Warner, T. & Levin, R.995). A variant of this term that

arises in the same period is Public Participatid8 PGIS), which describes the
use of GIS and other tools for spatial decisiomtike them accessible to all those
who have an interest in official decisions (Oberarei\. J., 1998).

As explained in Rinner, C. et al. (2008), secondegation technologies of
World Wide Web (WWW) applications, known as Web,2€ad to a change in
which users not only play the role of content consts, but are the centerpiece for
new services, users become content generators.usaisgenerated content, usually
has an implicit geospatial component in its metadanabling content to be

displayed on a map. Goodchild M. F. (2007) useddhm Volunteered Geographic

12



Information in GIS to define the user-generatedsgatial content to satisfy the

needs of the institutions (government, industryl ather communities).

Nowadays there are four different contexts in whintlividuals voluntarily
contribute spatial information: mapping and navmat social networks,
civic/governmental, and emergency reporting (Colena. J., Georgiadou, Y. &
Labonte, J. (2009).

The same authors explain that there are researitdh wtate that a significant
proportion of the contributions comes from conttdra called good Samaritans, and
characterize them by: humanity, frequency, type a@egree of a contributor’s edit
operations, quality and veracity of a contributoojgerations and the individual’s

reputation for reliability in terms of past conuitions.

Furthermore, these authors consolidating and sumimgrthe following list
of motivators to make constructive contributionkrugsm, professional or personal
interest, intellectual stimulation, protection ehancement of a personal investment,
social reward, enhanced personal reputation, pesvian outlet for creative and
independent self-expression, and pride of place.

Coleman, D. J. et al., (2009) explain that in tewhsnotivation the context
does not matter and that cultural theory literaguggests that there are alternative
ways of perceiving the reality by humans and thiehat does matter: individualism,
hierarchism, and egalitarianism. Each of these wéyserceiving reality has its own
social relationships, values, motivations, anddéglabout human nature. Relating
this to the motivators, individualists believe tb#ter humans are selfish and looking
to maximize their benefit, so they value efficienapd independence and are
motivated by intellectual stimulation and the pobien of personal investments.
Hierarchists believe that other humans are makeat they value reliability and
resilience and are motivated by professionalismalfy, egalitarians believe that
other humans are caring and cooperative, so thieye vautuality and reciprocity,

and are motivated by social rewards and altruism.
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2.1.2.VGlI for participatory GIS applications

Applications that incorporate VGI, among which arese that enable citizen
participation, take into account the following asige according to Coleman, D. J. et
al. (2009), being the first three the most relatethe human component:

+ VGI need not necessarily be new graphical inforarabut desirable.

« Volunteer contributors desire some recognitiorheirtcontribution.

« Contributors want to see their contribution used quickly.

« Assess contributor credibility through spatio-temgb@onsiderations.

« Quality control or filtering the contributions doby many people that have
access to inexpensive means of production sucleysokrd, mobile camera,
Global Positioning System (GPS), etc.

Repara Ciudad (Fig. 2), in Barcelona, is a cleaamgde of this kind of
applications. According Turiera, T. & Cros, S. (3D1t is an Open Data Cities
(ODC) free platform for display on desktop, tablahd smartphone devices, that
allows citizens the service of report street-relathmage incidents to the local
authorities anonymously or providing personal infation. Its objectives are to
promote environmental responsibility of the citytveeen institutions and citizens
and create a participatory, transparent and efficigublic administration. This
service is used by more than 250 municipalitiesSpain and it is available in

Catalan, Spanish and English.

This application allows to report incidents relatedhine categories: cleaning,
traffic lights and road signs, vehicles, lightirsireet equipment, public roads, trees,
furniture pick-up, animals or noise, public trandp&esides, it allows to prioritize
incidents through a support system by using vatas fother users. The application
also has a point system to rank users as moresacsiers and give them priority, in
order to encourage participation. Once the incidenteported, an email is sent
informing about it to the city hall. Meanwhile, gihall can report the status and

resolution of the incident to users.
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Figure 2. Repara Ciudad applicatior?

Similar example is SeeClickFix (Fig. 3), which is\Web application that
allows citizens to report non-emergency issues, gowérnments to track, manage,
and reply displaying user comments, videos or péstu(Pleasants, D., 2010).
According to Sifry, M. L., (2009) it is used in neothan 25,000 cities, but especially
in the United States, using anonymity as a wayntmerage participation. It aims to

facilitate community volunteering.

According to its policy, open and transparent, aisgr can read and add
comments on the map and receive alerts based ayragdocal areas or keyword
filtering by email. There are two states for topics

« Open: whether next of the topic appears the wopebrit, indicates that it is
active.
+ Closed: whether next of the topic appears the wWolosed", indicates that

there is an unresolved problem.

2 http://reparaciudad.com
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Figure 3. See Click Fix applicatior

In both applications, although users can providgrtcontact details which
facilitates the understanding of the problem (beinig confidential information),
they may also choose to report anonymously. Thesgarts the problem of incorrect
or invalid reports. Both applications allow to esiplthe camera and GPS in
reporting incidents.

2.2. Ingtitutional Component

The goal of institutional component is manage thec@gss of building a better
environment. To achieve this, it must incorporatel \&s well as use a model which

is able to add the talent of the citizens, and de#h the advantages and

% http://en.seeclickfix.com/
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disadvantages of both. For this, in this sectisnncluded reasons for enable public
participation and a brief explanation about VGI angwdsourcing.

2.2.1.Why enable public participation in decision-making?

According to the report of Organization for EconomiCo-operation and
Development (OECD) (2001), there are three maisams why it is necessary and

advisable to strengthen the institutions-citizdatrens.

The first one is based on the creation of highealiyu policies by the
administration. This is because by enabling paditon, citizens are motivated to
spend time and effort on these issues. In turn,atttere participation provides a
better basis for the development of public policed®owing it to become a learning
organization, and thus ensure more effective implaation of policies to the extent

that citizens are familiar with them, to participat its development.

Second, the deposited confidence of citizens in itis#itutions increases,
since they grant the opportunity for citizens tarteabout projects, provide feedback
and contribute to the final decision. Because i, ttihe acceptance of these policies
also increased and the image of institutions besamare reliable before the eyes of

citizens.

Last, transparency of public administration incesasand become it
responsible. And under these conditions, the sthemgng of relations between
government and citizens encourages active citizprsihd promotes their roots in

society.

According to this report, active involvement ofizéns require resources
(time, experience and money), but these resouneesvell spent if they generate
useful effects improving institution-citizen relatiship. Taking into account the
problems caused by poor development or implememiaii public policy, public

institutions find that it is worth investing in strgthening its relations with the
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public. Therefore, citizen participation is no lengeen as a cost to the detriment of
administrative efficiency, but as a necessary tmsichieve efficiency (Ganuza, E.,
2004)

Coleman, D. J. et al. (2009), state that instingiwishing to incorporate VGI
should consider several considerations. First,itutgins should consider the
problem or goal to be solved, the reason for ud/@ in this context, the VGI
extent to be adopted, how to distinguish credib® ¥Yontributors from who are not,
the extent which willing to relinquish control oVéGI1 content and quality and who
decides that VGI fit with them, and the extent whiadividuals are interested in

making contributions.

Second, if institutions want to harness geospateah of VGI, they must
understand the process and culture of the contilma@mmunity, so institutions must
accept and respect community rules, consent thatnumity values be above
traditional policies and practices (heterarchygegt that the geographic information
provided is not complete, and introduce new rulbghvtake into account the rights
of contributors.

And third, the institutions have to consider whetpheople will participate in
the same way as in other places like social netsvorkindustry, how to use VGI
provided by producers assessing its risks and lienbbw to assess the credibility
and confidence of producers, and how to attract pr@ducers.

2.2.2.Crowdsourcing as institutional solution

Crowdsourcing was coined by Jeff Howe and Mark Retin in 2006 as a business
model, that uses the solutions of the individualshe open calls via Web, i.e., a
online and distributed problem-solving model, iletwords, “a company posts a
problem online, a vast number of individuals ofseutions to the problem, the
winning ideas are awarded some form of a bountgl,thke company mass produces
the idea for its own gain”, by Brabham, D. C. (2D08
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This author describes some successful crowdsourexgmples. First,
Threadless.com, a web-based t-shirt company whsgs wrowdsourcing through
contests to the design process of their shirts.oAmycan participate in this process
by voting or submitting new designs after registgron the website community. To
submit a design, it is necessary to download thepemy template and follows the
company guidelines. The designs are rated on a stalero to five, and the winners
receive a cash prize, which is a very low price parmmg with design services and

with the produced high profits.

Second, another similar example is iStockphoto.asmc¢h sells royalty-free
stock photography, animations, and video clips. Become a iStockphoto
photographer, it is needed to register in the comtypand submit three photographs
to be judged by iStockphoto staff. Once admittedch gshotographer, it is possible
now send pictures which can be purchased by cussonaed will be received

between 20 and 40 per cent of sale.

Third, another example is InnoCentive.com, but this the field of research
and development R&D for scientific problems. Thealdnges of the applicant
companies are published in the InnoCentive commpaitd the solvers, who do not
need to be scientists or professional solvers,after solutions and obtain a cash
reward. This allows solvers to receive professiagrabgnition and financial reward
for solving R&D challenges, while companies harn#ss talents of a scientific

community.

As a final example, Goldcorp, a Canadian gold ngnoompany, launched
the challenge 'Goldcorp Challenge' in 2000, in ptdehe participants submit their
proposals for possible targets where large amoahtgold can be found on his
property in Ontario, Canada. The large sum of moofésred as a prize attracted
many participants. Numerous solutions from the crovonfirmed many of the

deposits of Goldcorp and identify new ones.
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These examples show that the aggregation of ing@idolutions is very
useful for troubleshooting, therefore, institutiei®uld make the most of the people
using crowdsourcing through Web technology, whilpiesented as ideal, since it

allows users to not only communicate, but alsorate

Public Information Center (Fig. 4), according EJR013a), it is a desktop
configurable application which allows the institutienable citizens participation to
review activities published by the local governmentbmit requests for service in

their community, and review social media feedsde what is happening in their

community.

r-
H
oy

Figure 4. Public Information Center application*

Citizen Service Request (Fig. 5), it is another E&pplicationsimilar to the

previous one but optimized for display on desktiaplet, and smartphone devices

* http://www.arcgis.com/home/item.html?id=10ee75684Bebbaa5f6d1219285d8

20



(ESRI, 2013b). These two applications are examplest institutions could
implement which are related to the problem addcesséhis thesis.

6 x

Figure 5. Citizen Service Request applicatioh

2.3. Technology Component

The technological component performs the connedliimg function between the
other components, allowing communication betweemthThe ideal technology to
perform this communication task is the Web sincesitcapable of aggregating
millions of disparate and independent ideas, ptiagidhe means to join in a single
environment, enabling a certain kind of thinkingdastimulating a certain kind of
innovation (Brabham, D.C., 2008). Therefore, thest®n refers to Web GIS and
Web SDSS.

® http://www.arcgis.com/home/item.html?id=b4 756 cbBe23b995c5fef887b1d5e8
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2.3.1.Web GIS

According to Fu, P. & Sun, J. (2010) the conceptWéb GIS, which quickly

evolved thanks to the era of Web 2.0, represesigraficant milestone in the history
of GIS as it has changed the way that geospatiainmation is treated. Its origin
dates back to 1993, when Xerox Corporation Pal® AResearch Center (PARC)
developed a Web-based map viewer (Fig. 6), progidibmple operations zoom,
layer selection and projection conversions. Thigliaption showed that users
anywhere on the Web can use GIS without havingnstailed locally, with an

advantage over the traditional desktop GIS. Givsnbenefits, the use of GIS
functions in web browsers, and its subsequent egipdins were and are quickly
adopted and implemented.

: el [ L AN A \
™ RNBARINEZ-INET
5 L L Y O i Y hf ] B

Select a point on the map to zoom in (by 2), or select an option below. Please read About the Map
Viewar, FAQ and Details. To find & U.5. location by names, =ee the Geographic Name Server.

Options:

v Zoom Inm: {2), (5), (10}, (25); Zocm Dut: (1/2), (1/5), {1710}, (1/25)
Features: Default, All; +borders, +rivers

Display: color; Projection: elliptical , rectangular, simusoidal; Marrow, Sguare
Charge Database to ISA only (more detail)

Hide Mep Image, Ketrieve Map Imsge Only, Mo Zoom on Select,

Flace wack at {0.00N O.00E), Reset All Options

Figure 6. Xerox PARC Map viewer (Fu, P. & Sun, J.2010)

These authors explain a set of features and beneffitveb GIS, that are
described below.
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The main advantage, contrary to the Web 1.0 whaottents were only read
and an unidirectional information flow from top ltottom, is that Web 2.0 is a read-

write information flow, so that, users generate gshare large amount of content.

Web 2.0 is also considered as a platform for soffwand computers
development, which can be combined and be availdbie new application
development and its implementation. One exampleoiftware as a Service (SaaS)

where software capabilities are delivered as Welieas or Web applications.

The evolution of Web technologies have allowed w/enfrom the complex
and costly architectures Web services, to easyfesw online Web 2.0 services
(generation, addition and distribution of contewid the lightweight Application
Programming Interfaces (APIs). The API easy hamgdi:possible thanks to AJAX
(Asynchronous JavaScript and XML), which combinaga¥cript for functionality,
and XML (Extensible Markup Language) and JavaS®ipject Notation (JSON) for

data transfer.

The functionality of these services with their Addimited and insufficient
for users with professional purposes and geospdétd beyond the reach of non-
professional users, who will have to turn to triaial desktop GIS. However, for the
rest of users with non commercial purposes and geéibspatial data available, they

offer enough functionality, and hence its success.

Web GIS is a distributed system whose server iseh @pplication server and
whose client can be a Web browser, a desktop atiglic or mobile device (mostly
offer a graphical user interface that is easy & usry intuitive). Its operation is very
simple (Fig. 7). The client sends a request for Gp8ration via HTTP (Hypertext
Transfer Protocol) to the server that is accessitdea URL (Uniform Resource
Locator). Once the request is received by the seitv@erforms the operation and
sent the response to the client via HTTP. The forafathe response may vary,
HTML (HyperText Markup Language), XML or JSON.
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Web browser client

Figure 7. Web GIS server architecture (Fu, P. & SunJ., 2010)

Web GIS has the following characteristics: globahah, large number of
users, better cross-platform capability, low castaeraged by the number of users,
easy to use for end users, unified update, andsiagplications.

Also, Web GIS has the next functions: mapping aodry collection of

geospatial information, dissemination of geospatrdbrmation, and geospatial
analysis.

The next figure (Fig. 8) shows some concepts réldate Web GIS that
requires distinguish:

« Web GIS: GIS that uses Web (e.g. HTTP, HTTPS).

* Internet GIS: GIS that uses any Internet servieeg. HTTP, FTP, SMTP).
HTTP is the primary form.

» Distributed GIS: pieces of GIS systems distributacr a network (e.g.
Internet, Intranet).
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GIS

Distributed GIS

Internet GIS

Web GIS

Figure 8. Web GIS in relation to other related GlSterms (Fu, P. & Sun, J., 2010)

Thus, the use of Web 2.0 technology in GIS fadégacollaborative spatial
decision-making (communication) among all partiaga (public, planners and
decision-makers), highlighting this advantage wtecision-making requires a more

intense involvement of these participants (RinneetGl., 2008).

2.3.2.Web Spatial Decision Support Systems

As Rinner, C. (2003) explains, although there isnsocontroversy about the
definition of Spatial Decision Support Systems (SIp&nd about how to delimit
them from geographic information, they are undedtas application-specific
software solutions. Moreover, GIS are describedeserators for SDSS, being its
basic function to support users in solving compdexd semi-structured decision
problems (Densham, P. J., 1991).

Although the development of SDSS began in the 1®§0advances in the
non-spatial Decision Support Systems (DSS), siheeetarly 90's, SDSS has had a
significant and growing importance in terms of geqgdic information, and since the
emergence of the WWW both roots of SDSS (DSS ai®) Gave been linked to the

Internet techniques, and are used for online agptins (Keenan, P., 1996).
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Peng, Z. R. & Tsou, M. H. (2003) describe GIS In&tras a client-server
systems which basic functions (user interface fes@ntation and input, model base
for program logic, and database for data managgraemtdivided between the client
and the server and is categorized into three tgegending on program logic for
SDSS:

e Server-side Web SDSS: while in the client is présgia user interface based
on HTML to collect user data, static maps preshatresults of processing
decision support operations that are performedersérver.

* Mixed client-side and server-side Web SDSS: in canmspn with server-
side, Java applets are used because allow gres#@adtivity used. Its
purpose is to make available the SDSS to suppoupgdecision-making.

* Client-side Web SDSS: it involves advanced visadgion and methods of

multi-criteria evaluation.

In addition, these authors suggest the next ewrutf Web mapping
technology (Fig. 9):

« Static map publishing: users can not modify orraxtewith the maps, as they
are distributed as static map images.

» Static Web mapping: HTML forms and Common Gatewaigrface (CGl)
are used to relate the user input in the Web browik GIS programs on the
servers. The performance is limited and can na&died on the image maps.

* Interactive Web mapping: more interactivity in Weltent side by using
scripts. Some queries can be processed on the slide without sending
requests to servers, but still requires HTTP cotioles and Web servers to
act between the client side and the servers.

» Distributed geographic information services: cligsite components can
directly communicate with other components on teevexr without going
through an HTTP server.
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Figure 9. Evolution of distributed GIS (Peng, Z. R& Tsou, M. H., 2003)

As an example provided by Rinner, C. (2003), VirtBmithwaite which is a
model application for public participation in urbatanning based on on the open
source Java mapping toolkit GeoTools, with a Jgyaled and HTML forms user
interface which are processed by server side PERpts. It consists of an online
city map that offers the ability to view and postes, represented by points in the
planning areas. Thus, decision support offered tig wpplication consists of
methods for visualization and communication of apis on desired urban
development and aim at increasing and improvingitivelvement of citizens in

planning processes (Kingston, R., Carver, S., Evan& Turton, I., 2000).
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3. UJI SERVICE REQUEST APPLICATION

The system has been developed in three stagesiitdal phase of analysis, where
the architecture, requirements and scopes of tbemsyare defined. A second stage
of design, where a first visual aspect (interfacas) the storage of the system are
defined. And a third phase of implementation, whiére technology is chosen to
develop the system, and then it is developed astdde

The development process of the application has beapted to the way of
working of the OTOP in their way of classifying iastructure or services offered at

the university.

3.1. Analysis

Analyzed the previous context of the UJI (see ddrapt), the technological
improvement to develop must meet with certain negments, being a Web mapping

application the most suited to them.

Taking into account the nature of the roles that flystem has to cover, for
roles which their main function is to report, thEphkcation is available for a mobile
device, while for the role which its main functiaga to decision-making, the

application is available for managing from a depkideb browser.

So then, a Web Mapping Application that integsaa# actors, services and
data flows has been implemented to support spadgi@ikion-making, to respond the
needs of the university, in particular, of the OTQRrough enabling the public

participation.

The system operation is very simple, consistihg dient-server architecture.
On the client side the functionality has to be iempénted. On the server side,
provided by the INIT, only is required to createveses and database to store the
data for later use by these services.
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Therefore, the used architecture is the threeatiehitecture which is a client-
server architecture, developed by John Donovan,posed of three tiers that are
implemented in separate modules (Fig. 10) (Eckerdbr\V., 1995):

« Data tier is responsible for storing and retrieving informatin the database
and provide it to the logic tier.

« Logic tier: is responsible for the functionality thfe application (coordinates,
processes, evaluation and logic decision makingppe calculations), and
to move and process data between the two tiers.

+ Presentation tienis responsible for performing the tasks and undadsble

results to the user, i.e., the user interface.

Client
Web server (Web browser,

Database server :
desktop. or mobile)

Figure 10. Three-tier architecture (Fu, P. & Sun, J.2010)

In Web applications, client requests a Web pageb \8&zver receives the
request, executes the code and renders HTML backetat. Finally, client displays

the Web page received.

Similarly, the following figure (Fig. 11) shows thbree-tier architecture in
GIS, where the GIS server will handle delivery cdp®, spatial analysis (querying,
routing, etc.), spatial processing (GIS models, raggtion, etc.) and data

management (replication, etc.).
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Request N
Response

Data tier Logical tier i Presentation tier

(1i.e.. muddle tier)

Figure 11. GIS three-tier architecture (Fu, P. & Su, J., 2010)

After analyzing the system architecture, the fat&p is to create the use case
diagram (Fig. 12) to identify tasks (known as uases) and actors needed in the

system. In the system four types of users arendigished:

« Student: corresponds to university students.
+ PDI: corresponds to research and teaching staff.
+ PAS: corresponds to services and management staff.

« Manager: corresponds to the resource managemét sta

The main function of the first three types aredpart incidents and the main

function of the last type is to perform decisionking.

Regarding to the use cases, the system allowsealsuo report and to check
incidents, but only to modify these incidents te tmanager. The purpose of
modifying the incident is, either to assign a worke an incident or to close an
incident (i.e., change the incident state), or fyédny of its parameters. Also, the
system must allows the manager to perform someysisab help with the decision-
making. So then, the system allows to perform fasks:

+ Check incident.
« Create incident.
+ Modify incident.

+ Analyze results.
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UJl Service Request

Check incident

% Create incident

.-":
User N -
; 5P
| ] I |c-.>:ts-ndr
] L )

gt l“ = ) 1- = = ]- _— Perform action = _:” =
o F - . p "
Student PO PAS o _~"Un system

Modity incident

Manaqer"\- ) -

Analize results

Figure 12. Use case diagram

As regards to incidents, must be distinguish twalesoto operate with them.
The first one, by the status of the incident: urgpesd, assigned and closed. The
second one, by the type of incident, whose clasgitn is determined by the OTOP,
which manages several UJI infrastructures and eesvfAnnex V). These, benefit

from the geospatial component and allow userstarat with the campus.

The second step of the analysis stage is to déimeystem requirements of
each use case that compose the system. Below ar¢aliihes that describe the

requirements of these use cases (Table 1-4).

Use Case Specification

Identifier CuU01

Name Create incident

Version V1.0

Autors Juan Lépez Roca

Sources INIT

Description The system must allow to register a new incidergmtie user reports
Scope Since the user inserts the incident until it iSstged in the system
Level Main task
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Main actor Student
Secondary actors User
Relations Modify incident, Check incident, Analyze results

Precondition

Incidents codes created

End condition
successfully

New incident registered

End condition failed

It has not been able to register the new incident

Trigger The user detects a new incident
Normal sequence Action
1 | Introduce the incident data
2 | Save the data
Exception Action
1 | Introduce comments concerning the action
2 | Save action
Expected frequency | 15 times a day
Importance Necessary
priority Short term
Comments The student uses this use case anytime to reporin@dent to the|

university administration, filling in all requirefields

Use Case Specification

Table 1. Requirements table of Create incident

Identifier Ccu02

Name Modify incident

Version V1.0

Autors Juan Lopez Roca

Sources INIT

Description The system must allow update the information oésisting incident
Scope Since the user selects a problem to change urgisiived modified
Level Main task

Main actor Manager

Secondary actors None

Relations Create incident, Check incident, Analize results

Precondition

Incident registered in the system

End condition
successfully

Incident updated or modified

End condition failed

Do not upgrade or modify the incident

Trigger

The user wants to modify an incident

Normal sequence

Action

1 | Select the incident
2 | Modify the incident
3 | Save the incident
Expected frequency | 10 times a day
Importance Necessary
priority Short term
Comments The manager uses this use case to update the nhaigus (unassigne

assigned and closed) and modify some incident petexmof the incident

Use Case Specification

Table 2. Requirements table of Modify incident

Identifier Cuo03

Name Check incident
Version V1.0

Autors Juan Lopez Roca
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Sources INIT

Description The system must display events and their attribates allow searchin
for some filter incidents

Scope Since a type of query is selected until the resugsdisplayed on screen

Level Main task

Main actor User

Secondary actors None

Relations Create incident, Modify incident, Analize results

Precondition

Incident registered in the system

End condition
successfully

Incident is shown for the selected parameters

End condition failed

Incident is not displayed

Trigger The user wants to perform a query to see the intistatus of incidents
Normal sequence Action
1 | Introduce the query parameters
2 | Show the query
Expected frequency | 30 times a day
Importance Necessary
priority Short term
Comments Users use this use case to check the incidentssfahassigned, assigne
and closed) and to check some incident parametieahcident
Table 3. Requirements table of Check incident
Identifier Cuo4
Name Analyze results
Version V1.0
Autors Juan Lépez Roca
Sources INIT
Description The system should allow a data analysis to makea tieful information
for decision-making
Scope Since the type of analysis is selected until theest shows the analys|
result
Level Main task
Main actor Manager
Secondary actors None
Relations Create incident, Modify incident, Check incident

Precondition

Incident registered in the system

End condition
successfully

Show the analysis results

End condition failed

Results are not shown

Trigger

The manager wants to perform an analysis that mélp to make 3
decision

Normal sequence

Action

1 | Introduce the query parameters
2 | Show the query
Expected frequency | 10 times a day
Importance Necessary
priority Short term
Comments The manager uses this use case to analyze inaddé&niand obtain usefl

I

information for decision-making

Table 4. Requirements table of Analyze results
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The third and final step of the analysis is to teghe class diagram of the
system without attributes (Fig. 13), to define dyatventities the system is composed

and how they are related.

|Mana§er’ |Student|| PDI || Pas ll performs

Us%r. S Creates
% : ;

> : E E ® *

Building % isProduce ' I incident generaies Action

1 p 1

@

| Elevator | |Eiec1.ricityl |FIoorWallCe'r[|'ng| |DoorWindow| BuildingManager
|Buikhead| | Water | |Furniture| |AirCondmon}ng| OQutdoor

Figure 13. Class diagram

3.2. Design

The first step of this stage is to define the laities and methods of classes defined in
the analysis stage (Fig. 14a & Fig. 14b), in oreknow what data will be needed
and how they will be treated for the system infaioraflow.

Manager Student PDI PAS | . . . : . performs

! eer W : Incident
‘| -login : String 7 - - - - It -
ok .« _password | String | :ﬁe ”?%_er_qt. . B L X
Building -name : String SCI'.Ip i e AL Action
- -phone : String -state : Sta?e_ypc— % ¥ =
-id : Integer | -email - String -dateSubmitted : date | gensrates . . . |- ! Integer
-name : String ‘ —facuh' facultyType % - H H —dateFixed : date S -de=scription : String
-description ; String E -ghape : Point 1 -state : stateType
-geom : Geometry A +lzer() e s a5 -locationCode : String .- ..« |-dateSubmitted : date
~faculty : facultyTyps | - -dateFixed : date
~figar ; floorTyps % . . B . . . . +ncident(} E : 3 -
i .. isProduced .. |+checkState() L - | +Action()
+Building(} B = ‘? +checkState()
et are] = S | | i : P c 7k
Bulkhead Vater Furniture DoorWind ow Outdoor
-type ; buiheadType ||| -type - waterType | [-fype : furniureType -type : doorVWin dowType ~type : outdoorType
+Bulkhead(} +Water() +Furniture(} +DoorandWind ow(} +Outdoor()
Elevator Electricity FloorWallCeiling | Building Manager AirConditioning

-type : elevatorType |- |[-lype:! electricityType | |-type : floerWallCeiingType | |-type : buildingManagerType | |-type : airConditioningType

- {+Elevator(} | |+Electricity() +FloorWallC eiling () +BuildingManager() +AirConditioning()

Figure 14a. Complet class diagram
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® Enumerations «&n umerations wenumerations
airConditioningTy pe doorWindow Type floorType
Mot su itable te mperature Do not open or not close poorty Floor 5
The thermostat does not regulate properhy Repair fodder . Floor 0
The diffuser is noisy Maifun ction of electronic locks and aperture cards Floor 1
The fume cupboard is not working properhy New instaliation Floor 2
Smellz in the air output - Floor 3
The ventilated radiator (FCJE) iz not working properhy Floor 4
Mew installation Floor 5
Floor &
wenumerations «enumerations
electricity Type outdoorType wenumerations
Flunrescent tubs motten or flashing | |Ford busy (handicapped, maintenance, stc.) stateType
No-ele ctrical flow at sockets Badly parked car Unassigned
Do not turn on the light Accumulation of garbage Assigned
Switches and sockets broken Other Clozed
Table lamp with moken light bulk
Diffuser screen loose : :
it it
Outdoor lighting does not work : u-enumera e SEET
New installaticn buildingManagerType facultyType
Schedule changes of air conditioning of classrooms, laboratories, etc. Science faculty
sEnumerations Schedule changes of corridors lighting and common areas Juridical faculty
. {Authorization of lighting and air cenditioning at night and holidays Humanities faculty | .
waterType
Ean'rtarty loss \;abterk Wora wenumeration »
oose taps and broken ids i
Drains clogged or leaking poariaitoimg e agnumeration s
VWater stains on walls and ceilings | |Breaks ties bulkheadType
Logs of gazes in the laboratory |- |Paintin poor condition it 3
New installation Modification of floors, wals and ceiings Do not close properly. Repair fodder :
Dlsrr_lantlu_'lg and assembling panels to installations
«enumerations aenumerations adioea K0 OF panel
furnitureType elevatorType
Repair of furniture (tables, chairs, cabines, etc.) | | Mot working
Hang or remove boards Door can not open
Changing signaling A piece of the cabin in poor condition
Place and remove banners and posters Switches that do not work
New furniture

Figure 14b. Class diagram enumerations

The second step is to define a visual appearanasesrinterface with which

the user can communicate with the system, the tyjdo The following three figures

of the designed prototype summarize the clienttfonality. The first of them (Fig.

15) corresponds with the check indicent functidgdlly status.

UJ1 SERVICE REQUEST

QXD

]e )

| Analisis I

UJI Service Request =l ==

e Request Mod

Status

: O

AN ™

ATTRIBUTES:

— Request Floor

| Exterior | Fioor S | Fioor 0 | Ficor 1}

| Floor 2 | Floor 3 | Floor 4 | FIochl

ObjectlD = 1603
Description = an unauthorised car is
parked in disabled parking
Location = TD1016
RequestStatus = Unassigned
RequestType = Qutdoor, badly parked car
Attendant = None

— Request Status

FloorLocation = Exterior

FacultyLocation = Science Faculty

fMSm; | Closed I Assigned | Unassigned

‘ DateSubmitted = 12/12/2013
DateFixed = None

UserName = Paco Pil

®@ O @

Closed Assigned  Unassigned

UserPhone = 696697623
UserEmail = paco@ujies
UserType = Student

UserFaculty = Science Faculty

Figure 15. Check status interface prototype
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The second figure (Fig. 16) corresponds with thmrefunctionality and by
type.

UJI SERVICE REQUEST

QD X ] @ )

UJI Service Request = Lmel = |

[~ Request Mode

T T % @ =
ATTRIBUTES:
— Request Floor
r Extarior | Floor S | Floor O | Floor 1 ‘ Description = | an unauthorised car is parked in disabled parking l
'|— Floor 2 | Fioor 3 | Floor 4 | Floor 5 ‘ Leeation = I_TD“”E I
RequestStatus :I Unassigned 5']
RequestType = { Qutdoor, badly parked car v
- Request Type
Attendant = | None Lg
All Types AirConditionating BuildingManager
1 FloorLocation = lE“e”m "]
Bulkhead Door&Windows Electricity Elevator [ ]
— | Science Facult; iv
Facultylocation = Y
r FloorWallCeiling | Furniture | Water | Outdoor ‘ e Raten
DateSubmitted = |12/12/2013
e DateFixed = [None
AirConditionating  BuildingManager UserName = 4 Paco Pil I
@ @ UserPhone = | 696697623
Bulkhead Door&Windows Electricity Elevator @
@ . @ C UserEmail = [ Poc0Sules
= | Student ]v
FloerWallCeiling Furniture Water Qutdeor HesrTypa l ]
UserFaculty = { Science Faculty |']
\
| @ ® @®
| z

Figure 16. Report type interface prototype

The data analysis functionality (Fig. 17) is usefal decision-making

management.

UJ1 SERVICE REQUEST

QO X{( ) @ )

UJI Service Request L Check | Report | Analisis ]

[ Cases Map

T Heat map | Polygon map | Pelylines map l Q 2
1

= Polylines map

Path order by proximity —"
Path order by date —_—

[.O.

Closed Assigned Unassigned

Figure 17. Polylines analysis interface prototype
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The third and final step of the design is to deffreav and where the data
needed by the system will be stored, the geodataldmss step determines, in part,
the next stage of implementation, where the tedgylsed by the system must be
choosen. This is because depending on the metleabitastore data, one or another

technology will be used in other parts of the syste

Given the technology available and that the unitsefgas an ArcGIS server,
the storage system is a ArcGIS server geodataliesed on the class diagram
defined in the first step of this stage (Fig. 1Bg following figures show the storage
system. Figure 18 shows the geodatabase fieldsinskd system.

Feature Class Properties . 23 =
_ Genersl i Editor Tracking | K Coordinate System | Domain, Resolution and Tolerance
Fields | Indexes I Subtypes I Feature Extert I Relationships I Representations
Field Mame Data Type -

OBJECTID Object ID [

SHAPE Geometry

DESCRIPTION Text

LOCATION Text

DATESUBMITTED Cate

DATEFIKED Date

ATTENDANT Text

NAME Text

PHONE Text

EMAIL Text

USERTYPE Text

FACULTYOFUSER Text

REQUESTTYPE Text -

LOCATION Text

DATESUBMITTED Cate

DATEFIKED Date

ATTEMDANT Text

NAME Text |

PHONE Text TN

ERAIL Text

USERTYPE Text

FACULTYOFUSER Text

REQUESTTYPE Text

REQUESTSTATUS Text

FACULTYLOCATION Text

FLOCRLOCATION Text -
Click any field to see its properties.

Field Properties
[ Alias OBJECTID |
Import..,

To add a new field, type the name into an empty row in the Field Mame column, dick in
the Data Type column to choose the data type, then edit the Field Properties.

[ ok || Cancel | Apply

Figure 18. Database fields
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To restrict values in those fields of the geodatabahere it is necessary,
ArcGIS domains are used. Figure 19 shows one ofdihreains of one of this

geodatabase fields.

Database Properties

General | Domains

Domain Name: Description
ATTENDANT Request Attendant
FACULTY Faculty
FLOOR Floor
INCIDENT Incident Type
STATUS Request Status
USER_TYPE User Type
4 [l P
Domain Properties:
Field Type Text -
Domain Type Coded Values ([l
Split policy Default Value B
Merge policy Default Value

Coded Values:

Code Description
Unassigned Unassigned |_|
Assigned Aszigned
Clozed Closed
4 [l P
DK l[ Cancel Apphy

Figure 19. Database fields domains

3.3. Implementation

The first step in this stage is to make the choicechnology to implement the parts
of the system (Table 5). To do this, availableraltives must be detected, and then
select the one that best suited. Then, as in teeiqus stage we have selected the
data storage system, it scores in some way whahodagy to use. Based on the
three-tier system architecture defined in the aislghase, the following figure (Fig.
20) shows the technology that is commonly used aoheof the parts of this
architecture.
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Web client
{Web browser,
desktop. or mobile)

Web server
S = = = . .."-=.m
= ——— |
N :
3 H B | Data exchange Web browsers
| Web application servers | formats » Internet Explorer

| + Internet Information Services e « Safari

: * Chrome
5 « AMF
| Programming languages e

« Apache, Tomeat ‘ . XML » Fircfox

Browser-based languages

» Java EE, JSP, Servlet...
+ ASPNET, C#, VB.NET... ‘ ity
g5 | » JavaScript/ AJAX
e I * Flex
|  Silverlight
| |I « JavalF X
| Desktop/mobile languages

« MET and .NET for mohbile
« Java and Java ME
= Python

| _'_'_'_'_"________,__,_-

Figure 20. Technology of three-tier architecture (FuP. & Sun, J., 2010)

So then, as the server functionality is based oRIE&chnology, it is more
appropriate to use on the client side a technotoggteract properly with the server
side. Therefore, to develop the functionality oé ttlient side, is used ArcGIS API
for JavaScript which facilitates an already impletee functionality that simplify
the process. Finally, for the development of cliemerfaces, HTML and CSS
(Cascading Style Sheets) are used as a prograniamggage.

Part of the system Technology chosen

Server Arcgis Server
Database ArcGIS geodatabase
Client functionality programming language ArcGIS IA8&r JavaScript
Client interfaces programming language HTML and CSS

Table 5. Summary of the technology used to implemetite system

Before proceeding to explain the implementatiothefsystem is necessary to
explain some concepts to understand the implementktter. ArcGIS server can be
defined as an application that allows to publists Gésources to the Internet. Its

arquitecture (Fig. 21) has the following components
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Data Server:

o Data Storage.

0 Geodatabase implementation in a Relational Datalldaeagement
System (RDBMS) (e.g. SQL Server, PostGreSql).

GIS Server:
o Provides the foundation for the GIS services.

o Draws maps, runs tools, queries data, and perfothes GIS actions.

Web Adaptor:

0 Used to integrate with an existing Web applicatserver (e.g. IS,
Apache).

0 Receives request from Web and redirects them toSetSer.

Web Server: seen previously.

Weh, mobile, and i
desktop clients /

Web sarver
Web Adaptor

ArcGlS for
Desktop users

GlSserver(s)

GIS server
administrators

Figure 21. ArcGIS Server architecture (Fu, P. & SunJ., 2010)
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A Web service is a program that runs on a Web searsl exposes
programming interfaces to other programs on the Wéias the follow three roles:

* Provider: hosts the functionality.

» Consumer: uses the functionality from the provider.

* Registry: acts as a broker between provider andwuorr and stores the
metadata about the functionality.

An important concept for Web services is the inperability, defined as the
ability to communicate, execute programs, or transfata over various functional
units in which the user does not need to have kexdgé of the unique characteristics
of the unit. To carry out this, it is necessaryeroperability Web service standards
that specify the format of HTTP requests and resesrfrequired parameters, name
of parameter, type of value, responses, etc.). Sogenizations that are dedicated to
this are the Open Geospatial Consortium (OGC), International Organization for
Standardization technical committee 24 (ISO/TC 2%),the World Wide Web
Consortium (W3C). Some interoperability services Web Map Service (WMS),
Web Feature Services (WFS), Web Coverage ServideWWCatalog Service for
the Web (CSW), OpenGIS Location Services (OpenM#¢p Processing Service
(WPS), Sensor Web Enablement (SWE).

The second step of this phase is the developmesystém parts. While on
the server is only necessary to create the seraicddts geodatabase, on the client
must be developed the interface for the clientoimmunicate with the server. Below

are listed the steps followed to establish theiserand its database on the server

side:
1. Create a geodatabase.
2. Create a point feature layer.
3. Create fields of points features layer.
4. Create fields domains.
5. Create the symbology of the layer for the two madéstus and type).
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6. Import the geodatabase to the server.
7. Publish the point feature layer as a service irsteer.

The following two figures (Fig. 22 & Fig. 23) arehet final result
corresponding to the last step. By publishing anpteature layer as a service, two
services are created automatically, WFS (allowsiadfeatures) and WMS (allows
viewing features). That is why in the next figuFeg( 22) there are four services, the
first two services correspond to status symbologg the following two services

correspond to type symbology.

ArcGIS REST Services Directory
Home > services > ServiceRequest

J50ON | 504AP

Folder: ServiceRequest

Current Version: 10.11
View Footprints In: ArcGIS.com Map

Services:

« ServiceRequest/MNewServiceRequest (FeatureServer)
* ServiceRequest/NewServiceRequest (MapServer)

« ServiceRequest/ServiceRequestAdminType (FeatureServer)
* ServiceRequest/ServiceRequestAdminType (MapServer)

Supported Interfaces: REST SOAP Sitemap Geo Sitemap

Figure 22. Service directory of the ArcGIS server

The next figure (Fig. 23) shows WFS of the statuslenwhere is described

all the features of this service.
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Default Label: null
UniqueValuelnfos:
= Value: Closed
Label: Closed
Description:
Symbal:

Value: Assigned
Label: Assigned
Description:
Symbal:

Value: Unassigned
Label: Unassigned
Description:
Symbal:

Transparency: 0
Labeling Info:

HasZ: false

HasM: false

Has Attachments: false

HTML Popup Type: esriServerHTMLPopupTypeAsHTMLText
Type ID Field: REQUESTSTATUS

Fields:

OBIECTID ( type: esriFieldTypeQID , alias: OBJECTID , editable: false , nullable: false )

DESCRIPTION ( type: esriFieldTypeString , alias: Request Description , editable: true , nullable: false , length: 150 )
LOCATION ( type: esriFieldTypeString . alias: Request Location , editable: true , nullable: false , length: 50 )
DATESUBMITTED ( type: esriFieldTypeDate , alias: Date Submitted , editable: true , nullable: false , length: 36 )

DATEFIXED { type: esrifieldTypeDate , alias: Date Fixed , editable: true , nullable: true , length: 36 )

ATTENDANT ( type: esriFieldTypeString , alias: Request Attendant , editable: true , nullable: false , length: 50 , Coded Values
Puertar Juan la Puerta] , [Flarentino Peris: Florentino Perisj , ...1 more... )

MNAME ( type: esriFieldTypeString , alias: Name , editable: true , nullable: false , length: 50 )

Figure 23. Feature server details from status modef ArcGls server

The following two figures show the user interfaakeveloped using ArcGIS
API for JavaScript. The first one (Fig. 24) showpiece of HTML and CSS code
corresponding to the basic structure of the interf@gig. 25).

1> indexhtml &2

ME®won o

G

1] *myStyle.css 2

2 ® 0 @

3R MR R R
R

ot
o
b
£

3
3
3
El
3
3

25
26
27
29
38
31
32
33

Figure 24. HTML and CSS code of interface framework
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UJI Service Request Check Report Analisis

Request Mode

Status Type

[ ]+]

~ Request Floor

Exterior | | Floor S Floor 0 Floor 1
Floor 2 Floor3 | | Floor 4 Floor 5

Floor 6
~Request Status

All States Closed | Assigned Unassigned |

Figure 25. Interface framework

The next figures correspond to examples of JavaScaode functions, along
with their corresponding visual result. The firsteo(Fig. 26) corresponds to the

initialization of the interface function, whose [s$eare:
Load interface framework.
Load menus of section Check.

Connect to the server.

Create different layers.

1.

2

3

4. Load basemaps.
5

6. Load the service.
7

Display incidents.
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UlJI Service Request ‘ Check ‘ ‘ Report ‘ ‘ e |

~ Request Mode

| Status | | Type |

+ Request Floor

| Exterior | | Floor$ | | Floor 0 | | Floor 1 |

| Floor2 | | Floor3 | | Floor4 | | Floor 5 |

. Attributes

| Floor 6 | §

— L FACULTYLOCATION = Saence

3 J.;.::- Faculty

~ Request Status . DATESUBMITTED = Sat, 30 Dec

O \'\ 1899 00:00:00 GMT

DATEFIXED = Thu, 01 Jan 1970

00:00:00 GMT

NAME = Introduce your name

PHONE = Introduce your phene

| A States | | Closed | | Assigned | | Unassigned |

serviceRequest.DBO.NewServiceReq
@® ® @®

Closed Assigned  Unassigned

Figure 26. Code and result of initialization of theinterface

The second one (Fig. 27) corresponds to the fumctb reporting the

incident, whose steps are:

1. Load menus of section Report.
2. Create the different editing layers.

3. Load the default menu Report Status.
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UJI Service Request {Chsck | ‘ Reportr ‘ il

- Request Mode

Status | | Type |

- Request Floor i

> 4

| Exterior | | FloorS | ||Floor 0| | Floor 1 |

o <

[Fioor2 | [Floor3 | [Foor4 | [ Fioors |

[ Floor6 |

Request Description  Description of the incidence

+Request Status

Request Location Room Cade or location desc
: T : ; s Date Submitted 12/30/1899
| All States | | Closed | | Assigned | | Unassigned | Date Fixed 1/1/1970
, Request Attendant  Jose Maria del Niu
ServiceRequest.DBO.NewServiceReq
Name Introduce your name
[C] ® (O] Phone Introduce your phone
Closed Assigned  Unassigned Email Introduce your email

8 User Type STUDENT

Science Faculty

ype Bulkhead, Do not close p
tatus Unassigned
cation Science Faculty
tion Floor 0

Figure 27. Code and result of the report incidentdnction

Then, once observed the interfaces, the steps tdolbmved to report

incidents are:

1. Select the Report Mode (Status or Type) buttorif@figure Status mode is
shown).

Select the Report Floor button (floor where thadent occurred).

Select the type of incident by clicking on the led®n the left menu.

Click on the map where the incident ocurred.

a M 0D

Fill the incident form.

The third and final step of the implementation mghas to test the
implemented functionality. The following figuresasi an example of one of the
functions implemented, change the status of theleémt. In the first of them (Fig.
28), the status value of the incident is Unassigned
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UJI Service Request

~ Request Mode

= s

~ Request Floor

(o | [ [Fowd| [Tt
[Fooc3) P [Foort | e

==

~ Request Status

serviceRequest.DBO.NewServiceReq

@® ® @®

Closed Assigned  Unassigned

Figure 28. Interface showing an unassigned étatusdident

In the second on€Fig. 29) the incident status value has been changed to

Assigned.

‘ UTI Service Request

| Cheek |

[ Report |

~ Request Mode

=

~ Request Floor

[m]@\[mo][m«l]
[Froor2 | | Floor 3 | | Floor4 | | Floors |

]|

+ Request Status

| AllStates | | Closed | | Assigned | | Unassizned |

ServiceRequest.DBO.NewServiceReq

@® ® @®

Closed Assigned  Unassigned

Figure 29. Interface showing an assignd status iidlent

In the third figure (Fig. 30), the incident statuslue has been changed to

Closed.
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‘. UIT Service Request [ Chotk ] [ Report ] [ Analisis |

~ Request Mode

s | e

(S (W [ 9
[oor2 | [Foor3 | [ Fioor 4 | [ Floers |

[ Fioor |

~ Request Status

| Al States | | Closed | | Assigned | | Unassigned |

® @® ®

ServiceRequest.DBO.NewServiceReg
Closed Assigned  Unassigned

T,

Figure 30. Interface showing a closed status incide

Finally, has been created the deployment diagramsummarize the
architecture of the implemented system the (Fig. 31

Server Web API
- eaxecisfion envronments
ArcGl S AP for
. JavaScript
ArcGl§ Server R
azttifach [
e APiclases
Sién.i_na_s. §
Feature Service ~ Map Service Client
cartiots [
j -aarlifacts M ‘basemaps layers
status feature yer 1
sartizcs [
wartifact ] status map layer
type feature lzyer
wartfach  [4
type m ap layer
Géu_dahbase
index.htm] myStyle css

Figure 31. Deployment diagram
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4. ANALYSIS

This chapter focuses on the previous analysis ®fll context as smart city, the
proposed study cases, and a posterior analysiseof)gl context after the potential
introduction of the technological improvement. Thefore and after situation are
studied by observation and through interviews amdey/s conducted specifically for
each user group of the university. Regarding thelementation of the application,
its development was successfully completed anda# available to the university
community, but study cases have been developedraiitiom data, for the reasons

explained in section 2 of this chapter.

4.1. Previous context analysis

This section analyzes the current status of treetbomponents of a smart city in the
UJI context, i.e., the actual situation of the hamiastitutional and technological

component in the UJI.

Regarding human component, at the university co@asple with different
roles and needs: students, PID, PAS, and manageclspter 3).

With regard to students, who are the role with st basic function, with
fewer needs but the largest group, there is a teyd® believe that they are not
sufficiently involved in the coexistence on the gars. One thing that could justify
their low participation is the already mentionedligem of not reporting incidents.

In the PDI group, who forms the second largest rholg with greater
functionality and needs, as well as students, tieeeetendency to believe that they

are involved but not enough.
PAS, is the role responsible for everything thakesapossible for people of

the university to satisfy their needs and fulfiietr duties. Within this role, there is a

more specific role, the manager, who is in charfedecision-making on the
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university resources management, i.e., the cemaiponent of the institution.
Therefore, these two roles have important functiand needs that they have to

satisfy for the current and future benefit of tmaversity.

The institutional component of the UJI has a pydahstructure in which its
maximum exponent is the rector, who delegates respiities among several
institutions. The rectorate, apart from having aming certain technology also
promotes the development of technology for theamskbenefit of the university, for

example, SmartUJI project.

One of these institutions mentioned above is th©B,Twhich is responsible
for managing the resources of the campus, socirisidered the main institution in
this study. For the purposes of the study, althabghe is personnel who should be
included in the role of PAS (concierge, managemettt,), only are considered as
PAS personnel who belongs to the OTOP. This ingiitus interested in promoting
that the human component of the UJI helps managedbources using for it an
improved technology that on the one hand, facdgahe participation of users, and
on the other hand, facilitates its decision-making.

Regarding the technological component, the UJlihizastructures, services
and applications that allow the development of guty like SmartUJl or the
development of applications as the system impleetkent this thesis. It should be
noted, that the technology used by the OTOP tcecblilata incidents is through a
form via Web (Fig. 33).
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" Requests for intervention failure, new faciities and equipment - Google Chrome - T T .

3] UNIVERSITAT E-@ USHER

JAUME-l  Requests for intervention failure, new facilities and

Link | Print | Close

Request intervention of failure |

Applicant Juan Lopez Rock
Date request 01/30/2014

Type of file

Location

Fault location

Phone contact

Description

Type of request IE\ecm:\ly

| Send request

Suogestion Box | General policy on data protection

Figure 32. OTOP form

At this point, data obtained from the surveys whintlude questions to assess
the three components are analyzed.

For students and PDI roles, were carried questadimit participation and
reporting of incidents (Annex I) because of they e largest group and they have
not responsibilities on these incidents.

The entire sample states that observe or have \@abéncidents, being the
most frequents illegally parked cars, as well ablgms with the air conditioning.

As for students, 15 of the 20 students surveyedtbay they have ever
generated incidents. Reasons are lack of reprisasdference or argue that it is not
their role. Furthermore, none of the 20 respondiendsv the current system, so they
do not use it.

As for PDI, 4 of the 10 surveyed claim to have ayemnerated incidents. The
reasons are similar to the students case. More@8vef,the 10 surveyed know the
system, 6 of them report or have ever reported inoyglent. Reasons are mainly

because incidents directly affected them, and wdhaat report, do not do it because
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they have not had the need. This group knows teeesyby information provided
from OTOP, by their need of use or by coworkers.féstheir perception of the
current system, they have no problems to repoiin asffices is very easy to say

where the incident occurred.

Finally, having explained the operation of the euntrsystem to students,
surveyed from both roles do not like the currenywa do it mainly because they
have to describe explicitly the location of the ident, being this sometimes a
difficult task (students also noted the difficuitysome cases of having a computer).
So, they would change the current mode of repo kisual tool that would allows
them to report the incident directly on a map, lootigh a mobile application that
allows them to report using a photo, or using tiRSGocation. Mostly students, by
their nature, say that a mobile app would be ussfate they all have smartphones

and they would not have to move.

Moreover, PDI is in general, happy with the resolutof incidents because

the incidents are solved, but suggest that théugsio time is high.

About the question of what elements and functioheukl have the
application, both of them, students and PDI, haaiged mainly on the reporting
process becomes a fast and simple process, anchdbesquire the introduction of
many data (personal or concerning the incidencdylithonal feature named by PDI
surveyed, is the possibility to keep under congtaview the status of the incident.

As for PAS (Annex 1), is the group that reportssnadrhe totality of the 5
surveyed, usually report a range of 0 to 3 incidaldily. The reasons are due for
maintenance, rounds of recognition to detect indisl@nd incidents related to the

incident that is being fixed.

A member of the PAS is assigned between 1 to 3lémts daily. Regarding
its resolution, they indicate that all incidente aolved within a period of one to two
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days, so the amount of incidents solved daily ddpesn the number of pending
incidents from the previous day and the compleaityncidents assigned that day.

About the way to assign the incidents, these ar@nged in chronological
order by the manager, however, workers do not awallow this order in their
resolution. It was noted that, in certain caseswrker who knows the area orders
the incidents using the proximity criteria. In geadethey indicate that the incidents
organization, at least for everyday incidents av Importance incidents, proximity
would be more appropriate, as there are situationghich the worker must walk
significant distances, returning later to nearbgcpk to previous incidents in the

same day, so they lose time.

With regard to the way of work, they indicate tiia® information for each
incident is presented on paper and any type otalifprmat is used, except when
they deliver the final report to the institutionhieh is done manually. Regarding
content, the information is adequate, but not utality because it is inaccurate. This
happens in cases where the incident occurs in Plélcat are not offices or
classrooms (which have codes that identify thetiong since the report implies the
description of the place where it occurred, and ttescription is not generally easy

to locate.

They have been asked about their opinion on whetiesrbelieve that a tool
that presents data in a visual way would help irfopeing their function. The
answer in all cases was affirmative, and they Haviher indicated that the main
elements that should have this tool would be a misge the location of the incident
is the basis of all their work, as well as coloosidentify the different states of
incidents. With regard to its functions, the neeaeg$asic ones would be have the
proper information about the incidence (so that thegper support would be
eliminated), ability to report, change informati@amd change the status of the

incident.
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With regard to the interview that was performed tmanager (Annex lll), he
indicates that on average are assigned daily lilants, and that over a period of
between one and two days, all of them are solvddth€se incidents, most are
reported by PAS, followed by PDI. Besides assigniagerators incidents
chronologically, the manager makes a preorganizatiothe incidents by specialty
(type of incident).

In relation to knowledge of the current system, ailimg was performed to
PAS and PDI groups to inform of its existence aratedure. However, the manager
assumes that practically mostly members of PASRDtknow the system and its

operation, not students that practically do nobrep

As for the way of working, workers formalize theaports when they finish
the day and arrive at the central office, so threesime and place of occurrence are
assigned to all incidents to avoid wasting timebareaucracy. In addition, incidents
which occurred outdoor are not included within thetassification, by the difficulty
of locating and, according to the manager, becafidbe low relative importance
with respect to incidents that occur in the indoalthough they are within its

competence.

About the format used to work with the data, thenagger notes that incidents
data are printed and they work with a physical farm\Iso, he notes that incidents
data is stored in a database, which shows theiml&sdbles, so the data are untapped,

as they have not the necessary tools to work Wwimtsuch as a visual tool.

Regarding how to improve participation, managepoese was that it would
improve through a mobile application that makes riy@ort easy and accurate. In
addition to the ideas provided by the workers, tfeager stands out above all, the
importance of the existence of intuitive elememtseasily identify the application
functions, and intuitive and easy use of the aailbn to not be necessary to teach
courses for know how use it. Besides, the managanterested in an analysis

functionality of the information that allows thefioy example, to assign the optimal
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route by proximity, to know what type of incidertonirs more in what building, or

to know where there are more incidents.

Based on the information provided by the managéh@humber of incidents
reported in 2013, around 6,000, and considering ithahe UJI coexist around
15,000 people, then a person uses the service eray two or three years. This
agrees in some way with the result of the surveywhich we can see, the low
participation of students and PDI. These minimunele of service utilization of
existing service, contrast significantly with thacf that absolutely all surveyed
confirm that they observe incidences frequently.

In conclusion, it is confirmed that the human comgrdt has a weakness in
their commitment to the campus. Everyone obsersieémts, and a considerable part
of the community causes them, either as we have se¢he survey for lack of
interest, information or features of the currergoming system. However, there are

other reasons for it.

It has been detected that students have acce$® toX intranet, but with
limited services (book or join activities), in atidh they do not have an
infrastructure provided by UJI as PDI (office, cangr, etc.). So then, the
technological improvement must fit the situationdallows them to use their own
infrastructure (i.e., smartphone). In the PDI casben dealing with their own
infrastructure, they do not have the problem torefhe location, since the offices
are identified, however, to report external incigernhey are in the same case that
students (they have to describe the location) dsal taey have to report from their
own infrastructure. Hence, the new system mustaltoreport the incidents outside
of the offices and classrooms, without having tecdée the location of the incident.
From the information provided by the manager, tystesn must allow PAS to report
incidents where they occur in an easy way, whesettere detected and identify
precisely the time elapsed until the solution, kat treliable information on the
response time is obtained. Finally, as to the neeéelstified by the manager, the
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application should include classifications of ertdrincidents (such as water service,
gardening, cleaning, etc.).

With the current system with database and tablegppning any type of
analysis is difficult and unintuitive, and it istnpossible to perform any analysis in
some depth. Therefore, the developed applicationldhallow collecting geospatial
data, and make a spatial analysis of them, whielblerthe possibility of an analysis

that can not be done by tables, as proximity orlape

As for the institutional component, although isemisted in enabling
participation, there is a weakness in terms ohflismation of the campus users, as
there has not been given sufficient publicity naffisient efforts have been made to
convert the current system into a common use sysiém institutional problem is
especially important for students. In addition, réhés no solid basis regarding
decision-making on issues related to the incidesmtge the institution does not have

the necessary information to do it (data are insieffit and incorrect).

Finally, in terms of technological component, theralso a weakness in the
method used to collect incidents data and the ndefibrousing these data in decision-
making, i.e., they have a comprehensive databagethmi tools (information
presented in tables) do not allow to use them lafTAle community does not feel
comfortable with the current system, we have sbkah éven PAS sometimes does
not follow the rules of its own system. Therefaitege new application should also

facilitate the use of data.

4.2. Study cases

As has been detected in the previous context aealyse way of working of the

institution responsible for the management of resesi (OTOP) is to store all the
incidents data in a database and then obtainngugiieries to obtain the tables and
printing it in a physical format (paper). This meahat this way of working does not

use the potential of the incident data. For exantplenake a decision as to the most
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optimal path to be followed by the worker, the polgssolution would be to order
the incidents by date, and this option could bebleiaon a campus, but if we

extrapolate to larger area as a city, it is inveabl

Following with the example, the manager can sagtititidents by date and
by type to calculate the path. However, the hamdi€ave compare it by using a
visual tool to represent data spatially is obviolise manager can observe which

building is near of each building and what thingsiaside of each building.

Another example, is the traditional allocating obnen funds for heating to the
older building, but it can be the case that it stitng money in a building that does
not require it. Although this information can betahed from the data in table form,

it can not be compared with the display potentia wisual tool.

Since, the data collection sessions could not beladed for the reasons
explained below, and given the existing analytgapbs, three study cases have been
developed with random data to demonstrate diffetgpes of analysis that the
application allows to perform, and which would bai&able to the institution and the

manager.

Apart from having a limited time to obtain a sigoéint data sample (given
the nature of the application), the application dmt have the required diffusion
because it should have been publicized by theawailuJI communication channels
such as the institutional Web, or through studerdaging, etc., with the aim of a first

contact between the application and final users.

One of the weakness that was detected in the prewdnalysis of the context
was that the institution was not provided with awal tool that would allow them to
use all the incidents data stored. The technolbgigarovement makes a change in
the shape of the reception, organization and ptasen of data to a more visual
style of interpretation.
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The development of the case studies has been adayptiee way of working of
the OTOP in their way of classifying infrastructuog services offered at the

university.

4.2.1. Where is there more participation?

The first study case consists in find out in whiarts of the campus there are more
user participation. To do this, the data that Hasen used are all incidents regardless
of any of his attributes (status, type, date, etc.)

To represent it visually it has been used a heat (Ray. 33). Heat maps are
two-dimensional representations of data in whiclues are represented by colors,
providing a visual summary of the information imregdly. That is, it uses color to
communicate the relationship between the valueshefdata, making easier to
understand it than a numerical repersentation spr@adsheet. On this map the
number of reported incidents is counted and digmaysing a default color gradient
that sets the lowest value for a dark blue color tie highest value bright red, and
the average values for light gray with a transiti@tween the extremes.

| U Service Request

~ Cases Map

Heat map \ | Potygon \ | Poytines |

« Heat Map

Distribution

Figura 33. Heat map
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This visual tool is useful for administration, @asthe naked eye can detect
where there is greater participation of users, deiseful, for example, for making
decisions on where to spend more resources to mEg®uand promote the

participation of users UJI (posters, participawagrams, etc.).

A possible improvement of this study case coulgtigeved by filtering the
types of incidents by the type of user who repatiswing, for example, if students
are those who are less reporting, encourage theplaayng posters in frequented

places, or organizing more specific participatioogsams.

4.2.2. What kind of incident occurs more in each of the thee faculties?

The second study case involves knowing what typ@a@élent occurs more in each
of the three faculties. To do this, the data usedad incidents but in this case taking
into account some attributes, since it is necessainow the total number of each
incident in each faculty of each type.

To represent it visually, it has been used a cdlp@ygon map (Fig. 34). On
this map the number of occurrences of each typmadents in each faculty are
counted and the color corresponding to the mogufet occurrence in each faculty

is assigned to the polygon that represents eattieof.
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Air Conditioning
Building Manager
Door and Windows

Electricity
Elevator

Floor or §

I

Figura 34. Polygon map

This visual tool is useful for the administratiomiaican help, for example, to
know the functioning or performance of facilitiés,prioritize maintenance activities
in each faculty and/or assess the quality of maariee companies responsible for

each resource.

The analysis of this study case could be refineduding also certain
attributes such as age of the building, its usesjber of floors, etc. For example, a
building without elevator (one floor) have fewercigents of elevators than a
building does have elevator (more than one floar), older building has more
incidents of climatization than a new one (or sdaaltheory, so if not, something is
wrong at this facility), or a sports building (witthanging rooms) seems like it
should have more incidents of SHM (Sanitary Hot &Jathan a classrooms building

or offices.

4.2.3. In what order the incidents are solved?

The third study case consists of deciding in whidepresolving incidents. For this,
the data used are the assigned incidents to arcemaker, as well as its coordinates.
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To represent it visually, it has been used a colap of polylines (Fig. 35).
On this map have been identified the incidentsgassl to a given worker,
established an incident as a starting point, sottezl remaining incidents by
proximity based on the starting point (using therdnates attribute), and drawn the
polyline following this order. In addition, the @aattribute is used to represent, as an
object of comparison, the resulting polyline if tineidents have been sorted by this
attribute. Both polylines are represented by twitetent colors.

UII Service Request

« Cases Map

| Heatmap | | Polygon | || Polylines|

« Polylines Map

Path order by date

P ey

Figura 35. Polylines map

This visual tool is useful for administration besatlquickly can make better
decisions about the optimal routes to be followgdvbrkers (maintenance, cleaning,
etc.), and thereby optimizing the management oir tresources (time, working
hours, fuel, money, etc.).

A possible improvement would be to combine date hwgroximity
(coordinates) because it may be the case thatcatemt that is away never get fixed.
The introduction of new and closer incidents (hgghgriority) would cause that the
previous farthest incident has a lower priority.oftrer option is to add a priority
attribute, so that the institution can give differdevels of importance to the

incidents so that this will influence in the sodut order of them.
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4.3. Posterior context

In this section, the context of the three compaomenice developed the application is
analyzed, through observation, surveys and arvietgrwith the same users as in the
previous context. In them, the developed applicaiooshown to users, its different

interfaces and in a general way, how it works.

The responses of students and PDI were very sinaitet favorable. In
general, argue that an improved system for repprintidents as thr introduced,
would be very useful, mainly for two rehaznos. Fliscause they do not have to
move when they need to report a problem (since tmds are on campus with very
specific tasks and have no time to lose) and sdégobheécause they believe that
granting this facility will encourage a better campsince people would use the

application to report incidents.

Both, in the survey and in the specific questionutwhether they think the
application is intuitive and easy to use, especistiidents say they would not have

any problem to use it because it is simple and clea

About the elements they like most, they have pdintethe map because it is
clear and easy to select the place where the intidecurs, the extensive use of
symbols to represent different things as well &sahility to monitor the incidence,

especially when the issue affect them.

As items to add, they have indicated elements sgatontact information in
case of questions or problems with the applicatiorupload a photo (as can already

done with other applications) or automatic locatidrere they are by GPS.
The entire sample say that would use the applicategularly, especially

when an incident affects them or the importancé o considerable, and they also

would recommend it.
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According to the PDI responses of surveyed who ktimevcurrent system,
say that this new application introduce a greatrowement in terms of accessibility

and flexibility, allowing them to report inciderasiywhere, and in a very easy way.

PAS workers were asked if they believed that thppliaation provides
enough information to resolve incidents and thekwoeerformance. Their answer
was yes in all cases. There are several reasonagame find that, although it
provides the same information to the worker, itddden a more organized way, or
because the incidence appears lying on a map andesocribed, so that in places
without logical location is very helpful. They wesdso asked whether in their
opinion the elements of this application are sidfit. Although they said yes, they
named certain additional elements as elementsréflact the level of difficulty of

repairing the incident, or the percentage of war&aaly done.

About the functions that allows this new systerthalgh these are sufficient
to do the tasks, they have highlighted a very irgrarfunction that could be added,
one that allows communication between the worker the control center, either to

send reports, to ask for material requirementglogrdkinds of needs.

Because any change should carry an acceptancasitwandered about their
opinion on replacing the physical support they ewmerently using. The answers
regarding this issue were very favorable, beingilgaioung people. A response that
would represent all of them would be "evolutiomiways favorable”.

About the aspects they like most, they highlightieel map display, since it
allows them to get better orientation in the campod distinguish perfectly the
entire campus. Other highlighted aspect was thdt this new system they would
avoid to carry with the incidents documents. Furtime, they say that it is
accessible, flexible, intuitive and easy to usenaly, they were asked for their
perception of the current reporting system withpees to the improvement made.
Their perception is that the Web mapping applicati® better than the current

system.
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The second interview with the manager provides weeful information. The
first question asked was if he think this new amilon would encourage an
increased in participation. His response was p@siarguing first that the fact that it
is a new element may implicitly encourage its uaad secondly because it
transforms the reporting procedure, treatment apéir of incidents to a current,
modern and adapted to the needs system.

As in the PAS case, the manager was asked forpimson about the reaction
of the workers to the change in the case of repipthe current working system.
According to the manager, workers would be satisfiath this change, as it has
received some complaints about the current systamsaggestions for change by

employees.

One of the functions primarily intended for the w$enanager is the analysis
of the data for searching information. Regarding dqiestion about the usefulness of
these analyzes, the manager stressed its imporagagceonvenience, as it allows use
the database to perform data analysis, so it iBiuB@a decision-making, resource
management, and it allows to observe details quickl

The manager also indicates that it is an intuito@ that can save resources
by providing information, especially in location afcidents, where time can be
saved, as well as money. As to the stood out elertfenmanager showed interest in
the analysis that the application allows, and ttoeeche believes that this tool would

help him to do his job.

As regards the elements that make up the applicati@ manager indicates
that they are sufficient and that the applicatiamtains all the key elements to
develop all tasks, but everything could be improvsiout the functions to add, the
manager has indicated the possibility to trackviioeker, either at its location while

Is resolving incidents, or performance statistics.
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When the manager was asked to compare this apphcatth the current
system, he ended with the superiority of the sygpeoposed in this thesis, arguing
that it introduces key elements and functions wiaild place the reporting system at

a higher level.

Finally the last question was about if the instttntwould be interested in
having a permanent tool of this type. The managglied affirmatively and, in fact,

the OTOP is very interested in the application anithe fructification of this project.

In conclusion, can be appreciated that it has edeah opportunity to resolve
the issue of participation of the human componedgpting to their needs and
trends. In principle, providing users, especiallydents, a mobile application that
makes it easy to report through its own infrastitest there is a willingness of users
to accept new ways and to use them. However, taegehin the human component

will only be useful with a change in the institutad component.

Making easier the collection of geospatial dataugth@cation and time of the
incident (including all of them regardless if thegcur indoor or outdoor), possible
thanks to the ease of the new system to track entsd it is obtained information
more precise, real, broad and, therefore, usefdletelop valuable analysis for the

institution as proximity or overlap, which are matssible with the current system.

As has been seen in the study cases, the managéa b® in a position to
make certain analysis and get for example, an imgment in route planning,
identify weak points in facilities or features dfildings and outdoor environments
(e.g., to locate the air conditioning fails moreaigertain type of building). With data
from the current database these analyzes wouldnpessible, would give a wrong

perspective because all information about the looaif incidents is totally wrong.
Additionally, with new tools, more advanced and gtices that improve

resource management and decision-making, them@ risason for the institution does

not encourage its implementation and thereforengba
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Finally, an evolution would occur in technologicamponent, a progress
(determined by the improvement in the processimetof the data, the time for
interpretation, and by the change in the way ofregsgnting data using a visual

depiction), by solving in this case, the weaknesgated in the previous analysis.

Encourage users to use the application as a todhet disposal is a
fundamental part for its progressive diffusion. do this, it is possible to use a
system commonly performed in UJI such as some &inmdonetary compensation, or

through games.

To finish the analysis, note that the results ef shrveys and interviews are

generally what were expected from the own obsermati
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5. CONCLUSIONS

Geographic information plays an important role he evolution of society, as the
spatial component is increasingly important. Thepscand uses of GIS are very
wide, and its effects on the components system around the concept of smart city
is huge. In the context of this thesis, to know whkdappening and where, location-
based information, is the key.

Although it was assumed that the components ofatstity are connected, it
was found that the relationship between them ig gs&#ong and can not be isolated,
since as we have seen, a weakness in one of thett/yaffects other. So we could
say that the three work as a whole.

Therefore, there must be a bidirectional commuiupatbetween the
institutional component and the human componenthbytechnological component
for the smart concept makes sense in a city.

This strong interrelationship, is determined byagtipular component. People
are behind the actions and changes in each ohtee tomponents, therefore, are the
central axis of a smatrt city.

As it was possible to verify, without institutiorslpport there is a problem of
misinformation and commitment of people. If the lmmtomponent does not know
that participatory tools are available, it will nage them, and if we add the lack of
promotion or use programs, or lack of knowledge tliém, the result is an

environment with problems as discussed in thisishes

People need communication and information, to krnibwir chances of
participation, their place in the government (instlcase, their ability to report
incidents), to know that their action is good fayneething, and all of this is

determined by the performance of the institutiarmahponent.
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The institutional component is which first shoultbyide solutions to the
problems for the benefit of all. If not, there mhg movements from the human
component (to promote evolution and change) thatmt to provide solutions to

problems (the common good).

The institution must not lose the connection witie thuman component,
because if this happens, the institution is nohgais job. Thus, it must equip itself
with the technology component that allows it to rpote the participation and

involvement of the human component and not prormgdsolation between them.

In order to exist communication through the tecbgaal component
between the institutional component and the humamponent, the institutional
component has to properly disseminate the existehttee technological component
on the human component, since a tool to solve bl@moif it is not used, it is like it

does not exist.

It has also been observed as the wrong choicestiments or technology to
deal with the data may produce negative effectsigbe@nable to visualize and
interpret these data properly, and therefore réissformation into information is not

ideal (resources are available but are not exglpite

Another important aspect are the technology tremdeh people become
customs or ways of doing things. Currently, hagtaind is taking place a change
towards the computerization and automation of maspects surrounding the lives
of people. People like technology that allows thensolve problems in a quick,
accessible and visual way. Therefore, changes taudste up to the expectations of
the users.

Nowadays, we can see that GIS are essential, eflpenithe evolution that

is taking in the concept of city or similar envirnants. The geospatial component, in
this regard, is key information, since things reappm specific places, which have an
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implicit information component. Currently, and irasingly, the running of smart

cities is not possible without GIS.

5.1. Learnt lessons

Within my role as student, many things are obseeigter concerning the institution
and their behavior, or in terms of technology amdraistructure available. A
challenge was to set aside this perception of tive@ment that | had and to focus
on a little more objective information. In this sensurveys proved to be a source of
very useful, extensive and detailed informatiomviting even more information

than | originally expected.

Initially was designed a strategy based on theiposvanalysis in order to
know the status of the environment, their charities and their needs. This proved
to be a very good idea, because, apart from dematingt that a mobile application
was the best way to address the problem of acdéysibbould also be detected
because of the characteristics of the role of managat for him in particular, the

mobile application was not an option.

Moreover, it could be seen that work relating te dketection, communication
and resolution of incidents, has an important ugdey spatial component.
Therefore, incorporating a map so that the inforomabecomes visual and spatial

information, is a complete success when compareaataual registration.

Finally, initially raised an analysis function assential, since having a large
database with different data types, is useles®itlav not have a tool to interpret and
transform it into meaningful information for de@simaking. Even though decide
key aspects of the project before considering therenment is not recommended,
in this case the immediate need for this functias wvident, as currently data can
not be used, either by format or by quality becatsg are incorrect and, therefore,

useless.
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5.2. Futurework

Throughout the development of this thesis, haveearideas, either own or as the

result of research, to improve diverse aspects.

The most obvious is, without doubt, to analyze thal impact that the
application would have on the factors and in paléicon participation. That is, it
would be necessary the implementation of the agiptio of an appropriate form, so

that data could be collected.

In relation to the study cases, various modifigaticcan be added. For
example, in the generation of the optimum routégraatically select a starting point
from the location of the worker (by GPS). Also, smer what other useful study
cases could be implemented for decision-making@frnstitution.

Improving the way or the mode of reporting the gapfic component, either
through a Quick Response (QR) code reader, banamter (way to assign logical
locations by OTOP) or by indoor positioning.

Other possible changes of the system would bettodace the functionality
to send a photo when reporting an incident, a comecation system through the
application between workers and the control cerated location of individuals by
GPS (either the users when reporting, as workergewfixing). Furthermore,
introducing a more complete analysis includingistiaal information, that provides

further information, so that decisions could bestakrom a better position.

It should be noted future work regarding the adstration of the university.
Encouraging users to use the application as aatothleir disposal is a fundamental

part for its progressive diffusion.
Finally, the implemented system is considered asototype, so would be

necessary to meet with the OTOP and other staketsyldnd lay the foundations for

its design and implementation, as well as mediaatoy it out.
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|. Student and PDI surveysfor context analysis

Survey for previous analysis of the context

User type (student or PDI) Number of interview

Question Answer
Do you observe incidents? Which?

Do you generate incidents? Why?

Do you know about the incident report
service? How do you know about it?

Do you report the incidents? Why?

Do you like the system to report the
incidents? Why?

Would you change something of the
system? What?

Are you happy with the incidents
resolution? Why?

What do you think is the problem?

Do you think that a mobile application fo
report incidents would be useful? Why

~NJ

What elements should have?

What functions should have?
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Survey for posterior analysis of the context

User type (PDI or student) Number of interview

Question Answer
Do you think that a mobile application fo
report incidents like this would He
useful? Why?

Does this application seems intuitive gnd
easy to use? Why?

What do you like most about the
application? Why?

What would you improve? Why? Whpat
elements do you think are missing?

Would you use the applicatign
regularly? Why?

Would you recommend its use?

Do you think this application is bett
than the current system? Why?

1%
-
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I1. PAS surveys for context analysis

Survey for previous analysis of the context

User type (PAS) Number of interview
Question Answer
How many incidents are assigned to you

daily?

How many incidents you report daily?

How many incidents can you fix daily?

Are the incidents assigned to you in a
certain order? Do you follow it? Why?

Do you think that you should receive the
incidents ordered to fix them? Ordened
by which criteria?

Do you have to walk a big distante
between incidents? Do you have to move
to places that are near from previqus
incidents?

Do you think that you lose time
following the pre assigned order?

What is the data format used to transmit
to you the data of the incidents?

Is the transmitted information enough|to
solve the incident? Is it difficult to detect
the exact location of the incident? Why?

Do you think that the presentation |of
data using a visual tool is useful?

What elements should this visual tool
have?

What functions should this visual topl
allows you to do?
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Survey for posterior analysis of the context

User type (PDI) Number of interview

Question Answer
Do you think this application would he|p
you to do your job giving the enough
information to detect the incidents
location? Why?

Do you think the application elemerjts
are enough? What elements do you think
are missing?

Do you think the application functions
are enough? What functions do ypu
think are missing?

Do you think that a mobile application fo
report incidents like this would Qe
useful? Why?

Does this application seems intuitive gnd
easy to use? Why?

Do you think this application is better
than the current system? Why?

What do you like most about the
application? Why?

What do you like to improve about the
application? Why?
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[11. Manager interview for previous context analysis

Juan Lopez Roca

<<

Manager

=

Focusing on the topic at hand, let’s fully entéo ithe questions.

Go ahead, ask me whatever you need.

Approximately how many incidents are usually assdydaily?

Since last year we had approximately 6,000 incel¢Ahnex VI), | could
say the average would be about 16 daily

And of those 16 incidents assigned daily, how mafrthem are repaired?
Incidents that occur on campus are all fixed asnsa® possible, this i
generally between one or two days, depending ommagnitude or the
necessary personnel and material requirements.

As for who reports, would you say that most of teeorts come fron
students?

No, no, quite the opposite. The vast majority of teports are made [

PAS workers. Teachers also reported, although fesser extent, an

usually when the incident affects them directlypezsally in offices that

they use.

So, what could you comment in general about thel$eof knowledge o
UJI users on the report system that OTOP uses?

Beginning with students, certainly they do not knasvthey do not use
The PDI know the system for their needs, workingumversity facilities,
most of them have used it, but as | said beforey jlst use it to solv
problems affecting them when performing work orcteag in determinec
classrooms. Finally, the PAS needless to say wnallv it.

Knowing this information, have promotion campaigogromote use bee

developed and implemented? Is it intended to madkeb use of this

service?

In this sense it has not been done in the best Wag.administration, an

particularly the OTOP, seeks to improve participatiparticularly students.

Dy

f

1%
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For this, the process has been simplified to theirmam, to facilitate user
its use but still there were no changes. So thg thnihg | could talk to you

about was a mailing which was sent to all employeeshe university,

About students | can not comment much as they dshmw interest in this|.

Focusing on the way to work, how the reporting eysof the PAS is done

Operators report incidents they see during the Hawever, these reports

are all officially recorded as reported in the samament, in the moment

they arrive at the office with all instances of idents and they ar
introduced into the system. Moreover, these ind&lesre reported a
occurred in the same building, the building of litiels, although they hav
occurred elsewhere. All this is done to save oper@ihe with bureaucrac
at the time of detection and repair.

| found information on the classification of incids, is it real and updated

Yes.

| have seen that external incidence are not indudesuch classification. Is

there a reason? i.e., are they outside the comgeeteh OTOP? or no

incidents occur outdoor?
Incidents occur outdoor, and they are also theorespility of the OTOP
however, their relative importance with respectirtioidents that occu

inside, is low. They are also more difficult toatend report as the OTC

work is based on the codification of locations amutside that is very

complicated.
Focusing on the way to work, when incidents arevkmaare they assigne
to operators in a certain order? or is each opevato manages them?
Initially all the incidents are grouped by types.ithose related to issues
electricity, plumbing, etc. Once we have these pspuincidents are
assigned to specialized workers chronologically.
And how data relating to all incidents are treated?
Though | can not tell you the reasons, we still kvaith paper sheets. A
the start of the day for each incident a sheetirggd with all the necessa
information and they are distributed to the coroggbing operators.

And how are data from previous years stored?
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Data is stored in a database that displays infoomah tables. This is

problem because it is often not useful for foraogsor other uses, the

information is, among other things, disorganized.

Then, do you think that a visual tool would helpuydo your job anc
improve decision-making?

Yes, without a doubt.

What would be a good way, in your opinion, to emege studen
participation?

| think a mobile application, because everyone dnasmartphone. It shou

allow easily report incidents, requiring little #&rfor it. For us, the mos

important is to be precise, as | said before, VisAatool that provides
useful information to analyze the incidents, to enstand where they occ
and why, and to decide basic issues of this wodh sas the best path

follow.

What do you mean by the term visual?

Mainly a map. Please note that in addition to nepgidamage caused a
incidents in general, our work is based on the-deléction and location ¢
incidents reported, which can become very comm@itat certain cases. S
| think in summary map and accuracy would be inelisable.

What elements would be key to its success?

| could name many, as we have long been behinananovement of this

type, but without doubt, | should prioritize theistgnce of intuitive
elements that relate quickly with the functionsytiperform, both in its us

for users and for operators, sparing us trainirgjco

A

D
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V. Manager interview for posterior context analysis

J: | Juan Lopez Roca

M: | Manager

J: Do you think this new application would encourage imcrease in
participation?

M: As | mentioned at the previous meeting, | thinksithe proper support to
promote an increase in participation, especiallants. It transforms the
act of reporting incidents in a contemporary andlemo process, adapted |to
the needs of the university community.

J: And do you think the team of workers would be irc@dance with a
change of this type?

—+

M: Of course, the OTOP team really believe that i®adgstart and the righ
way. In fact | have received complaints from wosgkabout problems on the
way of working and suggestions for change towarasosae modern way
than the current. | must also say that new devetopisnike people, and just
for this, it may already lead to an improvement.

J:  Once seen analyzes that this particular applicationld allow to do with
data collected, do you think they would be helpful?

M: If | remember correctly, some of these analyzesfarmation it provides
coincide with a functionality discussed in the poe meeting, in
particular, the optimal path. | believe this is gibfe and would be very
beneficial. And about the usefulness of the analgsi a whole, | think if
they allow the leverage data that are availabky #re useful.

J:  Would you say that the analyzes allow to save ness®

M: Sure. More information allows for better decisiongeneral and in terms

of resources. With more information, especiallyareling issues of location

details could be observe details quickly, and dawe, which definitely is
money.

J:  If you should highlight an item, what would it be?

M: If I had to choose one | think that in my positidnwould stay with the

analysis, the most important for my charge.
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In general, do you think the elements offered bg #pplication are

sufficient?

From what | have seen, elements are sufficienieémh user, for studen

and for PDI to report, for PAS to locate and findafor me to manage. |

fact, it incorporates some additional elements he turrent system.

However, all accept improvements.

So, what features would you add?

Some interesting features would be to track opesatehere they are, what

incident they are solving, or at what stage, aratisics, for example
individual or group performance.
Would you rate the application as intuitive andyesstem?

Definitely yes.

Could you make a brief comparison between the egiphin and the current

system?

From everything said in the other questions, | doshy that your

application introduces key elements and functidmet would raise the

incident reporting system of the university to trext level.

Finally, do you think the university administratiovould be interested in

permanently implanted a system like this?

| truly believe that under normal conditions, thdimanistration would be
interested. No doubt, | am very interested in {hygliaation, and on progress
in this sense, first, because evolution is ine\@abnd secondly because
many of the problems we have been discussing imtéetings would be
solved. From this office you will have all the soppyou need for the

prototype that you taught us today, can becomertgiathe university

system.

84

S

1%



V. Infrastructures and services classification by the OTOP

Type Subtype

Air Conditioning

Building Manager

Bulkhead

Door and Windows

Electricity

Not suitable temperature.

The thermostat does not regulate properly.
The diffuser is noisy.

The fume cupboard is not working properly.
Smells in the air output.

The ventilated radiator is not working properly.
New installation.

Schedule changes of air conditioning of classrogms,
laboratories, etc.
Schedule changes of corridors lighting and common
areas.
Authorization of lighting and air conditioning at
night and holidays.

Do not close properly. Repair fodder.
Dismantling and assembling panels to installations.
Modification of panels.

Do not open or not close poorly.

Repair fodder.

v

Malfunction of electronic locks and aperture card
New installation.

Fluorescent tube molten or flashing.

No electrical flow at sockets.

Do not turn on the light (office, classroom, semjna
lab, etc.).

Switches and sockets broken.
Table lamp with molten light bulb.

Diffuser screen loose.

Outdoor lighting does not work.
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New installation.

Elevator Not working.

Door can not open.

A piece of the cabin in poor condition.
Switches that do not work.

No light in the cabin.

Floor or Wall or Ceiling | Breaks tiles.

Paint in poor condition.

Modification of floors, walls and ceilings.
Furniture Repair of furniture (tables, chairs, cabinets,)etc.
Hang or remove boards.

Changing signaling.

Place and remove banners and posters.
New furniture.

Water Sanitary loses water.

Loose taps and broken WC lids.

Drains clogged or leaking.

Water stains on walls and ceilings.

Loss of gases in the laboratory.

New installation.

Outdoor ° Vehicles (ford busy, illegally parked car, etc.).
Gardening.

Cleaning (accumulation of garbage, etc.).
Street equipment.

Other.

® New category created with the consensus of the@TO
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VI. Incidents data provided in the manager interview

Air Conditioning 576
Building Manager 359
Bulkhead 61
Door and Windows 124
Electricity 1097
Elevator 837
Floor or Wall or Ceiling 106
Furniture 2356
Water 100
Others 352
Incidents reported 5,968
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