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Requisitos de Sostenibilidad e Internacionalización para
Servicios de Salud Conectados: Método y Aplicaciones

RђѠѢњђћ

Resumen

Las aplicaciones de salud conectadas son herramientas eficientes para mejo-
rar los servicios de salud. La salud conectada está demostrando ser uno de los
promotores más fuertes para la transformación global de la industria del cui-
dado de la salud. Actualmente, la información sobre salud es verdaderamente
omnipresente, pero para garantizar que todos puedan acceder y comprender
adecuadamente esta información, es esencial superar la breĖa internacional.
La diversidad de idiomas y culturas de las personas que buscan información
en salud supone que las aplicaciones de salud electrónica deban adaptarse para
satisfacer las diferentes necesidades. Los requisitos de sostenibilidad también
deben ser considerados en el desarrollo de aplicaciones de salud conectadas pa-
ra aumentar su adopción a gran escala.

La hipótesis de esta tesis doctoral es:

..

Las aplicaciones de salud conectadas pueden mejorarse eficazmente a través de arte-
factos y métodos definidos desde el campo de la Ingeniería de Requisitos.

Los requisitos de las aplicaciones de salud dependen muĖo del dominio de
aplicación. Esta tesis se realiza en el contexto de la donación de sangre. El obje-
tivo principal de esta tesis es desarrollar artefactos que permitan la evaluación
efectiva de las aplicaciones de donación de sangre desde el punto de vista de la
internacionalización (i18n) y la sostenibilidad.

I18n es el proceso de diseño de una aplicación de software de tal manera que
se pueda adaptar a varios idiomas y regiones sin necesidad de cambios de in-
geniería. Este aspecto es particularmente relevante en el caso de información
extremadamente sensible, como la del ámbito de la salud. La cantidad de infor-
mación relacionada con la salud difundida en Internet está aumentando rápida-
mente, especialmente en programas de salud conectados para ambientes multi-
culturales. Actualmente hay miles de sitios web de salud electrónica en línea que

v



ofrecen contenido general sobre salud y atención médica, incluyendo cientos de
miles de páginas web individuales dedicadas a una amplia gama de temas. Las
i18n puede proporcionar un valor añadido a los sistemas de salud conectados,
de manera que sean más valiosos para los usuarios de diferentes países. Sin em-
bargo, es necesario disponer de un mecanismo adecuado para comprobar la per-
sonalización de una aplicación de salud conectada, en particular con respecto a
i18n.

Recientemente, se ha investigado sobre cómo desarrollar software sostenible
también conocido como software verde. De heĖo, la sostenibilidad de los siste-
mas sanitarios es uno de los objetivos de las políticas de investigación e innova-
ción financiadas por la UE. Las Naciones Unidas definen el desarrollo sostenible
como la capacidad de satisfacer las necesidades del presente sin comprometer
la capacidad de las generaciones futuras para satisfacer sus propias necesidades.
Esta definición es la más utilizada en la literatura. Según la ONU, la sostenibili-
dad debe satisfacer tres dimensiones: (i) económica, (ii) social y (iii) ambiental.
Por lo tanto, el software sostenible es eficiente en el consumo de energía, minimi-
za el impacto ambiental de los procesos que soporta y tiene un impacto positivo
en la sostenibilidad social y / o económica. El impacto de la sostenibilidad del
software pueden ser directo (recursos consumidos como la energía), indirecto
(mitigado por el servicio que ofrece) o efecto de rebote. Además de las tres di-
mensiones antes mencionadas, se han asociado otras dos dimensiones a la sos-
tenibilidad del software: (iv) dimensión individual (o humana) y (v) dimensión
técnica.

Las contribuciones clave de esta tesis son: (1) estudiar las aplicaciones de do-
nación de sangre disponibles en los repositorios de aplicaciones, (2) desarrollar
un catálogo de requisitos reutilizables para aplicaciones internacionalizadas y
sostenibles de salud conectadas, (3) diseñar un método de auditoría basado en
el catálogo reutilizable para evaluar la sostenibilidad y la internacionalización
de las aplicaciones de salud conectadas, y (4) evaluar empíricamente el método
de auditoría.

El primer paso fue estudiar las aplicaciones existentes de donación de sangre.
Los siguientes repositorios de aplicaciones se seleccionaron para realizar la in-
vestigación: Apple App Store, Blaėberry App World, Google Play y Windows
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Mobile Store. La población considerada es la de los donantes de sangre, nuestra
intervención fue las aplicaciones gratuitas de donación de sangre, y todos los
resultados existentes en relación con las aplicaciones de donación de sangre fue-
ron de interés para nuestro estudio. Puesto que el objetivo de este estudio no fue
encontrar evidencia sobre las aplicaciones gratuitas de donación de sangre, se
excluyó la parte ”Comparación” de los criterios PICO. Se analizaron las caracte-
rísticas de 169 aplicaciones de donación de sangre. Además, se analizó si 133 de
estas aplicaciones cumplían con las directrices de usabilidad de un sistema ope-
rativo para dispositivos móviles. Se desarrolló un cuestionario de 13 preguntas
basado en cuatro fuentes: ”Android Design Guidelines”, ”iOS Human Interfa-
ce Guidelines”, ”BlaėBerry User Interface (UI) Guidelines” y ”Design Library
Guidelines for Windows Phone”. Además, se analizaron 72 aplicaciones de do-
nación de sangre gratuitas de acuerdo con 12 criterios relacionados con la soste-
nibilidad individual, social, ambiental y técnica. Estos estudios concluyeron con
algunas recomendaciones de interés para programadores, auditores y usuarios
de las aplicaciones de donación de sangre. Este estudio tuvo un papel importan-
te en la definición del catálogo de requisitos ISBD-CAT (Internationalized and
Sustainable Blood Donation applications CATalog).

La contribución más importante de esta tesis doctoral es el desarrollo del ISBD-
CAT. La estructura general del ISBD-CAT sigue recomendaciones internaciona-
les, concretamente la norma IEEE 29148. Cada requisito identificado tiene un
conjunto predefinido de atributos que proporcionan información adicional so-
bre él, tales como: identificador único, fuente y prioridad. Las relaciones de tra-
zabilidad se usan para definir las relaciones entre los requisitos identificados, y
que facilitan las tareas de reutilización y mantenimiento. En la medida de lo po-
sible, hemos seguido los principios de mínimo acoplamiento y máxima cohesión
para reducir el grado de interdependencia (bajo acoplamiento) y aumentar las
relaciones conceptuales y funcionales existentes (alta cohesión) entre los requi-
sitos. Los requisitos de este catálogo se han establecido principalmente a partir
de los resultados de las revisiones bibliográficas realizadas en este ámbito y el
análisis de los estándares relacionados con la ingeniería de software y la salud
conectada. Estos requisitos pueden ayudar a los individuos interesados en obte-
ner, especificar y validar los requisitos para aplicaciones de donación de sangre
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internacionalizadas y sostenibles. El catálogo se empleó como punto de partida
para definir un método de auditoría adaptado para evaluar aplicaciones en el
ámbito de la donación de sangre.

Los artefactos involucrados en el proceso de auditoría son los siguientes:

• ISBD-CAT: este catálogo de requisitos es un elemento clave del método de
auditoría, ya que este catálogo representa explícitamente los conocimien-
tos sobre sostenibilidad e i18n obtenidos de las normas disponibles y otras
fuentes de información.

• ISBD-CAT*: La proyección o adaptación del ISBD-CAT al sistema especí-
fico de donación de sangre, y su contexto de trabajo, en el que se aplicará
el método de auditoría. Se espera que el artefacto ISBD-CAT* sea un sub-
conjunto de ISBD-CAT y mantenga todas las propiedades de los requisitos
reutilizados.

• Lista de verificación: Lista personalizada de ítems que serán verificados
en contra del sistema de salud electrónica de donación de sangre bajo es-
tudio. Esto se genera a partir de ISBD-CAT* y puede adoptar la forma que
mejor se adapte al equipo de auditoría. Por ejemplo, la lista de verificación
puede ser un cuestionario basado en la web, pero cualquier otro forma-
to electrónico o en papel puede ser admisible. Los formularios de lista de
verificación deben estar ordenados, y ser fáciles de usar y de rellenar por
los participantes en el proceso de auditoría, como es el caso de los pro-
porcionados por estándares como W3C (Cheėlist of Cheėpoints for Web
Content Accessibility Guidelines).

• Informes de auditoría: Estos pueden incluir informes intermedios detalla-
dos y un informe final con un resumen de los principales resultados de la
auditoría y las recomendaciones del equipo de auditoría.

El método propuesto puede combinarse con el catálogo reutilizable para per-
mitir una evaluación sistemática de las aplicaciones de donación de sangre con
respecto a la i18n y la sostenibilidad. La versión Android de la aplicación Blood
Donor+, una aplicación Android gratuita, ha sido elegida para ilustrar el proceso
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de evaluación. La aplicación Blood Donor+ ha sido elegida por alcanzar una pun-
tuación muy alta en Google Play Store (4,7 sobre 5 estrellas). El primer paso de la
evaluación consistió en realizar un análisis preliminar del entorno de trabajo de
la aplicación y sus principales características y funcionalidad. A continuación,
se generó una lista de verificación para evaluar la aplicación del ISBD-CAT. La
lista de verificación consistió en un cuestionario que contenía 27 preguntas para
facilitar el trabajo del evaluador. Las métricas obtenidas mediante tras realizar
la evaluación empírica han demostrado que el método de auditoría es utilizable,
ágil, sistemático y repetible, si los responsables de la auditoría tienen experiencia
previa en i18n y/o auditoría. En cuanto a la eficiencia del tiempo de la audito-
ría, la experiencia de los auditores es importante pero no vital, ya que el uso de
una lista de verificación puede reducir el tiempo que se emplea en la auditoría,
incluso en el caso de auditores con escasos conocimientos prácticos.

A pesar de la innegable relevancia del i18n y del software sostenible en nues-
tro mundo globalizado apoyado en las Tecnologías de la Información, no se en-
contraron estándares específicos relacionados con i18n y la sostenibilidad del
software en el área de la e-salud. El catálogo presentado en esta disertación es,
por lo tanto, muy beneficioso para los individuos interesados en las aplicacio-
nes móviles de donación de sangre. De heĖo, los desarrolladores pueden usar
todos o algunos de los requisitos de este catálogo para desarrollar aplicaciones
de donación de sangre internacionalizadas y sostenibles. Las organizaciones de
salud relacionadas con la donación de sangre o las empresas de desarrollo de
software pueden obtener y especificar sus requisitos a partir del catálogo ISBD-
CAT. Además, los requisitos de i18n y de sostenibilidad son adaptables y pueden
ser reutilizados para otras aplicaciones de salud conectadas, tales como aplica-
ciones para cardiología u oncología. Además, las organizaciones de auditoría o
las partes interesadas en las aplicaciones de donación de sangre pueden utilizar
ISBD-CAT para evaluar y/o auditar las aplicaciones de donación de sangre. Se
puede generar una lista de verificación a partir de ISBD-CAT. Esta lista de veri-
ficación debe incluir un conjunto de requisitos que constituirán la lista de ítems
que se van a revisar y que pueden ser adaptados a la aplicación de donación de
sangre a ser evaluada. Para ello, debe aplicarse un enfoque basado en la reutili-
zación para generar nuevos documentos de requisitos de ISBD-CAT. Este paso
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es necesario, ya que los puntos de variación de los requisitos reutilizables, que
son básicamente requisitos parametrizados y relaciones de trazabilidad, deben
resolverse en el tiempo de reutilización de acuerdo con la evaluación y/o audi-
toría del sistema. Los documentos de requisitos estarán asociados a los ítems de
la lista de verificación para realizar la evaluación y/o la auditoría de las aplica-
ciones de donación de sangre. El catálogo se puede aplicar en diferentes escena-
rios y adaptarse para obtener completamente las necesidades y restricciones del
desarrollo de aplicaciones de donación de sangre.

El enfoque presentado en esta tesis está sujeto a la mejora continua a través
de la incorporación de nuevos conocimientos provenientes de fuentes de infor-
mación adicionales, como otras normas, estándares o políticas. Como trabajo
futuro, se tiene previsto desarrollar una herramienta automatizada que sopor-
te el método de auditoría. Actualmente se está construyendo una herramienta
web, ya que el uso de una herramienta automatizada es altamente recomenda-
ble para llevar a cabo el método de auditoría, dado que el proceso de auditoría
puede ser tedioso y propenso a errores. Además, se deben realizar más investi-
gaciones para mejorar el método y la aplicación de esta disertación. Se espera
mejorar el catálogo a través de la armonización de los múltiples requisitos de
sostenibilidad e i18n en el ámbito de la e-salud, dispersos en diferentes fuen-
tes, e incorporar nuevos conocimientos provenientes de otras normas, fuentes
de información e incluso directamente de los actores involucrados en el método
de auditoría. Este procedimiento de armonización se basará en buenas prácti-
cas ampliamente aceptadas. El resultado de la etapa de armonización podría ser
un punto de partida para proponer un estándar de sostenibilidad e i18n en el
ámbito de la e-salud.
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Sustainability and Internationalization Requirements for
Connected Health Services: Method and Applications

AяѠѡџюѐѡ

Connected health applications are efficient tools to improve healthcare ser-
vices. Connected health is proving to be one of the strongest drivers for the
global transformation of the health care industry. Health information is cur-
rently truly ubiquitous and widespread, but in order to guarantee that every-
one can appropriately access and understand this information, it is essential to
bridge the international gap. ĕe diversity of health information seekers lan-
guages and cultures signifies that e-health applications must be adapted to sat-
isfy their needs. Sustainability requirements also should be considered in the
development of connected health application to increase their large scale adopt-
ability. ĕe hypothesis of this doctoral dissertation is thus as follows:

..

Connected health applications can be effectively improved through artifacts and
methods defined from the field of Requirements Engineering.

Health application requirements are highly context-dependent. For this rea-
son, this dissertation is undertaken in the blood donation context. ĕe main
objective of this thesis is to develop artifacts that allow the effective evaluation
of blood donation applications from the point of view of internationalization
and sustainability. ĕe key contributions of this thesis are: (1) studying blood
donation applications whiĖ are available in app repositories, (2) developing a
reusable requirements catalog for internationalized and sustainable connected
health applications, (3) designing an audit method based on the reusable cata-
log to assess sustainability and internationalization of connected health applica-
tions, and (4) empirically validating the catalog and the audit method.

ĕe approaĖ presented in this study is subject to continuous improvement
through the incorporation of new knowledge originating from additional infor-
mation sources, suĖ as other standards or stakeholders. Developing an auto-
mated tool with whiĖ to carry out the audit method should be considered for
future work.
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Preface

ĕis doctoral dissertation has been presented in the form of thesis by publication.
It comprises three already-published journal articles and two conference papers.
For this reason, it is not a coherent monograph but rather a collection of researĖ
papers. Nevertheless, a comprehensive summary of all the work performed in
the thesis has been included in this document. It provides a general introduction
in whiĖ the works that compose it are presented and the scientific unity of the
thesis is justified, together with an overall summary of the researĖ objectives
and the final conclusions, unifying the partial results of eaĖ work by combining
them.
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“Fret not where the road will take you. Instead concen-
trate on the first step. ĕat’s the hardest part and that’s
what you are responsible for. Once you take that step let
everything do what it naturally does and the rest will fol-
low. Do not go with the flow. Be the flow.”

Elif Shafak, ĕe Forty Rules Of Love

1
Introduction

₁.₁ IћѡџќёѢѐѡіќћ

ĕere is a need to promote patient-self management, patient education from a
very early stage, healthy lifestyle and independence of patients [1]. All of these
can be promoted through connected health services. Connected health can be
defined as “the collective term for telecare, telehealth, telemedicine, mHealth,
digital health and eHealth services” [2]. Connected health teĖnologies are trans-
forming healthcare and empowering patients as they are assuming greater re-
sponsibility for their own healthcare decisions [3, 4]. Connected health services
provide the potential for: enhanced reaĖ at a relatively low cost; scalability;
time efficiency; and the capacity to provide individual patients [5–7] including
traditionally underserved populations, patients with Ėronic conditions [8, 9]
and consumers all over the world [10] with tailoring and customization. Inter-
national collaborations as regards delivering and evaluating connected health
applications provide many opportunities but also lead to very substantial Ėal-
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2 1.1. Introduction

lenges specifically related to different languages and cultures [11, 12]. Develop-
ers and researĖers should therefore take into account e-health internationaliza-
tion (I18n) requirements.

I18n is the process of designing a software application in suĖ a way that it can
be adapted to various languages and regions without the need for engineering
Ėanges [13]. ĕis aspect is particularly relevant in the case of extremely sensi-
tive information, suĖ as that in the health domain. Many stakeholders currently
provide cross-country healthcare material and connected health programs for
multicultural environments [14]. ĕe amount of health related information on
the worldwide Internet is rapidly increasing [15]. ĕere are currently thousands
of e-health web sites online offering general content on health and medical care,
including hundreds of thousands of individual web pages dedicated to a broad
range of topics [16]. ĕe capabilities of i18n can make connected health systems
valuable for users in different countries [17]. However, it is necessary to have an
appropriate meĖanism with whiĖ to Ėeė the personalization functionality of
a given connected health application, in particular with regard to i18n.

Recently, researĖ has begun to be undertaken into how to aĖieve sustainable
software also known as green software [18–20]. In fact, aĖieving sustainability
of healthcare systems is one of the objectives of researĖ and innovation financed
by the European Union (EU) [21]. ĕe term ’Sustainability’ is widely used and
many definitions are proposed in literature [20, 22, 23]. To interpret the concept
of sustainability, whiĖ in general refers to ”the capacity to endure”, a context
is needed [19]. Sustainable development has been given a popular definition by
the United Nations (UN) as the ability to “meet the needs of the present without
compromising the ability of future generations to satisfy their own needs” [24].
ĕis definition is the most widely used in literature [25]. According to the UN,
sustainability needs to satisfy three dimensions: (i) economic, (ii) social and (iii)
environmental [24]. ĕerefore, sustainable software is “energy-efficient, mini-
mizes the environmental impact of the processes it supports, and has a positive
impact on social and/or economic sustainability” [25]. ĕe impacts of software
sustainability can be direct (consumed resources, energy), indirect (mitigated by
service) or rebound effect [26–28]. In addition to the three aforementioned di-
mensions, two other dimensions have been associated to software sustainability



Chapter 1. Introduction 3

[19, 25]: (iv) individual (or human) dimension and (v) teĖnical dimension.
According to [25] five dimensions should be considered when defining sus-

tainability:

• Individual sustainability: refers to the maintenance of the individual hu-
man capital, e.g., health, education, skills and access to services [29]. Indi-
vidual sustainability can be covered by privacy, safety, security, human-
computer interaction, usability, personal health and well-being [19].

• Social sustainability: aims to preserve the social capital and preserve ser-
vices and solidarity of social communities [29]. Social sustainability can
be handled via computer supported collaborative work [19] that aim to
strengthening community building and improve community interaction.

• Economic sustainability: aims to maintain capital assets and added value
(interest) assets. Economic sustainability can be taken care of in terms
of costs, budget constraints, long-term business objectives and market re-
quirements [19] among other economic requirements.

• Environmental sustainability: seeks to improve human welfare by pro-
tecting natural resources, suĖ as: water, land, air, minerals and ecosys-
tem. Any system applied in a real world context is situated within a nat-
ural environment whiĖ means that it has an impact on the environment
[19]. Environmental sustainability can be managed by controlling resource
flow: waste management, life cycle analysis and environment impact as-
sessment [19].

• TeĖnical sustainability: refers to software systems longevity and their ad-
equate evolution with Ėanging surrounding conditions and respective
requirements. TeĖnical sustainability requirements include all require-
ments whiĖ lead to the longevity of a system suĖ as non-obsolescence
requirements and the ISO/IEC 25010 [30] quality Ėaracteristics (e.g. main-
tainability, reliability and transferability). Moreover, energy efficiency is
also part of teĖnical sustainability requirements [19].
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Green software often refers to the environmental dimension of software sustain-
ability and can be defined as “an application that produces as little waste as pos-
sible during its development and operation” [18]. In this dissertation, green soft-
waremeans sustainable software. Green software can be divided into [25]: (1) green
in software: produce software in a more sustainable way to aĖieve more sus-
tainable product to help the environment, or (2) green by software: develop soft-
ware that are more environment-friendly to support sustainability goals. Pen-
zenstadler [19] explains that we should aĖieve a balance among the five afore-
mentioned dimensions of sustainability in order to aĖieve the overall sustain-
ability of our daily lives.

To promote a large-scale adoption of connected health services there is a need
to promote their i18n and sustainability. ĕerefore, there is a need for a require-
ment catalog whiĖ provides different stakeholders of connected health appli-
cations with different requirements set to develop and/or audit sustainable and
internationalized connected health applications. According to the IEEE Stan-
dard 1028 [31], an audit can be defined as “an independent examination of a
software product, software process, or set of software processes performed by
a third party to assess compliance with specifications, standards, contractual
agreements, or other criteria”. Different aspects can be taken into account in
a software audit, suĖ as usability, accessibility, reliability or i18n, among oth-
ers, and many health institutions, suĖ as Pen Computer Systems (PCS) [32] in
Australia and eCompliance [33] in Canada are interested in auditing e-health
platforms. Furthermore, standardization in the field of connected health is a
long ongoing activity in whiĖ an attempt is made to use latest teĖnologies
for the benefit of patients, health services and other interested parties [34, 35].
When standards are used in the context of software development or auditing, it
is very useful to adapt, refine and express their contents in the form of explicit
software and system requirements [36]. ĕis implies identifying the principal re-
lated sources, extracting the relevant text, and reinterpreting all this information
in the form of precise requirements [37, 38]. In spite of the relevance of the prob-
lem described, neither specific standards and guidelines for e-health software
i18n and sustainability nor e-health i18n and sustainability audit approaĖes
are, to the best of our knowledge, available to date.
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Health application requirements are highly context-dependent. For this rea-
son, we have Ėosen to link this dissertation to the blood donation context. Blood
donation is seen as a noble act as it helps save precious human lives. It is vitally
important to the correct delivery of healthcare [39]. ĕe sufficiency of blood
supplies is still one of the major problems of health services [40]. Hospitals and
blood donation centers in many countries confront difficulties as regards en-
suring a sufficient and safe blood supply [41]. Patients in need are dependent
on a constant supply of blood. ĕere is consequently a need to recruit and re-
tain more blood donors, whiĖ has traditionally been done using methods suĖ
as broĖures or videos [42, 43]. New methods have been used to gain atten-
tion from blood donors, suĖ as applications to attract more donors and to raise
awareness about blood donation. Blood donation applications are very useful
for people in need, particularly in the case of emergencies when it is necessary
to identify eligible blood donors. Blood donation applications can provide an
insight into and useful information about blood donation types and process. In-
formation on blood donation has been identified as a popular service in smart
cities [44].

In order to facilitate dealing with sustainability and i18n of blood donation
applications in a rigorous and complete manner, we have collect the existing
knowledge on sustainability and i18n, mainly gathered from standards, in a
single formal document. ĕe document denominated as Internationalization
and Sustainability of Blood Donation applications CATalog (ISBD-CAT), has
been constructed according to the best Requirements Engineering practices. Al-
though ISBD-CAT can be used as a conventional requirements document in an
ordinary blood donation software development process, in this dissertation we
focus on its use for audit purposes. ĕis dissertation therefore provides not only
a secretion of the sustainability and i18n sources used and the requirements cat-
alog obtained, but also the outline of an audit method with whiĖ to asses this
kind of properties.

ĕe rest of this Ėapter is organized as follows: Section 1.2 presents related
work. Section 1.3 shows the thesis hypothesis. Section 1.4 outlines the goals of
this dissertation. Section 1.5 summarizes the methodology used in this work.
Section 1.6 describes the context of this thesis. Section 1.7 presents the contribu-
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tions of this dissertation. Finally, Section 1.8 highlights the conclusions.

₁.₂ Rђљюѡђё Ѥќџј

₁.₂.₁ RђўѢіџђњђћѡѠ ђћєіћђђџіћє

Requirements Engineering is a multidisciplinary activity of critical importance
in software development [45]. Requirements Engineering is a sub-discipline of
Software Engineering, focused on determining and managing the requirements
of hardware and software systems [46]. ĕe term “Requirements Engineering”
is widely used to describe the process of systematic handling of requirements.
ResearĖ in software development has found that the failures and deficiencies
of software systems are often rooted in the requirements activities undertaken
[47, 48]. Poor requirements can lead to unstable product, gaps between cus-
tomers expectations and project contents, imprecise expense estimate and laė
of traceability [46]. Requirements activities consist mainly of eliciting, analyz-
ing, specifying and validating requirements [46, 49]. System requirements spec-
ification (SyRS) and software requirements specification (SRS) documents play a
crucial role in software engineering [50]. Requirements documents are essential
to both communicate requirements to stakeholders in an understandable man-
ner and define requirements in precise detail for developers [46]. ĕere are two
major processes related to software reuse: (1) building for reuse; and (2) build-
ing with reuse [51]. ĕe for reuse form concerns the identification of reusable
knowledge units, their concise representation in an abstract manner and their
storage in a knowledge base. ĕewith reuse form, meanwhile, consists of searĖ-
ing for reusable knowledge and modifying it in order to allow it to fit into new
situations and to enable it to be combined with the knowledge obtained for a
new project.

₁.₂.₂ RђѢѠюяљђ џђўѢіџђњђћѡѠ ѐюѡюљќєѠ

Many researĖers have presented requirements catalogs for different disciplines.
Toval et al. [37] have presented a reusable requirements catalog to improve infor-
mation systems security. Based on this catalog, Martínez et al. [52] have defined
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a requirements catalog to audit personal data protection. A reusable standard-
based requirements catalog for learning systems development has been defined
by Toval et al. [53]. Cos et al. [36] have presented an e-learning internation-
alization catalog for audit purposes. Filho and Barbosa [54] have proposed a
requirements catalog for mobile learning environments. Jensen et al. [55] have
presented reusable security requirements for healthcare applications. It is ac-
knowledged that the use of reusable requirements catalogs like the aforemen-
tioned catalogs yields improvements in the quality of the software product and
the productivity of the software development process [56]. Recent case studies
[57, 58] have, in fact, evidenced that reusability provides greater benefits when
it is applied during the initial processes of the software development life cycle.

As far as we know, there is no complete and well-defined set of requirements
for blood donation applications. ĕis dissertation is a step forward in this direc-
tion. ĕe activities that led to the development of the ISBD-CAT were carried
out in the context of building for reuse, whereas the application of the ISBD-CAT
is related to building with reuse.

₁.₃ HѦѝќѡѕђѠіѠ

Connected health concerns “patient empowerment” [59], and connected health
solutions suĖ as personal health records in fact promote patient-self manage-
ment and patients’ independence. Other solutions promote patient education
from a very early stage, healthy lifestyle and improve access to supportive care.
However, and regardless of the linguistic and cultural barriers in connected
health tools, “persons who could benefit most from additional empowerment
tools will continue to be left behind” [60]. ĕe key to ensuring inclusion in con-
nected health is to address these barriers with linguistically and culturally ap-
propriate tools in a manner that allows the inclusion of all users [61] and pro-
mote their sustainability. ĕe current trend as regards auditing a system or an
organization is to comply with standards [62, 63]. IT audits, including e-health
sustainability and i18n audits, are, however, still not well regulated [64], princi-
pally owing to the laė of standards dealing with sustainability and i18n.

ĕe hypothesis of this doctoral dissertation is as follows:
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..

Connected health applications can be effectively improved through artifacts and
methods defined from the field of Requirements Engineering.

₁.₄ GќюљѠ

In order to test the previous hypothesis, the following overall goal was defined
for this dissertation:

..

Develop artifacts that allow the effective evaluation of blood donation applications
from the point of view of I18n and sustainability.

ĕis general objective is broken down into the following specific goals:

• Goal 1. Study mobile blood donation applications whiĖ are available in
app repositories.

• Goal 2. Develop a reusable requirements catalog for internationalized and
sustainable connected health applications.

• Goal 3. Design an audit method based on the reusable catalog to assess
sustainability and I18n of connected health applications.

• Goal 4. Validate the audit method through an empirical evaluation of a
blood donation application.

₁.₅ MђѡѕќёќљќєѦ

A systematic review has been used to address the searĖ for free mobile blood
donation applications. ĕe searĖ has followed the quality reporting guide-
lines set out by the Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) group [65]. ĕe objective of the PRISMA Statement is to
help authors improve the reporting of systematic reviews and meta-analyses. A
review protocol was adopted in whiĖ eaĖ step of the systematic review, includ-
ing eligibility criteria, was described before beginning the searĖ for applications
and the data extraction.
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For requirements elicitation, requirements have been identified from litera-
ture reviews on blood donation applications [9, 66] and from previous researĖ
dealing with software quality [67–69], i18n [36, 70] and sustainability [19, 25].
Moreover, requirements from the following standards were also extracted:

• ISO/IEC 25010 standard [30] for system and software product quality re-
quirements and evaluation

• ISO 9241-151 standard [71] for ergonomics of human-system interaction

• ISO/TR 18307 standard [72] whiĖ is for interoperability and compatibility
in trusted health information interĖange between software applications
and systems in health care

• ISO/HL7 27931 standard [73] for data exĖange in health care environ-
ments

• ISO 21090 standard [74] for information interĖange in health informatics

• ISO/TR 14292 standard [75] for the definition, scope and context of per-
sonal health records

• ISO/TR 20514 standard [76] for the definition, scope and context of elec-
tronic health records (EHRs)

• ISO/TS 14265 standard [77] for processing personal health information

• ISO 27799 standard [78] for information security management in health

• ĕe W3C standards [79] for web and mobile devices

Requirements based on Health Insurance Portability and Accountability Act
of 1996 (HIPAA) recommendations [80, 81] have been included in the catalog.
Furthermore, usability guidelines from app repositories [82] have been taken
into consideration in addition to requirements from software engineering for
sustainability (SE4S) project [83]. After identifying the standards and the other
information sources, the corresponding parts of text relevant to functionalities
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Figure 1.1: ĕe reusable requirements catalog generation process

of blood donation applications and i18n and sustainability of connected health
applications have been identified, analyzed and specified.

For the catalog development, guidelines from the IEEE 29148 standard [50] to
develop the SRS and from SIREN (SImple REuse of software requiremeNts) [37]
to develop reusable catalogs of requirements have been followed. ĕe quality of
SRS documentation, whiĖ serves as an input to the design, coding and testing
phases, is critical to the success of any software project [84]. SIREN, whiĖ is de-
veloped by the Software Engineering researĖ Group (GIIS) at the University of
Murcia, is a practical approaĖ that can be used to create, select and specify the
requirements of a software system on the basis of reuse and Software Engineer-
ing standards. Fig. 1.1 presents the generation process of ISBD-CAT. ĕe catalog
maintenance is an important task as it concerns the adaptation of requirements
whiĖ are Ėanged due to regulations, policies and standards Ėanges or modifi-
cations in the connected health applications, in general, and in the mobile blood
donation, in particular.

For the empirical evaluation, a Ėeėlist is generated from ISBD-CAT that con-
tains a list of items that will be Ėeėed against the e-health system under study.
A Ėeėlist approaĖ is increasingly being adopted in order to perform external
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and internal IT audits [85]. In fact, an audit Ėeėlist is one of the auditor’s basic
tools. It is a highly appropriate teĖnique to use, given that it helps to ensure
that the audit addresses all the necessary requirements, guarantees that the au-
dit process is systematic, and provides uniformity between different auditors,
among other benefits [86].

₁.₆ Cќћѡђѥѡ ќѓ ѡѕђ ѡѕђѠіѠ

₁.₆.₁ RђѠђюџѐѕ ѝџќїђѐѡѠ юћё ѡђѐѕћќљќєѦ ѡџюћѠѓђџ ѐќћѡџюѐѡѠ

ĕis dissertation has taken place in the context of the following researĖ, devel-
opment and innovation (R+D+i) projects and teĖnology transfer contracts:

GINSENG-UMU

GINSENG (Green in Software Systems and Software Engineering) (TIN2015-70259-
C2) is a national researĖ project funded by the Spanish Ministry of Economy
and Competitiveness and is coordinated between the Alarcos group of the Uni-
versity of Castilla- La ManĖa, and the University of Murcia. ĕe University of
Murcia is in Ėarge of the GINSENG-UMU (Green in Software Systems and Soft-
ware Engineering) (TIN2015-70259-C2-2-R) subproject. In the GINSENG-UMU
project, researĖ is focused on the researĖ about the sustainability of the soft-
ware itself. In this sense, its goal is twofold: (i) to contribute to the knowledge
of software sustainability both at national and international level with validated
and automated methodological proposals, whiĖ will help companies to incor-
porate sustainability practices in their software systems and (ii) to contribute,
actively and from the beginning, to raise awareness of the software impact on
the environment, in society in general, and in the IT field in particular. ĕe prin-
cipal investigators (PI) of the GINSENG-UMU project are Dr. Ambrosio Toval
and Jos� Luis Fern�ndez Alem�n from the University of Murcia. ĕe project has
a duration of three years (2016-2018).

ĕrough this project, the doctoral candidate was able to undertake the sustain-
ability aspects of this thesis and to be in direct contact and collaborate with both
national and international researĖers and researĖ groups.
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GEODAS-REQ

GEODAS (GEstiOn para el Desarrollo globAl del Software, in English Management
for Global Software Development) is also a national researĖ project funded by the
CICYT and coordinated between the Alarcos group of the University of Castilla-
La ManĖa, the Lucentia Group of the University of Alicante and the University
of Murcia. In particular, the University of Murcia is in Ėarge of the GEODAS-
REQ (GEstiOn para el Desarrollo globAl del Software mediante ingeniería de REĔisi-
tos, in English Management for Global Software Development through Requirements
Engineering) subproject.

In the GEODAS project, the main objective is to optimize the quality and pro-
ductivity of software factories in GSE environments, starting from meĖanisms
to improve the management of their processes. ĕe PI of the GEODAS project is
Dr. Mario Piattini from the University of Castilla-La ManĖa, while the PI of the
GEODAS-REQ subproject is Dr. Ambrosio Toval from the University of Murcia.
ĕe project had a duration of three years (from January 2013 to December 2015).

ĕrough this project, the doctoral candidate was able to deal with the i18n as-
pects of this thesis, discover the SIREN process and the basis of the definition of
requirements catalogs, and collaborate with researĖers specialized in the field
Requirements Engineering, particularly with Dr. Juan Manuel Carrillo-de-Gea.

Mќяіљђ PђџѠќћюљ Hђюљѡѕ RђѐќџёѠ іћ Mќџќѐѐќ

Mobile Personal Health Records in Morocco (MPHR-PPR1-2015-2018) is a re-
searĖ project funded by the Ministry of Higher Education, Scientific ResearĖ
and Professional Training in Morocco. ĕe main objective of this project is the
development of a system that consists on: (i) a set of medical sensors and (ii)
a mobile application. ĕe PI of this project is Dr. Ali Idri. ĕe project has a
duration of two years (from January 2016 to December 2018).

ĕrough this project, the doctoral candidate was able to maintain and extend
its established collaborations with Dr. Ali Idri and Mrs. Manal El Bajta.
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₁.₆.₂ Dќѐѡќџюљ ѝџќєџюњ

ĕe doctoral candidate has been working on her thesis within the International
Doctorate SĖool of the University of Murcia (EIDUM).

₁.₆.₃ SѐѕќљюџѠѕіѝѠ юћё џђѠђюџѐѕ ѠѡюѦѠ

During the execution of this dissertation, the doctoral candidate has benefited
from a researĖ stay financed by the Mobile Personal Health Records in Morocco
project and a researĖ grant offered by Erasmus+ program of the EU, whiĖ fol-
lowed a sĖeme of subsidies awarded on an open and competitive basis. ĕese
grants allowed the doctoral candidate to complete a researĖ stay in location
outside Spain, whiĖ were useful to intensify collaboration with international
researĖers and researĖ groups.

RђѠђюџѐѕ ѠѡюѦ ѓіћюћѐђё яѦ ѡѕђ Mќяіљђ PђџѠќћюљ Hђюљѡѕ RђѐќџёѠ іћ Mќџќѐѐќ
ѝџќїђѐѡ

ĕe doctoral candidate has performed a researĖ stay in the Software Projects
Management ResearĖ Team, ENSIAS, Mohammed V University in Rabat. Dur-
ing this period of time, Sofia Ouhbi worked in software engineering and e-health.
ĕis researĖ stay has been financed by the researĖ project entitled “Mobile Per-
sonal Health Records in Morocco”. ĕe doctoral candidate has worked under
the supervision of Dr. Ali Idri, Full Professor at the ENSIAS (Ecole Nationale
Supérieure d’Informatique et d’Analyse des Systèmes, in English National SĖool of
Computer Science and Systems Analysis) of the Mohammed V University in Rabat,
Morocco.
Duration: from 1st of July 2015 to 31st of May 2016, one year.

RђѠђюџѐѕ єџюћѡ ќѓѓђџђё яѦ EџюѠњѢѠ₊

Erasmus+ is an international mobility program between the University of Mur-
cia (Spain) and international partner universities. ĕe program managed by the
International Relations Service of the University of Murcia (Spain) and funded
by the Erasmus+ program of the EU has awarded the doctoral candidate a six-
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month international mobility sĖolarship to carry out a researĖ stay at ENSIAS,
Mohammed V University in Rabat, where the doctoral candidate worked under
the supervision of Dr. Ali Idri.

During her stay in ENSIAS, the doctoral candidate carried out researĖ in on-
going papers about the analysis of the impact of sustainability and i18n in m-
health applications, and the empirical evaluation of the audit method of e-health
applications
Duration: 15th of September 2016 to 14th of MarĖ 2017, six months.

₁.₇ CќћѡџіяѢѡіќћѠ

ĕe contributions of this doctoral dissertation are presented in the following
paragraphs. Section 1.7.1, Section 1.7.2, Section 1.7.3 and Section 1.7.4 include
the contributions related to Goal 1, Goal 2, Goal 3 and Goal 4 respectively. ĕe
contributions in whiĖ the doctoral candidate has been involved are listed in
Sections 1.7.5-1.7.8. Finally, Section 1.7.9 elaborates on the matĖing between
the goals of this doctoral dissertation and its contributions.

₁.₇.₁ Gќюљ ₁: SѡѢёѦ њќяіљђ яљќќё ёќћюѡіќћ юѝѝљіѐюѡіќћѠ Ѥѕіѐѕ юџђ юѣюіљюяљђ
іћ юѝѝ џђѝќѠіѡќџіђѠ

ĕe first step was to study existing blood donation applications. ĕe following
app repositories were selected to perform the researĖ: Apple App store, Blaė-
berry App World, Google Play, and Windows Mobile store. ĕe PICO (popula-
tion, intervention, comparison and outcome) [87] criteria were used to define the
searĖ string. ĕe population considered is that of blood donors; our interven-
tion was free mobile applications for blood donation; and all existing outcomes
regarding blood donation applications are of interest in this study. As the aim
of this study is not to find evidence about blood donation free application, the
“Comparison” part of the PICO criteria was excluded. ĕe following types were
identified from the description in the repository of eaĖ of the blood donation
applications selected:

Find donors. Applications whiĖ help the user find donors
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Find centers. Applications whiĖ help the user to find centers/hospitals where
he/she can donate blood

Records. Applications whiĖ record the donation history of the user
Blood types. Applications whiĖ explain information about blood types to the

user
Blood calculation. Applications whiĖ estimate the blood type of a user by us-

ing the blood types of relatives
Related to a center. Applications whiĖ provide the user with information re-

lated to a center or centers suĖ as blood transfusion services, hospitals, or
laboratories

Eligibility. Applications whiĖ calculate the date on whiĖ the user may donate
blood based on the date of her/his last donation of blood

General information. Applications whiĖ provide general information about
the blood donation process

Characteristics of 169 blood donation applications have been analyzed. More-
over, the compliance of 133 of these applications with mobile OS usability guide-
lines has been studies. A questionnaire based on the Android Design Guidelines
[88], the iOS Human Interface Guidelines [89], the BlaėBerry User Interface
(UI) Guidelines [90], the Design Library Guidelines for Windows Phone [91]
and composed of 13 questions was developed and used to assess the compli-
ance of the 133 applications selected. Furthermore, the greenability of 72 free
blood donation applications has been studied according to 12 criteria related to
individual, social, environmental and teĖnical sustainability.

ĕese studies concluded with recommendations for blood donation applica-
tions stakeholders. ĕey have also played an important role in the definition of
requirements for the ISBD-CAT.

₁.₇.₂ Gќюљ ₂: Dђѣђљќѝ ю џђѢѠюяљђ џђўѢіџђњђћѡѠ ѐюѡюљќє ѓќџ іћѡђџћюѡіќћюљ-
іѧђё юћё ѠѢѠѡюіћюяљђ ѐќћћђѐѡђё ѕђюљѡѕ юѝѝљіѐюѡіќћѠ

ĕe most important contribution of this dissertation is the development of the
ISBD-CAT. ĕis catalog is partially based on the e-healh Internationalization Cat-
alog (eHI-C) developed by Ouhbi et al. [92] and on the Sustainable Connected
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Health Catalog (SCH-C), presented in a paper under review. ĕe general struc-
ture of the ISBD-CAT, as recommended in IEEE 29148 standard [50], is shown
in Table 1.1.

Table 1.1: Table of contents

1. Introduction
1.1 Purpose
1.2 Scope
1.3 Product overview
1.4 Definitions
2. References
3. Specific requirements
3.1 External interfaces
3.2 Functions
3.3 Usability Requirements
3.4 Performance requirements
3.5 Logical database requirements
3.6 Design constraints
3.7 Software system attributes
3.7.1 Reliability
3.7.2 Availability
3.7.3 Security
3.7.4 Maintainability
3.7.5 Portability
3.7.6 i18n
3.7.7 Sustainability
3.8 Supporting information
4. Verification
5. Appendices
5.1 Assumptions and dependencies
5.2 Acronyms and abbreviations

In order to facilitate the searĖ for and reuse of i18n and sustainability re-
quirements, along with their integration into current instantiated requirements
documents for blood donation application that is already under way, two new
subsections dedicated for i18n requirements (i.e., Section 3.7.6) and for sustain-
ability requirements (i.e., Section 3.7.7) were added as shown in Table 1.1. EaĖ
requirement identified has a predefined set of attributes that provide additional
information on it, suĖ as: unique identifier, source and priority. Traceability
relationships are used to define relationships between the requirements identi-
fied whiĖ facilitates both reuse and maintenance tasks. As muĖ as possible,
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we have followed the principles of minimal coupling and maximal cohesion in
order to reduce the degree of interdependency (low coupling) and increase the
existing conceptual and functional relationships (high cohesion) among require-
ments.

Requirements of this catalog have been primarily established from the results
of literature reviews conducted in this domain and analysis of standards related
to software engineering and connected health. ĕey can assist blood donation
stakeholders in eliciting, specifying and validating requirements for internation-
alized and sustainable connected health applications, in general, and blood do-
nation applications, in particular.

₁.₇.₃ Gќюљ ₃: DђѠієћ юћ юѢёіѡ њђѡѕќё яюѠђё ќћ ѡѕђ џђѢѠюяљђ ѐюѡюљќє ѡќ юѠѠђѠѠ
ѠѢѠѡюіћюяіљіѡѦ юћё і₁₈ћ ќѓ ѐќћћђѐѡђё ѕђюљѡѕ юѝѝљіѐюѡіќћѠ

ĕe i18n and sustainability catalog was taken as a starting point to define an
audit method adapted to assess connected health applications, in general, and
blood donation applications, in particular. ĕe audit method is similar to the
eHIA-M (e-health Internationalization Audit MEĕod) defined by Ouhbi et al.
[92]. Fig. 1.2 shows the main elements of the audit method, ISBD-AUDIT.

ĕe artifacts involved in the audit process are as follows:

• ISBD-CAT: this requirements catalog is a key element of the audit method,
since this catalog explicitly represents the knowledge on sustainability and
i18n gathered from the available standards and other information sources.

• ISBD-CAT*: ĕe projection or adaptation of the ISBD-CAT to the specific
blood donation e-health system, and its working context, in whiĖ the au-
dit method is to be applied. ĕe ISBD-CAT* artifact is expected to be a
subset of ISBD-CAT and maintains all the properties of the reused require-
ments.

• Cheėlist: ĕe customized list of items that will be Ėeėed against the
blood donation e-health system under study. ĕis is generated from ISBD-
CAT* and can adopt the form that best suits the audit team. For instance,
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Figure 1.2: ĕe Internationalization and Sustainable Blood Donation Audit
Method

the Cheėlist can be a web-based questionnaire, but any other electronic
or paper-based format may be admissible. ĕe Cheėlist forms must be
ordered, user-friendly and easy for the participants in the audit process to
fill in, as is the case of those provided by standards suĖ as W3C (Cheėlist
of Cheėpoints for Web Content Accessibility Guidelines).

• Audit reports: ĕese may include intermediate, detailed reports and a final
report with a summary of the main results of the audit and the audit team’s
recommendations.

ĕe proposed method can be combined with the reusable catalog to enable a
systematic assessment of blood donation applications with regard to i18n and
sustainability.
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₁.₇.₄ Gќюљ ₄: Vюљіёюѡђ ѡѕђ юѢёіѡ њђѡѕќё ѡѕџќѢєѕ юћ ђњѝіџіѐюљ ђѣюљѢюѡіќћ ќѓ
ю яљќќё ёќћюѡіќћ юѝѝљіѐюѡіќћ.

ĕe Android version of the Blood Donor+ app (https://goo.gl/LOeDNS), a free
app, has been Ėosen to illustrate the evaluation process. ĕe app Blood Donor+
has been Ėosen because of its very high review score in Google Play Store (4.7
out of 5 stars) given by 34 real users. ĕis number may appear as relatively
small, however, by taking into account Nielsen’s finding that small groups can
provide enough usability information [93], this score can be used as an indicator
of this application’s quality. ĕe first step of the evaluation consisted of carrying
out a preliminary analysis of the app’s work environment and its main features
and functionality. ĕen, a Cheėlist to evaluate the app was generated from
the ISBD-CAT. ĕe Cheėlist was in the form of a questionnaire containing 27
questions so as to facilitate the work of the evaluator [94]. We have discarded
requirements from ISBD-CAT that are not applicable to this app. ĕe questions
can be answered by “Yes”, “No” or “Partially”. Total questions: 27. Yes (+1): 12.
No (+0): 13. Partially (+0.5): 2.
Coverage = šţ ∗ šŠŠ/Ţŧ = ŤŨ.šť% To improve this app, a list of recommendation
has been proposed.

ĕe metrics obtained through the use of the empirical evaluation has proven
the audit method to be usable, agile, systematic and repeatable. If the people in
Ėarge of the audit have previous experience of i18n software and/or auditing.
With regard to the time efficiency of the audit, the auditors’ experience is impor-
tant but not vital, as the use of an audit Ėeėlist can reduce the time that they
spend, even in the case of auditors with low levels of practical knowledge.

₁.₇.₅ JќѢџћюљѠ іћёђѥђё іћ JќѢџћюљ Cіѡюѡіќћ RђѝќџѡѠ ₍JCR₎

• Contribution 1. Sofia Ouhbi, José Luis Fernández-Alemán, Juan Manuel
Carrillo-de-Gea, Ambrosio Toval, and Ali Idri. ”E-health internationaliza-
tion requirements for audit purposes.” Computer Methods and Programs in
Biomedicine 144 (2017): 49-60. doi: 10.1016/j.cmpb.2017.03.014. JCR Science
Edition 2015 impact factor: 1.862; Q1 (16/105): Computer Science, ĕeory &
Methods.
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Summary: Presentation of an e-health software audit by using i18n require-
ments, specified in the form of a reusable requirements catalog.

• Contribution 2. Sofia Ouhbi, José Luis Fernández-Alemán, José Rivera
Pozo, Manal El Bajta, Ambrosio Toval, and Ali Idri. ”Compliance of blood
donation apps with mobile OS usability guidelines.” Journal of Medical Sys-
tems 39, no. 6 (2015): 63. doi:10.1007/s10916-015-0243-1. JCR Science Edi-
tion 2014 impact factor: 2.213; Q2 (7/24): Medical Informatics; Q2 (31/88):
Health Care Sciences & Services.

Summary: Analysis of the usability compliance of 133 free blood dona-
tion applications with the guidelines of Android, iOS, Blaėberry and Win-
dows Phone.

• Contribution 3. Sofia Ouhbi, José Luis Fernández-Alemán, Ambrosio To-
val, Ali Idri, and José Rivera Pozo. ”Free blood donation mobile applica-
tions.” Journal of Medical Systems 39, no. 5 (2015): 52. doi:10.1007/s10916-
015-0228-0. JCR Science Edition 2014 impact factor: 2.213; Q2 (7/24): Medi-
cal Informatics; Q2 (31/88): Health Care Sciences & Services.

Summary: An analysis and assessment of the Ėaracteristics of 169 free
blood donation applications as regards features and functionality.

• Contribution 4. Sofia Ouhbi, José Luis Fernández-Alemán, Ambrosio To-
val, José Rivera Pozo and Ali Idri. “Assessing Sustainability of Connected
Health Applications.” Major revision. In Journal of Software: Evolution and
Process. JCR Science Edition 2015 impact factor: 0.729; Q3 (69/106): Com-
puter Science, Software Engineering.

Summary: Presentation of a Ėeėlist, generated from a reusable require-
ments catalog, to assess sustainability of connected health applications.

₁.₇.₆ CќњњѢћіѐюѡіќћѠ іћ іћѡђџћюѡіќћюљ ѐќћѓђџђћѐђѠ юћё ѤќџјѠѕќѝѠ

• Contribution 5. Sofia Ouhbi, José Luis Fernández-Alemán, Ali Idri, Am-
brosio Toval, José Rivera Pozo and Manal El Bajta. ”A Reusable Require-
mentsCatalog for Internationalized and Sustainable Blood DonationApps.”



Chapter 1. Introduction 21

In the 12th International Conference on Evaluation of Novel ApproaĖes to Soft-
ware Engineering (ENASE), pp. 285-292. SCITEPREĒ, 2017. CORE 2017: B.
doi: 10.5220/0006360202850292.

Summary: Presentation of a reusable requirements repository for blood do-
nation applications based on the main related software engineering stan-
dards, e-health teĖnology standards and literature.

• Contribution 6. Sofia Ouhbi, José Luis Fernández-Alemán, Ali Idri, and
José Rivera Pozo. ”Are mobile blood donation applications green?” In 2015
10th International Conference on Intelligent Systems: ĕeories and Applications
(SITA), pp. 1-6. IEEE, 2015. doi: 10.1109/SITA.2015.7358377.

Summary: Greenability assessment of seventy-two free blood donation ap-
plications using individual, social, environmental and teĖnical dimen-
sions of sustainability.

₁.₇.₇ CѕюѝѡђџѠ іћ іћѡђџћюѡіќћюљ яќќјѠ

• Contribution 7. Sofia Ouhbi, Ali Idri and José Luis Fernández-Alemán.
”Connected Health Services in Smart Cities.” Under review. To be pub-
lished in Smart Cities: Development and Governance Frameworks by Springer,
2018.

Summary: Presentation of different types, applications and benefits of con-
nected health services in addition to the Ėallenges that affect the large-
scale adoption of connected health services in smart cities.

₁.₇.₈ CќњњѢћіѐюѡіќћѠ іћ ћюѡіќћюљ ѐќћѓђџђћѐђѠ юћё ѤќџјѠѕќѝѠ

• Contribution 8. Sofia Ouhbi, José Luis Fernández-Alemán, Ambrosio To-
val, José Rivera Pozo and Ali Idri. “Towards Sustainable Connected Health
Applications”. In III Jornadas Doctorales de la Universidad deMurcia. Murcia,
Spain. 30 May - 1 June 2017.

Summary: Presentation of requirements that can be used to develop sus-
tainable connected health applications.
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₁.₇.₉ Gќюљ ѐќѣђџюєђ

Table 1.2 shows the matĖing between the goals of this doctoral dissertation and
its contributions.

Table 1.2: Coverage of the goals with publications

Goal Goal 1 Goal 2 Goal 3 Goal 4

Contr. 1 X X X
Contr. 2 X
Contr. 3 X
Contr. 4 X X X
Contr. 5 X X X
Contr. 6 X X
Contr. 7 X
Contr. 8 X

₁.₈ CќћѐљѢѠіќћѠ

In spite of the undeniable relevance of i18n and sustainable software in our IT-
driven globalized world, no specific standards dealing with software sustain-
ability and e-health i18n were found. ĕe catalog presented in this dissertation
is therefore very beneficial for different blood donation application stakeholders.
In fact, developers can use all or some requirements of this catalog to develop
internationalized and sustainable blood donation applications. Blood donation
health organization or development companies whiĖ are willing to promote
blood donation via applications can elicit and specify their requirements from
the ISBD-CAT. Moreover, the i18n and sustainable requirements are adaptable
and can be reused for other connected health applications suĖ as applications
for cardiology or oncology.

Furthermore, audit organizations or blood donation application stakeholders
can use the ISBD-CAT to evaluate and/or audit blood donation applications. A
Ėeėlist can be generated from the ISBD-CAT. ĕis Ėeėlist should include a
set of requirements that will constitute the list of items to be Ėeėed and can be
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adapted to the blood donation application to be evaluated. To that end, a reuse-
based approaĖ to generate new requirements documents from the ISBD-CAT
should be applied. ĕis step is necessary, since the variation points of the reus-
able requirements, whiĖ are basically parameterized requirements and trace-
ability relationships, must be resolved in reuse time in accordance with the sys-
tem evaluation and/or audit. ĕe requirements documents will then be mapped
onto items of the Cheėlist in order to carry out the evaluation and/or the audit
of blood donation applications.

ĕe catalog can be applied in different scenarios and adapted to fully capture
the needs and constraints of blood donation application development. ĕe re-
quirements catalog contents will be subject to continuous improvement through
the incorporation of new knowledge originating from additional information
sources, suĖ as other recommendations, standards or policies.

At this point, I am able to conclude that the results derived from our study sup-
port the hypothesis of this doctoral dissertation, whiĖ was posed in Section 1.3.
Connected health applications, especially blood donation applications, can be
effectively improved through artifacts and methods defined from the field of
Requirements Engineering. However, a case study in a blood donation institu-
tion is still needed to fully judge the practical contributions of this thesis.

Fig. 1.3 presents the types of contributions shown in Table 1.2. Part of the re-
sults of this thesis have been submitted and published in various peer-reviewed
forums. At the time of writing, 2 out of 8 contributions are not published yet,
but instead under review. Fig. 1.4 provides an overview on the status of the con-
tributions.

Further researĖ should be undertaken to improve the method and applica-
tion of this dissertation.

• ĕe improvement of the sustainability and i18n catalog through harmo-
nizing the multiple e-health sustainability and i18n requirements that are
scattered throughout different sources, and incorporate new knowledge
originating from other standards, information sources and even directly
from the stakeholders involved in the audit method. ĕis harmonization
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procedure will be based on widely accepted best practices [95, 96].

• As mentioned above, this researĖ has identified the laė of a standard
focused on the i18n of software, not only in the e-health realm, but, even
worse, in the ICT industry. For this reason, and as a possible solution,
it is our intention to make a proposal to some standardization interna-
tional organization, suĖ as IEEE, ITU or ISO, contacting the related com-
mittees or subcommittees that can be more related to this i18n topic. For
example, we have identified the ISO/IEC JTC 1 Information TeĖnology
(Joint Committee), in particular through the following subcommittee and
group: ISO/IEC JTC 1/SC 36/WG7 ITLET - Culture, language and individ-
ual needs, for this aim. ĕe outcome of the harmonization step could be a
starting point for carrying out suĖ a standardization.

• A web-based tool is currently under construction, since the use of an au-
tomated tool is highly advisable as regards carrying out the audit method,
given that the audit process can be tedious and error prone [52, 97].

• A case study to implement and evaluate a mobile application in a blood
donation center in Murcia, Spain will be performed to improve the require-
ments catalog and the audit method and to complete the evaluation of their
applicability.
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A.₁ Aџѡіѐљђ іћ CќњѝѢѡђџ MђѡѕќёѠ юћё PџќєџюњѠ іћ Bіќњђёіѐіћђ

E-health Internationalization Requirements for Audit Purposes
Abstract

Baėground and objective: In the 21st century, e-health is proving to be one of
the strongest drivers for the global transformation of the health care industry.
Health information is currently truly ubiquitous and widespread, but in order
to guarantee that everyone can appropriately access and understand this infor-
mation, regardless of their origin, it is essential to bridge the international gap.
ĕe diversity of health information seekers languages and cultures signifies that
e-health applications must be adapted to satisfy their needs.
Methods: In order to aĖieve this objective, current and future e-health pro-

grams should take into account the internationalization aspects. ĕis paper
presents an internationalization requirements specification in the form of a re-
usable requirements catalog, obtained from the principal related standards, and
describes the key methodological elements needed to perform an e-health soft-
ware audit by using the internationalization knowledge previously gathered.
Results: S Health, a relevant, well-known Android application that has more

than 150 million users in over 130 countries, was selected as a target for the
e-health internationalization audit method and requirements specification pre-
sented above. ĕis application example helped us to put into practice the pro-
posal and show that the procedure is realistic and effective.
Conclusions: ĕe approaĖ presented in this study is subject to continuous im-

provement through the incorporation of new knowledge originating from addi-
tional information sources, suĖ as other standards or stakeholders. ĕe applica-
tion example is useful for early evaluation and serves to assess the applicability
of the internationalization catalog and audit methodology, and to improve them.
It would be advisable to develop of an automated tool with whiĖ to carry out
the audit method.

DOI

https://doi.org/šŠ.šŠšŦ/j.cmpb.ŢŠšŧ.Šţ.ŠšŤ

https://doi.org/10.1016/j.cmpb.2017.03.014
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A.₂ AџѡіѐљђѠ іћ JќѢџћюљ ќѓ Mђёіѐюљ SѦѠѡђњѠ

Compliance of Blood Donation Apps with Mobile OS Usability Guidelines
Abstract

ĕe aim of this paper is to employ the guidelines of Android, iOS, Blaėberry
and Windows Phone to analyze the usability compliance of free blood donation
(BD) apps. An analysis process based on a systematic review protocol is used
to select free BD apps. An assessment is conducted using a questionnaire com-
posed of 13 questions concerning the compliance of free BD apps with Android,
Blaėberry, iOS and Windows Phone usability guidelines. A total of 133 free
BD apps have been selected from the 188 BD apps identified. Around 63 % of
the free BD apps selected have a good compliance with mobile OS usability rec-
ommendations. Around 72 % of Android, 57 % of Windows Phone, 33 % of
iOS and 33 % of Blaėberry BD apps have a high usability score. ĕe aspect of
BD app behavior should be improved along with some style components: the
use of pictures to explain ideas and the adaptation of the app to both horizon-
tal and vertical orientations. Structure patterns should also be used to improve
the structure aspect of a BD app. Usability is a quality aspect that should be
improved in current BD apps. Our study provides smartphone users with a list
of usable free BD apps and BD app developers with recommendations.

DOI

https://doi.org/šŠ.šŠŠŧ/sšŠũšŦ-Ššť-ŠŢŤţ-š

https://doi.org/10.1007/s10916-015-0243-1
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Free Blood Donation Mobile Applications
Abstract

Blood donation (BD) is a noble act and mobile applications (apps) can help
increase awareness about it. ĕis paper analyzes and assesses the Ėaracteristics
of free apps for BD as regards features and functionality. A searĖ in Google
Play, Apple Apps store, Blaėberry App World and Windows Mobile App store
was carried out to select 169 free BD apps from the 188 apps identified. ĕe
results presented in this paper show that the majority of the apps selected have
been developed for the Android operating system. Moreover, most of the apps
selected are available to help users searĖ for donors. Few of the apps could
not be installed and/or accessed. Of those that could be installed: half of them
do not require any kind of authentication; a few of them are available in more
than one language; half of them have a geographical restriction; around 60 % of
them do not notify the user of BD events and requests; one, whiĖ is available
for Android and iOS, can connect with a laboratory; around 45 % of them allow
users to share information via social networks, and the majority of them do not
provide BD recommendations. ĕese results are used as a basis to provide app
developers with certain recommendations. ĕere is a need for better BD apps
with more features in order to increase the number of volunteer donors.

DOI

https://doi.org/šŠ.šŠŠŧ/sšŠũšŦ-Ššť-ŠŢŢŨ-Š
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A.₃ Aџѡіѐљђ іћ ѡѕђ Iћѡђџћюѡіќћюљ Cќћѓђџђћѐђ ќћ EѣюљѢюѡіќћ ќѓ
Nќѣђљ AѝѝџќюѐѕђѠ ѡќ SќѓѡѤюџђ Eћєіћђђџіћє ₍ENASE₎

AReusableRequirementsCatalog for Internationalized andSustainableBlood
Donation Apps
Abstract

Blood donation mobile applications are efficient tools to increase awareness
about the importance of blood donation acts and to attract blood donors. ĕe
aim of this paper is to define a reusable requirements repository (catalog) for
blood donation applications based on the main related software engineering
standards, e-health teĖnology standards and literature. ĕe catalog contains
requirements regarding internationalization to bridge the cultural and language
barriers among blood donors. It includes also requirements for sustainable blood
donation applications whiĖ cover the individual, social, environmental, and
teĖnical dimensions of sustainability. ĕis catalog can be very useful to de-
velop, evaluate and audit blood donation applications and it can be adapted to
other m-health applications..

DOI
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A.₄ Aџѡіѐљђ іћ ѡѕђ Iћѡђџћюѡіќћюљ Cќћѓђџђћѐђ ќћ Iћѡђљљієђћѡ SѦѠ-
ѡђњѠ: TѕђќџіђѠ юћё AѝѝљіѐюѡіќћѠ ₍SITA₎

Are Mobile Blood Donation Applications Green?
Abstract

On a global scale, software sustainability is attracting more and more atten-
tion. ĕe term green software often refers to environmental sustainability ap-
plied to software systems, however, it is impacted by the different dimensions
of sustainability. Green software can be divided into green by software and
green in software. Blood donation mobile applications are more and more used
by smartphone users. ĕey represent an alternative way to attract volunteers
and increase awareness about the importance of blood donation acts. ĕe aim
of this paper is to assess the greenability of seventy-two free blood donation ap-
plications using individual, social, environmental and teĖnical dimensions of
sustainability. ĕe type, functionality and energy consumption of eaĖ app are
identified and analyzed. Results have shown that the type of the BD app has a
great impact on its level of greenability.

DOI
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Colophon

TѕіѠ ѡѕђѠіѠ ѤюѠ ѡѦѝђѠђѡ using LATEX,
originally developed by Leslie Lam-
port and based on Donald Knuth’s

TEX. ĕe body text is set in 12 point Palatino
Linotype. Palatino is the name of a large
typeface family designed by Hermann Zapf,
initially released in 1948 and named after
16th century Italian master of calligraphy
Giambattista Palatino. It is based on the
humanist fonts of the Italian Renaissance.
In 1999, Zapf revised Palatino for Linotype
and Microsoft, called Palatino Linotype. A
template, released under the permissive
њіѡ (ѥ11) license, has undergone some
adaptations and modifications to end in the
current layout of this doctoral dissertation.
ĕe original template can be found online at
github.com/suĖow/ or from the author at
suĖow@post.harvard.edu.
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