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“These days doctors when providing therapy select a couple of
medicines, write down a regimen for taking them, hand it over, and
that is that. Before the ancients treated patients, they became fa-
miliar with the cycles of yin and yang and of time, and with the
exhalations of qi from mountain, forest, river, and marsh. They
discerned the patient’s age, body weight, social status, style of life,
disposition, likes, feelings, and vigor. In accord with what was ap-
propriate to these characteristics, and avoiding what was not, they
chose among drugs, moxa, acupuncture, lancing with the stone nee-
dle, decoctions, and extracts. They straightened out old habits and
manipulated patterns of emotions. Feeling their way, missing no op-
portunity and constantly adapting, in their reasoning there was not a
hair-breadth’s gap. They would go on to regulate the patient’s dress,
rationalize his diet, change his living habits, and follow the trans-
formations of his emotions, sometimes treating him according to
environmental factors, sometimes according to individual factors.”

Shen Kuo (12th century)
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Abstract

Background

Europe is living in an unsustainable situation. The economic crisis has been
reducing governments’ economic resources since 2008 and threatening social and
health systems, while the proportion of older people in the European population
continues to increase so that it is foreseen that in 2050 there will be only two
workers per retiree [54]. To this situation it should be added the rise, strongly
related to age, of chronic diseases the burden of which has been estimated to
be up to the 7% of a country’s gross domestic product [51]. There is a need for
a paradigm shift, the need for a new way of caring for people’s health, shifting
the focus from curing conditions that have arisen to a sustainable and effective
approach with the emphasis on prevention.

Some advocate the adoption of personalised health care (pHealth), a model
where medical practices are tailored to the patient’s unique life, from the detec-
tion of risk factors to the customization of treatments based on each individual’s
response [81]. Personalised health is often associated to the use of Information
and Communications Technology (ICT), that, with its exponential development,
offers interesting opportunities for improving healthcare.

The shift towards pHealth is slowly taking place, both in research and in
industry, but the change is not significant yet. Many barriers still exist related
to economy, politics and culture, while others are purely technological, like the
lack of interoperable information systems [199]. Though interoperability aspects
are evolving, there is still the need of a reference design, especially tackling
implementation and large scale deployment of pHealth systems.

This thesis contributes to organizing the subject of ICT systems for per-
sonalised health into a reference model that allows for the creation of software
development platforms to ease common development issues in the domain.

Research questions

RQ1 Is it possible to define a model, based on software engineering techniques,
for representing the personalised health domain in an abstract and repre-
sentative way?

RQ2 Is it possible to build a development platform based on this model?

RQ3 Does the development platform help developers create complex integrated
pHealth systems?
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Methods

As method for describing the model, the ISO/IEC/IEEE 42010 framework [25]
is adopted for its generality and high level of abstraction. The model is specified
in different parts: a conceptual model, which makes use of concept maps, for rep-
resenting stakeholders, artefacts and shared information, and in scenarios and
use cases for the representation of the functionalities of pHealth systems. The
model was derived from literature analysis, including 7 industrial and scientific
reports, 9 electronic standards, 10 conference proceedings papers, 37 journal
papers, 25 websites and 5 books.

Based on the reference model, requirements were drawn for building the de-
velopment platform enriched with a set of requirements gathered in a survey run
among 11 experienced engineers. For developing the platform, the continuous
integration methodology [74] was adopted which allowed to perform automatic
tests on a server and also to deploy packaged releases on a web site.

As a validation methodology, a theory building framework for SW engineer-
ing was adopted from [181]. The framework, chosen as a guide to find evidence
for justifying the research questions, imposed the creation of theories based on
models and propositions to be validated within a scope.

The validation of the model was conducted as an on-line survey in three
validation rounds, encompassing a growing number of participants. The survey
was submitted to 134 experts of the field and on some public channels like
relevant mailing lists and social networks. Its objective was to assess the model’s
readability, its level of coverage of the domain and its potential usefulness in
the design of actual, derived systems. The questionnaires included quantitative
Likert scale questions and free text inputs for comments.

The development platform was validated in two scopes. As a small-scale
experiment, the platform was used in a 12 hours training session where 4 de-
velopers had to perform an exercise consisting in developing a set of typical
pHealth use cases At the end of the session, a focus group was held to identify
benefits and drawbacks of the platform. The second validation was held as a
test-case study in a large scale research project called HeartCycle the aim of
which was to develop a closed-loop disease management system for heart failure
and coronary heart disease patients [160]. During this project three applica-
tions were developed by a team of programmers and designers. One of these
applications was tested in a clinical trial with actual patients. At the end of
the project, the team was interviewed in a focus group to assess the role the
platform had within the project.

Results

For what regards the model that describes the pHealth domain, its conceptual
part includes a description of the main roles and concerns of pHealth stake-
holders, a model of the ICT artefacts that are commonly adopted and a model
representing the typical data that need to be formalized among pHealth systems.
The functional model includes a set of 18 scenarios, divided into assisted person’s
view, caregiver’s view, developer’s view, technology and services providers’ view
and authority’s view, and a set of 52 Use Cases grouped in 6 categories: assisted
person’s activities, system reactions, caregiver’s activities, user engagement, de-
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veloper’s activities and deployer’s activities. For what concerns the validation of
the model, a total of 65 people participated in the online survey providing their
level of agreement in all the assessed dimensions and a total of 248 comments
on how to improve and complete the model. Participants’ background spanned
from engineering and software development (70%) to medical specialities (15%),
with declared interest in the fields of eHealth (24%), mHealth (16%), Ambient
Assisted Living (21%), Personalized Medicine (5%), Personal Health Systems
(15%), Medical Informatics (10%) and Biomedical Engineering (8%) with an
average of 7.25±4.99 years of experience in these fields. From the analysis of
the answers it is possible to observe that the contacted experts considered the
model easily readable (average of 1.89±0.79 being 1 the most favourable scoring
and 5 the worst), sufficiently abstract (1.99±0.88) and formal (2.13±0.77) for its
purpose, with a sufficient coverage of the domain (2.26±0.95), useful for describ-
ing the domain (2.02±0.7) and for generating more specific systems (2±0.75)
and they reported a partial interest in using the model in their job (2.48±0.91).
Thanks to their comments, the model was improved and enriched with concepts
that were missing at the beginning, nonetheless it was not possible to prove an
improvement among the iterations, due to the diversity of the participants in
the three rounds.

From the model, a development platform for the pHealth domain was gen-
erated called pHealth Patient Platform (pHPP). The platform includes a set
of libraries, programming and deployment tools, a tutorial and a sample ap-
plication. The main four modules of the architecture are: the Data Collection
Engine, which allows abstracting sources of information like sensors or external
services, mapping data to databases and ontologies, and allowing event-based
interaction and filtering, the GUI Engine, which abstracts the user interface in
a message-like interaction model, the Workflow Engine, which allows program-
ming the application’s user interaction flows with graphical workflows, and the
Rule Engine, which gives developers a simple means for programming the ap-
plication’s logic in the form of “if-then” rules.

After the 5 years experience of HeartCycle, partially programmed with
pHPP, 5 developers were joined in a focus group to discuss the advantages and
drawbacks of the platform. The view that emerged from the training course
and the focus group was that the platform is well-suited to the needs of the
engineers working in the field, it allowed the separation of concerns among the
different specialities and it simplified some common development tasks like data
management and asynchronous interaction. Nevertheless, some deficiencies were
pointed out in terms of a lack of maturity of some technological choices, and
for the absence of some domain-specific tools, e.g. for data processing or for
health-related communication protocols.

Within HeartCycle, the platform was used to develop part of the Guided
Exercise system, a composition of ICT tools for the physical rehabilitation of
patients who suffered from myocardial infarction. The system developed using
the platform was tested in a randomized controlled clinical trial, in which 55
patients used the system for 21 weeks. The technical results of this trial showed
that the system was stable and reliable. Some minor bugs were detected, but
these were promptly corrected using the platform. This shows that the platform,
as well as facilitating the development task, can be successfully used to produce
reliable software.
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Conclusions

The research work carried out in developing this thesis provides responses to
the three three research questions that were the motivation for the work.

RQ1 A model was developed representing the domain of personalised health
systems, and the assessment of experts in the field was that it represents
the domain accurately, with an appropriate balance between abstraction
and detail.

RQ2 A development platform based on the model was successfully developed.

RQ3 The platform has been shown to assist developers create complex pHealth
software. This was demonstrated within the scope of one large-scale
project, but the generic approach adopted provides indications that it
would offer benefits more widely.

The results of these evaluations provide indications that both the model and
the platform are good candidates for being a reference for future pHealth devel-
opments.
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Resumen

Antecedentes

Europa vive una situación insostenible. Desde el 2008 se han reducido los re-
cursos de los gobiernos a ráız de la crisis económica. El continente Europeo
envejece con ritmo constante al punto que se prevé que en 2050 habrá sólo
dos trabajadores por jubilado [54]. A esta situaciń se le añade el aumento de
la incidencia de las enfermedades crónicas, relacionadas con el envejecimiento,
cuyo coste puede alcanzar el 7% del PIB de un páıs [51]. Es necesario un cam-
bio de paradigma. Una nueva manera de cuidar de la salud de las personas:
sustentable, eficaz y preventiva más que curativa.

Algunos estudios abogan por el cuidado personalizado de la salud (pHealth).
En este modelo las prácticas médicas son adaptadas e individualizadas al pa-
ciente, desde la detección de los factores de riesgo hasta la personalización de los
tratamientos basada en la respuesta del individuo [81]. El cuidado personalizado
de la salud está asociado a menudo al uso de las tecnoloǵıas de la información y
comunicación (TICs) que, con su desarrollo exponencial, ofrecen oportunidades
interesantes para la mejora de la salud.

El cambio de paradigma hacia el pHealth está lentamente ocurriendo, tanto
en el ámbito de la investigación como en la industria, pero todav́ıa no de manera
significativa. Existen todav́ıa muchas barreras relacionadas a la economı́a, a la
poĺıtica y la cultura. También existen barreras puramente tecnológicas, como
la falta de sistemas de información interoperables [199]. A pesar de que los
aspectos de interoperabilidad están evolucionando, todav́ıa hace falta un diseño
de referencia especialmente direccionado a la implementación y el despliegue en
gran escala de sistemas basados en pHealth.

La presente Tesis representa un intento de organizar la disciplina de la apli-
cación de las TICs al cuidado personalizado de la salud en un modelo de ref-
erencia, que permita la creación de plataformas de desarrollo de software para
simplificar tareas comunes de desarrollo en este dominio.

Preguntas de investigación

RQ1 ¿Es posible definir un modelo, basado en técnicas de ingenieŕıa del soft-
ware, que represente el dominio del cuidado personalizado de la salud de
una forma abstracta y representativa?

RQ2 ¿Es posible construir una plataforma de desarrollo basada en este modelo?
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RQ3 ¿Esta plataforma ayuda a los desarrolladores a crear sistemas pHealth
complejos e integrados?

Métodos

Para la descripción del modelo se adoptó el estándar ISO/IEC/IEEE 42010por
ser lo suficientemente general y abstracto para el amplio enfoque de esta tesis
[25]. El modelo está definido en varias partes: un modelo conceptual, expresado
a través de mapas conceptuales que representan las partes interesadas (stake-
holders), los artefactos y la información compartida; y escenarios y casos de
uso para la descripción de sus funcionalidades. El modelo fue desarrollado de
acuerdo a la información obtenida del análisis de la literatura, incluyendo 7 in-
formes industriales y cient́ıficos, 9 estándares, 10 art́ıculos en conferencias, 37
art́ıculos en revistas, 25 páginas web y 5 libros.

Basándose en el modelo se definieron los requisitos para la creación de la
plataforma de desarrollo, enriquecidos por otros requisitos recolectados a través
de una encuesta realizada a 11 ingenieros con experiencia en la rama. Para el
desarrollo de la plataforma, se adoptó la metodoloǵıa de integración continua
[74] que permitió ejecutar tests automáticos en un servidor y también desplegar
aplicaciones en una página web.

En cuanto a la metodoloǵıa utilizada para la validación se adoptó un marco
para la formulación de teoŕıas en la ingenieŕıa del software [181]. Esto requiere
el desarrollo de modelos y proposiciones que han de ser validados dentro de un
ámbito de investigación definido, y que sirvan para guiar al investigador en la
búsqueda de la evidencia necesaria para justificarla.

La validación del modelo fue desarrollada mediante una encuesta online en
tres rondas con un número creciente de invitados. El cuestionario fue enviado
a 134 contactos y distribuido en algunos canales públicos como listas de correo
y redes sociales. El objetivo era evaluar la legibilidad del modelo, su nivel de
cobertura del dominio y su potencial utilidad en el diseño de sistemas derivados.
El cuestionario inclúıa preguntas cuantitativas de tipo Likert y campos para
recolección de comentarios.

La plataforma de desarrollo fue validada en dos etapas. En la primera etapa
se utilizó la plataforma en un experimento a pequea escala, que consistió en
una sesión de entrenamiento de 12 horas en la que 4 desarrolladores tuvieron
que desarrollar algunos casos de uso y reunirse en un grupo focal para discutir
su uso. La segunda etapa se realizó durante los tests de un proyecto en gran
escala llamado HeartCycle [160]. En este proyecto un equipo de diseadores y
programadores desarrollaron tres aplicaciones en el campo de las enfermedades
cardio-vasculares. Una de estas aplicaciones fue testeada en un ensayo cĺınico
con pacientes reales. Al finalizar el proyecto, el equipo de desarrollo se reunió
en un grupo focal para identificar las ventajas y desventajas de la plataforma y
su utilidad.

Resultados

Por lo que concierne el modelo que describe el dominio del pHealth, la parte
conceptual incluye una descripción de los roles principales y las preocupaciones
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de los participantes, un modelo de los artefactos TIC que se usan comúnmente
y un modelo para representar los datos t́ıpicos que son necesarios formalizar e
intercambiar entre sistemas basados en pHealth. El modelo funcional incluye un
conjunto de 18 escenarios, repartidos en: punto de vista de la persona asistida,
punto de vista del cuidador, punto de vista del desarrollador, punto de vista
de los proveedores de tecnoloǵıas y punto de vista de las autoridades; y un
conjunto de 52 casos de uso repartidos en 6 categoŕıas: actividades de la persona
asistida, reacciones del sistema, actividades del cuidador, “engagement” del
usuario, actividades del desarrollador y actividades de despliegue.

Como resultado del cuestionario de validación del modelo, un total de 65
personas revisó el modelo proporcionando su nivel de acuerdo con las dimen-
siones evaluadas y un total de 248 comentarios sobre cómo mejorar el modelo.
Los conocimientos de los participantes variaban desde la ingenieŕıa del soft-
ware (70%) hasta las especialidades médicas (15%), con declarado interés en
eHealth (24%), mHealth (16%), Ambient Assisted Living (21%), medicina per-
sonalizada (5%), sistemas basados en pHealth (15%), informática médica (10%)
e ingenieŕıa biomedica (8%) con una media de 7.25±4.99 aos de experiencia
en estas áreas. Los resultados de la encuesta muestran que los expertos con-
tactados consideran el modelo fácil de leer (media de 1.89±0.79 siendo 1 el
valor más favorable y 5 el peor), suficientemente abstracto (1.99±0.88) y formal
(2.13±0.77), con una cobertura suficiente del dominio (2.26±0.95), útil para de-
scribir el dominio (2.02±0.7) y para generar sistemas más espećıficos (2±0.75).
Los expertos también reportan un interés parcial en utilizar el modelo en su
trabajo (2.48±0.91). Gracias a sus comentarios, el modelo fue mejorado y en-
riquecido con conceptos que faltaban, aunque no se pudo demonstrar su mejora
en las dimensiones evaluadas, dada la composición diferente de personas en las
tres rondas de evaluación.

Desde el modelo, se generó una plataforma de desarrollo llamada “pHealth
Patient Platform (pHPP)”. La plataforma desarrollada incluye libreŕıas, her-
ramientas de programación y desarrollo, un tutorial y una aplicación de ejemplo.
Se definieron cuatro módulos principales de la arquitectura: el Data Collection
Engine, que permite abstraer las fuentes de datos como sensores o servicios
externos, mapeando los datos a bases de datos u ontoloǵıas, y permitiendo in-
teración basada en eventos; el GUI Engine, que abstrae la interfaz de usuario
en un modelo de interacción basado en mensajes; y el Rule Engine, que pro-
porciona a los desarrolladores un medio simple para programar la lógica de la
aplicación en forma de reglas “if-then”.

Después de que la plataforma pHPP fue utilizada durante 5 aos en el proyecto
HeartCycle, 5 desarrolladores fueron reunidos en un grupo de discusión para
analizar y evaluar la plataforma. De estas evaluaciones se concluye que la
plataforma fue diseada para encajar las necesidades de los ingenieros que tra-
bajan en la rama, permitiendo la separación de problemas entre las distintas
especialidades, y simplificando algunas tareas de desarrollo como el manejo de
datos y la interacción aśıncrona. A pesar de ello, se encontraron algunos defec-
tos a causa de la inmadurez de algunas tecnoloǵıas empleadas, y la ausencia de
algunas herramientas espećıficas para el dominio como el procesado de datos o
algunos protocolos de comunicación relacionados con la salud.

Dentro del proyecto HeartCycle la plataforma fue utilizada para el desarrollo
de la aplicación “Guided Exercise”, un sistema TIC para la rehabilitación de
pacientes que han sufrido un infarto del miocardio. El sistema fue testeado en un
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ensayo cĺınico randomizado en el cual a 55 pacientes se les dio el sistema para su
uso por 21 semanas. De los resultados técnicos del ensayo se puede concluir que,
a pesar de algunos errores menores prontamente corregidos durante el estudio,
la plataforma es estable y fiable.

Conclusiones

La investigación llevada a cabo en esta Tesis y los resultados obtenidos propor-
cionan las respuestas a las tres preguntas de investigación que motivaron este
trabajo:

RQ1 Se ha desarrollado un modelo para representar el dominio de los sistemas
personalizados de salud. La evaluación hecha por los expertos de la rama
concluye que el modelo representa el dominio con precisión y con un bal-
ance apropiado entre abstracción y detalle.

RQ2 Se ha desarrollado, con éxito, una plataforma de desarrollo basada en el
modelo.

RQ3 Se ha demostrado que la plataforma es capaz de ayudar a los desarrol-
ladores en la creación de software pHealth complejos. Las ventajas de la
plataforma han sido demostradas en el ámbito de un proyecto de gran es-
cala, aunque el enfoque genérico adoptado indica que la plataforma podŕıa
ofrecer beneficios también en otros contextos.

Los resultados de estas evaluaciones ofrecen indicios de que, ambos, el modelo y
la plataforma serán buenos candidatos para poderse convertir en una referencia
para futuros desarrollos de sistemas pHealth.
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Preface

This thesis is the result of 8 years of work in the Life Supporting Technology
Group at the Universidad Politécnica de Madrid. I started my job at LST in late
2005 as a researcher in the MyHeart EU project. It was my first experience in the
field of applying ICT to medicine. MyHeart was already in its finalization stage,
after 3 years of research, it was necessary to implement a stable application
to be run in a clinical trial involving more than 100 patients for monitoring
their health for more than one year. A big task for someone who knew almost
nothing about the chosen technology, a PDA programmed with .Net and the
object oriented C# language.

During that period I was under continuous stress because of the never-ending
indecision of those who were designing the application. The most volatile re-
quirements were, particularly, those related to user interaction. The reason
relied on the user-centred methodology employed in the project, which pre-
ferred frequent re-design of the interfaces and usability assessments. Given that
user-centred design approach, the requirements were specified in terms of use
cases and interaction flows more than functionalities, which are typically easily
understandable by non-technical stakeholders like doctors. Especially in the fi-
nal phases of the project, continuous, small changes were required which made
the life of the programmer not easy.

After a couple of years, I worked at the proposal of the Heartcycle project
where I decided to stress this concept out and pushed for adopting a devel-
opment platform that would ease the separation of concerns: from one side
the user interaction, meaning both graphic layouts and flows, on another side
data acquisition (protocols and hardware abstraction), data processing and on
another side rules, usually based on the medical data, that would change the
behaviour of the application.

This initial design was completely done by intuition, but when finally Heart-
cycle started, it was confirmed by further bibliographic research. Heartcycle
worked as the test-bed where to implement and improve the idea of a platform
for health-related projects. While still working in Heartcycle I was assigned
to a second project, universAAL which was producing a complex development
platform related to the Ambient Assisted Living domain. I was comforted to
see that many design decisions taken by myself in HeartCycle were also adopted
in universAAL, but I found that something was still missing in my personal re-
search, a model that would support the design in a more rigorous way. Thanks
to the example of universAAL, I therefore generated a set of models, based on
state-of-the-art SW engineering practices that abstract and explain the domain
of ICT applied to personal health (pHealth). These models had the purpose
of organizing a complex and not yet formalized discipline of pHealth, and also
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provide a base for implementing software platforms for the domain.
Although the logical development would require the model to come first and

the platform to be an implementation of the model, as often happens in research,
in reality the model came after the Heartcycle platform. Nonetheless I hope I
have achieved a good matching between the models and the actual running code
and that the reader will find the reading of this thesis linear and coherent.
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Chapter 1

Introduction

Europe is living an unsustainable situation. The economic crisis has been reduc-
ing the resources since 2008 threatening the social and health systems, mean-
while the European population is ageing at a constant pace so that it is foreseen
that in 2050 there will be only two workers per retiree [54]. Add to this situa-
tion the rise, strongly related to age, of chronic diseases whose burden has been
estimated to be between up to the 7% of a country’s GDP [51].

There is the need of a paradigm shift, the need of a new way of caring
for people’s health: sustainable, effective and preventive rather than curing.
Some advocate for the so-called personalized health care, a model where medical
practices are tailored to the individual’s unique situation, from the detection
of risk factors to the reaction to specific treatments [81]. Personalised health
is often associated to the use of technology, to be used by patients in normal
daily life, a technology that heavily relies on information and communications
technologies (ICTs).

This shift is slowly taking place, both in research and as industrial products,
but the change is still too slow to be significant. Many barriers are related to
economics, politics and culture, but some others are purely technological like the
lack of interoperable information systems [199]. Though interoperability aspects
are evolving, they still lack reference design, especially those that should tackle
the needs for the implementation and large scale deployment of personalised
health systems.

This thesis represents an effort for organizing the subject of personalised
health (pHealth) in a reference model allowing the creation of software devel-
opment platforms that would ease software development in this area.

1.1 Research questions of this thesis

These are the research questions addressed in this thesis:

RQ1 Is it possible to define a model, based on software engineering techniques,
for representing the personalised health domain in an abstract and repre-
sentative way?

RQ2 Is it possible to build a development platform based on this model?
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RQ3 Does the development platform help developers create complex integrated
pHealth systems?

From these research questions I have derived the following objectives for the
study:

O1 To create a model, based on software engineering techniques, that repre-
sents personalised health systems, without being linked to any particular
implementation, service or adopted technology

O2 To create a development platform, generated using the model, that pro-
vides abstractions and tools typically needed in the field

O3 To adopt the platform in a pHealth project to assess its general quality
and its usefulness.

The work carried out to answer these questiones is explained in this thesis.
The structure of the document is as follows:

Chapter 2 provides the socio-economic and technological background infor-
mation around which the thesis has been developed

Chapter 3 gives some examples of personalised health platforms and systems,
both in research and industry.

Chapter 4 sets the methodological basis for the development of this work.
Chapter 5 describes the models that define the personalised health domain.
Chapter 6 describes how the models were used for generating a development

platform for the domain of personalised health.
Chapter 7 provides the evidence collected to justify the quality of this work.
Chapter 8 draws the conclusions of the work and some possible future ex-

tensions.
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Chapter 2

Background

2.1 Socio-economic background

Recent demographic and economical developments are putting health systems
under serious threat. This section summarises some of the main historical facts
and a set of statistics related to health care provision.

2.1.1 The world is still facing the effects of the financial
crisis

In the United States of America (USA) a speculation bubble around the house
markets was inflated during the last decade. Banks lent credit easily to buy
new homes and the risk associated to these mortgages were hidden in complex
derivative packages that were sold all over the world. It is estimated that from
2003 to 2006 low quality sub-prime mortgages rose from 8% to 20% [185], [183].

In the mid of 2007 the mortgage bubble bursted. The value of securities
tied to USA real estate pricing plummeted suddenly and foreclosures exploded.
On September 15, 2008, Lemhan Brothers, the fourth largest investment bank
in the USA, declared bankruptcy after a massive exodus of its clients, drastic
losses in its stock, and devaluation of its assets by credit rating agencies.

After Lemhan Brothers many other large financial institutions collapsed in
different countries and national governments had to intervene to bailout them.
Doubts about banks solvency, declines in credit availability and damaged in-
vestor confidence had an impact on global stock markets, where securities suf-
fered large losses during 2008 and early 2009. At the end of October 2008
investors triggered a currency crisis, transferring capitals to stronger curren-
cies such as the yen, the dollar and the Swiss franc, leading many emergent
economies to seek aid from the IMF.

The overall effect of this bubble explosion was that credit tightened and both
worldwide production and trade declined (figure 2.1).

Governments and central banks reacted in a coordinated way with fiscal
stimuli and expansionistic monetary policies. In the USA the government’s
response was effective, the financial crisis ended around mid 2009 and recession
was avoided.

2http://stats.oecd.org/
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to 2013 with projections for 2014 (source: OECD2, author’s elaboration)

Nonetheless the crisis, originated in the USA, moved to Europe shortly after-
wards [36]. Starting in the late 2009, the rising government debt levels around
the world together with a wave of downgrading of government debt in some
European states generated fears among investors. As figure 2.2 shows, interest
rates have been increasing during 2011 and 2012 as a consequence of lack of
investments in governments bonds.
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Figure 2.2: Long-term interest rates of the Euro countries from April 2011 to
April 2012 (source: European Central Bank4, author’s elaboration)

Some analyses show that increased sovereign debt levels are probably due to

4http://www.ecb.europa.eu/stats/money/long/html/index.en.html
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the large bailout packages provided to the financial sector during the financial
crisis. For instance the average deficit in the Euro area grew from 0.6% in 2007
to 7% during the financial crisis which also meant that the average government
debt rose from 66% to 84% of GDP in the same period (see figure 2.3).
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Figure 2.3: Central governments debt of G7 countries as percentage of GDP
(source: IMF6, author’s elaboration)

Problems intensified until, on 9 May 2010, Europe’s finance ministers ap-
proved a rescue package of 750 billion Euro aimed at ensuring financial stability
across Europe by created the European Financial Stability Facility (EFSF). But
the implementation of severe fiscal restraints put a constraint on the economic
stimuli governments could carry out [35]. This factor, combined with bank
deleveraging started to brake economic growth considerably.

Markets started to see the value of some of the banks’ assets in doubt,
and reduced their loans. Worried about funding, banks froze credit, confidence
decreased, and activity felt. Strong policy responses were then necessary to give
some reassurance to investors. In October 2011 and February 2012, the eurozone
leaders agreed on more measures including an agreement whereby banks would
accept a 53.5% write-off of Greek debt owed to private creditors, increasing
the EFSF to about 1 trillion, and requiring European banks to achieve 9%
capitalisation. EU leaders also agreed to create a common fiscal union including
the commitment of each participating country to introduce a balanced budget
amendment.

In mid 2013, risks were considered still elevated according to the IMF.
Growth in the euro area is forecast to be 0.3% in 2013 and 1.1% in 2014 Credit
continues to contract, due to the poor conditions in the periphery economies but
also the poor macroeconomic outlook for the region as a whole. Not only the
peripheral countries like Italy and Spain are facing problems, also Germany’s
growth is forecast to be less than 1% and France’s growth is forecast to be
negative in 2013 [28].

A number of commentators have suggested that if the liquidity crisis contin-
ues, there could be an extended recession or worse.

6http://www.imf.org/external/pubs/ft/weo/2013/01/weodata/index.aspx
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Emerging economies are not immune to these developments [28]. Low ad-
vanced economy growth has meant lower export growth and financial uncer-
tainty has led to volatile capital flows. For the most part, however, emerging
economies have enough policy room to maintain solid growth. In fact, the
crisis has caused the emerging and developing economies to replace advanced
economies to lead global economic growth. Advanced economies accounted for
only 23% of incremental global GDP while emerging and developing economies
accounted for 77% of incremental global GDP from 2007 to 2011 according to
IMF [28].

It is not clear what will be the effects of the crisis on the developing countries.
Earlier crises in the 1980s and 1990s started in developing countries, while in
this current case, the crisis began in the industrialized world.

It has been observed a noticeable slowdown in the emerging market and de-
veloping economies during 2012, but “with consumer demand resilient, macroe-
conomic policy on hold, and exports reviving, most economies in Asia and sub-
Saharan Africa and many economies in Latin America and the Commonwealth
of Independent States are now seeing higher growth” [28].

Effects on health care provision

The effects of economic crises on general population’s health are not always
easy to estimate. According to [57], the results of research show that economic
problems increase the risk of psychiatric disorder and its somatic sequelae, but
other consequences have not been well demonstrated and studies sometimes
contradict each other.

Other authors, like in [140], are more pessimist. They claim that “economic
and social features of society are closely linked to the distribution of health
within and between countries”, thus “both the conditions of daily life and the
structural drivers will be influenced by the financial crisis”.

The same worries are shared by the World Health Organization (WHO).
Dr. Margaret Chan, WHO’s Director-General, stated on April 2009: “It is
not yet clear what the current financial crisis will mean for low-income and
emerging economies, but many predictions are highly pessimistic”. On the 19th
of January 2009, the WHO had a special high-level consultation on the financial
crisis and global health, whose results have been published in a report [15]. The
purpose of the consultation were to build awareness of the ways in which an
economic crisis may affect health spending and to identify actions to mitigate
the impact of economic downturns. The report shows the main concerns the
WHO has, which can be summarised as follows:

• Total health spending tends to fall. Some governments have protected
health spending, but others have done the reverse. Private expenditure in
health usually tends to lower in a recession.

• In low-income countries, the impact of increases in the cost of food and
fuel are estimated to have tipped more than 100 million people back into
poverty.

• During crises sometimes local currencies are devalued to favour exports.
Nonetheless at the same time the cost of imports rises which also means
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that essential life-saving medicines may become either unavailable or un-
affordable.

• Reduced demand for exports, tighter access to capital and less foreign di-
rect investment generate unemployment and reduce governments finances.
As a consequence, budgets in health provision are under risk of severe cuts.

• Many high-income countries with ageing populations have been undertak-
ing complex and politically challenging reforms that might shelve elderly
population.

• Although the relationship between economic crisis and mortality has not
been proved yet, there are some recent indications that correlate both
factors.

• Aids on health, named Official development assistance for health, tend
to be smaller during crises, which has serious consequences in developing
countries where health systems rely massively on these aids.

As a confirmation of the WHO’s concerns, a study published in [117] shows
that for the case of Greece, the country which has been more struck by the crisis
in Europe, health outcomes have worsened, especially in vulnerable groups.
For instance, compared with 2007, 2009 saw a significant increase in people
reporting that they did not go to a doctor or dentist despite feeling that it
was necessary. There were about 40% cuts in hospital budgets, under-staffing,
reported occasional shortages of medical supplies, and bribes given to medical
staff to jump queues in overstretched hospitals. Suicides rose by 17%, violence
also rose, and homicide and theft rates nearly doubled. The latest data suggest
that new human immunodeficiency virus (HIV) infections have risen by 52% in
2011 compared with 2010.

2.1.2 Population is ageing

One of the most important factors that are shaping our world is the demographic
change: the population is ageing globally.

In a 2002 report the United Nations analyses the trends over the past 50
years and makes some predictions about the next 50 years [3]. The findings
mentioned in the report are worrisome.

“Population ageing is unprecedented, without parallel in the history
of humanity. Increases in the proportions of older persons (60 years
or older) are being accompanied by declines in the proportions of
the young (under age 15). By 2050, the number of older persons in
the world will exceed the number of young for the first time in his-
tory. Moreover, by 1998 this historic reversal in relative proportions
of young and old had already taken place in the more developed
regions”[3], see figure 2.4.

The report states that the phenomenon will have profound “consequences
for all facets of human life. In the economic area, population ageing will have
an impact on economic growth, savings, investment and consumption, labour
markets, pensions, taxation and intergenerational transfers. In the social sphere,
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Figure 2.4: Proportion of world population 60 years or older, 1950 to 2050
(source: UN, author’s elaboration)

population ageing affects health and health care, family composition and living
arrangements, housing and migration. In the political arena, population ageing
can influence voting patterns and representation.” [3].

Ageing population is enduring and likely irreversible. Developing countries
are also facing the problem, besides, the pace of population ageing is much
faster in developing countries than in developed countries, accompanied by much
lower levels of socio-economic development than was the case in the developed
countries.

The impact of this phenomenon is visible in the Potential Support Ratio
(PSR) that is the number of persons aged 15-64 years per one older person
aged 65 years or older, and indicates the dependency burden on potential work-
ers. PSR predictions (figure 2.5) have implication in social security schemes,
especially the ones where workers pay for the retirees.

This ageing trend is not regrettable in itself, since it is a sign of medical
advances and longer life expectancy, but it does raise financing questions, es-
pecially for the long term. This increased longevity of the population implies a
rise of chronic physical diseases and other changes in the disease pattern, mental
illness, mobility difficulties, etc.

In a 2006 report from the European Commission [8], authors recognize that
demographic changes are likely to demand for healthcare while also decreasing
the working population. This could push up healthcare spending by 1 to 2%
of GDP in Member States by 2050. On average this would amount to about a
25% increase in healthcare spending as a share of GDP. However, Commission
projections show that if people can remain healthy as they live longer, the rise
in healthcare spending due to ageing would be halved.
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Figure 2.5: Potential support ratio, 1950-2050 (source: UN, author’s elabora-
tion)

2.1.3 Health expenditure is increasing

Expenditure in health care runs faster than economic growth, confirming a trend
which stood since 1970. The recent Organisation for Economic Co-operation
and Development (OECD) data about health reveal that the average health
spending in OECD countries has been rising over the last year reaching the
peak of 9.7% of GDP in 2009 and subsequently having a small reduction due to
fiscal restrictions and austerity programs.

Table 2.1 shows the expenditure in health care of both public and private
sector as percentage of GDP of the OECD countries. As an example, United
States is the country which spends more resources on health care, 5 points more
than the countries that follows, France and Switzerland. Overall, health expen-
ditures are anticipated to double in under a decade. These trends are obviously
considered by many health policy and decision makers as unsustainable in the
long term. The reasons behind this increase are multiple. From one side the
ageing factor increases the incidence of chronic diseases, which account for a
big proportion of health expenditure (see figure 2.6), but also inefficiencies ac-
count, the current focus on treating sickness instead of promoting wellness and
expanded expenses due to new technologies.

Regarding technologies, the last 50 years have seen advances that allowed
health care providers to diagnose and treat illness in ways that were previously
impossible. Direct measurement of the impact of technological change on health
care spending is difficult. Many new services are very costly; others are rela-
tively inexpensive but raise aggregate costs quickly as ever-growing numbers of
patients use them.

Technological innovation can theoretically reduce costs and, for many types
of goods and services, often does. Historically, however, the nature of techno-
logical advances in medicine and the changes in clinical practice that followed
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Table 2.1: Public and private health care expenditure (source: OECD, author’s
elaboration)

2005 2006 2007 2008 2009 2010 2011 2012
Australia 8.5 8.5 8.6 8.8 9.0 8.9 .. ..
Austria 10.4 10.2 10.3 10.5 11.2 11.0 10.8 ..
Belgium 10.0 9.5 9.5 9.9 10.6 10.5 10.5 ..
Canada 9.8 10.0 10.0 10.3 11.4 11.4 11.2 11.2
Chile 6.6 6.3 6.5 7.1 7.9 7.4 7.5 7.6
Czech Republic 6.9 6.7 6.5 6.8 8.0 7.4 7.5 ..
Denmark 9.8 9.9 10.0 10.2 11.5 11.1 .. ..
Estonia 5.0 5.0 5.2 6.1 7.0 6.3 5.9 ..
Finland 8.4 8.3 8.0 8.3 9.2 9.5 e 9.0 9.1
France 11.0 11.0 10.9 11.0 11.7 11.7 11.6 ..
Germany 10.8 10.6 10.5 10.7 11.8 11.5 11.3 ..
Greece 9.7 9.7 9.8 10.1 10.2 9.5 9.1 ..
Hungary 8.4 8.3 7.7 7.5 7.7 8.0 7.9 7.8
Iceland 9.4 9.1 9.1 9.1 9.6 9.3 9.0 8.9
Ireland 7.6 7.5 7.9 9.1 10.0 9.3 8.9 ..
Israel 7.9 7.6 7.6 7.7 7.7 7.7 7.7 ..
Italy 8.7 8.8 8.5 8.9 9.4 9.4 9.2 9.2
Japan 8.2 8.2 8.2 8.6 9.5 9.6 .. ..
Korea 5.6 6.1 6.4 6.6 7.1 7.3 7.4 7.5
Luxembourg 7.9 7.7 7.1 7.2 8.2 .. .. ..
Mexico 5.9 5.7 5.8 5.8 6.4 6.2 .. ..
Netherlands 10.9 10.7 10.8 11.0 11.9 12.1 11.9 ..
New Zealand 8.4 8.8 8.5 9.3 10.0 10.2 10.3 ..
Norway 9.0 8.6 8.7 8.6 9.7 9.4 9.3 9.4
Poland 6.2 6.2 6.3 6.9 7.2 7.0 6.9 ..
Portugal 10.4 10.0 10.0 10.2 10.8 10.8 10.2 ..
Slovak Republic 7.0 7.3 7.8 8.0 9.2 9.0 7.9 ..
Slovenia 8.4 8.3 7.9 8.3 9.2 8.9 8.9 8.8
Spain 8.3 8.4 8.5 8.9 9.6 9.6 9.3 ..
Sweden 9.1 8.9 8.9 9.2 9.9 9.5 9.5 ..
Switzerland 10.9 10.4 10.2 10.3 11.0 10.9 11.0 11.3
Turkey 5.4 5.8 6.0 6.1 .. .. .. ..
United Kingdom 8.3 8.4 8.5 9.0 9.9 9.6 9.4 ..
United States 15.8 15.9 16.2 16.6 17.7 17.7 17.7 ..
AVERAGE 8.7 8.6 8.6 8.9 9.7 9.6 9.5 9.1
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Figure 2.6: Relationship between age and national health spending (source:
[178])

them have tended to raise spending.
In May 2007, the Sixtieth World Health Assembly expressed concerns about

the waste of resources resulting from inappropriate investments in health tech-
nologies and in particular in medical devices that do not meet high-priority
needs. In a 2010 report, [207], the WHO states that in reality there are few
gaps in the availability of medical devices on the market, and that the main
barriers to optimal use of a medical device is the mismatch between the design
of the device and the context in which it is used, and the lack of proper device
management both at government level and within health-care facilities. Accord-
ing to this study, therefore, technology is not a problem itself, while its misuse
leads to inefficient spending.

In a 2008 report, the US Congressional Budget Office (CBO) of the Congress
of the United States, presented their conclusions about the role of technology
in healthcare expenditure [14]. The report describes the historical growth in
spending on health care in the United States examining which are the factors
that have contributed to spending growth over time. Special emphasis is given
to technological advances in medical science over the past several decades.
The report identifies the following main categories that have contributed to the
growth of healthcare spending:

1. Hospital Care and Physician and Clinical Services
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2. Prescription Drugs

3. Costs of Administering Public and Private Insurance

4. Other

Among these categories, the largest share is taken by the first one.
Other factors are also analysed:

• Ageing of the Population: it is recognised to be a factor, but the contribu-
tion of an ageing population to the growth in that spending over the long
term is smaller than is commonly perceived. CBO estimates that changes
in the age distribution from 1965 to 2005 increased total spending about
3 percent of the cumulative increase in that period.

• Overweight population: CBO states that it has probably contributed to
the growth in health care spending but not in a considerable way.

• Rising Personal Income: growth in average income per capita leads to
higher spending on health care. Published estimates suggest it could ac-
count for anywhere from 5 percent to approximately 20 percent of long-
term spending growth.

• Prices in the Health Care Sector: it is extremely difficult to measure the
impact of price changes on spending. Some estimates can be done about
the low productivity of the health care sector.

• Administrative Costs: estimates range from 3%-10% of the total growth.

• Defensive Medicine and Supplier-Induced Demand: refers to services that
have little or no clinical value but that physicians order or perform at least
partly to avoid lawsuits. Although this type of practice is often cited as a
factor underlying rising health care costs, most empirical analyses conclude
that its contribution to the long-term growth of health care spending has
been negligible.

• Technological Change: CBO concludes that half of the increase in health
care spending during the past several decades was associated with the ex-
panded capabilities of medicine brought about by technological advances.
Technological advances include new drugs, devices, or services, as well
as new clinical applications of existing technologies. Other technologi-
cal changes are newly developed techniques or additions to knowledge.
New curative therapies could reduce spending if they substitute costlier
treatments. However many advances in medical science do not substitute
others, but involve ongoing treatments for the management of chronic
conditions such as diabetes and coronary artery disease.

A white paper published in 2009 adds to this picture wastes of big amount
of money in the case of U.S. health care [163]. Waste is spending that can be
eliminated without reducing the quality of care. It is estimated that 700 billion
dollars could be saved by removing these inefficiencies. The main categories
include inefficient, error-prone, labour-intensive processes, duplicate diagnostic
testing due to unavailability of results, defensive medicine, coupled with high
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levels of fraud and abuse and administrative inefficiencies. In addition, it re-
mains common medical practice to follow a trial-and-error process for finding
the right diagnosis, the right treatment and the right pharmaceutical dosage
for each patient. In fact, many times prescribed drugs are ineffective or little
effective and represent an unnecessary waste of resources. To my knoweledge,
similar studies have not been elaborated in Europe. Nevertheless, similar or
even worse situations may be expected.

2.1.4 The incidence of chronic diseases is increasing

Part of the miracle of modern medicine has been its ability to turn killer diseases
into manageable lifelong chronic conditions. WHO defines chronic diseases as
“diseases of long duration and generally slow progression” and more specifically:

Diseases which have one or more of the following characteristics:
they are permanent, leave residual disability, are caused by non-
reversible pathological alteration, require special training of the pa-
tient for rehabilitation, or may be expected to require a long period
of supervision, observation or care” [206].

Chronic diseases, such as heart disease, stroke, cancer, chronic respiratory
diseases and diabetes, are the leading cause of mortality in the world, represent-
ing 63% of all deaths [208], [209]. Out of the 36 million people who died from
chronic disease in 2008, nine million were under 60 and ninety per cent of these
premature deaths occurred in low and middle-income countries.

With respect to developed countries the situation is far from being better,
as an example in United States chronic diseases account for 70% of all deaths,
which is 1.7 million each year. In some countries, like Denmark, about 40%
of the population lives with chronic diseases, a percentage which is likely to
increase as the ageing population in Europe [209].

Non-communicable diseases, mental health disorders, HIV/AIDS and tuber-
culosis, combined represented 54% of the burden of all illnesses worldwide in
2001 and will exceed 65% of the global burden of disease in 2020. Contrary
to popular belief, non-communicable diseases and mental health problems are
also prevalent in developing countries, representing as much as 46% of the total
burden of disease for the year 2001, and predicted to rise to 56% by 2020 [208].

Trends show that the threat is growing over the years (the case for chronic
diseases in US is shown in figure 2.7).

For instance, while deaths from infectious diseases, maternal and perinatal
conditions, and nutritional deficiencies combined are projected to decline by 3%
over the next 10 years, deaths due to chronic diseases are projected to increase
by 17%. This means that of 64 million deaths projected in 2015, 41 million will
originate from a chronic disease. The growth is projected to be much worse in
developing countries, for instance it has been estimated that between 2000 and
2030, the number of years of productive life lost due to cardiovascular diseases
will have increased by 20% in the US, 30% in Portugal, 64% in Brazil, 57% in
China and 95% in India [205].

This problem has serious impact. Chronic diseases have major adverse ef-
fects on the quality of life of affected individuals, causes premature death, creates
large adverse economic effects on families, communities and societies in general.
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Figure 2.7: Estimation of prevalence of Chronic diseases in the U.S., from 1995
to 2030 (source: [210])

Figure 2.8: Causes of death by high-middle-low income countries (source [15])

For instance, the society has to bear the costs of health care, (direct and in-
direct), absenteeism, lower productivity, premature retirements and a greater
need for social care. In Sweden it is estimated that the total cost of musculo-
skeletal diseases has been largely indirect, mainly due to sick leave (31.5%) and
early retirement (59%). The estimated amount China will have to pay over the
next 10 years as a result of premature deaths caused by heart disease, stroke
and diabetes is 558 billion US dollars [205]. In total, the cost of chronic diseases
and their risk factors is significant, ranging from 0.02% to 6.77% of a country’s
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GDP [187].

At the root of major chronic diseases are common and modifiable risk fac-
tors such as unhealthy nutrition, tobacco, alcohol abuse and lack of physical
activity. Each year at least: 4.9 million people die as a result of tobacco use; 2.6
million people die as a result of being overweight or obese; 4.4 million people
die as a result of raised total cholesterol levels and 7.1 million people die as
a result of raised blood pressure [205]. These deaths are caused by what are
known as intermediate risk factors, namely hypertension, high blood glucose,
high cholesterol and obesity, but there are risk factors that can not be changed,
such as age or genetic predisposition. Taken together, these risk factors are
responsible for most deaths from chronic diseases worldwide and in both sexes.
Chronic diseases, however, are also linked to determinants, often referred to as
“causes of causes”, which are effect of the major forces that drive social, eco-
nomic and cultural changes: globalization, urbanization, progressive ageing of
the population, environmental policies and poverty (see figure 2.9).

Figure 2.9: Causes of chronic diseases (source: WHO)

It is recognised then, that the fight against chronic diseases is a public health
priority, both in rich countries and in poorer ones [206]. As chronic illnesses are
not curable by definition, prevention is the main strategy for fighting them.
Prevention means reducing the risk factors at the individual level, by educating
the population and by implementing specific policies that would reduce the
so-called “causes of causes”.

There is evidence that cost-effective interventions exist to address chronic
disease, like tobacco cessation programmes, tobacco taxes, contextually ap-
propriate mass-media education campaigns to improve diet, community-based
physical activity programmes, and secondary prevention through pharmacolog-
ical interventions [187].
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2.1.5 In summary

The world is facing an important challenge in the future. Population is age-
ing and the prevalence of chronic diseases is increasing, which means that more
health care will likely need to be provided. Concurrently, the total health expen-
diture is growing rapidly and the economic and financial momentum is putting
strong constraints on the resources citizens will be able to afford, in terms of
governments’ spending and out of the pocket.

Put in simple worlds, the current situation is becoming rapidly unsustainable
and a quick and effective solution must be put in place (a summary is shown in
figure 2.10).

Figure 2.10: Relationships among chronic diseases, ageing and economic crisis

2.2 Technological background

While economy and demographic changes are putting health care systems un-
der serious threat, technology is offering new possibilities that could, at least
partially, contribute in making health provision more sustainable.

This section shows some of the recent advances in ICTs applied to health, a
brief excursus from telemedicine to the emerging personalised health paradigm
and how public and private bodies are investing in this sector and which are the
previsions for the close future.

ICT is the convergence of electronics, computer science, and telecommuni-
cation networks. Information and communication technologies have been in-
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creasing enormously in the last 30 years in terms of both adoption and business
globally. One of the fields where ICTs have been constantly growing its adop-
tion and power of innovation is health care [112]. When applied to health, in
fact, ICT can add value to classic processes in terms of diagnostics, treatments,
monitoring and logistics. These technologies have advanced so fast probably
due to three accelerating factors:

• Advances in computational power and algorithms

• Advances in communication technologies and networks

• Emergence of sensing technologies

• Improvements in human-computer interfacing

2.2.1 Advances in computation

Advances in photolitography made it possible to integrate circuits into very
small dimensions. According to the Moore’s predictions of 1965, the density at
minimum cost of transistors on chips would have doubled every two years for at
least 10 years [147]. A consequence of this law is that also cost per transistor
would have lowered exponentially. Surprisingly enough, this prediction has been
found true at least until 20127. Also storage of data has been following a similar
exponential improvement. It is estimated that the areal density of disk drives
increases at a pace of about 40% per year, which is combined with exponential
costs reduction [127].

Computation can provide interesting means to health care. Computers can
be used to store, process, filter, aggregate, and analyse health-related data in
order to generate new knowledge. This knowledge can be used to give support
to health care professionals or to directly instruct patients about new actions
to be taken, including measurements and treatments.

Computation not only means hardware capacity but also advances in com-
puter science and algorithms. One of the fields that have been extensively
discussed since the beginning of computer science is the representation of bio-
medical knowledge in a computer system. Medicine and biology are probably
the most extended fields of human knowledge. This knowledge is extremely rich,
and continuously expanding yet it is very dispersed across different mediums,
making it difficult or even impossible for health care professionals to efficiently
utilize all this information in clinical practice.

A part from complex and difficult to be used, health information can be
vital. In [30], for instance, authors report that 98,000 deaths are estimated each
year due to preventable errors. Similarly, in the United Kingdom, it was found
that 11% of admitted patients experienced adverse events of which 48% were
probably preventable if the right knowledge was applied [30]. Given the amount,
the dispersion and the diversity of medical knowledge, its formal description is
a daunting task that has not yet been handled efficiently.

The most common approach is to describe this information using models,
for separating the concerns of application logic from structural characteristics.

7http://www.itrs.net/
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Models have the characteristic of being platform-independent and can be trans-
ferred to specific systems and programming languages using mapping and trans-
formation techniques. Many issues of model evolution and complexity have still
to be resolved though. The latest trend in knowledge modelling is through the
use of ontologies. In computer and information science, an ontology is a for-
malism for representing knowledge as a set of concepts within a domain, and
the relationships between those concepts. More concretely, the most used for-
malism nowadays is the Web Ontology Language (OWL) [118]. OWL derives
from a large experience which aimed at representing knowledge and sharing
it similarly as documents are shared on the web. OWL is a complex family
of languages, formalizations and serialization mechanisms defined by the Web-
Ontology Working Group8, within the World Wide Web Consortium (W3C)
starting from year 2001. OWL comprises three specifications: OWL Lite which
is intended to support primarily a classification hierarchy and simple constraints,
OWL DL which designed to provide the maximum expressiveness possible while
retaining computational completeness and OWL Full which allows an ontology
to augment the meaning of the pre-defined vocabulary but is so complex that
it is unlikely that any reasoning software will be able to support it completely.

Representing knowledge formally allows computer systems to infer new ele-
ments of knowledge in a process that is often called reasoning [139]. Reasoning
depends on two major aspects: the underlying knowledge representation formal-
ism and the type of semantics used. The underlying formalism influences the
expressive power: typical approaches are based on first-order logic, propositional
formalisms or relational schemes. On the other hand, semantics determines how
information is interpreted.

The main challenges for reasoning for what regards biological and medical
data are:

• Expressiveness of the model:
the more expressive the model is, the more complex situation it can handle.
Simple models are easier to build and to compute but limit the represen-
tation of the complexity of the real world, while complex models can be
difficult to manage and compute.

• Handling imperfect data:
reasoning from inference is a process which requires knowledge to be well
represented and coherent. In reality the information from the real world
is subject to various causes of imperfection like missing data, credibility
of information sources and error in measurement.

• Handling temporal information:
human health is characterized by changes of states over time. Formalisms
for modelling temporal changes must be taken into consideration.

• Scalability:
both medical knowledge and patients data can increase rapidly, especially
if are applied over vast populations. Scalability issues must be always
taken into serious consideration in health-related fields.

Syntactic reasoning can be implemented by different options, amongst which
the following can be cited:

8http://www.w3.org/2002/11/swv2/charters/WebOntologyCharter
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• Rule-based reasoning:
describes logic in terms of if-then rules. Rules have the main advantage
of being easily readable from humans, but lack from support for temporal
order, incomplete data and the handling of uncertain information. These
features can be added to rule systems, but would increase the overall
complexity of the rule base which would then affect the computational
complexity. Rule bases cannot be checked for consistency in an automated
way and the definition and extension of complex models is difficult and
error-prone. Nonetheless these systems are suited for on-line analysis and
are scalable.

• Case-based reasoning (CBR)9:
is the process of solving new problems based on the solutions of similar
past problems. CBR technology has produced a number of successful
deployed systems, like the one used by Lockheed’s CLAVIER. CBR is able
to handle incomplete and uncertain data but does not consider temporal
ordering. Scalability and on-line analysis are not a major problem as
efficient algorithms are available.

• Description-logic (DL)-based reasoning:
is suitable for reasoning of incomplete information and also extension to-
wards reasoning with uncertainties and temporal reasoning exits. The
consistency of the models can be checked automatically but the complex-
ity of the model seriously affect the computational effort for classification.
When large amount of data must be analysed, DL is not suited for on-line
analysis.

• Bayesian Networks (BNs):
offer a probabilistic approach that naturally deals with uncertain and in-
complete information but no explicit support for temporal reasoning. BNs
are unsuited for representing complex situations but are scalable to large
data sets.

• Markov Models:
allow uncertain and incomplete information and also temporal reasoning.
Nonetheless their expressiveness is limited. Scalability is not an issue as
efficient algorithms exist.

• Time maps:
are suitable for reasoning temporal orders of information, but they nei-
ther support the handling of uncertain nor incomplete information. The
expressiveness of time maps and their scalability is limited.

• Answer Set Programming (ASP):
In ASP, search problems are reduced to computing stable models, and an-
swer set solvers - programs for generating stable models are used to per-
form search. Because of its declarative nature, expressiveness and efficient
implementations, ASP plays a relevant role in decision-problem solving.
The computational complexity is still compared to other approaches.

9http://www.ai-cbr.org/classroom/cbr-review.html#Bibliography
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In conclusion: a wide set of techniques can be used for automatic reasoning.
There is no perfect solution that would fit all kinds of problems, thus usually
engineering is necessary to trade off expressiveness against scalability. The
combination of different techniques is usually the winner solution.

Inferring a-priori knowledge is not the only way for machines to deduct new
knowledge. Machine learning is a preferred way when data varies significantly
and no previous models are available. Supervised learning can adapt models to
the characteristics of the specific environment and the specific patient during an
explicit training phase. To be effective, automatic learning needs some a-priori
knowledge anyway, therefore a reasoning system should be able to handle this
trade-off between adaptability and explicit modelling of a-priori expert knowl-
edge. Typical machine learning algorithms come from the Artificial Intelligence
field, including Neural Networks, Genetic algorithms, Support Vector Machines,
to name a few.

As an example of a field where computation has huge impact in medicine it is
possible to cite genomics. Already in 1995 Robbins et al. reported that “Infor-
matics has become an enabling technology, the technical sine qua non, without
which big biology cannot be done.” [162]. Authors state that informatics is
used in genome research in different ways, for example:

1. in the carrying out of research (robotics)

2. in the analysis of results (map or sequence assembly software)

3. in the management of reagents (inventory control)

4. in the integration of findings from multiple sites (community databases)

5. in the preparation of research publications (word processing, statistical
analysis, graphics design)

The Human Genome Project (HGP), the project that aimed to determine
the sequence of approximately 3.3 billion chemical base pairs that make up
DNA, was made possible only thanks to computing technologies [162]. The
project took more than 10 years of development and costed about 3 billion US
dollars. The final objective, though, is far from being achieved: mapping the
approximately 20,000-25,000 genes from both a physical and functional stand-
point.

2.2.2 Advances in telecommunications

As with computation, telecommunications have also seen an exponential growth
in the last couple of decades. According to OECD statistics10 the number of
Internet users has been growing 500% yearly from the year 2000 worldwide.
Together with the exponential adoption of the network, also bandwidth has
been growing at least three times faster than computer power [94].

More recently, mobile communication is gaining a much stronger momentum.
Mobile phone subscriptions have been growing at a rate that is even faster than
fixed lines [136] and developing countries are the ones which own the biggest
part of the growth percentage of the last three years. A comparison among the
growth of different technologies is visible in figure 2.11.

10http://www.oecd.org/document/54/0,3746,en_2649_34225_38690102_1_1_1_1,00.html
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Figure 2.11: Global ICT developments, 2001 to 2013 (source: ITU11)

Communication infrastructures are becoming pervasive, fixed and mobile
networks are spread all over the world making it possible for devices to com-
municate instantly. Where infrastructure is missing, temporary co-location of
devices can be exploited to build networks dynamically, or existing infrastruc-
ture can be complemented by an ad-hoc one. In order to create ad-hoc networks
two functionalities are needed: discovery of peer devices and the protocols to
join a network. This mechanisms allow portable and fixed devices like comput-
ers, smart phones, and even sensors, to be interconnected when close to each
other and share data. These nodes constitute “spaces” where the users are
identified and services are offered to them. Moreover, users are also able to
communicate among themselves and with remote facilities. All this is possible
thanks to standard wired and wireless networking technologies. It is possible to
distinguish three big technological areas, depending on the distances a network
can reach:

• Body and Personal Area Networks:
Networks that are characterised by little bandwidth (e.g. maximum 100
Mbps), low power consumption and small reachable distances (centimetres
to few meters). Standard adopted technologies in this area are: IEEE
802.15 (1.3a.4.6), Bluetooth, Zigbee, Z-wave, Universal Serial Bus (USB),
Ultra wideband (UWB), Radio Frequency IDentification (RFID) and Near
Field Communication (NFC). The typical problems of these networks are
dynamic configurations, registration and discovery or pairing of nodes.
Security can also be a problem given the low computational power that
nodes can have and the sensitive information that can be transferred.

• Local and Home Area Networks:
Local networks are characterised to be used in homes, or buildings (e.g.

11http://www.itu.int/ITU-D/ict/statistics/
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hospitals) and are usually a mix of wired and wireless infrastructures.
While wireless networks can reach more than 100 Mbps networks, wired
networks can have up to 10 to 100 Gbps. Standard technologies are: Eth-
ernet, WiFi, Homeplug but also IEEE 802.15, Bluetooth, UWB. Technolo-
gies that do not need new cabling are WiFi, or the emerging powerline
networks (Homeplug). We should also mention some technologies for home
automation which allow applications for detecting and controlling the en-
vironment where patients live: their homes. In this domain there are no
clear universally accepted standards still, the most relevant proposals are:
X10, LonWorks, Insteon, and KNX, which is a widely accepted protocol.

• Wide Area Networks:
Wide area networks include access networks (from home to the Inter-
net) and the Internet itself. For access to the Internet, speed can vary
from 1 Mbps to more than 100 Mbps, while backbones for the Internet
have multiple lines of 100 Gbps. Typical access networks can be cabled
like Asymmetric digital subscriber line (ADSL), Cable television (CATV)
cable, and fibre-optic to home, or wireless, like the extension of mobile
telephony General Packet Radio Service (GPRS), Enhanced Data rates
for GSM Evolution (EDGE) and Universal Mobile Telecommunications
System (UMTS) or wireless broadband networks like WiMAX.

These three layers of networks are interconnected by gateways. The com-
munication among all the connected devices is possible thanks to the horizontal
IP protocol. The emerging version of IP, version 6, will allow devices to inter-
connect in a bi-directional way without having to hide behind network address
translations. But communication channels need application-level protocols to
allow devices understand each other. In the health care domain a huge number
of standards exist. Standards are necessary for the interoperability of differ-
ent systems of different vendors. The wide adoption of standards increases the
competitions within the industry, generating more offer of systems and lowering
costs.

The most relevant standards development organizations (SDOs) in the do-
main are:

• International Organization for Standardization (ISO) as the principal world
SDO

• Comité Européen de Normalisation (CEN) as the principal SDO in Europe

• the International Health Terminology SDO as the developer of the widely
adopted Systematized Nomenclature of Medicine Clinical Term (SNOMED-
CT) terminology

• Health Level 7 (HL7) as the developer of the most widely used standards
for electronic messaging in the healthcare sector

• Digital Imaging and Communications in Medicine (DICOM) as a de facto
standard for electronic medical imaging

• OpenEHR as a promising open source activity for electronic health records
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• Integrating the Healthcare Enterprise (IHE), a major e-health systems
interoperability initiative

Standards can be used for:

1. Architectures for health information systems including Electronic Health
Records (EHRs). Examples are: CEN EN 13606, CEN EN 12967 Service
Architecture (HISA), HL7 v3, openEHR.

2. Models for designing health information systems. Examples are: CEN TR
15300 Framework for Formal Modelling of Healthcare policies, ISO 10746
ODP.

3. Messages formats for exchanging data. Examples are: CEN EN 13606
EHR Communication, CEN EN 13609-1:2005 Messages for maintenance of
supporting information in healthcare systems, Part 1: Updating of coding
scheme, DICOM, HL7 v2.x, HL7 v3, ISO 11073 Point of Care Medical
Device.

4. Communication infrastructures for collectively provide support for dis-
tributed information. Examples are: CEN ENV 13729 Secure User Iden-
tification, Strong Authentication using microprocessor cards, ETSI TS
101733 Electronic Signature Formats, HL7 Service-oriented architecture,
ISO 17090 Public Key Infrastructure

5. Security and protection of patients data (e.g. encryption). Examples
are: DICOM, ISO DTS 25237 Pseudo-anonymisation, ISO 22600 Privilege
Management and Access Control

6. Safety and prevention of medical errors and adverse events. Examples are:
CEN TR 13694 Safety and Security Related Software Quality Standards
for Healthcare

7. Ontologies for defining common vocabularies. Examples are: CEN EN
13940 System of Concepts to Support Continuity of Care, ISO/CD 17115
Vocabulary on Terminological Systems, Logical Observations Identifiers
Names and Codes (LOINC).

Even though there is a wide presence of standards for medicine, until today
there is not a clear universal adoption of one or a small set of them. A 2008
report [11] concludes that “There is a lack of standards that are widely used,
implying that standards often conflict and interoperability problems often occur.
Many of the conflicting standards are proprietary. There may also be different
or flawed implementations of the same standard that are not interoperable. In
some cases even different versions of the same standard may conflict”, probably
because “there is also a lack of the “right” e-health standards, i.e. well-developed
standards for particular applications and concrete use cases” [11]. This situation
implies that most health computer systems work as stand-alone and the cost
for integrating them is very high.

Nonetheless there many relevant initiatives in counter-tendency. In 2004 the
European Commission (EC) prepared the eHealth Action plan which included
a section about interoperability of health information systems. Particularly the
Action Plan pushes the development of patient identifiers and electronic health
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records. The follow-up of this action plan was the creation of the eHealth
Governance Initiative12, driven by Member States and jointly supported by Di-
rectorate General (DG) Information Society & Media (INFSO) and DG Santé &
Consommateurs (SANCO). The objective of the initiative is to to bring forward
eHealth for the “deployment and actual use of interoperable eHealth services
within and between national healthcare systems” [20].

In August 2007, a collaborative standards harmonisation group13 was formed
between CEN, ISO, and HL7. The initiative aims at enabling “common, timely
health informatics standards by addressing and resolving issues of gaps, overlaps
and counterproductive standardization efforts”.

The idea of joining SDOs has been so far fruitful. The standard that is
gaining the most relevant momentum nowadays is the ISO, IEEE, and CEN
joint 11073 family of specifications for Health informatics and Medical device
communication. The primary goals of ISO/IEEE 11073 are to [175]:

1. Provide real-time plug-and-play interoperability for citizen-related medi-
cal, healthcare and wellness devices.

2. Facilitate efficient exchange of care device data, acquired at the point-of-
care, in all care environments

The standard is targeted at personal health and fitness devices and at acute
care devices. There are four main partitions to the standards:

1. Device data, including a nomenclature, or terminology, optimized for vital
signs information representation based on an object-oriented data model,
and device specialisations.

2. General application services (e.g., polled and event driven services).

3. Internetworking and gateway standards (e.g., an observation reporting
interface from CEN ISO/IEEE 11073-based messaging and data represen-
tation to HL7 or DICOM).

4. Transports (e.g., cable connected or wireless).

The approach followed by IEEE 11073 is modular. On top of a base standard
that defines the generic data types, message types and communication model
there are a set of simpler device specialization standards which define the data
model for that particular type of device. Currently the following devices are
already supported: Pulse Oximeter, Blood Pressure Monitor, Thermometer,
Weighing Scale, Glucose Meter, Body composition analyser, Peak flow, Cardio-
vascular fitness and activity monitor, Strength fitness equipment, Independent
living activity hub, Medication monitor and others are under preparation.

IEEE 11073 probably owns its success to another relevant initiative: the
Continua Health Alliance14. Continua Health Alliance is a non-profit, industry
organization of more than 240 healthcare and technology companies. The objec-
tive of Continua is to “establish a system of interoperable personal connected
health solutions with the knowledge that extending those solutions into the

12http://ec.europa.eu/information_society/activities/health/policy/ehealth_

governance_initiative/index_en.htm
13http://www.global-e-health-standards.org/
14http://www.continuaalliance.org
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home fosters independence, empowers individuals and provides the opportunity
for truly personalized health and wellness management”[56].

Continua supports three kinds of scenarios:

• chronic disease management outside of a clinical setting

• using technology and services to live independently longer

• expanding personal health and wellness

Continua basically produces guidelines for its members for achieving inter-
operability. It pushes two main standards: IEEE 11073 for the communication
among devices and care centres, and IHE-PCD-01 for WAN communication.

At the transport level, the IEEE 11073 has been adopted by the Bluetooth
Special Interest Group (SIG) which, in June 2008, released the Bluetooth Health
Device Profile (HDP) [10]. The Health Device Profile is basically a layer that
links the basic Bluetooth layers like Logical link control and adaptation protocol
(L2CAP) and Generic Access Profile (GAP) to the standard IEEE 11073-20601
stack (an example is shown in 2.12).

Figure 2.12: Example of Bluetooth HDP Use (source: Bluetooth SIG [10])

The Bluetooth HDP has a great potential of being widely adopted [149],
in fact, it has been already integrated into version 4 of the Google’s Android
operating system for smart phones.

2.2.3 Advances in sensing technologies

Computing and transferring data without the possibility to link them with the
real world has limited uses. Sensing is the technology that allows computerised
systems to measure the world and react accordingly. In almost all branches of
industry and modern life such as in mechanical engineering, automotive, enter-
tainment as well as medical technology and life science, sensors have become
indispensable. According to [21] the yearly growth of European sensor technol-
ogy is in average 9%.

There is no universally accepted definition of sensor, which is often called
also as transducer. The American National Standards Institute (ANSI) standard
MC6.1 of 1975 defines a transducer as “a device which provides a usable output
in response to a specific measurand”. An output is defined as an “electrical
quantity”, and a measurand is “a physical quantity, property, or condition which
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is measured”. The USA National Research Council for instance in [141] uses
the same definition for the word sensor instead of transducer.

Sometimes sensors are also associated with their assorted signal processing
hardware electronic interfaces and communication means, in this case sometimes
called smart sensors [93].

A survey conducted in the framework of the International Electronics Manu-
facturing Initiative (iNEMI) Roadmaps shows the trends in sensor technologies
up to 2015. The report was based on responses to a survey by 174 international
experts from academia, research institutes and industry. Their results included
a ranking of present and future market per principal sensor technologies. The
identified top ten is [93]:

1. micro-electromechanical systems (MEMs) miniaturized and low-cost sen-
sor and actuator systems.

2. DNA-sensors for measuring genetic diseases and/or genetically modified
food.

3. Sensor communication systems based on advanced mobile communication
protocols.

4. Low-cost (less than 5 euros/unit) silicon MEMs sensors for food and health
care applications.

5. Miniaturized energy supplies for integration in self-contained sensors.

6. Lab-on-a-chip sensing in food safety and medical diagnostics (e.g. capil-
lary separation and optical detection).

7. Motion-control and collision-avoidance systems employing high frequency
(above 50 GHz) microwave sensors.

8. Ultra-small biosensors and actuators with wireless communication for use
with implanted components in medical or other applications.

9. Biosensors for various applications.

10. MEMs devices based on polymer materials.

The survey indicates that biological/biochemical sensors and optical sensors
will gather greater importance in the market over the coming ten years.

The technology associated with the communication of sensors’ data has also
seen a strong growth in the last twenty years. Sensors and collectors can be
distributed on one or more networks of different ranges: body networks, in-
room or in-car networks, home or building networks, or outdoor network over
a wide area. For this purpose a wide set of protocols and routing mechanisms
have been proposed [31].

One of the most important features for wireless communication is power
consumption. In fact, it is estimated that the energy cost of transmitting 1
Kb a distance of 100 metres is approximately the same as that used for the
execution of 3 million instructions by a 100 million instructions per second
processor. Several wireless telecommunication technologies and standards have
been created for low-power, short range communication. Currently there is not
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a single commonly accepted standard, but some of the most utilized ones are
Bluetooth, WirelessHART, IEEE 1451, and IEEE 802.15.4 [61].

Another important aspect of sensing technologies, especially for real-life set-
tings, is where they are placed and how they are powered. Current trends are
towards wearability of sensors, e.g. embedding sensors into textile in order to
make them less obtrusive [79], and on harvesting energy thanks to body move-
ment.

The use of sensors in medicine has a long history [121]. They allow to mea-
sure physiological and physical health states that are critical to the detection,
diagnosis, treatment, and management of aliments. Much of modern medicine
would not be possible without sensors such as thermometers, blood pressure
monitors, glucose monitors, electrocardiography (ECG), photoplethysmography
(PPG), electroencephalography (EEG), and imaging sensors. Medical sensors
usually transduce electrical, thermal, optical, chemical and genetic as signals
and implement signal processing to clean data and extract meaningful values.
In [121] authors offer a categorization of sensors for medical applications. The
main areas where sensors are used in health care are recognised to be:

• Monitoring in mass-casualty disasters:
especially for the assessment of the first responders’ health status during
disasters and reporting the triage levels of victims.

• Vital sign monitoring in hospitals:
many sensors are commonly used in hospitals and emergency rooms to
monitor the patients’ health condition through their vital signs. Wireless
technologies help making sensors easier to be moved avoiding disconnec-
tions.

• At-home and mobile ageing:
For instance monitoring chronic diseases such as diabetes, asthma, con-
gestive heart failure, and memory decline. Wirelessly networked sensors
embedded in people’s living spaces or carried on the person can collect in-
formation about personal physical, physiological, and behavioural states
and patterns.

• Assistance with motor and sensory decline:
That means providing active assistance and guidance to patients with
declining sensory and motor capabilities (e.g. monitoring movement with
accelerometers).

• Large-scale in-field medical and behavioural studies:
Body-worn sensors together with Internet-connected smartphones enable
to collect behavioural and physiological data from a large number of sub-
jects. This allows monitoring of parts of the population for clinical studies.

In addition to biomedical signals, sensors are also used for environmental
measurements and security. In this regard, one of the broadest fields of research
is human-activity recognition. It is possible to distinguish systems that use
wearable sensors and systems with sensors mounted in the environment, like
cameras or infra-red motion sensors. Accelerometers worn on the body, or even
mounted in a cell-phone have been presented for recognition of such activities
as walking, running and climbing up stairs [135].
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Another important field of research is indoor and outdoor localization. Re-
garding outdoor, the global positioning system (GPS) already offers a cheap,
omni-present technology, and the current trend is to combine it to other available
wireless signals such as cellular networks or WiFi. Indoor localization instead
is still prototypal but it’s gaining momentum. In [134] authors analyse existing
technologies like UWB, Bluetooth, WiFi or RFID. Authors conclude that RFID
is usually the most suitable for indoor, dense environments.

Regarding RFID, it’s a technology used for identifying assets through radio
signals. RFID relies on tags which are to be identified and readers which are
able to read the data emitted from RFID tags. RFID tags are categorized as
either passive or active. Passive RFID tags operate without a battery and are
mainly used to replace the traditional barcodes. They reflect the radio frequency
signal transmitted to them from a reader and add information by modulating
the reflected signal. Their range is very limited, typically of less than one meter.
Active RFID tags are small transceivers, which can actively transmit their ID in
reply to an interrogation. These tags are more expensive and bigger, but have
a much longer range (up to tens of meters).

Apart from localization RFID can have many other uses in health-care [6].
The possibility of identifying and tracking assets in hospitals, for example, has
a positive impact in:

• Drug Counterfeiting
• Clinical Trials
• Inventory Management
• Medical Device and Asset Tracking
• Patient Tracking
• Product Tracking

2.2.4 Advances in user interaction

The technologies related to the interaction between users and computers (user
interfaces, or UIs) has seen an exponential growth since the advent of the first
computers. Until the late 1970s human computer interaction was limited to
complicated interfaces thought for professionals. While the first computers were
possible to be operated only with punch cards and blinking lights, the first
cathode-ray tubes displays were already introduced in the fifties for some com-
puters and teletypes started to substitute punch cards. But it was only at the
end of the seventies when these technologies became the norm. In early eighties,
looking for cheaper output displays, standard televisions and composite-video
monitors became to be included into personal computers. The first standards
for displays were introduced by IBM, which was also standardising comput-
ers architecture. IBM designed the Color Graphics Adapter (CGA) for colour
composite-video monitors, and, in 1984, higher resolution Enhanced Graphics
Adapter (EGA) was introduced. A long sequence of standards was created
since then (see figure 2.13), including the most successful Video Graphics Array
(VGA), created in 1987.

Colour displays became widely used only in late eighties, and in the nighties
multi-resolution cathode-ray tubes (CRTs) where the norm. In the seventies,
liquid-crystal display (LCD) displays started to be widely used in wrist watches

15http://en.wikipedia.org/wiki/File:Vector_Video_Standards4.svg
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Figure 2.13: Digital video standards (source: Wikimedia15)

and pocket calculators. LCD was then adopted by computers industry in lap-
tops. Throughout the 1980s and 1990s, LCD technology continued to improve,
driven by a market boom in laptop computers. The displays gained more con-
trast, better viewing angles, and advanced colour capabilities. The technology
evolved in a way that today, LCD monitors are standard across the PC indus-
try. Desktop LCD monitors first outsold CRT monitors in 2007 and their sales
and market share have continued to climb. Full-colour plasma displays became
popular around early years of 2000, but were not able to replace LCD.

More recent trends are towards monitors that support 3D through special
glasses and ultra-high refresh rates, organic light-emitting diode (OLED) and
electronic paper. OLED technology is a light-emitting diode in which the emis-
sive electroluminescent layer is a film of organic compound which emits light in
response to an electric current. An OLED display works without a backlight,
thus, it can display deep black levels and can be thinner and lighter than a LCD.
These properties make this technology particularly appealing for portable de-
vices such as smart phones and tablet PCs.

Another technology, used as input, emerged thanks especially to hand-held
devices: touch screens. Touch screens allow users to interact directly with what
is displayed, rather than indirectly with a pointer controlled by a mouse. The
technology begun to be commercialised in the eighties, became widely used on
ATM machines, retail point-of-sale terminals, car navigation systems, medical

16http://www.ledlighting-eetimes.com/
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Figure 2.14: Market of digital displays (source: EETimes Europe16)

monitors and industrial control panels. But the touch screen became widely
popular on hand held devices only after Apple introduced the iPhone in 2007.
According to iSuppli, a market-research firm, sales of touch screens will increase
from 341 US million dollars in 2008 to 833 millions in 2013 [9]. Commercial touch
screen are recently starting to exploit the input of multiple fingers (multi touch
technology), although the research in this field is very old [41], its exploitation
is very young.

But human-computer interaction is not limited to the classic input-output
methods of screen, keyboard and mouse. Recently, alternative technologies
like voice and gesture recognition are becoming popular. Even thought these
“modalities” have been present in research for a long time, only recent evolution
of computational power and algorithms needed to process the data coming from
the sensors made these technologies available and inexpensive.

Probably the first popular gesture recognition device was the Wii Remote,
a video game controller created in 2006 by Nintendo. The Wii Remote is a
wireless controller with a standard game pad, an accelerometer and a PixArt
optical sensor, allowing it to determine where the Wii Remote is pointing [131].
The controller also includes feedback functionalities like audio and rumble. Wii
Remote allows interacting with the Nintendo Wii game console using the move-
ment of the arm and by pointing the controller at the screen and moving it
around. The accelerometer is also used for recognising gestures and intensity if
the movement, depending on the scope of the game.

A more recent and impressive device has been created by Microsoft in 2010
for its Xbox 360 game console: the Kinect sensor. Kinect allows interacting with
the computer through natural gestures and voice commands without having to
handle any device. The sensor features an RGB camera, depth sensor and multi-
array microphone running proprietary software, which provide full-body 3D
motion capture, facial recognition and voice recognition capabilities [212]. The
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device can interpret gestures, making hands-free control possible by tracking the
movement of objects and individuals in three dimension. The microphone array
enables the game console to conduct acoustic source localization and ambient
noise suppression. The depth sensor consists of an infra-red projector combined
with a monochrome CMOS sensor, which captures video data in 3D under any
ambient light conditions, Kinect is capable of simultaneously tracking up to six
people, including two active players for motion analysis with a feature extraction
of 20 joints per player. The device is also able to move thanks to a motorized
pivot that is capable of tilting the sensor up to 27 either up or down.

The use of these devices has been extended from video games to, e.g. phys-
ical rehabilitation [59], exploring medical images [89] and understanding sign
language [211] among others.

Hardware is not the only pushing factor in user interaction. An even bigger
role in the advances in user interfaces (UIs) is taken by software (SW) design
methodologies. The science that deals with UI at design level is often called
human-computer interaction (HCI). HCI is an area of computer science that
emerged in the early 1980s [72] and has expanded rapidly and steadily since
then incorporating diverse disciplines and approaches. At the end of the 70s
cognitive science, which incorporated cognitive psychology, artificial intelligence,
linguistics, cognitive anthropology, and the philosophy of mind, started to be
exploited to build theories for HCI. The advent of personal computers around
1980 created the need of interfaces understandable by everybody, and, in late
80s, techniques for empirical analysis of human-system interactions in so-called
control domains such as aviation and manufacturing started to emerge.

HCI is developed around the concept of usability. This concept was originally
described in the slogan “easy to learn, easy to use”, but it was later reconstructed
continually, becoming increasingly rich and problematic. Usability now includes
qualities like fun, well-being, collective efficacy, aesthetic tension, enhanced cre-
ativity, support for human development and many others. As technology has
evolved and has become pervasive, the satisfaction of the user experience has
become one of the most relevant factors that determine the success or failure of
interactive applications.

In a well-known 1995 report [1] that studied the reasons why software projects
often fail their objectives, authors found that the main causes of projects failures
are due to poor user requirements. They interviewed 365 information technol-
ogy (IT) managers representing 8,380 applications. According to their statistics
SW projects fails because of:

• 13.1%for incomplete requirements
• 12.4% for lack of user involvement
• 10.6% for inadequate resources
• 9.9% for unrealistic user expectations
• 9.3% for lack of management support
• 8.7% for requirements keep changing
• 8.1% for inadequate planning
• 7.5% because the system was no longer needed
It became clear then that successful SW projects had to include the final

users since the beginning of its design. The user started to be put at the centre
of the SW engineering and User-Centred Design (UCD) started to emerge. UCD
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is a design philosophy and a process in which the needs, wants, and limitations
of end users of a product are given extensive attention at each stage of the
design process.

In 1999, the ISO released its standard ISO 13407: Human centred design
processes for interactive systems. The standard describes:

• Four Principles of Human-Centred Design:

1. active involvement of users

2. appropriate allocation of function to system and to user

3. iteration of design solutions

4. multi-disciplinary design

• and Four Human-Centred Design Activities:

1. understand and specify the context of use

2. specify user and organisational requirements

3. produce more than one candidate design solution

4. evaluate designs against requirements

The standard represents a framework to implement user-centred methodolo-
gies, the common steps of which can be summarized in three phases:

1. a design phase, where the users and their context as well as the functional
and non-functional requirements of the system are defined

2. a development phase, where increasingly complex prototypes are built
according to the functionalities defined

3. an evaluation phase, where the prototypes are tested with users

The results of the evaluation phase are then analysed, and may be used to
refine the requirements, the user models or any other aspect of the previous
phases. UCD methodologies can differ depending on which aspect of the inter-
action they put their focus on. Some methodologies aim to optimize the most
common tasks (Usage-Centred Design [156]); others focus on the context of the
user (Rapid Contextual Design [177]), while others propose the construction of
models aiming to fulfil the users needs and goals (Goal-Oriented Design [64]). In
all these interaction-design processes, end users are generally involved through-
out the design and development process. Whereas the early stages of the design
process tend to be paper based (using for example paper mock-ups), the later
stages tend to be based on working prototypes.

As an example, let’s analyse the Goal-Oriented Design (G-OD) design ap-
proach. G-ODfocuses on three fundamental aspects: the users goals, the per-
sonas and the scenarios [64]. Its approach comprises 6 iterative phases: research,
modelling, requirements, framework, refinement and support. Goals are defined
during the research phase, personas are used to represent goals during the mod-
elling phase and scenarios describe the context of use in the requirements phase.
The design of the graphical user interface (GUI) does not really start until the
framework phase. During the framework phase, designers choose the interaction
device and the form factors, and the information that should be displayed in
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every screen is defined. Once the main screens have been defined, the tasks
estimated to be more frequent will be described through the creation of key
paths. Key paths are best case scenarios, and describe the minimal sequence of
actions the patient has to perform in order to complete a task, assuming there
are no human or technical errors at all [64].

ISO also published other standards which are more focussed on the actual
implementation of user interfaces and the evaluation strategies of usability. An
example is ISO 9241 “Ergonomics of Human System Interaction” which defines
guidelines for developing concrete elements of a user interface like dialogues,
menus, forms etc. and also guidelines for the development of physical displays
and concrete technologies like OLEDs, surface conduction electron emitter dis-
plays (SEDs), aesthetics of pixels, tactile and haptic devices etc.

The convergence of pervasive computing, intelligent-user interfaces, wire-
less low cost networks, and sensing capabilities has enabled the development
of technologies which are aware of a human presence and their environment.
Ubiquitous computing raised in the late 80s as a model of human-computer in-
teraction (HCI) in which information processing is thoroughly integrated into
everyday objects and activities [201]. One of the main rationales behind this
idea is that computer systems, being smaller, more powerful and interconnected
year by year, will end to become invisible artefacts as part of the everyday life:

“The most profound technologies are those that disappear. They
weave themselves into the fabric of everyday life until they are in-
distinguishable from it.” [202]

Some years later, a similar concept, named context aware computing, evolved
emphasizing the ability of computer systems to “sense” the context of the user,
“reason” about it and “react” accordingly [172]. When humans communicate
they make use of implicit information that refers to the situation of the subjects
that are talking to each other. In HCI, classically the means for communicating
are limited to clicks of the mouse and typed letters. Context awareness is based
on the idea of enriching the interaction exploiting contextual information. Con-
text awareness could support people who need help, e. g. by assisting people
in their daily activities, by creating social networks or by stimulating healthy
behaviour. For example, a context aware computing environment might inter-
connect lighting and environmental controls with personal biometric monitors so
that illumination and heating conditions in a room is modulated, continuously
and imperceptibly. According to Dey:

“A system is context-aware if it uses context to provide relevant
information and/or services to the user, where relevancy depends on
the users task.” [70]

The overall objective is to make HCI simpler and more intuitive.
Defining what is context is difficult by itself. In principle every kind of in-

formation which strictly or loosely linked with the user can be seen as context.
In one of the first definitions, Schilit and Theimer [171] refer to context as lo-
cation, identities of nearby people and objects, and changes to those objects.
In a similar definition, Brown et al. [48] define context as location, identities

69



of the people around the user, the time of day, season, temperature, etc. while
Ryan et al. [165] define context as the users location, environment, identity
and time. In [173], Schmidt et al. propose a hierarchical model where two
main categories: human factors and physical environment embrace the major-
ity of possible context information. Human factors include the user information
(identity, emotional state, bio-physiological conditions . . . ), users social environ-
ment (social network, group dynamics, roles . . . ) and users tasks (spontaneous
activity, engaged tasks, general goals . . . ). Likewise the physical environment
comprises location (absolute, relative to assets . . . ), infrastructure (surrounding
computational resources, computer networks, nearby humans . . . ) and physical
conditions (temperature, light, noise . . . ).

One of the most satisfactory definition is probably the one Dey gives:

“Context is any information that can be used to characterize the
situation of an entity. An entity is a person, place, or object that is
considered relevant to the interaction between a user and an appli-
cation, including the user and applications themselves.” [70]

Which strongly links the context to the interaction between users and machines.
Although context-aware computing is a relatively established field of re-

search, its adoption in the market is still to come. The advent of smart phones
with powerful central processing units (CPUs), GPS, light sensors and ac-
celerometers is finally pushing the development of all kind of applications which
exploit these data for smarter user monitoring and interaction. The trend for
the future is to make system learn living patterns and user preferences. These
patterns, different for each user, will enable personalization and adaptation of
user-system interaction, for example by providing medical information that is
relevant to the actual stage of a disease of an individual.

The latest paradigm, which inherits from ubiquitous and context aware com-
puting is Ambient Intelligence (AmI). AmI is based on three technological do-
mains: microelectronics, communication and networking technologies and intel-
ligent agents/user interfaces [114]. It is a vision of how the future should be
more than a reality and is strongly human/user-oriented instead of technology
centred. The paradigm is characterized by systems and technologies that are:

• embedded: many networked devices are integrated into the environment

• context aware: these devices can recognize you and your situational con-
text

• personalised: they can be tailored to your needs

• adaptive: they can change in response to you

• anticipatory: they can anticipate your desires without conscious media-
tion.

Ambient Intelligence was formalised by the Information Society Technology
Advisory Group (ISTAG), a group of experts from industry and academia ad-
vising the Information Society Technology Research Technological Development
and Demonstration (IST RTD) Programme of the European Commission. In
1999 it published a vision statement for the Fifth EC Framework Programme
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(FP5) to “start creating the ambient intelligence landscape for seamless de-
livery of services and applications in Europe relying also upon test-beds and
open source software, to develop user-friendliness, and develop and converge
the networking infrastructure in Europe to world-class” [108].

In the field of health applications, user experience is key to guarantee the
compliance of the user with the prescribed treatment, as well as to improve the
quality of life of citizens affected by chronic diseases. The paradigm of context
awareness and AmI is constantly used in research projects that deal with health
systems (as in [196], [153], [109], [39] to name a few).

The application of AmI to health and independent living for instance has
been adopted by the European Commission in the Ambient Assisted Living
Joint Programme (AAL JP). The objective of the programme, is “to enhance
the quality of life of older people and strengthen the industrial base in Europe
through the use of Information and Communication Technologies”17. The AAL
Joint Programme has been funding R&D projects in the Ambient Intelligence
for a total budget of 700 Mefrom 2008 to 2013.

In conclusion, it no longer makes sense to regard HCI as a speciality of
computer science; HCI has grown to be broader, larger and much more diverse
than computer science. Also the number of HCI professionals has increased
and enriched with different profiles: user experience designers, interaction de-
signers, UI designers, application designers, usability engineers, UI developers,
application developers, technical communicators/on-line information designers,
and more. Ubiquitous, context aware computing has enriched HCI becoming
an area that strongly intersects with HCI although integrating several diverse
sub-areas like mobile computing, distributed systems, sensor networks, etc.

2.2.5 In summary

The technological innovations of the last 30 years are so vast and profound that
they would need an entire dedicated book in order to be described in a proper
way. This section tries to provide a partial, although representative, picture
of the current status, especially in relationship to the subject of this thesis:
personalised health applications.

To summarise, three big areas have been described where ICT have seen an
exponential growth in terms of performances and market:

1. Computing: including both hardware, i.e. smaller, faster and cheaper
CPUs and storage, and software, in terms of better algorithms and data
representation techniques.

2. Tele-communications: including the exponential penetration of Internet
in daily life, the advent of cheaper wireless technologies and the creation
of standard protocols, especially the ones related to the health domain.

3. Sensing technologies: including smaller biomedical sensors, even embed-
ded into clothes or the body, environmental sensors to capture user’s con-
text and cheaper self-configuring sensor networks.

4. Human-computer interaction: including both hardware, with flat touch-
sensitive screens and gesture recognition and software, in terms of design

17http://www.aal-europe.eu/
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paradigms centred around the user and the exploitation of contextual in-
formation to enrich communication and user experience.

All these technologies create a world of opportunities for the health-care
provision. The next section will show how.

Figure 2.15: Advances in ICT generate opportunities for the health care sector
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2.3 ICT in health care

The introduction of ICT in the field of healthcare has important implications
for cost, quality and access. ICT-based health technologies can be developed to
improve the prevention, diagnosis and treatment of disease and in alleviating
disability and functional deficiency. The use of technologies, in fact, facilitates
the creation of tools, the optimization of processes, improving the response times
and the use of resources and increasing the efficacy, quality, efficiency and the
spending in the process of health care. But in a period of tightening budgets and
increased constraints it is not easy to balance affordability of new technologies
with opportunities for care enhancement. Access, including in primary health
care, to safe and effective health technologies relies on policies for selection and
management based on scientific evidence and best practice for organization of
their management and use.

The advantages of the adoption of ICT in health care have been widely
discussed since the emergence of ICT twenty years ago. Already in 1996 [33]
authors foresaw that the convergence of media, computing and communications
will generate more active consumers, better informed care providers, lower cost
care delivery, and more efficient healthcare administration.

In 1999, Flower identified the following enhancing technologies as key for a
future health care [83]:

• Clinical expert systems that will enable physicians to provide just-in-time
knowledge

• Clinicians will be better connected to each other to share experiences and
opinions

• Electronic health records will allow evidence-based medicine, increasing
the amount of science in the craft of medicine, thus reducing mistakes,
and increasing accountability

• Imaging techniques will combine a variety of acquistion methods and will
allow three-dimensional viewing of the body and its parts from inside

• Robotics will allow automatic delivery of medicines and assisted or remote
surgery

• More effective collection, manipulation and display of information will
allow better enterprise management

• Medical information will be easily available to the public through the Web

• There will be a tighter communication between the consumer and the
health care provider, allowing for day-to-day, low intensity contact, which
will increase effectiveness in terms of health outcomes and cost savings,
especially for chronic diseases

The power of ICT in health care has been evaluated in a report commis-
sioneds by the Swedish Presidency of the European Union (EU) in 2009. For
the six EU Member States covered by the study it was found that [18]:

• 5 million yearly prescription errors could be avoided by using electronic
prescriptions
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• 100,000 yearly inpatient adverse drug events could be avoided through
computerisation, which would free up 700,000 bed-days per year

• 9 million bed-days yearly could be freed up through the use of electronic
medical records for patients, equivalent to a value of nearly 3.7 billion
Euro

In [112] authors define what impact the adoption of ICT in health practice
can bring to stakeholders:

• Payers
ICT can help payers to better account for expenditures, to manage the
flow of funds and contain costs.

• Providers
Integrating the supply chain with hospitals by means of electronic schedul-
ing and patient management could improve tests and procedures. Linking
insurers, healthcare providers, financial institutions and consumers into
payments systems also has the potential to reduce significantly adminis-
trative costs and improve quality of service.

• Practitioners
ICT can bring education, enrich knowledge, help administration and prac-
tices of doctors and nurses. Clinical Decision Support Systems (CDSSs)
provide a key component for evidence-based care. The use of CDSSs in
prevention and monitoring has been shown to improve compliance with
guidelines in many clinical areas. CDSSs can help in prescribing drugs,
calculating dosages, scheduling, monitoring and documenting adverse re-
actions as well as help diagnosis based on actual measurements.

• Patients
ICTs are leading more power to consumers and giving them the possibility
for easier education and constant home monitoring. Moreover, patients
can have access to more information about provider quality and costs.

The Continua alliance also describes the advantages of the scenarios it pro-
poses. According to its vision patients are now able to send their vital signs
(like blood pressure, heart rate, glucose levels, etc.) to their health profession-
als. This allows a tighter follow up of patients without necessarily increase
the burden for professionals. Not only chronically ill people might be advan-
tages, also healthy persons can use these technologies to monitor their status
e.g. measuring their workout while doing sport and share data with coaches.
More concretely, according to their website18 ICT can:

• Empower individuals and patients to better manage their health by pro-
viding them with information regarding their fitness and health through
personal medical devices and services.

• Allow loved ones and professional care givers to more accurately monitor
and coach chronic disease patients and elderly individuals living indepen-
dently.

18http://www.continuaalliance.org/connected-health-vision.html
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• Enable medical and fitness device manufacturers to rapidly develop inter-
operable devices and services using industry developed connectivity stan-
dards.

• Enable health care providers to offer better quality care through person-
alized health solutions assembled from a rich marketplace of interoperable
health care devices and services.

2.3.1 From tele-medicine to eHealth to pHealth

The idea of applying ICT to healthcare is very old. In one of his first calls
on the to-be-invented telephone, on March 10, 1876, Alexander Graham Bell,
after pouring some battery acid on his hand, summoned his assistant, Thomas
Watson, saying “Mr Watson, come here. I want you!” [68]. The use of remote
communication for health purposes is often called tele-medicine.

Figure 2.16: An image from Fritz Kahn, 1925

Since this first episode, all kind of technologies was exploited for tele-medicine.
During the first decades of XXth century radio was used for putting in contact
doctors to remote patients, e.g. on ships or people living in remote areas in
Australia [68].

In the 60s and 70s closed-circuit and broadcast television was exploited for
patient consultations and for transmission of medical images from several spe-
cialities like radiology, pathology, and dermatology [193]. Given the high cost of
the equipment and the low quality of the transmission, these analogue technolo-
gies were not able to make tele-medicine an efficient reality apart from scenarios
like remote areas, military or exploration missions (e.g. the NASA).
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Figure 2.17: Radio News showing the idea of the radio doctor, 1924

In the 1980s computer-based approaches started to be explored, shifting
from real-time applications to more asynchronous approaches where data are
collected in digital form at an initiating site and are aggregated and stored for
subsequent transmission to a receiving site.

The Joint Working Group on Telemedicine in a report to U.S. Congress on
January 31, 1997, indicates that:

The term “telemedicine” refers to the use of electronic communica-
tions and information technology to deliver and support clinical care
at a distance. [68]

or, according to a more recent definition, tele-medicine is:

The use of remote medical expertise. This includes two main ar-
eas: the care an address through the use of sensors, central sorting,
systems mediators and referral centers, and cooperative work as a
network of medical expertise [4]

Examples of use of tele-medicine can be [204]:

• Store-and-forward which implies acquiring medical data (images, bio-signals,
etc.) and then transmitting it to a doctor which will assess it offline. This
approach does not require the presence of both parties at the same time.
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Typical domains where it can be used are dermatology, radiology, cardi-
ology, pathology etc.

• Remote monitoring, which involves medical professionals to monitor a pa-
tient remotely using technological devices. This method is used for man-
aging chronic diseases or specific situations, such as post surgery patient
surveillance, diabetes mellitus, or asthma.

• Interactive tele-medicine, which provides real-time interactions between
patient and provider, to include phone conversations, on-line communica-
tion and home visits. Typical uses are history review, physical examina-
tion, psychiatric evaluations or ophthalmology to name some.

• Emergency tele-medecine, which involves monitoring of patients while op-
erations of first aid, transportation or rescue are performed (e.g. in am-
bulances, during catastrophes, etc.).

The increase in consumer technology ICT by the medical world in recent
decades and the emergence of the Internet have made very ambiguous notion of
tele-medicine and its ability to identify a precise region of questions, expertise
and support. A more recent term was coined that would suggest the adop-
tion of more modern technologies, but still confined in the scenario of remotely
diagnosing and treating patients, is tele-health or sometimes Remote Patient
Monitoring (RPM). The recent edition of European Telemedicine Glossary de-
fines tele-health as:

The term tele-health covers systems and services linking patients
with care providers to assist in diagnosing, monitoring, management
and empowerment of patients with long-term conditions (chronic
patients). Tele-health solutions use devices (interactive audio, vi-
sual and data communication) to remotely collect and send data
to a monitoring station for interpretation and to support therapy
management programs and to improve patients knowledge and be-
haviour.

Telehealth solutions comprise systems and components (patient in-
terfaces in hardware and software; sensors/ peripherals; operating
software & applications intended for care provider usage; clinical
content & intelligence; data transmission, storage and intelligent
routing) as well as supporting services (system operation; logistics;
financial services; etc.). Input data sources are typically patients
self-assessments (subjective data) as well as dedicated peripherals
to measure vital parameters (objective data). Telehealth solutions
address health care delivery, diagnosis, consultation and treatment
as well as education / behavioural modifications and transfer of med-
ical data. [62]

The rise of Internet and the possibility to integrate different services in dif-
ferent environments like homes, hospitals, pharmacies, but also laboratories,
wellness centres etc. generated a vision where all these environments are con-
nected through ICT, share data and collaborate to provide better health care.
The term under which this vision goes is electronic-health or eHealth.

eHealth is an umbrella term that can be defined as
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an emerging field in the intersection of medical informatics, pub-
lic health and business, referring to health services and information
delivered or enhanced through the Internet and related technolo-
gies. In a broader sense, the term characterizes not only a technical
development, but also a state-of-mind, a way of thinking, an atti-
tude, and a commitment for networked, global thinking, to improve
health care locally, regionally, and worldwide by using information
and communication technology. [78]

Eysenbach defines 10 es of the eHealth a part from the electronic [78]:

1. Efficiency - one of the promises of eHealth is to increase effi-
ciency in health care, thereby decreasing costs. One possible
way of decreasing costs would be by avoiding duplicative or
unnecessary diagnostic or therapeutic interventions, through
enhanced communication possibilities between health care es-
tablishments, and through patient involvement.

2. Enhancing quality of care - increasing efficiency involves not
only reducing costs, but at the same time improving quality.
eHealth may enhance the quality of health care for example
by allowing comparisons between different providers, involving
consumers as additional power for quality assurance, and di-
recting patient streams to the best quality providers.

3. Evidence based - eHealth interventions should be evidence-
based in a sense that their effectiveness and efficiency should
not be assumed but proven by rigorous scientific evaluation.
Much work still has to be done in this area.

4. Empowerment of consumers and patients - by making the knowl-
edge bases of medicine and personal electronic records accessi-
ble to consumers over the Internet, eHealth opens new avenues
for patient-centred medicine, and enables evidence-based pa-
tient choice.

5. Encouragement of a new relationship between the patient and
health professional, towards a true partnership, where decisions
are made in a shared manner.

6. Education of physicians through on-line sources (continuing
medical education) and consumers (health education, tailored
preventive information for consumers)

7. Enabling information exchange and communication in a stan-
dardized way between health care establishments.

8. Extending the scope of health care beyond its conventional
boundaries. This is meant in both a geographical sense as well
as in a conceptual sense. eHealth enables consumers to eas-
ily obtain health services on-line from global providers. These
services can range from simple advice to more complex inter-
ventions or products such a pharmaceuticals.

9. Ethics - eHealth involves new forms of patient-physician inter-
action and poses new challenges and threats to ethical issues
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such as on-line professional practice, informed consent, privacy
and equity issues.

10. Equity - to make health care more equitable is one of the
promises of eHealth, but at the same time there is a consid-
erable threat that eHealth may deepen the gap between the
“haves” and “have-nots”. People, who do not have the money,
skills, and access to computers and networks, cannot use com-
puters effectively. As a result, these patient populations (which
would actually benefit the most from health information) are
those who are the least likely to benefit from advances in infor-
mation technology, unless political measures ensure equitable
access for all. The digital divide currently runs between ru-
ral vs. urban populations, rich vs. poor, young vs. old, male
vs. female people, and between neglected/rare vs. common
diseases.

The author also adds three additional, but important, es: easy-to-use, enter-
taining and exciting.

The concept of eHealth, despite its vagueness, and rhetorical tone, indicates
in some way the widening of the possibilities offered by ICT beyond traditional
applications tele-medicine that, according to some critics, have covered a limited
range and relatively marginal in medical practice. eHealth is therefore mostly
related about an integrated health-care system through ICTs in a holistic ap-
proach [69]. eHealth covers the interaction between patients and health-service
providers, institution-to-institution data transmission, or peer-to-peer commu-
nication between patients or health professionals; it also includes health infor-
mation networks, electronic health records, tele-medicine services, and personal
wearable and portable communicable systems for monitoring and supporting
patients.

eHealth systems are based on four pillars, according to [161]:

1. Clinical Applications: comprising telemedicine being the transfer of elec-
tronic medical records for the seeking of more specialist opinions sourced
from a distant location and interactive video conferencing for group con-
sultations. The clinical applications also include clinical decision making
support software.

2. eDissemination of healthcare to all members of the healthcare professional
body (doctors, nurses, technicians and administrators) thus improving
skill levels and raising standards of medical practice world-wide.

3. Public Health Information focused on raising the knowledge of the general
public in healthcare matters such that they take on more responsibility
for keeping well.

4. Life-time health records involving a comprehensive recording and innova-
tive usage of prospectively gathered healthcare event information, which
enables information to become available for data mining. This data can
be supplemented by environmental and socio economic information. Such
data can be used for national, regional and even global, healthcare strat-
egy planning leading to global ePrevention, which can be a tool for human
development in future generations.
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According to [77], the components that are typically included in eHealth are:

• Clinical information systems:

– Specialised tools for health professionals within care institutions

– Tools for primary care and/or for outside the care institutions

• Telemedicine and homecare systems and services

• Integrated regional/national health information networks and distributed
electronic health record systems and associated services

• Secondary usage non-clinical systems:

– Systems for health education and health promotion of patients/citizens

– Specialised systems for researchers and public health data collection
and analysis

– Support systems for clinical processes not used directly by patients
or health care professionals

Several technologies can serve eHealth. For example in [18] the following are
listed:

• Electronic health records: enabling the communication of patient data
between different healthcare professionals

• Tele-medicine: physical and psychological treatments at a distance

• Consumer health informatics: use of electronic resources on medical topics
by healthy individuals or patients

• Health knowledge management: e.g. in an overview of latest medical
journals, best practice guidelines or epidemiological tracking

• Virtual healthcare teams: consisting of healthcare professionals who col-
laborate and share information on patients through digital equipment

• mobile health or mHealth: includes the use of mobile devices in collecting
aggregate and patient level health data, providing healthcare information
to practitioners, researchers, and patients, real-time monitoring of patient
vitals, and direct provision of care

• Medical research using Grids: powerful computing and data management
capabilities to handle large amounts of heterogeneous data

• Healthcare Information Systems: also often refer to software solutions for
appointment scheduling, patient data management, work schedule man-
agement and other administrative tasks surrounding health

Healthcare services traditionally only available within physical institutions
such as hospitals and clinics are moving out of that space into the retail environ-
ment as evidenced by the reducing numbers of beds and the moving of services
to make them accessible and deliverable in an ambulatory setting (day-care
surgery, ambulatory diagnostic clinics, etc). This trend will increase and will
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further accelerate with the deployment of homecare services or TeleHealth and
with sentinel devices being fitted into homes, thus making them “smart homes”
or safe environments for the more vulnerable members of our community (el-
derly citizens and the like) to live alone, but have instant access to appropriate
healthcare services.

The eHealth paradigm opens up the possibility of giving patients more
responsibilities for managing their health conditions. As it is stated in [69]
“telemedicine remains linked to medical professionals, while eHealth is driven
by non-professionals, namely patients that with their interests drive new ser-
vices even in the healthcare field-mostly for their empowerment through access
to information and knowledge”. But still eHealth is a paradigm which is centred
on the health care provider and its improvement.

The economic and societal background described in the previous section
are requiring new approaches which have to relieve health care systems from
part of its burden to become sustainable. Chronic conditions, such as diabetes,
heart disease, asthma and cancer, require management on an ongoing basis,
often for many years or decades. Health systems therefore require the personal
involvement and commitment of individual patients to adhere to their treatment
and make behavioural changes, if they are to effectively manage their healthcare.

In a 2005 report from the World Health Organization “Preparing a health
care workforce for the 21st century”, the author explicitly identifies as a core
competency of future doctors the “patient-centred” care in contrast with the
classical provider-centred. Patient-centred means allowing patients’ values, pref-
erences, needs and expertise to direct care for the chronic problems with which
they live. The components of patient-centred care include [157]:

• identifying, caring about and respecting patients preferences, values, dif-
ferences and expressed needs

• coordinating continuous and timely care

• relieving pain and suffering

• listening and communicating

• providing education and information

• sharing decision-making and management

• preventing disease, disabilities, and impairments

• promoting wellness and healthy lifestyles

WHO claims that patient-centred care improves outcomes: “satisfaction with
care increases and adherence to medical recommendations improves when pa-
tients are actively included” [157]. This is obtained by putting patients at the
centre of the care-process, allowing them and their families to manage health
problems:

“in patient-centred care, patients shift from being passive recipients
of care to being active decision-makers” [157]

81



The concept of patient-centred care already emerged in the early 50s, but it
exploded in the health care research only later in the late nineties.

According to a review of 2000 [142], five conceptual dimensions are iden-
tified: biopsychosocial perspective; ‘patient-as-person’; sharing power and re-
sponsibility; therapeutic alliance; and ‘doctor-as-person’. Also two approaches
for evaluating process and outcomes are proposed: self-report instruments and
external observation methods.

A more recent survey analysed 169 papers in the field and generated a con-
ceptual model of patient-centred care [110]. According to their model:

patient-centred care encompasses informed decision making and is a
particular process of decision making by patient and physician where
the patient: 1) understands the risk or seriousness of the disease or
condition to be prevented; 2) understands the preventive service,
including the risks, benefits, alternatives and uncertainties; 3) has
weighted his or her values regarding the potential benefits and harms
associated with treatment; and 4) has engaged in decision making
at a level that he or she desires and feels comfortable

Physicians and nurses are to encouraged to tailor the medical care per the
preferences of patients, and to improve the trust between patient and their
caregiver.

Patient centred care is being extended further by recent innovations in molec-
ular diagnostics and genetics that are bringing about new possibilities of per-
sonalising health care at the unique genetic level.

The approach where personal clinical, genomic and environmental infor-
mation is used for performing diagnosis, assessing personal predisposition to
disease, and precisely select medication and dose for each individual patient is
often referred as personalised medicine.

In 2008, the U.S. President’s Council of Advisors on Science and Technology
(PCAST) defined personalised medicine as:

“the tailoring of medical treatment to the individual characteristics
of each patient. It does not literally mean the creation of drugs or
medical devices that are unique to a patient, but rather the abil-
ity to classify individuals into sub-populations that differ in their
susceptibility to a particular disease or their response to a specific
treatment. Preventive or therapeutic interventions can then be con-
centrated on those who will benefit, sparing expense and side effects
for those who will not.” [12]

As their report says: [12]

“Physicians have long observed substantial variation in patient re-
sponse to treatments for different cancers as well as for such common
conditions as hypertension, heart failure, depression, high choles-
terol, and asthma. Finding the best medication for a given patient
often involves trial and error; sometimes a physician may exhaust all
possibilities without finding an option that is effective. The ability
to distinguish in advance those patients who will benefit from those
who will incur cost and suffer side effects without gaining benefit
could both reduce costs and improve quality of care.”
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Figure 2.18: Cover of the Time magazine, 24 December 2012 (source: Time
magazine)
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Figure 2.19: Personalised medicine shift, author’s elaboration
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The potentialities generated by personalised medicine are huge, but regula-
tory and financial systems that will support personalized medicine are not yet
in place. For this reason, in 2004, the Personalized Medicine Coalition (PMC)19

was created in U.S. to educate the public and policy-makers, and to promote
new ways of thinking about health care. The coalition hosts now more than 200
academic, industry, patient, provider and payer communities.

PMC publishes reports about the current status and trends about the im-
plementation of personalised medicine [22].

The report includes prominent examples of drugs, treatments and diagnostic
products available in the market. The 2006 edition contained 13 examples, while
the 2011 edition already contains 72 items. The report identifies genetics as
the main driving technology of personalised medicine; this was thanks to the
lowering cost of sequencing which dropped from 300 billion US dollars in 2001
to only 5,000 dollars in 2011 [22].

The report provides ideas about the impact of personalised medicine. For
example, it estimates that 34% reduction in chemotherapy use would occur if
women with breast cancer receive a genetic test prior to treatment, or 604 million
dollars would be saved in U.S. if patients with metastatic colorectal cancer
receive a genetic test for the KRAS gene prior to treatment [22]. Collecting
genetic data would allow, for example, to segment populations into groups of
patients who have a greater likelihood of responding to a particular treatment
or avoiding side effects. Joining persons’ clinical, genomic and environmental
information can be used to more precisely select medication and dosage for each
individual patient. More in general, personalised medicine allows to [22]:

• Shift emphasis in medicine from reaction to prevention

• Select optimal therapy and reduce trial-and-error prescribing

• Make drugs safer by avoiding adverse drug reactions

• Increase patient adherence to treatment

• Improve quality of life

• Revive drugs that failed in clinical trials or were withdrawn from the
market

• Help control the overall cost of health care

The European counter-part of the PMC, the European Personalised Medicine
Association (EPEMED)20, was established in 2009. Similarly to PMC, EPEMED
aims at being a central point of communication for all those involved in progress-
ing personalised medicine; determine strategies to deliver personalised medicine
treatments and promote a better understanding of the development of person-
alised medicine through the creation and application of advanced diagnostic
tests.

Genomic technologies do not only mean sequencing the entire genetic chain of
DNA. More simple techniques like measuring gene expressions or tests based on
proteins, single genes, or other attributes can be valid markers for indicating the

19http://www.personalizedmedicinecoalition.org
20http://www.epemed.org/
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presence of disease, susceptibility to disease, or differential response to treatment
[12].

According to PricewaterhouseCoopers the market for personalized medicine
in the United States was already $232 billion in 2009, and it is projected to
grow 11 percent annually reaching $452 billion by 2015 [17]. These estimates
are based on the opportunities created by new drugs and medical devices market
including also high-tech storage and data-sharing as well as low-tech products
and services aimed at consumers’ raised awareness regarding their own health
risks.

Personalised medicine is strictly dependant on ICT.
Already in 1999, in their report PriceWaterhouseCoopers foresaw that [2]:

“Huge forces are changing the world in which we live and with it the
world of healthcare. A global shift in consumer attitudes is taking
place. Empowered by better access to higher education, information
sources like the Internet, and greater personal wealth, consumers
want a much bigger say in their own medical treatment. . .
Consumer empowerment is only one of the forces transforming our
world. Massive advances in information management, technology,
and science are also taking place. Improvements in information
management are forging the tools that connect people across the
globe. They are likewise providing the means with which to manage
a growing mountain of data and maximize its value. Meanwhile, new
diagnostic tools are providing ever more accurate pictures of man’s
internal organs; miniaturization is paving the way for tiny surgical
devices such as intelligent pacemakers; and the code that makes up
the human genome is being deciphered.”

In other words, the report already pointed out that the merging of eHealth, per-
sonalised medicine and consumer perspective would change the world of health
provisioning.

The amount of information personalised medicine could bring to clinical
practice is enormous compared to today’s complex needs, which already exceed
human cognitive capacity. According to a report from IBM one of the less ad-
dressed problems of current health care delivery is “inadequate science”, which
costs around 300 billion US dollars per year in the United States [19]. With
“inadequate science” the report means the lacks of the current science of health
promotion and care delivery. These include:

• Activating lifestyle and behaviour changes

• Managing chronic diseases

• Focusing on prevention, prediction/early detection, diagnosis and progno-
sis

• Knowing when to treat with early detection

• Complete and accurate diagnosing

• Knowing what works, even for populations and individuals
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• Consistently applying what it is known that works

The report stresses the fact that the current complexity in the bio-medical
sciences already exceeds the human capacity of understanding, saying explicitly:

“The amount, complexity and diversity of information and knowl-
edge currently being generated will increase immeasurably as re-
search into “-omics” continues. Even today’s information and knowl-
edge needed to make good clinical decisions are frequently well be-
yond the cognitive capacity of clinicians and patients [19].”

With information regarding proteomics and other disciplines at the molec-
ular level, decisions involving patients with multiple chronic conditions may
require the ability to process as many as 100 or more facts, while it is estimated
that typically human mind can take into consideration from five to nine facts
at time (see figure 2.20).

Figure 2.20: Facts per clinical decisions with exploding information, source:
IBM Global Business Services [19]

It is understood, therefore, that only information technology could provide
the opportunity to treat this information properly and give support to practi-
tioners. Genomic data and clinical evidences must be merged thanks to elec-
tronic health records and interoperable systems. These merged data are able to
create holistic images of the patients that can be analysed to identify patterns
and generate profiles that can be used to tailor treatments.

In a survey PricewaterhouseCoopers asked pharmaceutical companies if be-
ing able to aggregate and analyse electronic health information is critical to
the expansion of personalized medicine, 86% of respondents answered that they
strongly or somewhat agreed. A number of firms are also being created specifi-
cally to exploit this data [17].

IBM defines the convergence of personalised medicine and the use of ICTs
as personalised health care (PHC) [19]. It is defined as:
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“PHC helps address the problems with the science of health promo-
tion and care delivery by using more individualized patient informa-
tion and clinical knowledge to help promote patient-centred health
and predict, prevent, aid in early detection of, treat and manage
diseases.” [19]

PHC is an extension of personalised medicine in four areas. Apart from
diagnosis and preventive or therapeutic interventions, PHC also emphasizes
health promotion and ongoing monitoring and management of patients. Sec-
ondly, while personalised medicine focuses on the study of genes, what proteins
encode and how to modify the genome, PHC adds to it the clinical knowledge like
clinical risk models and molecular imaging. Third, PHC links closely research
and care delivery by exploiting the continuous flow of new clinical information in
the decisions. Lastly, PHC must include patients as strong participants in their
own health and healthcare. Not only clinical and genetic data are important,
but also the lifestyle, the behaviour and the environment play an important
role.

Figure 2.21: The Personalised Health Care paradigm proposed by IBM (source:
IBM [19])

The IBM PHC model, which basically merges personalised medicine and
patient-centred health care with a more technology driven approach like eHealth,
is strongly related to the subject of this thesis, the paradigm of personalised
health or pHealth.

Another example of vision about pHealth is the one offered by the European
Commission’s Personal Health Systems (PHSs) research challenge21, a research
area of the 7th Framework Programme.

The challenge finances research for innovative sensing technologies, “a new
generation of lightweight monitoring systems which a patient can wear while
going about their daily business, or which can be carried around easily and used
regularly”. These devices are meant to be used for tele-medicine and decision
support tools. Particularly two main applications are supported:

• Monitoring:
Monitoring systems for patients with chronic diseases for providing im-
proved quality of life, enabling them to stay at home rather than have

21http://ec.europa.eu/information_society/activities/health/research/fp7phs/

index_en.htm
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to be admitted to hospitals. The idea is to exploit ICT systems and
monitoring parameters related to the patient’s condition in order for med-
ical professionals to take timely decisions on the most effective treatment,
thanks also to automatic alerts. Another application is monitoring the
risk of developing illnesses, so that problems can be identified at an early
stage when the required treatment is simpler, more likely to be successful,
and less costly.

• Diagnosis:
ICT supported diagnostic, e.g. tools to analyse blood samples on the spot,
instead of having to send them to a laboratory, or to help ensuring that
the prescribed treatment is appropriate and in the right dosage.

The PHS programme financed the PHS2020 project in order to identify
the state of the art of personalised health systems and plan a roadmap for
future developments. PHS2020 produced a book where the results of several
consultations with experts and stakeholders are reported [66].

The book clearly states that there is no clear definition of what a personal
health system is, nonetheless it tries to provide a definition as follows:

“Personal Health Systems assist in the provision of continuous, qual-
ity controlled, and personalised health services to empowered indi-
viduals regardless of location. They consist of [66]:

1. Ambient and/or body (wearable, portable or implantable) de-
vices, which acquire, monitor and communicate physiological
parameters and other health related context of an individual
(e.g., vital body signs, biochemical markers, activity, emotional
and social state, environment);

2. Intelligent processing of the acquired information and coupling
of it with expert biomedical knowledge to derive important new
insights about individual’s health status.

3. Active feedback based on such new insights, either from health
professionals or directly from the devices to the individuals,
assisting in diagnosis, treatment and rehabilitation as well as
in disease prevention and lifestyle management.

”

These systems are thought to enable the “shift from the traditional hospital-
centred and reactive healthcare delivery model towards a person-centred and
preventive one”. Particularly the health provision model is moved towards a
fully empowered, self-caring individual more than based on the health care sys-
tem. Achieving this paradigm shift will ensure continuity of care at all levels,
from prevention to rehabilitation, and at all places where citizens or patients
may need care, whether inside clinical settings or in ordinary living and working
environments. It will also enable provision of personalised care, from lifestyle
and health status management to individualised medicines and treatment [66].

The foreseen advantages are:

• decreased burden on the healthcare systems, as users can take care of less
acute matters autonomously or because some matters will no long arise
due to better monitoring and compliance
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• growing health awareness and preventive attitudes and better life-styles
on the side of users, thus avoiding or delaying critical health situations

Nonetheless, various problems are linked with this healthcare model, mainly
in the areas of organisational mechanisms, there is the need of re-engineering
many of the management processes associated with chronic disease, including
the education of the patient and conveying the guidelines into daily clinical
practice and redesigning the delivery system.

According to the Strategic Intelligence Monitor on Personal Health Systems
(SIMPHS) project [29] personal health systems are a subset and an extension
of eHealth systems. They actually include remote monitoring for controlling
patients’ health conditions, but they focus on the doctor-to-patient interaction
as opposed to doctor-to-doctor applications that are also included in eHealth.
But pHealth extends classic eHealth boundaries by envisioning completely pa-
tient self-managed services and by adding the support for independent living
for elderly and disabled people (as shown in figure 2.22).

Figure 2.22: Constituent elements of eHealth and pHealth (source: SIMPHS
[29])

The types of scenarios supported by this paradigm are multiple and complex.
A simplified view of the needed functionalities for a patient-centric system

are offered by Krist and others [126]:

1. Collect patient information, such as self-reported demographic and risk
factor information (health behaviours, symptoms, diagnoses, and medica-
tions)
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2. Integrate patient information with clinical information through links to
the electronic medical record and/or claims data

3. Interpret clinical information for the patient by translating clinical findings
into lay language and delivering health information via a user-friendly
interface

4. Provide individualized clinical recommendations to the patient, such as
screening reminders, based on the patients risk profile and on evidence-
based guidelines.

5. Facilitate informed patient action integrated with primary and specialty
care through the provision of vetted health information resources, decision
aids, risk calculators, personalized motivational messages, and logistical
support for appointments and follow-up

Another possible simplified overview is the one offered by the Continua Al-
liance in their website22- Three main scenarios are envisioned:

1. Chronic Disease Management:
Patients with heart failure, diabetes, hypertension or other chronic dis-
eases have to monitor vital signs such as weight, glucose levels and blood
pressure constantly and must follow a strict treatment regimen, whether
they are at home, at work or on the move. Interoperable, unobtrusive
devices that can allow patients to regularly track and share their health
status. To ensure that patients take their medications, schedule reminders
can be shown at home or in the office. Active participation in monitoring
their health status can promote patients’ compliance with treatment plans,
help them assume more responsibility and prevent unnecessary emergen-
cies.

With interoperable systems, information about a patient’s symptoms,
treatment compliance, and behaviour can be collected and made available
to the doctor, nurses and family members. If anything seems abnormal,
the doctor can take necessary measures such as adjusting the patient’s
medications. If an emergency occurs and immediate care is needed, fam-
ily members and providers will be notified promptly. By having access to
a patient’s health information, the care team will be able to make better
informed treatment decisions which could reduce the number of physician
office visits and hospital stays.

Typical needed functionalities for such scenario are:

• Monitoring of vital signs and activities, at home and in other envi-
ronments

• Scheduling appointments

• Medication reminders

• Trend analysis and alerts

• Remote consultations via e-mail, chat or video conferencing

• Provision of educational content

22http://www.continuaalliance.org/
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• Motivational strategies for improving compliance to treatments and
lifestyle

2. Health & Wellness:
This scenario is related to healthy subjects or to people with some risky
habits who want to improve the effectiveness of fitness programs. In this
case the system supports the implementation of a healthy lifestyle to im-
prove the quality of life, while maintaining the independence and capacity
for informed patient decisions and to act on his own life.

Fitness equipment and sensors can track activity levels and measure vital
signs like weight, blood pressure, and cholesterol in different environments
like gyms, home, on the run etc. These data can be used by computer
systems to measure the effectiveness of fitness programs, and to share data
with trainers and friends. Sharing information increases the efficacy of
exercise and motivate users. And better fitness helps people avoid many
of the diseases and disabilities caused by physical inactivity, improving
their quality of life.

Typical functionalities involved in this scenario are:

• Monitoring of activity and vital signs indoor and outdoor

• Schedule appointments

• Predictive alerts for high-risk conditions

• Data sharing with trainers and communities

3. Independent living:
This scenario addresses people well-being and independence in their daily
life, promoting psychological well-being and autonomy and proposing so-
lutions for custom needs. With some difficulties which come naturally
with age such as memory loss, decreased mobility and frailty, and oth-
ers like cardiovascular disease, diabetes, Alzheimers, and musculoskeletal
problems, the ability to live independently and unaided can be severely
compromised. Information systems and devices like in-home sensors and
actuators can monitor daily activities and alert family members and care
teams in case of an emergency. These systems will allow people will to be
able to age independently and have greater peace of mind.

The technology collects information about the well-being of elderlies or
people with disabilities, detect potentially dangerous situations such as
gas leaks and fires, generate an alert if an individual has fallen or needs
medical attention. It can also help individuals comply with their treatment
regimens with medication reminders. Family members can be informed
about the behaviour of their beloved and feel that they are under control.

Typical functionalities involved in this scenario are:

• Assistance with daily health and monitoring tasks

• Medical reminders

• Monitoring and early warning using bio-sensor data collection

• Nutrition advisory

• Real-time alerts and emergency handling
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2.3.2 Clinical evidence

Until 2002 experts agreed that there was no sufficient proof of the effectiveness
of the use of tele-medicine [104], [100]. Later in 2006 a report which anal-
ysed 597 studies published in literature found that in some fields like derma-
tology, wound care, and ophthalmology the evidence for tele-medicine efficacy
was mixed [105]. At least in chronic diseases, home-based tele-medicine ap-
pears to enhance communication with health care providers and provide closer
monitoring of general health, but it requires additional resources and dedicated
staff. The report concludes that “There are still significant gaps in the evi-
dence base between where telemedicine is used and where its use is supported
by high-quality evidence”[105].

More recently, a number of studies are demonstrating that, when applied
correctly, tele-medicine can improve health outcomes and cost savings. As an
example we consider the following studies:

1. A randomized controlled clinical trial was conducted in the framework
of the Informatics for Diabetes Education and Telemedicine (IDEATel)
project in 2006 [176]. The objective of the trial was to compare tele-
medicine case management to usual care, with blinding of those obtaining
outcome data. Participants in the intervention group were given a sys-
tem consisting of a Web-enabled computer with modem connection to an
existing telephone line. The system provided four major functions: (i)
video-conferencing over telephone line allowing patients to interact with
nurses; (ii) remote monitoring of glucose and blood pressure; (iii) dial-up
Internet service provider access to a Web portal providing access to pa-
tients’ own clinical data and secure Web-based messaging with nurses; and
(iv) access to an educational Web site created for the project in English
and Spanish and in regular and low-literacy versions in each language. The
study involved 1,665 patients with diabetes, aged 55 years or greater. The
main performance parameter, the mean glycated haemoglobin HgbA1c,
improved over one year from 7.35% to 6.97% in the intervention group
while in the usual care group improved from 7.42% to 7.17%. The con-
clusion of the study is that “Telemedicine case management improved
glycemic control, blood pressure levels, and total and LDL cholesterol
levels at one year of follow-up”.

2. In a 2008 study from the Massachusetts General Hospital in Boston,
funded by Partners HealthCare, compared remote monitoring to usual
care in 150 heart failure patients [13]. Sixty-eight patients (aged 70 in
average) were randomized to receive usual care for heart failure. The re-
maining 82 patients were offered remote monitoring, but only 42 patients
accepted. The goal of the study was to reduce hospital readmissions,
provide timely intervention and help them understand their condition.
Patients received telemonitoring equipment to monitor vital signs such
as heart rate, pulse and blood pressure. They also weighed themselves
daily and answered a set of questions about symptoms every day. That
information was transmitted through the telemonitoring device to a nurse,
who would call weekly or more often if a patient’s vital signs were outside
normal boundaries. Researchers also monitored patients re-hospitalization
rates and emergency care use. Patients in the remote monitoring group
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experienced lower average hospital readmission rates (31 readmissions per
100 people) compared to patients in usual care (38 readmissions per 100
people) and non-participants (45 readmissions per 100 people). Patients
in the remote monitoring group also had fewer heart-failure related read-
missions and emergency room visits than usual care and non-participating
patients. Researchers said the results show a positive trend but are based
on only three months of follow-up and did not reach statistical significance.

3. In a systematic review of trials conducted in the application of tele-
medicine for coronary heart diseases [148] studies were selected with tele-
phone, videoconference, or web-based intervention. In total, 11 trials were
analysed summing 3145 patients. The results show that tele-health inter-
ventions were associated with non-significant lower mortality than controls
but a significantly lower difference at medium long-term follow-up than
controls for total cholesterol, systolic blood pressure, and fewer smokers.
Significant favourable changes at follow-up were also found. The report
concludes that tele-health interventions provide effective risk factor reduc-
tion and secondary prevention.

4. The Whole System Demonstrator (WSD) is a programme run in the
United Kingdom, aimed at proving if “the use of technology as a remote
intervention makes a difference” [184]. WSD has been one of most complex
and comprehensive studies about tele-health and tele-care ever performed.
The programme was launched in May 2008 as a randomised control trial in-
volving 6,191 patients and 238 General Practitioner (GP) practices across
three sites, Newham, Kent and Cornwall. Three thousand and thirty peo-
ple with one of three conditions among diabetes, heart failure and chronic
obstructive pulmonary disease (COPD) were included in the trial. The
study collected data for a period of at least 12 months with all partici-
pants, until September 2010. Regarding the adopted systems, each of the
three sites made their own decisions on the equipment they would use in
their health and social care economies. Having the sites differing popu-
lations and systems there is confidence that the results are transferable
to other locations. Data is being evaluated by six major academic insti-
tutions, which are focusing on five particular themes: service utilisation;
participant reported outcomes such as quality of life; cost effectiveness;
user and professionals experience; and influence of organisational factors
to adoption. The trial resulted in a proportion of 11% fewer admissions for
the patients using tele-health than for the individuals within the control
group. The early indications show that, if used correctly, tele-health can
deliver a 45% reduction in mortality rates, 14% reduction in the number of
patient bed days, 20% reduction in emergency admissions, 14% reduction
in elective admissions, 15% reduction in emergency department visits and
8% reduction in tariff costs.

The impact on life expectancy and quality of live has, therefore, been
proven to be enormous.
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2.3.3 Barriers and challenges

The implementation and wide adoption of the above mentioned paradigms, from
tele-medicine to personalised health are not yet a reality. ICT for health is still
promoted by mainly technologists. It spent huge amounts of time and money
talking to itself, with little direct connection to health care professionals and
the real world of clinical practice.

Both industry and governments are pushing the adoption of eHealth, but
actual implementation depends on many factors at European, regional and local
level. The main barriers identified in literature can be grouped as follows:

1. Low user acceptance:

The main users who would benefit from health-related technologies are
doctors and patients. From the point of view of patients, there is a seg-
ment which is reluctant to technology use. Especially elderlies, who are
very attached to memories and previous lifestyle and easily reject what
would impose changes in their daily habits. It has to be said that the
design of technology is very important in this sense: often inappropriately
designed technologies are not thought to satisfy real needs of the users and
too complex that are abandoned. For this reason, methodologies that in-
volve users in the design phase are already considered as key for successful
products [93].

2. Regulatory issues:

The lack of a clear legal framework for the implementation and use of
eHealth technologies is often pointed out as a big problem. Regulatory
and legal issues are due to the complexity of the domain, its implicit
cross-disciplinarity and the still undiscussed ethical problems that pHealth
arises.

The main concerns are related to security and privacy of patients and the
accountability of medical decisions when supported by electronic means
[66]. Although this issue is well recognised, little has been done to study
it in detail. In the European framework, some research projects have
looked at general legal issues concerning the use of information and com-
munication technologies, but mostly only in relationship with a particular
technology or application. Little work has been done to look across the
whole range of legal issues and to draw conclusions about the regulatory
needs which may exist in a European-wide or cross-border environment.
Uncertainty persists about responsibility and data protection, the legality
of providing on-line medical opinions as well as on-line pharmaceutical
information and product supply [7].

At the national level the situation changes among countries. Some coun-
tries have welfare structures that are more open to technological innova-
tion (e.g. UK is willing to adopt tele-monitoring), while others are still
lacking basic requirements for facilitating the adoption of these technolo-
gies. This diversity will persist in the long term and is seen as one of the
most relevant issues to be resolved [93].

3. Complexity:
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The implementation of eHealth in the last years has been disappointing
in many cases. Issues of scale and complexity in healthcare are still par-
tially understood in relation to eHealth. The main problem is related to
the will of imposing a ‘one size fits all’ solution for all national and Euro-
pean players, while national health-care and social-security systems varies
from one country to another [93]. Scalability is a big issue, working with
population groups above 5 million involves a major shift in complexity
beyond the practical application of today’s IT technology in a health care
environment [11].

Another problem is related to the segmentation of the information in med-
ical sciences, and the lack of shared platforms for data repositories and
exchange. Also the processes related to care delivery are often partially
integrated, especially out of the local levels, thus strong awareness cam-
paigns, together with education and training of health care professionals
are needed [66].

Another problem related to complexity is the capability of analysing huge
data sets, coming from different sources, from the molecular, genetic level
to the subjective observations of patients and doctors [19]. At the de-
scriptive level, many issues are still present such as natural language pro-
cessing of doctor’s or nurse’s notes or the live analysis of streaming data
from monitoring sensors. At the prediction level, which would facilitate
decision making by alerting clinicians of possible risks or adverse drug in-
teractions, there is still lack of tools for simulating treatments on virtual
patients. Another lack is in the area of algorithms used, e.g., for gener-
ating alerts. Most of the logic nowadays is based on deterministic rules,
while probabilistic and tailored approaches would be required. At the
level of prescription, the analysis of data could lead to suggest the best
course of actions for achieving the most desirable outcomes. This level
of automation is still at in its early stages, algorithms have been tested
but are usually tailored to very specific situations, while more flexible and
holistic approaches are necessary. This level can also include algorithms
to help support behaviour change in individuals, given the major role that
lifestyle plays in health [19].

4. Lack of well established market:

While there is a well-established market for technologies used within clin-
ical settings (hospitals), there is still a limited market for health-related
technologies within homes. In this sense, costs are a major problem still.
The expense of these technologies is sometimes too high and their power is
not well understood by purchasers. Especially in relation with consumer-
oriented private markets, the value chain is not obvious at all [93].

Even if there are already several products sold that can be accounted
as eHealth or pHealth systems, putting the numbers in perspective, it is
evident that “the market size is very small, in its infancy; market data
are also of dubious reliability and raise a number of conceptual issues to
be discussed” [29]. Most of the current solutions are sold under an R&D,
pilot subsidised umbrella: there are currently interesting pilots running,
but most solutions are abandoned as the funding mechanism is stopped
[29].
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This relative immatureness is due to the lack of clear business models.
There are small-medium enterprises (SMEs) and large companies that see
a big potential in these systems, but not always develop them completely
because of the high investments needed and the not evident return on
investment (RoI). Most of large players are in a “wait and see” mode,
they invest the minimum to be ready to enter the market when it raises
[29].

On the public financing side, many social security reimbursement schemes
in Europe do not encourage the adoption of technological innovations,
although the situation can vary among countries. Many social and health
politicians are still reluctant to provide financing for eHealth or to put its
services in the list of statutory insurances [93]. This phenomenon triggers
a vicious circle: no products are available on the market, thus no evidence
exists about user acceptance and cost-effectiveness, no strong business
models exist and industry is not pushed to create products [93].

5. Lack of commonly accepted standards:

The integration of different already existing systems is known to be a big
hassle. For instance, in Sweden, although electronic health records are
the norm, in Stockholm alone there are over 400 different patient record
systems in operation. There is also also low governmental support for de-
veloping reference eHealth standards and the incentives to communicate
electronically are low [11]. On the other hand, ICT industries want to
realise the returns and may not be willing to adopt commonly used stan-
dards because these are very complex and thus expensive to implement, or
may prefer a situation where standards are not spread to sell middleware
or services to make systems interoperable. On the side of health service
providers, barriers are related to costs. Adopting standard solutions, or
converting existing data to new standards, maybe more expensive. Hos-
pital IT managers may first of all find internal process functionality more
important than commonly used standards [11].

There are many standardization organisms involved in eHealth and pHealth
related initiatives. The main reason why they do not agree on common
standards or harmonise their standards is that standards development
is an expensive investment, and these organisms wish to realise positive
returns. The currently adopted standards are different at national and re-
gional level and the approaches can be different across European countries
[66]. Moreover, there is a lack of bodies setting binding standards on in-
teroperability, protocols and even clinical guidelines both at national and
European level. Among the existing standards, security and encryption
techniques are not sufficiently tailored for health applications [66].

There are also relevant gaps in the current standards for health care as
shown in [19]. At the genetics level, there is the need of a standard for
representing genetic variations. At the patient level, there are no stan-
dard that describe personal observations about activities or daily living
such as sleep or eating patterns, level of exercise, mood and medication
adherence. At the clinical level, there are no standard for coding clin-
ical knowledge. Today’s clinical knowledge is represented by guidelines
for treating a disease. These guidelines are generally based on empiri-
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cal evidence for populations and don’t address individual differences, nor
they address multiple diseases. Even though there are some technologies
for representing these guidelines in an electronic format, none is widely
used, and there is no way yet for merging these guidelines or personalising
them. Finally there is no standard for universally identifying a patient
among different health records as the use of demographic information is
not always sufficient, a limitation that arises privacy concerns.

2.3.4 Investments and trends

Even though many barriers exist for a significant wide adoption of e and pHealth,
there are many indications that there are growing and substantial investments
put in place for the field. As an example of the magnitude of resources needed
to put these systems in place, it has been estimated in the 2010 Global Health
Information Forum that as much as 5% of health resources should be dedicated
to national health information systems.

In the following sections, the investments done by the European community
as well as the US government are explained and compared with the investments
done by the private sector.

The European Union

Electronic health has been an increasing point of interest in the policies of the
European Union. In the field of research and innovation the European Com-
mission has been financing projects since a long time. The main programmes
under which the Commission funds research in the field are [18]:

1. One of the three operational programmes of the Competitiveness and Inno-
vation Framework Programme (CIP) (2007-2013): the Information Com-
munication Technologies Policy Support Programme (ICT-PSP), which
aims at pushing the use of ICT based services within citizens, governments
and businesses, in particular SMEs (funds: e730 million for 2007-2013);

2. The Seventh Framework Programme for Research (FP7), which spends
100 Me/year in various fields: Personal Health Systems (e72 M in 2007,
e63 M in 2009), Patient Safety (Safer surgery, detection of public health
events, clinical care and research (e30 M in 2007, e30 M in 2009), Virtual
Physiological Human, Modelling/simulation of diseases (e72 M in 2007,
e68 M in 2009);

3. The Structural Funds, with e5 billion planned for e-services, including
eHealth;

4. The Public Health Programme, which surveys the citizens use of internet
for health purposes, summarizes the evidence of eHealth implementation
cases, assesses the effects on health organizations of the introduction of
Electronic Health Records;

5. The European Public Health Portal, which provide access to reliable
health information which will expand to health tutorials.
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In total, over 450 joint projects have been financed for a total of around a
billion euros.

On the policy side, in 2004 the European Action Plan on eHealth was
launched to facilitate a more harmonious and complementary European ap-
proach to eHealth [5]. The plan covered everything from electronic prescriptions
and health cards to new information systems that reduce waiting times and er-
rors. The plan set steps needed to adopt eHealth across Europe by 2010 and
calls on Member States to develop national and regional strategies. In 2011, Eu-
ropean Commission launched a consultation on the eHealth Action Plan for the
period 2012-2020 in order to consolidate the actions which have been addressed
to date, and push them a step further.

In July 2010, the European Council and the Economic and Financial Affairs
Council (ECOFIN) agreed on the Europe 2020 strategy “for smart, sustainable
and inclusive growth”. The Commission proposed an agenda consisting of a
series of flagship initiatives. One of these is called “A digital agenda for Europe”
and aims at delivering sustainable economic and social benefits from an online
market. One of the key actions is related to eHealth and the need to “undertake
pilot actions to equip Europeans with secure online access to their medical health
data by 2015 and to achieve by 2020 widespread deployment of telemedicine
services”23.

In 2009 Member States agreed on the importance of developing the so-called
“eHealth Governance Initiative” to bring forward eHealth with the overall ob-
jective of contributing actively to the shaping of the eHealth political agenda
at EU level, with a specific focus on interoperability. The Commission funded
1.5 millionefor a Joint Action under the EU Public Health Programme and
Thematic Network under the Competitiveness and Innovation Programme-ICT
strand. The initial set of issues identified by the project can be classified under
three components, Trust and Acceptability (Users Perspective); Interoperabil-
ity, Standards and Market; and Legal Privacy and Data Protection.

The Lead Market Initiative, launched in 2007 and terminated in 2011, iden-
tified eHealth as one of the 6 important sectors which will be supported for
opening new markets in Europe. According to the initiative,“eHealth can help
to deliver better care for less money within citizen-centred health delivery sys-
tems. It can thus alleviate the cost pressure on the public budgets for health”
[24].

More recently, the new programme for research and innovation “Horizon
2020”24 has been launched with 80ebillion of funding available over 7 years
(2014 to 2020). The programme includes a societal challenge called “Health,
Demographic Change and Wellbeing” which “aims to keep older people active
and independent for longer and support the development of new, safer and more
effective interventions” and to “contribute to the sustainability of health and
care systems”25. During the first two years of Horizon 2020, the EU will invest
some 1,200emillion in this challenge.

23https://ec.europa.eu/digital-agenda/node/1103
24http://ec.europa.eu/programmes/horizon2020/
25http://ec.europa.eu/programmes/horizon2020/en/h2020-section/

health-demographic-change-and-wellbeing

98



The U.S. government

Examples of the interest of the U.S. government toward health-related ICTs are
many.

In 2005 the government set an advisory body, the American Health Infor-
mation Community (AHIC), to make recommendations to the Secretary of the
U.S. Department of Health and Human Services on how to accelerate the devel-
opment and adoption of health information technology. The AHIC was formed
to help to achieve President Bushs goal for most Americans to have access to
secure electronic health records by 2014. AHIC also set up, in October 2006,
a workgroup specifically dedicated to the Personalized Healthcare. The work-
group was charged with determining how health information technology could
be used for the integration of genomic test information into personal eHealth
records [95].

In a report of the Presidents Council of Advisors on Science and Technology,
authors explicitly recommend “that the Federal government develop a strate-
gic, long-term plan that coordinates public and private sector efforts to ad-
vance research and development relevant to personalized medicine. To stimulate
and facilitate modernization of the regulatory process impacting personalized
medicine, transparent, systematic, and iterative approaches should be utilized
in the regulation of personalized medicine technologies and tools.” [12].

More recently, in February 2009, President Obama signed the “American Re-
covery and Reinvestmet Act”, an effort to boost the economy in response to the
financial crisis. The act includes measures to modernize national infrastructures,
enhance energy independence, expand educational opportunities, preserve and
improve affordable health care, provide tax relief, and protect those in greatest
need. Part of the act was the Health Information Technology for Economic and
Clinical Health (HITECH) Act, which allocated 19 billions of dollars toward
enhancing the health information technology in the country. This legislation
has only recently been enacted and details of its implementation are being still
developed, but the main objectives are foreseen to be implementing electronic
health records and health information exchanges and supporting comparative
effectiveness research to identify what works for which patients under what cir-
cumstances.

The industry

The industry is very active in trying to push ICT for health and also for the case
of tele-monitoring systems. In a 2011 report, InMedica forecasts that telehealth
market will generate a global revenue of 990 million US dollars in 2015 and 6.3
billion US$ already in 2020 [23].

The report assesses the current tele-health ecosystem and makes some pre-
dictions, particularly about peripheral device suppliers blood pressure moni-
tors, glucose meters etc; gateway suppliers health hubs and mobile gateways;
and data transmission service providers Plain Old Telephone Service (POTS),
cellular and broadband. Given the expected greater convergence of these seg-
ments in the near future, it is likely that direct competition between suppliers
will increase. For instance the introduction of open standards, like the ones
the Continua Alliance is promoting, will likely improve interoperability between
different suppliers’ products and reduce the need for vertical integrations, thus
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reducing costs and increasing competition.
The year after, the same institution published a projection of the telehealth

market to reach 1.8 million patients worldwide by 2017 [27]. The report esti-
mates the number of involved patients to be 308,000 in 2012, including remote
monitoring for congestive heart failure, chronic obstructive pulmonary disease,
diabetes, hypertension and mental health conditions worldwide. The majority
of patients were post-acute, but it is foreseen that in the future also ambulatory
patients, not hospitalised, can be included.

In one of their reports about issues in health industry, PriceWaterhouseC-
oopers predicted that 2012 would be a big year for Health Informatics [26]. De-
spite economic and political uncertainty, they foresaw that in 2012, health orga-
nizations would have invested considerably in health informatics and established
new alliances for sharing data. The main objectives are improving health out-
comes, coordinating patient care, identifying population health trends, speeding
targeted product time-to-market and identify and managing high-risk popula-
tions.

Another technology that is pushing the market of telehealth is surely the
advent of smart phones which are bringing to the market cheap and easy to
use devices that can be exploited for health. Already now, a big set of “apps”
is available for medical purposes in the on-line markets like the Google Play
(formerly Android Market) and the Apple Store and the Food and Drugs Ad-
ministration is going to require certification on some of these apps soon. The
advances in standardization, thanks to the integration of IEEE 11073 into Blue-
tooth, will probably make these applications more common and cost-effective.
A recent PriceWaterCoopers and GSMA survey foresees that the provision of
mHealth services worldwide could provide mobile operators with revenues worth
approximately US$11.5 billion by 2017, meanwhile device vendors could gain
US$6.6 billion, content and application providers US$2.6 billion, and healthcare
providers US$2.4 billion [178].

2.3.5 In summary

ICT can be used in health care in different ways, from improving diagnoses and
treatments to better overall healthcare system management. The application of
these technologies to health has evolved into several paradigms, including the
subject of this thesis: the pHealth.

PHealth is the convergence of eHealth, patient-centred medicine and person-
alised medicine. It supports different scenarios like chronic disease management,
independent living and lifestyle management.

Public and private investments in the field are currently strong and fore-
casted to increase but many barriers still exist. The main reluctance concerns
the clinical and economic efficacy of such systems. Some proofs begin to exist,
but the adoption of the technology is slow and, to be successful, it must be
implemented correctly.
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Figure 2.23: Relationship between ICT and healthcare
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Chapter 3

State of the art in pHealth
frameworks and example
implementations

The aim of this chapter is to show what are the state-of-the-art implementation
frameworks within the pHealth paradigm. Currently no actual frameworks like
the one proposed in this thesis exist in a mature state. Nonetheless frameworks
defined in other domains can be considered as relevant to this work as well as
examples of research and commercial products.

3.1 IEEE 2407 standard

IEEE 2407 is a proposal for a “Standard for an Architecture Framework and
Reference Model for Personalized Health Informatics” [52].

The objective of the standard is to:

build a provider-agnostic health-improvement system that places the
individual (and her family) at the center. And bring to her an ar-
ray of IT-mediated services (nutrition, health information, evidence-
based guidelines, etc.) designed to keep the consumer healthy. And
where all health-related data is owned by the consumer, not by the
provider. [52]

The proposal was started in 2006, but was abandoned the year after, because
its main promoter had to leave the project.

In its original idea, the standard would have produced a set of requirements,
use cases and architectural descriptions for the domain of personalized health
computer based systems. Besides, a reference open source implementation of
the framework was also foreseen.

So far, in its one-year activities, the project held two workshops and pro-
duced a draft of the reference use cases. This draft defines the following actors:
Caregiver, Guardian (relatives, parents), Secondary guardian (non-custodial
parent, secondary relative etc.), Community Health Engineer, Personal Health
Engineer, Provider and System Administrator.
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The draft use cases include the following categories:

• Create and Manage Profiles:

– Create Community Profile

– Create Family Profile

– Create Individual Profile

– Manage Community Profile

– Manage Family Profile

– Manage Individual Profile

• Monitor Profiles:

– Monitor Community Profile

– Monitor Family Profile

– Monitor Individual Profile

– Data Mine Published Research

– Alerting Mechanism

• Send and query data

– Upload Health Data

– Query Health Data

The focus of the standard is therefore on the creation of personal health
records more than communication or internal structure of health applications.

3.2 The UPHIAC application framework

The Ubiquitous Personal Health Information Access (UPHIAC) application
framework defines a set of reference interfaces for the development of mobile
health applications [128]. The design of the framework is document-based in-
spired to the document’s structure adopted in the HL7 Clinical Document Ar-
chitecture (CDA) standard, but stored locally.

Its authors also provide a reference implementation of the interfaces and
demonstrate their usage with an example involving a tele-ECG use case. Open
interfaces for measurement, storage, network connectivity and user interface
implementations are provided in the framework as shown in 3.1.

The central point of the architecture is the document-based core interfaces.
Documents are used to store measurements with extra meta-data such as infor-
mation about the patient, and can be collaboratively modified and extended.

The core interfaces include means to:

• Retrieve measurements by communicating with sensors. Measurements
are considered to be shared among a virtual space that includes remote
health records. Alerts are also included in this virtual space. Both syn-
chronous and asynchronous measurements are allowed. In the former case
the control starting the data transfer is initiated by the application, in the
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Figure 3.1: The UPHIAC framework (source: VTT [128])

latter the application is set for listening for incoming connections. Meth-
ods for sending and receiving data as well as querying the devices are
provided by default. The reference implementation of this interface was
realized on top of the Java Bluetooth application programming interface
(API) for communicating with wireless devices.

• Interacting with the user by providing tools for graphical user interfaces,
including graphs and tables. Different interfaces can be shown depending
on the role of the user.

• Storing data, i.e. allowing to store documents in a local database (DB).
Measurements are enriched with other information coming by external
health information systems and measurements services. Also user-specific
information is stored like profile and role. The underlying database should
be very light to be deployed on mobile devices, so that basic methods for
storing and retrieving information are mandatory. The supported data
model is made so that it is easy to be mapped to relational databases. The
reference implementation is made on top of the Java Mobile Information
Device Profile (MIDP) Record Management System.

• Sending data to health records. Stored data are sent to a remote com-
ponents which is in charge of translating the content into the standard
HL7. In order to reduce the usage of local resources, data are sent in a re-
duced format that does not include all the fields required by the standard.
Particularly measurements are sent in the original form used by the sen-
sor, while subjective data, like answers to questionnaires are formatted as
W3C/XForms. These data are then collected by a remote component that
reformats and attaches them to a HL7 CDA R2 document. Anonymous
sending of data is also allowed by this module.
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3.3 The Continua Alliance Reference Architec-
ture

The Continua Alliance was created in June 2006 as “A non-profit, open industry
alliance of the leading health-care and technology companies in the world joining
together in collaboration to improve the quality of personal health-care” [56].
It consists of a consortium of more than 150 companies who joined together to
establish a set of guidelines based on industry standards for integrating products
in the ecosystem of personal tele-health solutions.

The Continua Alliance defined a so-called “Continua End-to-End Reference
Architecture” their partners should follow. The objective of the architecture is
on specifying the standard protocols to be adopted for the communication of
each system participating in the solution for personal health.

Figure 3.2: The Continua Alliance Reference Architecture (source: Continua
[56])

The architecture, shown in picture 3.2 is composed of five reference devices
that are connected through a network. On the left side of the picture there are
sensors, like glucose meter, weight scale, pedometer, heart-rate monitor, etc.
and actuators like light switches, gas electro-valves, alarms etc. These devices
are connected to an application hosting device, such as a personal computer,
cell phone, or monitoring hub, through a Peripheral Area Network Interface
(PAN-IF). The PAN-IF can have all layers of protocols, from the very low level
(physical, transport) to the application level. The suggested protocol for this
interface is the ISO/IEEE 11073. Application hosting devices are connected to
LAN devices which are in charge of aggregating and sharing sensors data. A
local area network (LAN) device can also embed applications and sensors. The
interface used here is called Local Area Network Interface (LAN-IF) which is
based on the Internet Protocol (IP) technologies, such as WiFi, and should use
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the same data models as the one used in the lower protocols (ISO/IEEE 11073).
These devices are then connected to remote servers on the Internet, called wide
area network (WAN) devices. These devices are in charge of collecting infor-
mation from a wide range of services and implementing added value services
for more users. The interface used at this level is called Wide Area Network
Interface (WAN-IF) and is also an IP based interface over a wired or wireless
links (e.g. ADSL, GPRS, EDGE etc.) and have to share the same data model
as the lower level interfaces. Finally these devices connect to electronic health
records, both at hospitals or personal ones. The recommended interface is called
Electronic/Personal Health Records Network Interface (xHRN-IF) and, instead
of being device centric, is focused on semantic interoperability among multiple
enterprise health-care entities. As usually these entities use industry-standard
information models, this interfaces is based on HL7 suite of protocols.

3.4 Open mHealth

Open mHealth is a non-profit organization that aims at producing a reference
architecture and an open source implementation for mobile health applications
[60], [76]. The main idea is to make it possible for applications to share data
and make sense out of them. The proposed reference architecture is made of
well defined interfaces using a minimal set of common meta-data.

Figure 3.3: The Open mHealth architecture (source: Open mHealth [60])

The key architectural abstractions are the following (as shown in 3.3):

• Data Storage Unit (DSU)
A DSU provides a mean to access data through three calls: one to gather
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the schema of the available data, one to authenticate access to end-users
and one to actually read data given a certain type. The API simplifies the
way developers of data registries can give access to them. Integration of
data sources is obtained by allowing links to external data and schemas
of arbitrary complexity.

• Data Visualization Unit (DVU)
A DVU implements visual representation of data that may have been pro-
cessed by a Data Processing Unit (DPU). DVUs are realized in a web
browser with Javascript and HyperText Markup Language (HTML) ver-
sion 5. DVUs can be combined to create complex user interfaces and their
API must be well documented and the supported data must be made
explicit.

• DPU
A DPU is a unit of work over data represented like a function. The API
offered by a DPU must be well documented and can be also made remote
through a service based on HyperText Transfer Protocol (HTTP).

Open mHealth utilizes JavaScript Object Notation (JSON) as data repre-
sentation and Concordia for schemas. Data is shared through resource names
(called Payload IDs) which reference a schema. Currently, Open mHealth is
under definition and a preliminary architecture together with some example
implementations are available.

3.5 The universAAL Reference Architecture

This section describes the universAAL project, which has inspired part of the
methods of this thesis, for this reason, this project is explained with particular
care compared to other state-of-art projects of this chapter. universAAL is a
research project funded by the European Commission whose aim is to reduce
barriers to adoption and promote the development of Ambient Assisted Living
(AAL) [87]. AAL was started from the European Commission as a programme,
the AAL Joint Programme, for “funding activity that aims to create better con-
dition of life for the older adults and to strengthen the industrial opportunities
in Europe through the use of information and communication technology” 1.
The objectives of AAL are:

• to extend the time people can live in their preferred environment by in-
creasing their autonomy, self-confidence and mobility;

• to support maintaining health and functional capability of the elder indi-
viduals,

• to promote a better and healthier lifestyle for individuals at risk;
• to enhance the security, to prevent social isolation and to support and

maintaining the multifunctional network around the individual;
• to support carers, families and care organisations;
• to increase the efficiency and productivity of used resources in the ageing

societies.
AAL is therefore a very wide domain, which has a large intersection with

pHealth, although it is probably broader as fields of applications, but narrower

1http://www.aal-europe.eu/about/objectives/
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in terms of covered population, as it is especially related to elderly and disabled
people.

As for pHealth, AAL has a huge market potential, but its adoption is limited
because the implementation is complex and requires significant resources [102].
Most of the attempts to produce AAL solutions have been proprietary and
impossible to combine. For this reason, the universAAL project aims at creating
an open-source reference development platform for theAALAAL world. The
final aim is to provide a sort of standard operating system for AAL solutions that
will eventually reduce the costs for producing, personalizing and deploying AAL
services. universAAL started from the consolidation of previous related projects
in the same area (e.g. PERSONA, MPOWER, SOPRANO, and OASIS), by
integrating and selecting their best results, and complemented this work with
new developments.

universAAL is built around three pillars, represented in 3.4:

1. Runtime Support.
It represents a sort of operating system for AAL. It is a set of libraries
and SW components that abstract common HW and SW resources used
in AAL in a distributed way. The central point of the Runtime Support
is the middleware (MW), which is the basic piece of SW that has to run
on every universAAL node. The MW allows distributing resources and
abstracting data by means of ontologies. Together with the MW, other
facilities are provided to abstract user interaction means, to abstract sen-
sors and actuators, to store data, to offer security, to allow interoperability
with external and legacy systems.

2. Development Support.
It is a set of means given to developers for programming services that
use the Runtime Support. It contains detailed documentation such as
tutorials, handbooks, architectural descriptions, as well as development
tools, like code repositories, graphical plugins for modelling, testing and
debugging the code.

3. Community Support.
It contains the services available for the final users as well as a on-line shop
for selling and buying AAL products, called uStore. universAAL is also
putting effort for creating a community of adopters including developers
and service providers as well as care givers and end users.

The project offers therefore a complete framework for the AAL domain,
mainly from the perspective of the development and deployment but also par-
tially including the business perspective and the final users. In relation to this
work what is relevant is the development framework, including the architectural
design, the reference implementation and the development tools.

3.5.1 The universAAL design

universAAL is designed according to the IEEE 1471 standard for “Recom-
mended Practice for Architecture Description of Software-Intensive Systems”
[137]. This standard identifies the assets and the different views a system archi-
tecture should cover. The main focus is given on the stakeholders of a system
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Figure 3.4: The universAAL pillars (source: universAAL [166])

and how their different concerns and points of view must be reflected in the ar-
chitectural description. In the standard’s terminology, assets are the artefacts
including software but also standards to be used, legacy systems, databases etc.
that will provide input for the architecture. In the case of universAAL, clearly
these assets come from the consolidation of the previous AAL projects. The
standard suggests the identification of the stakeholders of the system, that are
its intended users and all those entities that could have influence in the design of
the system, and their concerns, that identify the expectations each stakeholder
have about the system. Once the points of view of all the stakeholders are clear,
it is then possible to elaborate a set of models (use cases, diagrams, etc.) called
views, each one addressing a specific view point.

Within AAL, universAAL has defined the following categorization of stake-
holders [106]:

Developers
Developers are those who develop AAL solutions both in form of hardware
(HW) and SW and are those who benefit from the platform.

Deployers
Deployers are those who install AAL services in patient’s homes or daily
environments, they also configure and customize the system.

End users
End users are the main beneficiaries of AAL, elderly and disabled people
as well as their caregivers, and their social environment.

Assistance providers
Assistance providers are providers of services to end users. They can buy
the HW/SW infrastructure from the developers and use it for delivering
a service together with human resources.

110



Authorities and supporters
Authorities and supporters are those organizations that deal with the
socio-economical and legal context of AAL and therefore have expecta-
tions and indirectly shape AAL systems.

This high level categorization is then split into further detailed subcategories.
Each class of identified stakeholders defines a set of concerns. A concern is
defined as “a functional aspect that is considered to be of such importance that
it should be treated separately and be visible in the documentation, and it
may affect any viewpoint of the architectural description” [106]. The following
classes of concerns are identified:

Ethical concerns
Ethical concerns deal with how AAL solutions infer privacy, how trans-
parent they are, how they influence people’s lifes. Sub-categories of these
concerns are Autonomy, Freedom, Privacy, Transparency and consent, Se-
curity, Equal rights and non-discrimination, Termination without adverse
consequences.

Legal and regulatory concerns
Laws put constraints on the development and use of AAL services. Every
stakeholder can have a different point of view with respect to the rules.
Typical concerns under this category are: Fundamental rights, European
regulations, Regional regulations.

Quality related concerns
Stakeholders have concerns about the quality of AAL services and plat-
forms. Typically two categories are defined: Quality of Service and Quality
of Experience, the former dealing with performances and the latter dealing
with usability aspects.

Use and deployment concerns
AAL applications should be easy to obtain, install, configure and also
to be maintained and extended. These concerns refer to these aspects:
Extensibility and reusability, Maintainability, Configurability & flexibility,
Deployability, Ability of easy interaction.

Other concerns
other categories of concerns include: Accessibility and usability, Handling
wide variety of fast changing needs, Business concerns, Documentation,
training and education, Compliance to standards, Safety and Energy effi-
ciency.

These concerns put some high level requirements to the development of the
platform, although they don’t specify clear indications about how to solve them.
A more detailed view is offered by the scenarios. Scenarios describe involvement
of universAAL with respect to every stakeholder, they are a “tool to disseminate
universAAL features to non-technical readers” [106]. The following 10 scenarios
are defined:

1. SC1: IT developer view
It describes how a developer makes us of the Runtime Support and espe-
cially the Development Support. In particular how code is generated, how
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development tools are used and how the final application is made available
on the uStore.

2. SC2: Elderly person view
It describes the point of view of the final user, an older adult, which buys
AAL applications from the uStore that allow him to be more under control.
The scenario also describes how applications can be added to fulfil more
user needs.

3. SC3: Medical specialist view
It describes the point of view of the caregiver, how AAL provides more
tools to control patients, to communicate with them and to alert about
risky situations.

4. SC4: Relatives view
This scenario provides the point of view of the informal caregiver. It
explains how these users can choose AAL applications on the uStore based
on personalized feedback and users comments, how they can purchase
applications and how they get benefit from them.

5. SC5: IT provider view
It shows the point of view of deployment company, how they can integrate
existing solutions through the uStore and sell the service for installing,
configuring and testing applications to e.g. insurance companies.

6. SC6: Maintenance providers view
This scenario describes the point of view of a deployer and maintainer of
AAL services. It focuses on how a technician can learn about the platform
with the Development Support, install, test and configure solutions as well
as adapt the system and replace defectuous parts.

7. SC7: Retirement residences view
It shows how an assistance provider can evaluate and acquire AAL ser-
vices. It shows a possible use case and how the provider is benefited from
the service and how the feedback is then returned to the solution provider
thanks to the uStore.

8. SC8: Health insurance companies view
This scenario is focussed on authorities and supporters point of view. It
shows how an insurance company buys a solution from a provider using
the uStore and how the beneftis of the solutions are tracked thanks to logs
and remote questionnaires.

9. SC9: Social service department view
This scenario shows the point of view of a public authority, particularly
how they benefit from promoting open platforms for the assistance of
elderly people, how they learn about the platform thanks to the Develop-
ment Support and how the experience is shared with others through the
uStore.

10. SC10: Student view
A student is considered in this scenario as a special case of young devel-
oper. It shows how developers can learn about the platform, how they
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can reuse existing services and improve them and how they could gather
experience for research in the field.

While Scenarios are a tool for disseminating the view about the AAL domain
for non-technical users, the Reference Use Cases, are intended for describing
the domain to a technical-oriented audience. Reference Use Cases (RUCs) are
grouped according to three pillars of universAAL the Runtime, the Development
and the Community Support. Eighteen use cases are defined, each one compris-
ing a title, a description, the artefacts that are involved, the rationale behind the
use case, what components of the universAAL architecture are involved, some
real case example scenarios and the supposed benefits for the stakeholders.

The universAAL RUCs are titled as follows:

1. Category 1: A platform for creating innovative and commercial grade AAL
services

• RUC 1: Supporting rich human computer interaction

• RUC 2: Supporting intelligent context management and hardware
abstraction

• RUC 3: Enabling applications/services interaction and composition

• RUC 4: Supporting continuity of care in different AAL Spaces

• RUC 5: End user security and privacy management

• RUC 6: Installation, configuration and management of Platform
components by Deployers

• RUC 7: Remote/local operation and provision of AAL Services by
Service Providers

• RUC 8: Support for multi-user AAL Services in one AAL Space

• RUC 9: Interfacing with existing information systems

2. Category 2: A platform for creating a market place for AAL services

• RUC 10: Services providers offering AAL Services in uStore

• RUC 11: uStore allows users to easily find and acquire AAL services

• RUC 12: uStore supports exploitation of different business models

• RUC 13: Capturing and utilizing user feedback through the uStore

3. Category 3: A platform for supporting developers in innovating the AAL
market

• RUC 14: integrated development environment (IDE) for rapid devel-
opment of AAL services, including templates, wizards, libraries and
process support tools

• RUC 15: Model-based development of AAL services through inte-
grated model transformation tools

• RUC 16: Support for online elicitation of requirements and collection
of runtime feedback from users of AAL services
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• RUC 17: IDE support for advanced search, reuse and sharing of
service components and developer resources through the Developer
Depot

• RUC 18: Generic tool support for utilizing personalization capabili-
ties offered by universAAL runtime environment

universAAL Reference Use Cases were made by consolidating the previous
work done in the projects MPower, Persona, Soprano, OASIS. The use cases
at the same level of abstraction as the Reference Use Cases were collected,
and categorized. In a second step, those collected use cases that presented
similarities were merged into a more abstract one and a new formulation of the
use cases was elaborated for universAAL.

The architecture of universAAL is specified in three level of abstraction [166]:
the Reference Model, the Reference Architecture and the Concrete Architecture.

Figure 3.5: The universAAL Reference Model, Reference Architecture and Con-
crete Architecture (source: universAAL [166])

The Reference Model is an “abstract concept framework that specifies signif-
icant relationships among relevant real-world entities as well as the description
of important concepts” [166]. It is a high-level model for interpreting the domain
of Ambient Assisted Living and the preparation for a more formal architectural
design. The main characteristic of a reference model is that it “consists of a
minimal set of unifying concepts, axioms and relationships within a particular
problem domain, and is independent of specific standards, technologies, imple-
mentations, or other concrete details.” [40]. The universAAL Reference Model
is also the result of a consolidation process from previous projects, all the con-
cepts listed in previous experiences were grouped and merged in a new model.
The root of the model is represented in 3.6.

The figure comprises the AAL Stakeholders, which include service providers,
end users, developers, who are involved in a AAL Service, along with a com-
position of software, hardware, and human resources to support aging of as-
sisted people. An AAL Service is instantiated in a AAL Space, an environment
where people may need assistance (e.g. homes, residences, airports) with defined
boundaries in relation to the HW and SW artefacts. AAL Spaces embed SW and
HW components that support the provision of the service. These components
can be based on an AAL Platform, a set of standardized artefacts that offer
abstraction and common means to implement services. Finally AAL Platforms
make use of a AAL Reference Architecture, that models the abstract architec-
tural elements in the AAL domain. From the root concept map more detailed
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Figure 3.6: The universAAL Reference Model root map, source: [166]

maps are derived, assessing different aspects of the AAL domain. These maps
are related to:

1. AAL Stakeholders: as previously presented in the Stakeholders model

2. AAL Services: describe how services are implemented on top of HW, SW
and human resources

3. AAL Service Life-cycle Management: describes the life-cycle of a AAL
service

4. AAL Spaces: describe the boundaries of the spaces where service are
implemented

5. Software and Hardware Components: describe the kind of components
and functionalities needed to implement AAL

6. AAL Platforms: describes the role of a platform within AAL and service
creation/provision

7. Reference Architecture: describes the role and the objective of the Refer-
ence Architecture

The Reference Model is an abstract framework for preparing the more for-
mal Reference Architecture. The universAAL Reference Architecture aims at
formalizing the functionalities AAL Platforms should provide in order to sup-
port the Reference Use Cases. The Reference Architecture models the abstract
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architectural elements in the domain independently of technologies, protocols
and products. It is intended to be used to implement AAL platforms, to com-
pare platforms among them and to make them compatible. The design process
of the architecture follows both a bottom-up approach by consolidating previous
outcomes and a top-down approach by trying to impose a design structure de-
rived by the Reference Model. The current architecture is organized in relation
to two main classes of stakeholders of AAL: Client Stakeholders and Platform
Stakeholders. Platform Stakeholders provide the technology for running AAL,
they are: Runtime Platform Providers, which provide the technology for run-
ning services (e.g. smart homes), Developer Platform Providers, which offer
tools and software engineering support for AAL developers and Community
Platform Provider, which provide tools for the end-users to buy services, collect
requirements etc. Client Stakeholders are those who use platforms, they can
be End users, Developers and AAL service providers. Client Stakeholders are
related to Platform Stakeholders as they pose requirements to the platform on
the basis of their expectations (or concerns). The architecture comprises three
main blocks: a Runtime Support Platform, a Community Support Platform and
a Developer Support Platform. The functionalities that should be offered by
these blocks are represented as Reference Architecture Services (RASs), these
are split into services offered by the Runtime Platform, services offered by the
Community Platform and services offered by the Developer Platform

The Reference Architecture does not specify further system decomposition
in modules, this task is given to the Concrete Architecture, which already in-
troduces some design decisions that depend on the chosen technologies. The
Concrete Architecture is a basic set of concrete specifications in terms of APIs,
protocols, patterns, and models of higher-level shared data [166]. The core
model is a layer model, which defines:

1. AAL Node Middleware
Which is a common API on top of the native execution environment of
individual devices hiding their distribution and heterogeneity, and facili-
tating the end-to-end communication between software components hosted
by those nodes. This layer is thought to be light and runnable on several
computing devices from smart phones to personal computers.

2. AAL Space Managers
This layer contains typical functionalities that must be present in every
AAL space, but are not required on every node of the space.

3. AAL Applications
This layer contains the actual applications, that are not part of the plat-
form.

The model is not strictly layered, in the sense that a layer does not hide
completely the underlying one; instead, layers’ functionalities can be called by
whatever layer every time. Within these layers some concrete modules are
defined, as shown in figure 3.7:

• Local Device Discovery and Integration
This component is responsible for integrating those nodes that are not
able to run the AAL Middleware. For instance sensors and actuators
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Figure 3.7: The universAAL Reference Model root map (source: universAAL
[166])

supporting only ad-hoc protocols, or, in general, devices that have no
possibility to be programmed.

• Context Management
This component is responsible for providing communication means for
publishing and subscribing to contextual events. Context providers and
consumers share a common model for representing contextual information,
moreover the component must offer mechanisms to support persistence of
generated data and for querying stored data.

• Service Management
This block offers service-based interoperability by means of a brokering
mechanisms between service providers and consumers. Services are in-
voked thanks to a shared model that describes the operation and the in-
put and output parameters. Personalization of offered services is obtained
thanks to a profiling manager. There are also mechanisms for composing
and orchestrating services.

• User Interaction Management
This component is responsible for the interaction between AAL applica-
tions and the user. It implements means for capturing user inputs and
presenting system outputs. It abstracts user interaction channels allowing
multi modality and content adaptation thanks to an abstract model for
representing UI.

• Automatic Situational Assistance
This component deals with the automatic reaction to certain situations
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depending on the context and the user profile.

• AAL Space Gateway
It manages the interaction between an AAL space and the external world.
It implements facilities for remote monitoring, remote assistance and ac-
cess to local services within an AAL space. This component is also used
for connecting external legacy systems.

These building blocks provide basic functionalities that must are used in
more concrete scenarios.

3.5.2 The universAAL platform and tools

The architectural design described in the section above has a correspondence
in actual code in the Reference Implementation. The implementation includes
all those modules described in the Reference Architecture and the Concrete
Architecture, including the uStore and a set of tools.

universAAL also offers the implementation of some common scenarios in the
following sets of blocks:

• Common Context Providers & Situations
They provide common sources for contextual information and the mod-
elling of common situations a user can be involved in.

• Common Services
They are a set of commonly needed services and workflows used to orches-
trate such services.

• Common AALs
They are an implementation of some basic user interaction means, like
computer graphics or voice interaction.

• Common Assistance Rules
They implement rules for detecting situations and react accordingly.

• Remote Commons
They are a set of plug-ins that implement communication and remote
control standards. Examples are Distributed Management Task Force
(DMTF) Profiles, DSL TR-69 and TR-106, SNMP MIBs, JSR124, OMA
DM, and UPnP DM.

• Common Model Extensions
They implement common information models, vocabularies and ontolo-
gies.

All the universAAL code is written in Java and licensed as open source. All
the code is shared on the Subversion (SVN) versioning server, documented with
Javadoc and Wikis and maintained through a bug tracker and a continuous,
automatic, testing environment (Hudson). Regarding the technical choices it is
worth mentioning that the distribution aspects and the SW life-cycle are imple-
mented on top of the OSGi framework. Regarding data modelling, universAAL
makes use of Resource Description Framework (RDF) and OWL ontologies,
which allow interoperability and platform independence.
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universAAL also provides some tools for easing development, testing and
debugging. Several tools are offered, mostly integrated within the Eclipse pro-
gramming environment. Particularly worth mentioning are the wizards, used
for guiding the developer through all the necessary steps for implementing a ser-
vice, the Ontology modelling tool, which offers a graphical environment, based
on a Unified Modeling Language (UML) editor, for drawing concepts which are
automatically mapped to Java classes and the universAAL control centre, which
allows deployers to control the installation and the configuration of universAAL
applications.

3.6 Other platforms and tools

Several SW platforms and tools have been proposed for health applications and
is not possible to show all of them hereby. Those mentioned in the previous
sections are the most relevant for this work. Though many application fields
are possible, almost all the proposed architectures share similar concepts which
rely on the separation among data gathering and processing, visualization and
business logic.

CHIRON:
CHIRON is a European project aimed at designing “an architecture solution for
effective and person-centric health management along the complete health care
cycle” [60]. The main focus of the project is to integrate patient information
with historical data into personal health systems and make this information
useful for decision making. The CHIRON architecture is built on three layers:

1. The user plane: which concerns the patient through sensors and direct
feedback.

2. The medical plane: which is related to the interaction with doctors, pro-
viding assessment of clinical data, diagnosis, treatment planning and feed-
back to the patient.

3. The statistical plane: which is related to the interaction with medical
researchers.

CHIRON is based on a platform for interoperable data sharing, named Smart-
M3. Smart-M3 defines two types of entities: the semantic information broker,
which stores information in terms of RDF triples and OWL ontologies for its
semantic representation, and the knowledge processor, which can produce or
consume data from the broker by means of query mechanisms and asynchronous
events.

MobiGuide:
MobiGuide is a European project that aims at developing a “personalized de-
cision support system” which relates patients’ context to their treatment. It
is known that adherence to treatments is jeopardized by behaviours and daily
routines [88]. Adding the contextual information to clinical guidelines could
optimize treatment using contextual information as an input. MobiGuide’s ar-
chitecture is based on a functional processing loop of clinical decision support
consisting of Monitoring, Analysis, Decision and Effectuation processes [46].
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Data flow starts from raw medical data, gathered at the Patient Data Acquisi-
tion, that are stored into the Data Collection and Storage component, analysed
to produce medical abstractions which are then used to generate the decision
options at the Analysis and Decision component (see figure 3.8). The Decision
module can influence the choice of the Analysis of patient data as the analysis
can vary according to the scope of the possible decisions. Medical knowledge is
represented in two types: declarative knowledge for generating medical abstrac-
tions from raw data, and procedural knowledge for generating decision options.

Figure 3.8: The MobiGuide data flow diagram (source: MobiGuide [88])

Figure 3.9: The MobiGuide distribution model (source: MobiGuide [88])

These functionalities are distributed into three main blocks as shown in figure
3.9: a front-end which is implemented on a mobile device used by the patient,
a body area network (BAN) back-end system which is also used by the patient
but is not mobile and a back-end system which is used by health profession-
als. Data acquisition and decision support are run in both front and back end,
being the ones used by the patient a light-weight version of the ones run in a
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server. Particularly the decision support module is further decomposed in other
functional blocks which are in charge of managing medical knowledge, rank-
ing the decision options, executing guidelines and managing user preferences.
Knowledge collection and storage is also further specified in modules that map
different knowledge domains and choose the best representation.

The Atlas middleware:
In [103] authors show a platform for smart home monitoring that gathers be-
havioural information transparently to the patient and perform analyses to re-
port behavioural modifications to caregivers. The proposed architecture consists
of five layers (see figure 3.10): the personal devices and smart space layer which
includes sensors embedded in the environment, the raw data layer that accepts
raw data streams, the data reduction middleware layer which performs statisti-
cal analysis, data fusion and classification, the analytical layer which offer tools
for practitioners to monitor patients and report behaviour and health conditions
and the methodology limitations and policy layer that is a knowledge base that
achieves data quality assurance and compliance with stated requirements.

Figure 3.10: The Atlas system five layers, source: [103]

The data reduction middleware layer is further specified in an internal archi-
tecture, depicted in figure 3.11, which contains adaptors that abstract devices
and sensors (the Node Layer) and offer their functionalities in a distributed
services infrastructure (the Services Layer) [119]. The detection of the context,
represented in a higher level of abstraction, is dealt in the Context and the
Knowledge Modules.

Programming tools for health:
In [133] authors analyse existing free and open source programs available for for
Patient-Centric, Guideline-Based Clinical Decision Support. They identify five
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Figure 3.11: The Atlas system five layers, source: [103]

main areas of application of such tools:

1. Terminology Standards
In order to allow interoperability among systems it is necessary to share
common medical terminologies to represent the relevant concepts. There
are relevant standards for this purpose: SNOMED-CT, LOINC, the Uni-
fied Medical Language System (UMLS) and General Architecture for Lan-
guages, Encyclopedias, and Nomenclatures in Medicine (GALEN). The
implementation of these vocabularies is not easy, due to the complex-
ity and the evolving nature of medicine. For this reason some tools are
provided to ease the work of creating them, which include graphical visu-
alizers, wizards and helps for mapping concepts, and reasoners to avoid
conflicts and redundancies.

2. Data Interchange Standards
The most common data interchange protocols in medical systems are HL7
for generic information, DICOM for medical images, and ISO/IEEE 11073
for sensors data. These standards are complex and require a lot of work
to be implemented. For this reason, there exist several freely available
implementations in different programming languages.

3. Electronic Health Record Standards
While protocols for data interchange already give a structure were to build
EHRs, these, nonetheless, must take into account even more complex sce-
narios like storage, security and distribution. There are standards for
implementing EHRs like the EN 13606, OpenEHR, IHE, and EGADSS.
Implementations of these standards are available and even integrated into
programming environments like the (abandoned) project of the Eclipse
Foundation, Open Healthcare Framework.

4. Guideline Modelling
Clinical guidelines are used by practitioners to diagnose and treat common
diseases. Guidelines can be transcripted into a machine readable format
and even automatically executed by an ICT system. For this purpose
there are tools for formalizing guidelines into computer-based formats like
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Asbru, EON, GLIF, Guide, Prodigy, and PROforma. These tools can be
more focussed on semantics (model-centric approaches) or on documents
and execution (Document-centric Tools).

3.7 Example research pHealth prototypes

While the previous section was centred on development platforms and architec-
tures, the following two sections will show concrete working systems that have
been used in clinical practice. This section shows some examples of pHealth
prototypes developed as research projects.

3.7.1 WANDA

The WANDA system supports Congestive Heart Failure (CHF) patients at home
[186]. It monitors four health related measurements: weight, blood pressure,
physical activity, and the Heart Failure Somatic Awareness Scale (HFSAS) and
sends the results to a remote server which is able to understand trends in data
and alert physicians of potential health risks.

WANDA includes three main modules: sensors, web servers, and back-end
databases. Wireless sensors are adopted, based on Bluetooth communication:
the Tanita BC-590BT weight scale, the AND UA-767PBT blood pressure cuff,
the WHI Personal Activity monitor. Sensors connect to an Android based mo-
bile phone application. The application implements also an activity monitor
based on the accelerometers of the phone, a fall detection algorithm, a ques-
tionnaire manager for the patient and reminders for medication intake. More-
over the mobile application is responsible for sending all the gathered data to a
remote database using a WiFi connection of 3G networks.

Data are stored in several databases, which are linked and partially pro-
cessed. The Web server tier accepts different formats, comma separated values
(CSV), eXtensible Markup Language (XML) and text and performs some analy-
sis, for instance about the calories expenditure, data validity, and trend analysis
and alert generation.

Doctors can have access to these data thanks to a web application and a
smartphone application. Both interfaces allow accessing patients’ weight, blood
pressure, heart rate, daily questions, and calorie consumption.

The WANDA system has been used for health data collection on 26 dif-
ferent subjects from three sites. The study showed that 5.6% of weight and
blood pressure values that are out of the acceptable range were reduced. For
weight values, a t-test showed that the WANDA system is a potentially effective
platform for aiding CHF patients.

3.7.2 HeartCycle

HeartCycle is a EU funded project which aims at providing a closed-loop dis-
ease management solution for both Heart Failure (HF) patients and Coronary
Heart Disease (CHD) patients [160], [151], [143], [152]. The HeartCycle sys-
tem implements multi-parametric monitoring and analysis of vital signs in two
main blocks: a patient loop interacting directly with the patient to support
the daily treatment and assess treatment adherence and effectiveness, and the
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professional loop, that is used by medical professionals to review patients’ data,
organize the treatment plans and being alerted about adverse events.

Figure 3.12: The Patient Loop and the Professional Loop (source: HeartCycle3)

HeartCycle has developed two systems, one for HF patients and another for
CHD patients. The system used by HF patients is based on the Philips Motiva
commercial product. It consists of a set-top-box for televisions which connects to
wireless sensors (a weight scale, a blood pressure cuff and an ECG + impedance
monitor) and is able to communicate to remote servers. On the doctor’s side a
web application takes care of showing data, analysing trends and allowing the
configuration of the treatment, that is, medications and measurements.

The system for CHD patients, named Guided Exercise, works as a personal
trainer for people who have suffered an infarction and need to be rehabilitated.
The system is composed of a sensor that measures heart rate, accelerometer
and breath rate mounted on a Tshirt, which sends data through a Bluetooth
link to a Personal Digital Assistant (PDA). Users are supposed to perform
physical exercise (running, cycling or walking) in a controlled way by having
their heart rates within a certain range. The PDA, called Portable Station
implements a sort of personal trainer, giving guidance during the exercise to
reach the goal heart rate (set by the doctor) and by assessing the general status
of the patient after and before the exercise through a questionnaire. The PDA
itself is not able to send data to servers, it must be connected to a tablet PC,
the Patient Station, which works as a gateway but also implements further

3http://www.heartcycle.eu
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functionalities for the patient. The Patient Station implements an educational
and motivational strategy; it alerts of new training plans set by doctors, it shows
the plan and the performed exercise sessions, it generates monthly and weekly
reports about the rehabilitation activity, it shows educational material in terms
of an electronic book with multimedia content and it automatically produces
motivational messages to guide patients and push them to perform better.

Figure 3.13: The Patient Station and the Portable Station (source: HeartCycle
[152])

3.7.3 Metabo

Metabo is a European project devoted to the study and support of diabetes
management-related problems for both, patients and specialists [82], [80], [99].
The aim of Metabo is to set up a system, running both in clinical settings
and in every-day life, for continuous and multi-parametric monitoring of the
metabolic status in patients with diabetes. The monitored parameters include
subcutaneous glucose concentration, dietary habits, physical activity and energy
expenditure, effects of ongoing treatments, and autonomic reactions.

The Metabo system comprises a Patient Monitoring Device (PMD), a PDA
or a Desktop Device, that allows the patients to keep track of the variables and
environmental changes that may affect their metabolic status. The information
is gathered from monitoring devices such as a glucometer, a weight scale, a con-
tinuous glucose monitoring or an activity monitor and through direct input by
the user. The PMD also implements a patient empowerment and motivation
support in order to increase adherence to treatments by means of educational
content, personalized feedback and alerts and reminders. A tool, the Motiva-
tional Plan Observer, is included in the PMD application to define goals or
quantifiable outcomes to be achieved in an established period.

The other part of the Metabo system is a web-based patient management tool
that allows care providers to access all the relevant information about patients
and receive feedback from a Clinical Decision Support System. The tool also
allows tailoring treatments, communicating with the patients through messages
and programming visits. The CDSS is in charge of analysing the combina-
tion of the variable affecting the metabolic status of the patients and generate
personalized feedback to increase adherence.
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3.7.4 Psyche

Psyche is a European funded research project that aims at developing “a per-
sonal, cost-effective, multi-parametric monitoring system based on textile plat-
forms and portable sensing devices for the long term and short term acquisition
of data from selected class of patients affected by mood disorders” [195]. The
Psyche system is based on the hypothesis that there is a correlation between
mood disorders and dysfunctions involving the autonomic nervous system. It
consists of a textile-based sensorized t-shirt, embedded with fabric-based elec-
trodes that can acquire electrocardiogram and respiration signals and a mobile
device, a smart phone that monitors physiological signals as well as behavioural
parameters like voice, activity index, sleep pattern alteration, electrodermal re-
sponse and biochemical markers. Data are collected by the device and sent to
a remote server where processing and data-mining algorithms are used to find
possible relationships between physiological signs and mental disorders.

3.7.5 Neomark

NeoMark is a FP7 EU-funded project that aims at improving the management
of highly invasive and recurring cancers through a computer-assisted risk strat-
ification and disease evolution prediction system. The system proposed in the
project allows computing clinical, imaging and RNA data with smart algorithms
and predicting the recurrence of Oral Squamous Cancer Carcinoma after surgery
[167]. It comprises a central database for collecting patients data and review
them with a web-based interface, an Image processing tool that is used to ex-
tract meaningful numeric features of tumours and suspicious lymph nodes from
computed tomography (CT) and Magnetic Resonance Imaging (MRI) scans, a
Genomic data filtering tool, which filters Feature Extraction data coming from
micro-array analysis done on blood and tumour samples, a portable, real-time,
low-cost quantitative real time polymerase chain reaction (qRT-PCR) tool that
serves as a lab-on-a-chip alternative to micro-arrays for examining patient’s
RNA and a Data analysis module which is in charge of creating the patient-
specific estimation model of cancer recurrence.

Figure 3.14: The Neomark system (source: Neomark [167])
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3.8 Example commercial pHealth systems

This section shows some samples of pHealth systems available in the market.

3.8.1 Alere Connect

Alere4 Connect develops health monitoring solutions for increasing the quality of
patients’ care for both wellness and chronic disease management. In particular
Alere produces:

• HealthPal:
HealthPal is a portable hub device for collecting health readings from
compatible medical sensors and transmitting them to a electronic health
record.

• HealthCOM:
HealthCOM is a web-based application for healthcare professionals to re-
motely monitor and manage the data collected by HealthPal. It also
provides administration features for managing patient populations and
associated equipment inventory.

3.8.2 Numera

Numera5 is an IT company that sells products for health and well being. Its
telehealth solutions are thought for three scenarios: home health management,
population care management and social engagement.

Figure 3.15: The Numera products (source: Numera6)

The Numera family of products include:

4http://www.alere.com
5http://numera.com/
6http://numera.com/products-services
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• Numera Net:
Numera Net is a piece of software that can run on different devices and
that works as a personal hub for measurements coming from sensors. Com-
mercial sensors are supported like glucose meters, weight scales, pedome-
ters, pulsi-oxymeters etc. The SW is interfaceable with other applications
thanks to some APIs.

• Numera Libris:
Numera Libris acts as a “Personal Health Gateway” that integrates tele-
health and safety features in a wearable device. The device is able to detect
falls and measures the user’s position through a GPS. In case of emergency,
it sends an alert to the internet through a GPRS connection. The device
is also able to receive measurements from Bleutooth bio-medical sensors.

• Numera Home Hub:
Numera Home Hub is a portable computer device that allows patients
to send health measurements including: blood glucose monitors, blood
pressure monitors, scales, pedometers, prothrombin time and international
normalized ratio (PT/INR) meters, digital peak flow meters and pulse
oximeters. The device has a user interface (a 3.5” colour touchable screen)
and its software relies on the Android operating system.

• Numera Navigator
Numera Navigator is a web application that allows communication and
collaboration among care teams and individuals to better manage chronic
conditions. The application shows the health information for each patient,
notifies doctors of out of range health measurements, and allows them to
securely message patients. Patients also have access to the system, where
they can receive doctors’ messages and set access rules for their data.

• Numera Social
Numera Social is an application for web and mobile phones that helps pa-
tient engagement through a social network. The application allows setting
plans and goals for each patient and share users’ objectives in a one to
one or one to many communication. The application also tries to increase
users’ knowledge with information about health and the human body.

• Numera Store
Numera Store is an on-line store where to buy devices and SW for health.
It is basically an e-commerce solution that allows care providers to put
products on-line that users can choose and customize.

3.8.3 CareInnovations

CareInnovations7 is a joint effort between Intel and General Electric to produce
technology-based solutions for independent living and health management.

CareInnovations produces:

• Link:
Link is a “panic button” which can be worn on a wrist strap, neck cord

7http://www.careinnovations.com/
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or belt clip. When the button is pressed, the systems establishes a phone
connection to the care giver that is amplified through a fixed base inter-
com.

• Intel Reader:
The Intel Reader is a portable system with text to speech that reads mag-
azines, newspapers, books, greeting cards, and even menus. The device is
easy to use also or blind people, thanks to its buttons and can also read
text from a picture taken with it.

• QuietCare:
QuietCare is a tracker of persons’ activities through motion sensors that
learns the daily activity patterns of residents and sends alerts if potentially
risky situations are detected. Caregivers can monitor patients daily or
intervene if necessary.

• Guide:
The Guide platform is a portable computer with an ad-hoc software for
remote care management of chronic patients. The system helps patients
manage their disease in an active way, thus reducing emergencies and hos-
pitalizations. The SW application includes the following functionalities:
1) video conferencing between patient and clinician, 2) customizable edu-
cational content, either in response to patient activities or on-demand, 3)
gather biometric data from sensors including heart rate, blood pressure,
blood sugar, body weight 4) sends data to electronic medical records se-
curely through standard protocols 5) generate notifications to clinicians
about patients’ issues, recognized either through the answers to the daily
questionnaires or through biometric measurements.

The user interface is simple and intuitive and is based on ethnographic
studies and user-centred design. The interface accesses to five main ar-
eas: Measurements, Assessments, Reminders, Patient, and Reports. The
software also allows motivation and education with positive psychology, by
giving patients positive reinforcement for behaviour changes and treatment-
plan adherence, and a configurable repository of multi-media educational
content.

The SW application can be deployed on all the computers running Mi-
crosoft Windows including tablets and laptops.

On the clinicians’ side, the Care Innovations Guide - Virtual Care Suite
helps synchronize data collected by the Guide with the existing IT in-
frastructure of healthcare organizations. The system comprises a server
with a web interface that allows clinicians to see patient data and aggre-
gate and prioritizing patient information and personalizing care protocols.
The interface also allows establishing video conferences with patients and
schedule monitoring sessions.

3.8.4 Philips Lifeline

Philips Lifeline8 produces systems and services for seniors. Their main product,
GoSafe is a portable, lightweight, waterproof pendant along with an in-home

8http://philipslifelinegosafe.com/
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communicator and an easy-to-use charger. It constitutes a personal emergency
response system alerting care givers in case of emergency through a panic button
and also detecting falls. When a risk is detected GoSafe sends a message to the
care centre including the information about the localization of the user indoor
or outdoor.

3.8.5 Philips Telehealth solutions

Philips Telehalth9 develops systems also for remote health monitoring. Their
main product is called TeleStation, a patient operated device for gathering bio-
measurements. The device connects to wireless sensors and re transmits the
values to a server through landline or cellular network. It can connect to weight
scales, ECG, Oxygen saturation (SPO2) and Blood Pressure sensors. Moreover,
the system allows patients to answer survey questions which can be automati-
cally triggered when vital signs are out of range. The system is very simple to
use, it integrates a large LCD screen and has audio and visual prompts. On
the doctor’s side, their solution includes a web based system for remote patient
management which allows simple navigation, evidence-based surveys and risk
assessments, customizable patient surveys and reminders, reporting and inven-
tory management of tele-monitoring devices.

3.8.6 Qualcomm Life

Qualcomm Life10 releases the 2Net platform, a product for wireless health so-
lutions that can capture and deliver medical device data to integrated portals
or databases. The platform is cloud-based and allows two ways communica-
tion between sytems interested in sharing health related data. Their platform
integrates four sources of data:

1. 2net Hub, an ad-hoc device which supports connectivity to Bluetooth,
Bluetooth Low Energy, WiFi, and ANT+ sensors, and sends data through
3G cellular networks

2. Medical devices with embedded cellular network connectivity

3. Medical data coming form mobile phones applications

4. Other services and platforms using a defined API

All biometric data is stored in the platform’s data centre, encrypted, and
transmitted to the manufacturers’ interface of choice for the end-user.

3.8.7 Ambiohealth

Ambiohealth11 is a wireless remote health and activity monitoring system. It
enables people to take health readings at home and get support from caregivers
remotely.

The solution integrates a hub device for gathering readings from commer-
cial medical sensors like blood pressure monitors, glucose meters and scales, a

9http://telehealth.philips.com/
10http://www.qualcommlife.com/
11http://www.ambiohealth.com/
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web portal where patients can read their values, check the trends and compare
them with thresholds, and, in case of risks, let the system send SMS messages
automatically. Another part of the system deals with users’ activities within
their home. Infrared motion sensors and doors and windows switches are used
to track assisted persons and create activity charts and patterns. An on-line
web application can set alerts in case there is no activity while it is expected,
or when there is activity while not expected. The application allows setting
reminders for medications that can be sent as SMS messages to the patient, or
sending rewards for achieved goals like taking scheduled monitoring sessions,
keeping values within thresholds, loosing weight etc. The portal implements
some basic functionalities of a social network, allowing patients relatives to see
their status on a sort of dashboard, and also educational contents about health
and medicine.

3.8.8 AFrame

AFrame12 delivers solutions to provide “real-time, continuous health and safety
monitoring of seniors, patients managing chronic conditions and other at-risk
individuals”. AFrame products are:

1. MobileCare Monitor:
The MobileCare Monitor is an electronic watch that can monitor activity,
location, and physiological status in real time, indoors or outside. The
sensor can also detect impacts or falls and provide an alert and includes
an emergency call button. Functionalities can be personalized for each
user, for instance, alerts are based on the individual’s baseline.

Figure 3.16: The AFrame digital watch (source: AFrame13)

2. The CareStation Web Interface:
All the information collected by the watch and other sensors is sent to the
CareStation, a web-based interface which is used to review users’ status,
location, reports and trends and generating alerts in case of emergency.

3. Expansion and Legacy Integration:
The system can be integrated with existing alarms and monitoring sys-

12http://aframedigital.com
13http://aframedigital.com/index.php/features
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tems. Some of the already integrated devices are a glucose meter, a pulse
oximeter, a weight scale, a heart rate sensor and a blood pressure cuff,
with Bluetooth interfaces.

4. Wander Assessment and Management:
The system can use the watch internal GPS receiver and other legacy
electronic door locks and house control for monitoring the user activity.
In case of unusual activities and access to predefined “hot zones” the
system can generate alarms to the caregivers.

3.8.9 Microsoft Health Vault

Microsoft Health Vault14 is a web-based platform that enables users to collect,
store, and share their health information. It basically implements a cloud-based
Personal Health Record with a well established API for allowing third party
applications to use the retrieved data.

Figure 3.17: The Health Vault platform (source: Microsoft 15)

HealthVault is compatible with health and fitness devices so users can upload
data and share them and offers privacy and security means. The SW is intended
mainly to be used as a platform for developing applications, thus liberating the

14http://www.microsoft.com/health/en-us/products/Pages/healthvault.aspx
15http://msdn.microsoft.com/en-us/healthvault/jj128027
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programmers from common tasks like communication, storage and security. As
a platform it implements vendor neutrality, interoperable data models, device
protocols and cloud-based storage. As for privacy and security, Health Vault
is totally controlled by the user, plus the following mechanisms are offered:
authentication with Windows Live ID, Facebook and OpenID, authorization
necessary before enabling any data access between an application and a user
account, users can also terminate application access at any time, and can change
or delete information in their records, data access auditing, data provenance,
which can be used to select sources.

The Health Vault API is stable and is implemented as XML-over-HTTP,
which is easy to be integrated with web services or mobile applications. Cur-
rently there are more than 300 applications on top of HealthVault and more
than 80 devices are integrated including weight scales, blood pressure monitors,
glucose monitors, pedometers and activity monitors, heart rate monitors and
pulse oximeters.

3.8.10 TeleHealth Solutions Homepod

The HomePod16 is a device used by patients for monitoring them in their
homes, without expert supervision. It consists of a tablet PC, with touch-
screen interface, WIFI connection and GPRS. It can connect to an electronic
scale (A&D UC321), a sphygmomanometer (A&D UA767PC), a pulse oximeter
(Nonin IPod), a glucometer (Accu-Chek Aviva), a peak flow meter (Ferraris
Piko-1) and an ECGmonitor (Hidalgo Equivital Sensor EQ-01). The device is
equipped with a proper software that is tailored for the management of the
following illnesses: Asthma, Heart failure, Diabetes, Chronic obstructive pul-
monary disease, Stroke, Hypertension, Depression, Drug & alcohol addiction,
Obesity, Smoking cessation and Congestive heart failure.

The software is charge of connection to the sensors, instructing the user
about how to perform measurements and ask some pre-defined questionnaires
about symptoms. The information gathered by the device is immediately sent
to a clinical server. Some alerts can be configured around specific values or
thresholds, whenever these alerts are generated, they are sent to the nominated
carer of the patient. Before each use, the patient is authenticated by means of
a pin code that he or she is supposed to uniquely know. The device is designed
to be easily installed and requires little training.

The HomePod solution includes a Clinical User Interface which allows clini-
cians to see patients data and check which patients have generated alerts. Clini-
cians can configure the individual care plans of the patients and generate reports
about patients’ clinical history.

3.8.11 Lively

Lively17 is an activity monitoring system for older adults. Lively does not mon-
itor a medical condition or trigger an emergency response, instead it monitors
daily activities such as how often medication is taken, time spent out of the
house, eating or drinking activity in the kitchen. The system includes pas-
sive sensors placed around the house and learns normal routine. Relatives and

16http://www.telehealthsolutions.co.uk/Downloads/HomePod_Brochure.pdf
17http://www.mylively.com/
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friends can view the activity status and details through a private web login or
a mobile application. Colour-coded icons show activities as normal or different
from a typical routine. When the system notices a change in the normal routine,
it notifies the user with an email, a text message, or a phone call.

3.8.12 Examples of sensing devices

While in the previous section some examples of integrated products have been
shown, in this section some advanced sensors are presented.

A&D UA-767PBT-C 18:
The UA-767PBT-C is an electronic blood pressure cuff with some advanced
features. It allows measuring systolic an diastolic blood pressure, pulse and has
an indicator for irregular heart beats. The interaction with the user is limited
to a button and a simple LCD screen with 3 lines of digits. The display shows
the measurements and some secondary indication. Communication with other
devices is offered by a Bluetooth connection implementing the standard HDP
profile , compatible with IEEE 11073.

Bayer Contour USB 19:
Bayer Contour USB is a sensor that measures glucose and stores measurements.
It is also a user interaction device, thanks to a small display and three buttons.
It allows to set reminders, see statistics, set valid glucose ranges and annotate
events. The communication to standard computers is implemented by means of
a USB interface.

Equivital EQ-01 20:
Equivital EQ-01 is a sensor that is worn on the chest. It measures heart rate,
2 lead ECG, respiratory rate and effort, skin temperature and movement and
body orientation. The sensor can be extended with oxygen saturation probes,
a galvanic skin response sensor and a body heat flux monitor. Data is recorded
on an integral 2Gb micro SD memory card. The interaction with the user is
limited to a button that switches the sensor on and starts the measurement.
The communication to computers or smart phones is implemented with a Class
1 Bluetooth interface.

Nanopore MinION:
Nanopores are holes that can be used to detect single molecules and their
size and shape with the resistive pulse technique. They allow detecting sin-
gle molecules by observing the change in ionic current between two reservoirs
as a particle or molecule travels across a nanopore between them.

Nanopore Technologies22 produces MinION, a portable device for electronic
single molecule sensing [75], [98]. This USB stick contains an arrayed sens-
ing chip, application-specific integrated circuit (ASIC) and nanopores that are
needed to perform a complete single molecule sensing experiment. It can be

18http://www.aandd.jp/products/medical/bluetooth/ua_767pbt_c.html
19http://www.bayercontourusb.com/
20http://www.cpapaustralia.com.au/media_files/eq-research-brochure.pdf
21http://www.nanoporetech.com/technology/the-minion-device-a-miniaturised-sensing-system
22http://www.nanoporetech.com/
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Figure 3.18: The MinION device (source: Nanopore21)

used for DNA sequencing, protein sensing and other nanopore sensing tech-
niques. The system can use samples such as blood or serum and environmental
samples such as water samples.

3.9 In summary

In summary, it is possible to observe that the pHealth systems reviewed in this
chapter present some common approaches in the implemented functionalities
and in the way these are distributed among components. As figure 3.19 shows,
state-of-art pHealth systems integrate biomedical and environmental sensors
connected to a fixed or portable gateway. Biomedical sensors usually include
commercial or ad-hoc bio-signals monitors like blood pressure, pulse-oximeters,
ECG, and even biochemical analysers. Environmental sensors are usually used
to locate the user indoor or outdoor and monitor daily activities. The gateway is
responsible for connecting to sensors and send data on the Internet to a remote
database, which usually is a Personal Health Record.

End users access their own data through a device, usually portable like
PDAs, smart phones and tablet PCs where a patient’s application reside or a
web portal is shown. Doctors usually access their own application, which is
usually web-based. Patients and doctors’ applications can be based on a set
of abstractions and libraries that constitutes the development platform. The
typical functionalities implemented on these applications are:

• Data visualization, i.e. visualization of medical and environmental data
in a synthetic and understandable way

• Access control, i.e. patients can decide who can access their data and
enforce privacy

• Reminders, i.e. users are reminded of some prescribed task, like medica-
tion intake or measurement session
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Figure 3.19: A summary of the analysed state of the art pHealth systems

• Education, i.e. users are shown educational multimedia content and ques-
tionnaires

• Guidance, i.e. users are guided through their tasks like using devices and
take medications

• Alerts, i.e. patients and care givers are warned about risky situations,
whether medical or environmental

• Social network, i.e. patients and caregivers can share messages, blogs,
even data, in a many to many communication system

• Treatment Planning, i.e. doctors can specify and follow up the treatment
of their patients

• Trend and pattern analysis, i.e. the system automatically analyses trends,
detects patterns, generates reports and finds unusual behaviours

• Patients management, i.e. patients records are created, modified and
deleted

• Inventory, i.e. devices are assigned to users and tracked
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Chapter 4

Methods and material

This chapter describes the methods adopted for addressing the objectives of the
thesis, that is for anSWering the posed research questions.

4.1 Methods for modelling the pHealth domain

The methods used to formalize the model of the pHealth domain in this thesis
are based on techniques for designing SW architectures. Methods for describing
SW architectures are 50 years old. While at the beginning they were mainly
derived from electronics and systems engineering, only in the 1990’s software
architectures became an important topic of research and standardization effort.

An architecture in this case can be defined as:

A system architecture description can be said to consist of a com-
prehensive modelling set that includes coverage of the problem and
solution spaces plus a means to capture the requirements derived
from the models. [97]

Recent approaches to building SW architectures include UML, Systems Mod-
eling Language (SysML), Department of Defense Architecture Framework (DoDAF),
among others. All these methodologies share the fact that a SW architecture is
based on a collection of models. A model can be defined in this scope as [97]:

1. The use of abstraction to emphasize important aspects while
removing irrelevant ones.

2. Expressed in a form that is really understandable by observers.

3. Fully and accurately represents the modelled system.

4. Predictive such that it can be used to derive correct conclusions
about the modelled system.

5. Inexpensive meaning it is much cheaper to construct and study
than simply building and observing the modelled system.

In a attempt for uniforming SW architecture design approaches, the ISO
produced a standard called ISO/IEC/IEEE 42010 “Systems and software en-
gineering Architecture description”[25]. The standard defines requirements on
the description of system, software and enterprise architectures. It does not
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define one single architecture description technique, but it standardizes “frame-
works” for describing techniques. In this sense, it defines a conceptual founda-
tion for expressing, communicating and reviewing architectures and specifying
requirements that apply to architecture descriptions, architecture frameworks
and architecture description languages.

The standard defines the main concepts that are involved in an Architecture
description (as shown in 4.1):

Figure 4.1: The ISO 42010 root concepts (source: ISO [25])

System: A system within the standard can refer to several things like an en-
terprise, a system of systems, a product line, a service, a subsystem, or a
software.

Environment: Systems exist in an environment, act upon that environment
and vice versa. Environments include developmental, operational, tech-
nical, political, regulatory, and all other influences which can affect the
architecture.

Architecture: The architecture is contains the “fundamental concepts or prop-
erties of a system in its environment embodied in its elements, relation-
ships, and in the principles of its design and evolution”. This wide defini-
tion fits the broad range of systems even though their architecture is not
specified.

Architecture Description: An Architecture Description (AD) is an artefact
that expresses an Architecture. Architecture Descriptions are used to
understand, analyse and compare Architectures, and for planning and
construction.

The standard then focuses on the Architecture descriptions (as shown in
4.2):

Architecture Description: An architecture description describes the system
under different points of view. An AD may take the form of a document
and a set of models.
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Figure 4.2: The ISO 42010 core concepts (source: ISO [25])

Stakeholder: Stakeholders are individuals, groups or organizations that have
specific concerns for the system. Stakeholders can be clients, owners, end
users, consumers, designers, maintainers, developers etc.

Concern: A concern is any interest in the system like system purpose, func-
tionality, structure, behaviour, cost, safety, interoperability, etc.

Architecture View: An architecture view expresses the architecture from the
perspective of one or more stakeholders to address specific concerns. An
architecture view consists of one or more architecture models.

Architecture Model: Architecture Models compose a view. Models provide
means for sharing details between views and are based on model kinds.

Model Kind: A model kind defines the conventions for an architecture model.

Architecture Viewpoint: An architecture viewpoint is used for constructing,
interpreting, using and analysing one architecture view. A viewpoint in-
cludes several model kinds for addressing concerns. Some standards view-
points are given by the Reference Model of Open Distributed Processing
(RM-ODP) [16]:

• The enterprise viewpoint, which focuses on the purpose, scope and
policies for the system. It describes the business requirements and
how to meet them.
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• The information viewpoint, which focuses on the semantics of the in-
formation and the information processing performed. It describes the
information managed by the system and the structure and content
type of the supporting data.

• The computational viewpoint, which enables distribution through
functional decomposition on the system into objects which interact
at interfaces. It describes the functionality provided by the system
and its functional decomposition.

• The engineering viewpoint, which focuses on the mechanisms and
functions required to support distributed interactions between ob-
jects in the system. It describes the distribution of processing per-
formed by the system to manage the information and provide the
functionality.

• The technology viewpoint, which focuses on the choice of technology
of the system. It describes the technologies chosen to provide the
processing, functionality and presentation of information.

The standard also enforces the use of

Architecture Rationale: Architecture rationales are used to explain why cer-
tain architecture elements have been chosen instead of others.

Architecture Description Language (ADL): An ADL is a formalization of
the architecture descriptions that includes a model kind and viewpoints.
Examples of ADLs: Rapide, SysML, ArchiMate, ACME, xADL.

Architecture Framework: An architecture framework establishes practices
for creating, interpreting, analysing and using architecture descriptions,
usually within a particular domain of application or stakeholders. Exam-
ples are British Ministry of Defence Architecture Framework (MODAF),
The Open Group Architecture Framework (TOGAF), Kruchten’s 4+1
View Model, RM-ODP, etc.

In summary, the standard requires to model what the stakeholders of the
system are and what concerns they have with regard to the system, then, for each
concern, a set of architecture views are made. These views contain models and
are interpreted through viewpoints and a rationale should always be given when
certain decisions are taken. The standard is very generic and does not specify
what models have to be adopted for what kind of systems but it suggests some
existing architecture description languages and frameworks that are compatible
with it.

One of the objectives of this thesis is to create a model that is representative
of the pHealth domain without being linked to any particular implementation,
service or adopted technology. The aim is to create an architectural overview
of not a pHealth systems, but of any pHealth systems, or, in other words, of
an archetypal pHealth system. This approach requires a high level architectural
description that is general enough to be applicable to almost all pHealth systems
but formal and precise enough to be useful for defining the domain correctly and
derive further specifications that would lead to the implementation of specific
systems. The IEEE 42010 standard was chosen as a well matching approach for
this purpose because it does not specify the level of generality and formalization
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that an architectural description should have. The standard provides general
requirements but does not address the specific architecture framework to be
adopted.

There is an interesting collection of both research and industry oriented
frameworks that claim to be compatible with the standard. Nonetheless, among
these compatible frameworks, none was found to be suitable for the purpose of
this thesis, being all of them too specific and implementation oriented. For this
reason, an ad-hoc framework was created for the aim of this work.

As a guideline fore defining this framework, the work of Malan et al. [138] has
been used, in which authors define different levels of an architectural description.
Their most abstract level is called “Meta-Architecture” which is composed of
decisions that have a strong influence on the structure of the lower levels, with-
out showing a structure per se. The Meta-Architecture defines communication
and coordination mechanisms that are adopted at lower levels that should assure
consistency and ease the work. In this regard, a Meta-Architecture is similar
to the Architecture Framework of the IEEE 42010 standard. Deepening into
details, authors define the “Conceptual Architecture” level, which is in charge
of defining the high-level components of the system and the relationships among
them. Within this level, the system under analysis is started to be decomposed
without too much detail. Its main purpose is to provide a shared knowledge of
the system that can be shared among technical and non-technical stakeholders.
At a lower level, the “Logical Architecture” is where the details of the architec-
ture, in terms of functionalities and interfaces, are defined. Hereare behavioural
aspects are described unambiguously. Typically, architectural frameworks like
UML or SysML focus on this level of abstraction, which is the most critical
one for actual implementation of systems. Another level of specification is the
“Execution Architecture”, which is used for specifying how to distribute func-
tionalities and components among different concurrent systems. In this thesis,
the first three levels will be addressed, leaving the compositional aspects of the
Execution Architecture to specific applications and systems. Some ideas and
modelling techniques were also borrowed from the approach adopted in the uni-
versAAL Reference Architecture (see section 3.5). It is clear, from the IEEE
42010 approach, that the pHealth model of this thesis will be constituted, in
fact, by a set of models. From this moment on, references to models are meant
to be as sub-models of a general pHealth model.

In the following sections the actual formalisms that were adopted at each
level are described.

4.1.1 Meta Architectural decisions

The Meta-Architecture is the set of decisions taken for modelling the system.
Given the abstract purpose of this work, the following decisions are made

• Modelling has to be consistent with the IEEE 42010 standard.

• The aim is to represent an archetypal pHealth system without constraining
the description to specific applications, contexts of use or technological
approaches.

• The architectural description has to be easily readable for its final users
without sacrificing formality.

141



• The final reader of the architecture description is mainly an engineer who
wants to be introduced to the domain, or who wants to model a pHealth
system starting from a top-down approach. Secondary readers can be
non-technical stakeholders like care givers or decision makers who want to
have a formal definition of the domain.

According to these decisions the architectural specifications and models
should be chosen according to a highly abstract and readable approach.

4.1.2 Conceptual Architecture

The conceptual architecture describes the main concepts related to the domain
under analysis, in this case pHealth. It offers a set of architecture views and
viewpoints for a high level, though formal, description of what pHealth is. This
level will contain models related to:

1. a general and easy to understand description of the pHealth domain

2. the possible stakeholders of pHealth systems and their interest in the sys-
tem (under the IEEE 42010 terminology: the enterprise viewpoint)

3. what kind of artefacts typically are involved in pHealth systems (under
the IEEE 42010 terminology: the engineering viewpoint)

4. what kind of data is shared in a pHealth system (under the IEEE 42010
terminology: the information viewpoint)

For formalizing these models, the definition of “reference model” is borrowed,
which, according to the Advancement of Structured Information Standards1, is:

“an abstract framework for understanding significant relationships
among the entities of some environment, and for the development of
consistent standards or specifications supporting that environment.
A reference model is based on a small number of unifying concepts
and may be used as a basis for education and explaining standards
to a non-specialist. A reference model is not directly tied to any
standards, technologies or other concrete implementation details,
but it does seek to provide a common semantics that can be used
unambiguously across and between different implementations.”

This definition is also enforced by the Australian Government Business Pro-
cess Interoperability Framework (AGIMO), for which a reference model is:

“an abstract framework for understanding significant relationships
among the entities of a specific environment, and for the develop-
ment of consistent standards or specifications supporting that envi-
ronment. A reference model is based on a small number of unifying
concepts and may be used as a basis for education and explaining
standards to a non-specialist. A reference model is not directly tied
to any standards, technologies or other concrete implementation de-
tails but it does seek to provide a common semantic that can be used
unambiguously across and between different implementations.” [37]

1https://www.oasis-open.org/committees/soa-rm/faq.php

142



Reference models usually are represented as concepts and relationships among
concepts [144]. The formalism used in this thesis, that adapts to these require-
ments, is the “concept map”2. Concept maps are defined as:

“graphical tools for organizing and representing knowledge. They in-
clude concepts, usually enclosed in circles or boxes of some type, and
relationships between concepts indicated by a connecting line link-
ing two concepts. Words on the line, referred to as linking words or
linking phrases, specify the relationship between the two concepts.”

A “concept” is defined as:

“perceived regularity in events or objects, or records of events or
objects, designated by a label. The label for most concepts is a word,
although sometimes we use symbols such as + or %, and sometimes
more than one word is used.”

Concepts are connected to form “propositions”, which are defined as:

“statements about some object or event in the universe, either nat-
urally occurring or constructed. Propositions contain two or more
concepts connected using linking words or phrases to form a mean-
ingful statement. Sometimes these are called semantic units, or units
of meaning.”

An example concept map is shown in figure 4.3.

Figure 4.3: An example of concept map (source: IHMC3)

2http://cmap.ihmc.us/Publications/ResearchPapers/TheoryCmaps/

TheoryUnderlyingConceptMaps.htm
3http://cmap.ihmc.us/Publications/ResearchPapers/TheoryCmaps/

TheoryUnderlyingConceptMaps.htm
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There is no convention for interpreting concept maps, thus further specifi-
cations can be given by its authors. Although concept maps are simple to read
and almost self-explanatory, a textual, extended description of the maps is of-
ten needed to give a more direct explanation of the map and to help the reader
interpret it. Therefore the produced maps will be always accompanied by a text
describing them.

4.1.3 Logical Architecture

This level of formalization specifies the functionalities of the pHealth archetype
system. It will contain models related to:

1. what relationship may stakeholders have with respect to the system (under
the IEEE 42010 terminology: the enterprise viewpoint)

2. what use cases can pHealth systems implement (under the IEEE 42010
terminology: the computational viewpoint)

Two tools have been used for defining functionalities in a more abstract and
understandable way: scenarios and use cases.

Scenarios are a narrative way for describing interactions between the users
and a systems [32]. Usually each scenario takes the point of view of one kind
of stakeholder and a goal, which is usually functional. Scenarios must not be
perfectly matched to the final system implementation, but they are more a tool
for envisioning system’s functionalities in a realistic context. The scope of a
scenario can range from single operations involving one user, to the complete life-
cycle of the system with respect to entire organizations. In this thesis scenarios
are linked to stakeholders, so that it is also specified what concerns they have
with respect to the system, in a way that is compliant to the IEEE 42010
standard.

Use cases are a mean to describe the functionalities of a system in terms
of actions performed by two or more interacting elements, including users and
parts of the system, in order to reach a goal. According to Fowler a use case is “a
technique for capturing functional requirements (features) of a system. Use cases
describe the typical interactions between the users of a system and the system
itself, providing a narrative of how a system is used.” [86]. Another definition
of use case comes from Cockburn: “A Use Case captures a contract between
the stakeholders of a system about its behaviour. The Use Case describes the
system’s behaviour under various conditions as the system responds to a request
from one of the stakeholders” [63].

Use cases can be hierarchical, where a high level in the hierarchy identifies
more generic goals and that require many actions to be undertaken by the parts,
and a low level use case can identify a simple step or even a specific instruction
on the computer.

Cockburn [63] defines five levels of abstraction:

1. Cloud level:
Is a very high level summary of a functionality, such as “sell books on-
line”. It can be used to have an overview of a system, but not to do any
SW development.
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2. Kite level:
It is a summary level, like “search for books”. It gives an overview of
typical functionalities.

3. Sea level:
This level is closer to the users’ goals, like “place an order”. This level
describes single elementary business processes and gives guidance to the
implementation.

4. Fish level:
This level includes more elementary steps, that are often reused as part of
a sea level, for example “validating credit card” or “show list of books”.
It includes functions that, alone, often are not sufficient to reach any goal.

5. Clam level:
These use cases are often steps within other use cases at fish level, for
example “inserting a new customer in the DB”.

As the objective of this thesis is to provide an overview of the typical func-
tionalities of a pHealth system, it will describe use cases at a very abstract level,
that can be classified as cloud or kite level. Every system derived from these
use cases then, should implement a specialization of these functionalities that
can be obtained with different means.

Given the adopted level of abstraction, the structure for each use case will
be very narrative, similar to the scenarios, but with a deeper level of detail and
more atomic.

In summary the models adopted in this thesis are depicted in 4.4

Figure 4.4: Models used in this thesis

4.1.4 The process for building the pHealth model

The process for creating the model of the archetypal pHealth system is not
based on the analysis of the requirements coming from some specific client, but
on the analysis of existing literature and examples. For this reason a set of
scientific papers, books, white papers, technical reports as well as commercial
information about pHealth systems has been analysed in order to generate the
model. The adopted methodology can be described as follows:

1. Select relevant sources from scientific and commercial examples
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2. Identify candidate inputs for the selected types of sub-models (concept
maps, scenarios, use cases)

3. Generate a version of the models and map inputs to the models

4. Evaluate the models (as specified in section 4.3.1)

5. Enrich the sources and refine the models using the results of the evaluation

4.2 Methods for building the development plat-
form

Developing pHealth applications is not always a simple task as it is a multi-
disciplinary field. The development of patient applications involves many actors
like interaction designers, software designers, programmers, algorithm special-
ists, instructional designers, each with different methodologies, languages and
points of view.

While the development of applications for clinicians, even though complex,
is based on a longer tradition coming from the eHealth world, pHealth applica-
tions, built for patients and around patients, lack more methods.

In pHealth applications user experience is of vital importance in engaging
patients to use the system, and consequently improve their compliance to pre-
scribed treatments. For this reason user centred design methodologies have
been successfully adopted in different initiatives in this area [189], [164], [67],
[198]. At the same time, Agile methodologies [130] are becoming very popular
in the software industry as they emphasize the involvement of stakeholders in a
context where requirements change continuously. As pHealth is a complex and
multi-disciplinary domain, Agile methodologies have shown to be suitable for
this domain [158]. More recently, the combination of both methodologies, UCD
and Agile, has shown to be promising [107], nonetheless the integration of user
interaction and programming is recognized as being an issue [44], [43].

These methodologies require a multi-disciplinary team, where software devel-
opers interact constantly with other players with different backgrounds. Com-
munication among these people is not always simple, and can lead to misunder-
standings, false requirements, and eventually bugs and delays.

An emerging area in software development that addresses these issues is
Model Driven Engineering (MDE) [116]. MDE promotes the use of visual,
technology-independent design tools which are able to express software problems
in models and automatically generate part of the code from the models. The
advertised advantage of such method is that it shortens the distance between
the human way of representing a problem and the actual solution, strongly
easing the communication among programmers and stakeholders. MDE can be
especially useful when coupled with UCD, as it offers tools for representing user
interaction paths. More specifically, interaction paths can be represented by
machine-readable workflows, which can then be directly converted into code,
automating the step between UI design and implementation [111], [169].

In order to facilitate software development, whether based on UCD, MDE, or
not, development platforms are of help. Development platforms are composed
of a set of tools for producing code, for compiling and deploying, for designing,
and a set of reusable libraries and components that can be tailored to a certain
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domain. Platforms are needed in complex fields like pHealth for a series of
reasons:

• for providing a reference design, including a well-established architectural
description, around which different developers can build the software re-
ducing the need for agreeing on common interfaces

• for providing already implemented, common modules, like standard pro-
tocols and execution utilities

• for providing visual modelling tools, thus facilitating MDE and allowing
including non-programmers to quickly build prototypes

The second objective of this thesis, the one of building a development plat-
form, was planned according to these considerations. The platform was meant
to be built around an architectural description, concretely the model proposed
as the first objective of this thesis, and was meant to provide tools for Model
Driven Development, especially thought for User Centred Design.

Part of the requirements of the platform were derived by the model, part
were obtained by running a survey among experienced developers in the field,
and part were driven by the concrete test case where the platform was adopted.
Not all the functionalities described in the use cases were considered in this
implementation, particularly only the development of patients’ applications was
addressed because of lack of resources and because the medical professional part
was not under my responsibility in the concrete project I was involved in.

The development platform was programmed by a team of researchers and
students. In order to facilitate the team work, an Agile methodology was
adopted, more concretely the Continuous Integration (CI) [74] as defined by
Martin Fowler4:

Continuous Integration is a software development practice where
members of a team integrate their work frequently, usually each
person integrates at least daily - leading to multiple integrations per
day. Each integration is verified by an automated build (includ-
ing test) to detect integration errors as quickly as possible. Many
teams find that this approach leads to significantly reduced integra-
tion problems and allows a team to develop cohesive software more
rapidly.

Continuous integration implies the use of unit tests5. Unit tests are tests
made on a single module and, when built using some testing framework, they
can be run by a computer without human intervention. There are dedicated
servers that allow running all the tests in a bulk, and showing which tests failed.
This allows programmers in a team to periodically verify that the code they are
changing is not negatively affecting the code produced by some other, and, in
case of problem, act promptly. This feature also requires a code repository
which allows programmers to share the code, resolve conflicts when two people
are modifying the same file, and to have access to all the past versions of the
code in case one needs to restore some old piece of it.

For implementing CI in this thesis, a continuous integration server, Hud-
son6, and a code repository, Mercurial7, were set-up. The adopted development

4http://www.martinfowler.com/articles/continuousIntegration.html
5http://www.extremeprogramming.org/rules/unittests.html
6http://hudson-ci.org/
7http://mercurial.selenic.com/
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practice was the following:

1. a developer programs a module

2. every time some interesting change is done on the code, the developer
commits the changes to his local repository

3. the developer checks that the code is working in an automatic unit-test

4. once the modifications on the module are considered as satisfying, the
local repository is synchronised with the remote one so that all changes
are shared

5. every night all unit tests are run on the Hudson server and a report is
produced

6. the next day, before starting the work, the developer had to check on the
testing server if some test started to fail because of his last submitted
changes

Even though Agile methodologies do not impose large iterations as they focus
on very short life cycles, three “official” releases of the platform were planned,
according also to the project’s deadlines: a first prototype used as a proof of
concept, a second complete, though not mature, release, and a third, final and
stable release.

As the CI server is able to run custom scripts, it was also adopted for de-
ploying releases. A script was created to compile all the code, package it into
compressed files and deploy it on a web server where the code could be down-
loaded. This deployment process was executed at every official release.

4.3 Methods used for validating the hypotheses

Doing research in SW engineering is not an easy task, as it has to deal with
human systems, considering organizational, psychological and socio-economic
aspects Actually, since already more than 10 years, researchers in this field are
starting to adopt methods that come from social sciences including qualitative
and interpretive understanding [55].

The main objective for a researcher in SW engineering is the one of build-
ing “theories” about the application of methodologies in software design and
development and finding empirical evidence to support them. But building and
proving theories needs proper methods itself.

There exist methodological frameworks that are adapted to this discipline.
While some focus more on obtaining statistical evidence [113], others focus on
the need of models to support theories [181] and others explore the application
of qualitative sciences to the research [55]. Almost all authors agree in the fact
that a rigorous research must build on models that must be tested, criticized
and refined in an iterative approach. [181] and [55] suggest to adopt a formal
approach for generating theories. In particular Sjoberg [181] identifies the basic
constructs to be adopted in a SW engineering theory as:

Actors: individuals, or teams working in a SW project,
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Technologies: processes, models, methods, tools etc., used in SW develop-
ment,

Activities: specific activities undertaken by actors, like coding, planning, de-
signing etc.

Software systems: systems or parts of the systems to be developed including
new code, but also documentation artefacts, existing legacy code etc.

Once these constructs are identified, they must be linked in propositions,
i.e. sentences that must be verified, or hypotheses. If hypotheses are verified
through a validation process, a correct explanation of why propositions happen
must be given (e.g. UML models facilitate recycling of components because
functionalities are better synthesized in documentation). Finally a scope of all
the research process must be given that identifies the limits of applicability of
the theory. Another requirement for good research stressed by these authors is
the need of strong traceability from conclusions to data and the comparison of
results with existing literature and peers’ opinions.

The validation methodology adopted in this work is based on these method-
ological considerations in the following way:

• The hypotheses to be tested are based on theories that describe pHealth
systems and the interaction among stakeholders

• The theories are built using a formalism based on Sjoberg [181]

• The research process is methodologically plural, including both quantita-
tive and qualitative research

• The testing of the hypothesis is conducted in a way that it tries to cover
all the elaborated theories

In order to map the research questions to the Sjoberg’s theory building
framework it is necessary to derive actors, technologies, activities, software sys-
tems, propositions and scope from the research questions and build a theory.
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This thesis’ theory

Actors: software developers

Technologies: this thesis’ pHealth model, this thesis’ development
platform

Activities: gathering requirements, designing architecture, designing
user interaction, programming, integrating, verifying software, de-
ploying

Software systems: pHealth applications

Propositions:

• the proposed pHealth model helps software developers gather
requirements and design the architecture of pHealth applica-
tions

• the proposed pHealth development platform helps software
developers design the architecture, design the user interface,
program, integrate, verify and deploy pHealth applications

Scope: the development of integrated pHealth systems built by teams
in multi-disciplinary projects

Explanations: a well structured and abstract model of a domain con-
stitutes the basis for designing specific applications. It provides
part of the requirements as common functionalities are already
defined, and it also helps generating the architectural design be-
cause common decomposition models are already defined. A de-
velopment platform helps developers do their daily work as pro-
grammers, it already imposes part of the architectural design, it
eases the development of the user interface by separating the view
from the control, it simplifies programming thanks to model driven
tools, and by suggesting some interfaces and a coding style, it fa-
cilitates integration thanks to already implemented protocols and
communication abstractions and it helps verification and deploy-
ment of code thanks to testing and deployment tools.

The actions taken for validating this theory are described in the following two
sections.

4.3.1 Evaluation of the model

The pHealth model was evaluated under different aspects. As an internal veri-
fication of the consistency of the model, all its sub-models were linked together,
checking that, e.g., the scenarios are well represented within the use cases, or
that all the concepts expressed in the concept maps are present in the use cases.

For validating the model, a survey was launched within experts in the field.
The objectives of the survey were to refine the adopted language to be easily
comprehensible by a vast technical audience, to understand if the model com-
prehensively covers the domain of pHealth, and to assess the willingness of the

150



participants to adopt the model in their work. The survey was designed as a
subjective questionnaire. Per each part of the model a set of questions were
given addressing different aspects. Quantitative anSWers, in the form of Likert
scale, were preferred over free text anSWers when applicable.

Three validation rounds were executed, the first one, involving only few
experts, was created for receiving preliminary feedbacks and correct wrong as-
sumptions, a second round was launched amongst known colleagues, in order
to make a further refinement of the models, and a third round was launched on
public channels like social networks and mailing lists.

Finally, as an indirect validation, the experience with the development plat-
form, which is built from the model, offers indications of its usefulness and
real-case scenario of its application.

4.3.2 Evaluation of the development platform

The development platform was verified internally thanks to the continuous inte-
gration methodology, which imposed the creation of a high number of automatic
tests and assured the reliability of the software throughout its development.

The validation of the platform with actual developers was conducted in two
studies. A first, small-scale study was conducted as a training session. Four
developers with strong experience in health-related applications were invited to
a 12 hours course about the platform, split into 3 four-hours sessions. During
the course, the platform was described in its details, and some sample code was
shown. After the training, the developers were invited to make an exercise which
consisted in developing a small application, whose requirements were given in
detail. During the training session all kinds of feedback were collected including
loud-voice observations, encountered problems, identified bugs, feature requests,
etc. At the end of the session the whole team was interviewed in a focus group.

A second study was conducted as a test-case. The platform was adopted
within the HeartCycle project, described in section 3.7.2, to build a series of
rather complex use cases in the field of cardiovascular diseases. A team of pro-
grammers, educational experts and user interaction designers worked together
for 4 years implementing three applications. As the platform grew with the
project, it is difficult to separate it completely from the applications built with
it, nonetheless, at the end of the development phase, a focus group was held
among all the involved engineers to identify pros and cons of it and make a final
assessment of its usefulness in all the stages of the development, from design to
coding to deployment.

One of the developed applications was adopted in a clinical study that lasted
2 years, involving 132 patients split into and intervention and a control groups.
During the trial some bugs were identified, and the application was assessed
under the reliability perspective and the usability. Even though the results of
the trial focus on the application, some conclusions can also be drawn for the
platform itself, especially for what regards its reliability and suitability for the
pHealth domain.
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Chapter 5

A model for the pHealth
domain

This chapter introduces a model that aims at representing the core of the
pHealth domain in an abstract and technology independent way. There are
two potential readers of this chapter: one is a non-technical stakeholder, like
a care giver or a decision maker in the field of health provision who wants to
understand what pHealth is in a more formal and structured way. The other
reader is a technical user, an engineer, who needs a formal approach to the
problem and aims at deriving further specialized models for a specific pHealth
system. Therefore the objective of the model is twofold: from one side it is a
formal description of the domain that can be used to explain pHealth to people,
on the other side it can be used as a base to further specialise it into more
specific models typically used in SW engineering, like use cases, data models,
architectures, etc.

The model represented in this chapter is composed of several parts as already
identified in section 4.1:

1. The Conceptual Model, which models the main concepts involved in pHealth
and the relationships among them. It is further divided into:

(a) The base model, which provides in a snap-shot what pHealth is about
under the SW engineering point of view.

(b) The actors model, which represents the main users of pHealth sys-
tems. This model includes also those who develop and install the
systems.

(c) The artefacts model, which represents what are the common sub-
systems that compose a pHealth system.

(d) The information model, which represents some of the typical data
that are treated, stored and exchanged within pHealth systems.

2. The Use Cases, which provide a view of the functionalities of typical
pHealth systems by representing interactions between an actor and an
artefact, in order to reach some goal.
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As already stated before, these models aim at representing not one particular
pHealth system, but a family of systems, or an archetypal system. In other
words, every particular pHealth system should be, at least in a great extent, a
specialization of these models.

For building the model a comprehensive analysis of scientific research liter-
ature and industrial products has been carried out. A preliminary analysis has
already been shown in the Background and State of the Art chapters of this
thesis (chapters 2 and 3). In this section further references are provided for
every model explained.

5.1 The Conceptual Model

The conceptual model developed hereby is formalized as concept maps, as spec-
ified in section 4.1.2. Given that conceptual maps are graphical representa-
tions of concepts and relationships without any given constraint on the adopted
graphical formalism, within this thesis, the following conventions are specified:

1. Concepts are defined as nouns in the singular form

2. Concepts with capital letters are considered as more important than con-
cepts with lower case

3. Concepts with gray background are considered as proper concepts of the
model, while concepts with white background are considered as examples

4. The arrow on a line indicates an asymmetrical relationship, where the
concept to which the arrow points can be interpreted as depending in
some way on the concept from which the line originates

5. Arrows are labelled with a verb in the active or in the passive form. In
some few cases they can express a proposition

5.1.1 The base model

The base model aims at describing what is pHealth with one simple graph. It
represents a summary of, from one side, the aspects related to the care of people
and, from the other side, the technologies used to support these aspects. The
base model is represented in figure 5.1.

Personalised Health is about the personalised care which is meant to improve
the quality of life and health of both patients and healthy people, supporting the
work of caregivers including family and friends. pHealth is about the following
concepts:

• Prompt diagnosis of diseases.

• Effective and personalised treatment of patients’ diseases.

• Effective and personalised prevention of new or worsening diseases.

These three actions are implemented by means of:

• Monitoring patients continuously and unobtrusively.
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Figure 5.1: The Base Model of pHealth

• Training users to better manage their health, to help them in their daily
tasks like taking measurements, complying to treatments and improving
their lifestyle.

• Reacting to situations timely, by detecting or predicting risks, related to
the health status or the environment of the user.

• Educating patients about their potential or actual diseases and lifestyle.

• Achieving goals related to health like loosing weight, or smoking cessation.

• Engaging users towards the adoption of treatments and healthy lifestyle.

• Facilitating the communication among all players: patients, caregivers,
relatives, insurers etc.

• Being socially active and share life with other human beings.
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In order to implement this vision, information and communication technolo-
gies are needed. Specifically:

• Sensors are used to monitor patients, both their health status and their
context.

• Actuators are used to control patient’s environment and to help treatments
like delivering drugs.

• Data representation means are necessary to organize a big amount of infor-
mation spanning several domains, from diseases, to genetics, from clinical
procedures, to lifestyle and daily activities.

• Data processing and interpretation is used to analyse patients data and
interpret patient’s health conditions.

• Decision support is used to react to situations automatically or by provid-
ing guidance to carers.

• User interaction is the mean by which pHealth systems interact with users
in a simple and intuitive way.

• Networks are used to distribute the functionalities of pHealth systems
among different computing elements and allow ubiquitous remote interac-
tion.

• Interoperability standards are used to share health-related data within
different systems that do not need to know each other in advance.

• Privacy and security means are necessary for guaranteeing the safety and
the protection of patients.

References:
This concepts constitute an abstraction and a summary of the background chap-
ter, especially the section dedicated to the convergence between ICT and health
(section 2.3).

5.1.2 The actors model

This model explains what are the main stakeholders involved in pHealth sys-
tems. According to the standard IEEE 42010 for SW architectures, this is a
fundamental part of the architectural description and must be followed by the
concerns these actors have with respect to the system under analysis. This
section shows a taxonomy of the stakeholders as well as a brief explanation of
each one of them and what their main concerns are. A further view is also
represented in the Scenarios.

The actors are divided into the following main categories:

• Assisted persons: people who use pHealth systems to improve their health
condition

• Caregivers: a person who cares for an assisted person’s health and well-
being, including professionals and family members
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• Developers: a developer of pHealth technologies and solutions in form of
both hardware and software

• Deployers: a practitioner who is in charge of installing, configuring, cus-
tomizing and integrating a pHealth system or part of its infrastructure

In the following paragraphs each category is broken down into sub-categories.
For each sub-category, a list of references from the literature is also provided.

Assisted person

Assisted persons are defined as those individuals who use pHealth systems with
the aim of improving their quality of life, well-being and general health. They
are normally patients or healthy people who want take care of their health
condition. The main concerns of assisted persons are therefore:

• they want the system to be effective in improving health

• they want the system to smoothly integrate into daily life without overhead

• they want the system to be simple to use

• they want the cost of the service to be low

• they want the system to be safe to use

• they want their privacy to be guaranteed

• they want to be in control of their data

• they want to be able to share data among available systems

Figure 5.2: The classification of the Assisted Person actor

Subcategories of assisted persons are:

• Chronic patient: every person with a chronic illness (e.g. heart disease,
stroke, cancer, chronic respiratory diseases, diabetes)

• Patient under rehabilitation: a person who follows one or more treatments
designed to facilitate the process of recovery from injury, illness, or disease
to as normal a condition as possible (e.g. post-infarction patients, post-
surgery patients)
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• Person at risk: a person who is at a higher risk of disease due to mod-
ifiable/unmodifiable factors (e.g. smokers, overweight people, sedentary
people, people with genetic predisposition towards a disease)

• Healthy person: a person who enjoys good health and wants to maintain
a healthy lifestyle (e.g. sportsmen, people who care for a healthy diet)

References:
universAAL Deliverable 1.1 B [106] defines the category of Assisted Person,
which includes, as sub-categories, elderly people, disabled, persons with chronic
condition and other.

The AAL Roadmap [93] puts as “primary stakeholders” the final users of
AAL: i.e. elderly and disabled people.

In [132] the stakeholder “Patients” is defined for pHealth systems with the
following needs: “Have safety concerns (e.g. for devices) and expect high quality
of care” and “Have privacy and security concerns for health data”

Considering real implemented systems, whether research prototypes or com-
mercial products, all the systems include one or more of these categories of
users.

Caregiver

A caregiver is an individual who has accepted to be involved in the provi-
sion of pHealth services, and interacts with the assisted person. Caregivers are
users of pHealth systems as they usually access health-related data of their pa-
tients/clients, are alerted of risks and can set their treatment thanks to these
systems.

Their main concerns are:

• they want the system to effectively improve their patients’ health

• they don’t want the system to generate overload in the daily work

• they want the system to reduce the total amount of work

• they want the system to be completely reliable

• they want the system to smoothly integrate with established workflows

• they want the possibility to interchange data among systems

• they don’t want the system to put caregivers under legal threat

This category can be further split into:

• Formal caregiver: is defined as a person that is paid for being involved
in health care provision (e.g. personnel of an hospital) or otherwise is
involved professionally (e.g. skilled volunteers with social commitment).
Sub categories can be:

– Healthcare professional: a professional involved formally in the care
of an assisted person as a a nurse, a medical specialist, a General
Practitioner or a pharmacist.

158



Figure 5.3: The classification of the Caregiver actor

– Personal assistant: is an employed person who helps persons with
care needs in their activities of daily living. Examples are fitness
trainers and dietitians.

– Social worker: is the professional activity of helping individuals,
groups, or communities enhance or restore their capacity for social
functioning and creating societal conditions favourable to this goal.

• Informal caregiver: a person from an assisted person’s personal network,
such a relative or a friend, who do not receive any financial reimburse-
ment for provision of assistance and care-giving activities. Informal care-
givers can live together with the assisted person (cohabiter) or not (non-
cohabiters). The activities of these actors are related to the improvement
of lifestyle management and to the prevention and early diagnosis of health
issues of the assisted person.

References:
universAAL Deliverable 1.1 B [106] defines the category of Caregiver both as
formal caregiver and informal caregivers in a very similar way as defined here.

In [132] the stakeholder Care Providers is defined for pHealth systems with
the following needs: “Assure proven clinical utility addressed by the specific
application” and “Want to receive the product with the interoperability capa-
bilities that were promised”.

The National Association of Social Workers Board of Directors defines the
social worker as

“is the professional activity of helping individuals, groups, or com-
munities enhance or restore their capacity for social functioning and
creating societal conditions favourable to this goal. Social Work
practice consists of the professional application of Social Work val-
ues, principles, and techniques to one or more of the following ends:
helping people obtain tangible services; counselling and psychother-
apy with individuals, families, and groups; helping communities or
groups provide or improve processes. The practice of Social Work
requires knowledge of human development and behaviour; of social,
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economic, and cultural institutions; and of the interactions of all
these factors.”

The AAL Roadmap [93] puts the caregivers into the “primary stakeholders”
category and defines the “secondary stakeholders” category as the organizations
that provide services to the main target group (i. e. security-service providers,
care-service organisations, transport services, social services, community cen-
tres, etc.).

Several research and commercial implemented systems have caregivers as
their potential users. Only a small subset of systems is intended to be used only
by assisted persons.

Developer

A developer is someone who works in a company or an institute that develops
pHealth systems. It includes both personnel of private industries and research
centres. A developer can be involved in designing, developing and testing both
hardware and software systems that take part into a pHealth systems. There-
fore, the main concerns related to this actor are:

• they want clear requirements

• they want the system functionalities to be simple to implement

• they want to reusable available components and they want them well doc-
umented

• they want interoperable standards

• they want a good architecture that clearly separates concerns

• they want the architecture to reflect the distribution of responsibilities
among developers in a team

• they want tools for simplifying development, testing and debugging

• they want development tools to be simple to use with the help of graphical
metaphors

It can be spit into the following sub-categories:

• Designer: is an individual involved in the study and design of individual
components of the system as well as a complete solution in context in
which it will be used. Depending on its particular duties it is possible to
identify:

– Business analyst: analyses the business logic of the system to im-
prove the quality of the products and services being developed. He
or she is in charge of gathering requirements, assisting the integration
of all the components, performing acceptance tests and supporting
the development of training material. Business analysts are also in-
volved in the development of project plans and often provide project
management skills when these skills are not available in other project
participants.
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Figure 5.4: The classification of the Developer actor

– User interaction designer:is responsible for designing the human-computer
interaction of computerized systems for all kinds of devices (personal
computers, mobile phones, PDAs or websites). Their primary goal
is to make the system functionalities easy to use with efficient and
intuitive interfaces. Their work is focussed on both the development
of the look and feel of the application (e.g. colours, icons and other
metaphors) and the sequence of actions to be performed for fulfill-
ing task (interaction flows). Their final outcome is usually a non-
functional emulation of the application that is used to demonstrate
how it would be used by its final users (mock-ups). Their duties
usually include testing usability with volunteering final users.

– Engagement designer: studies and develops the appropriate means
to motivate users in adopting the system in their normal life and
educating them with respect to their health conditions. There is not
a widely recognized professional figure covering this role yet in spite
of considerable importance that engagement has in in pHealth. Typ-
ically this figure is a multi-disciplinary role that takes into account
classical theories from psychology, education design, teaching, and
transforms them into ICT tools like multimedia content and person-
alized feedbacks.

– Software architect: is an individual who establishes the architecture
of the systems, i.e. they decide how to split functionalities into sev-
eral reusable, coordinated components. Software architects may also
be engaged in the design of the architecture of the hardware environ-
ment, or may focus entirely on the design methodology of the code.
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In addition, the architect may sometimes dictate technical standards,
including coding standards, tools, or platforms, so as to advance busi-
ness goals rather than to place arbitrary restrictions on the choices
of developers.

– Hardware designer: is an individual who designs electronic circuits
for a pHealth system. These include CPUs, sensors, transducers,
wired and wireless communication means. Hardware designers du-
ties include searching the market for available components, design-
ing circuit boards, producing and testing prototypes. Their final
product is a schematic circuit diagram that can be engineered and
mass-produced.

• Software developer: is an individual who translates the requirements into
computer programs by means of some programming language and a set of
tools. These actors are in charge of programming, testing and maintaining
the software used in a pHealth system. It is possible to further identify:

– Business logic developer: who develops the logic of the the application
using the requirements elaborated by designers. His duties include
developing functionalities without taking into account how the user
interacts with the application and do not usually include developing
communication protocols with other external systems.

– User interaction developer: a programmer who transforms the re-
quirements developed by user interaction designers in code. His du-
ties usually include mapping mock ups to some actual technology
(e.g. graphic libraries), develop the interaction flows and integrate
them with the rest of the logic.

– Algorithm developer: implements algorithms for signal processing,
data exploitation and data analysis. It is an important part of
pHealth applications and requires very specific expertises.

– System integrator: is a programmer who integrates heterogeneous
software systems and allows the interoperability of all the parts of
the system (e.g. servers, sensors, user applications and distributed
services). His expertise usually focusses on well known communica-
tion protocols and standards.

– Firmware developer: is a developer who programs embedded systems
and micro-controllers. Although, in principle, firmware also include
part of business logic, user interaction, algorithms and integration,
in practice, the requirements the firmware developer has to imple-
ment are much more low-level (i.e. closer to the hardware) and the
used tools and resources are very different from the aforementioned
software developers.

– Tester: is a person, usually with technical background, who tests
software and hardware systems and identifies defects. Testing im-
plies checking that the piece of SW meets the requirements, works as
expected and satisfies the needs of its users. Testers can be employed
by SW companies or can be volunteers, who are usually paid back
with pre-releases of the software and other benefits.
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References:
universAAL Deliverable 1.1 D [106] defines a category of developers and the
following sub-categories: software developer (with application developer, IT
developer, middleware service developer), hardware manufacturer (with domotic
device developer and monitoring device developer) and research institution (with
university and research centre).

The AAL Roadmap [93] defines the “tertiary stakeholders” as the industries
and companies that supply goods and services to the secondary stakeholders,
that is includes software houses and devices manufacturers.

In [132] the stakeholder “Vendors” is defined for pHealth systems with the
following needs: “Need a harmonized and stable market and easy, cost efficient
market access in order to provide affordable and high quality solutions” and
“Promote the adoption of such products in the care delivery process by means
of incentives related to certification”

The aspects of users engagement like motivation and education are named
in several research systems like those described in [200], [120], [143], [152], [99].

Companies which make patient education and engagement part of their busi-
ness are Numera1, CareInnovations2, Ideo3.

Deployer

Once a pHealth system is created it has to be deployed over a distributed en-
vironment that includes servers, networks, computers and other kinds of nodes.
Although secondary to the creation of the application, deployment is nonethe-
less necessary in order for a pHealth system to operate. The pHealth system
often must include interfaces and tools also for this kind of actor. The main
concerns related to this actor are:

• they want the system to be simple to install and configure

• they want tools for easening deployment, installation and configuration

• they want means to personalize the system for the user (e.g. select the
language)

• they want tools for remote monitoring and maintenance of the system

Figure 5.5: The classification of the Deployer actor

Following, some categories of deployment duties are described:

1http://numera.com/
2http://www.careinnovations.com/
3http://www.ideo.com/expertise/health/
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• Installer: is the individual who installs the system in its environment,
that can include hospitals, homes, sport centres etc. The installer must
have a technical background and must understand some principles of the
application, but is not required to know the system in its details. Usually
installers are technicians but not necessarily engineers or computer scien-
tists. Their duties include physical installation of sensors and computers,
configuration and parametrization of the applications, maintenance and
recovery or substitution of the system.

• System administrator:is a person who deals with the installation, the
maintenance and the operation of servers, networks and databases. Sys-
tem administrators usually configure servers and networks, create the
proper environment for running the application, installs and runs it. They
must have a high level of knowledge in operating systems, application
servers, networking protocols and those tools that are generally used for
operating distributed systems. Security is an expertise that is often con-
sidered as crucial for this kind of profile.

• Trainer: is the profile who trains the users of the pHealth application. He
or she must know how the system works from the perspective of the user
and must have only an overall view of the main functionalities. Training is
often needed when the system involves health-care professionals, as their
use of the system can potentially lead to situations that are risky for the
patients.

References:
universAAL Deliverable 1.1 D [106] defines deployers as the ones that can pro-
vide an integrated solution for individuals, set up concrete systems on their
behalf, and maintain the system operational and up-to-date. It defines as sub-
categories: service delivery providers, maintenance providers, administrators
and others.

Within the Heart Failure Management application of the MyHeart project a
special attention was dedicated to this profile. For instance, the patient appli-
cation had a dedicated area (hidden to the patients) for configuring and testing
the system, that was specifically targeted to installers.

AAL Roadmap [93] “tertiary stakeholders” also include organisations that
provide infrastructure like telecommunications operators, computers and mobile
phones producers etc.

There are some companies whose business is the deployment and installation
of IT systems like TechDeploy4 or PCMG5 and some which are also prepared
on health IT like Comptia6 or Meditology services7.

Provider

Providers constitute the economic soul of pHealth. In order for pHealth to be
put in place, an ecosystem of providers economically interacting among each

4http://www.techdeployco.com/
5http://www.pcmg.com
6http://www.comptia.org
7http://www.meditologyservices.com/
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other, by selling and buying products and services is necessary for a healthy
system that generates value for all the population.

Providers are mostly concerned about:

• they want to have proven business models

• they want to be well positioned in an established market

• they want to produce products and services in a cost-effective way

• they want to innovate in order to gain market positions

• they want to have a wide offer of products and services to use for their
business

Figure 5.6: The classification of the Provider actor

The subcategories of this actor are:

• Technology provider: it represents a company that produces and sells
technological solutions. These can include hardware or software systems,
as well as infrastructure services like communication networks.

• Maintenance provider: it’s a company that provides installation, deploy-
ment and maintenance support especially for technological products.

• Assistance provider: a private or public entity that provides assistance
to people, healthy or not. This category includes hospitals, pharmacies,
emergency management organizations, residential family care homes, nurs-
ing services, but also fitness centres, gymnasiums, diet centres etc.

• Pharmaceutical provider: constitutes a company that produces and sells
pharmaceutical products.

• Service provider: it’s a very generic category of companies or public insti-
tutions that provide services associated to the pHealth, including billing
and coding, transport, legal services etc.

References:
universAAL Deliverable 1.1 D [106] includes the category of technology providers
including deployers, IT providers, application providers among others and as-
sistance providers including healthcare providers, social and well-being institu-
tions, housekeeping service providers, transport providers and others.
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The AAL Roadmap [93] defines the “secondary stakeholders” as the compa-
nies and institutions that provide external services to the end users and acquire
solutions provided by the developers.

Authority

pHealth is a complex world and can potentially include a long list of stakehold-
ers. Far from being exhaustive, this section aims at providing examples of other
stakeholders that are relevant to pHealth, but are not usually producers nor di-
rect users of pHealth systems. These stakeholders can make decisions which can
strongly affect the context or the requirements of a pHealth system, examples
are politicians, hospitals managers, standardization bodies etc.

The concerns related to these actors can be summarized as follows:

• they want the system to be safe and reliable

• they want the system to be cost-effective

• they want the system to increase population’s quality of life in a statisti-
cally significant way

• they want the quality of the system and the way it is produced to be
certified

• they want the system to adopt wide-spread standards for interoperability

• they want patients’ data to be available and shareable

• they want the system to be compliant with relevant laws and legislations

Figure 5.7: The classification of the Authority actor

The subcategories of this actor are:

• Community manager: represents an individual that works in a community
centre like a retirement residence, a geriatric centre, a therapeutic com-
munity (e.g. for drugs or alcohol abuse). This individual is able to take
decisions about how to run the community, what means it should have,
what to buy etc.
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• Healthcare provider manager: an employee of an hospital, a nursing centre,
an emergency service etc. who takes decisions about instruments and tools
that should be purchased and used.

• Insurer: represents someone who works in a private insurance company or
in the public health, that takes decisions about how to financially support
individuals in terms of health care.

• Policy maker: someone who has decisional power about local, regional,
national or international policies that are related to health care.

• Standardization body: is an institution that shapes standards like the
ISO or the IEEE. These stakeholders can have significant impact of the
development of a pHealth system as new standards are made to assure
interoperability.

• Certification body: is an institution that releases certifications to products
or processes to companies that decide to seek for certification, usually
under payment. Certificates are required in almost all the countries for
products related to medicine and health.

References:
universAAL Deliverable 1.1 D [106] defines the following stakeholders which are
included here: Social and well-being institutions (retirement residences, geri-
atric centres), Healthcare provider (hospitals, nursing homes, emergency ser-
vice providers), Financial bodies (private health insurance companies, national
health), Legislative and public welfare organizations (local entities, regional en-
tities, national entities).

The AAL Roadmap [93] includes “quaternary stakeholders”: organisations
and institutions that work in the economical and legal context of AAL.

In [132] the stakeholder “Healthcare Authorities ” and “Standard Develop-
ment Organizations” are defined for pHealth systems with the following needs:
“Improve the quality and reduce the cost of patient care by pro-actively pro-
moting the adoption of these products or by means of regulation” and “Foster
the development and deployment of standards”

5.1.3 The artefacts model: the building blocks

The artefacts model describes the technologies used in pHealth systems. This
view classifies those building blocks that make pHealth systems, including Hard-
ware and Software, under a functional perspective.

Sensor

A Sensor is a device that translates a physical quantity into a digitalized for-
mat. Generally speaking, a sensor measures signals, which can be of several
types. Bio-signals are signals captured on the human body, examples of such
signals are electrocardiogram (ECG), blood pressure, temperature of the skin,
haemoglobin’s saturation. These sensors exploit physical principles that allow
to directly, or indirectly, measure body signals, spanning from the simple, mono-
dimensional, vital signs like temperature and pressure to more advanced ones
like, e.g., three dimensional imaging or gene expressions.
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Figure 5.8: The Sensor artefact

An environmental signal is an observable phenomenon related to the envi-
ronment of the user and not his or her body directly. Examples of these signals
are air temperature and humidity, or the position of the user indoor or outdoor
(e.g. using a GPS).

Sensors have sometimes limited pre-processing capabilities that are used to
compute derived signals from the raw acquired data. Examples are the heart
rate, which can be extracted from the ECG or heart sound, breath rate, which
can be extracted from breath amplitude or even ECG, activity or gait that can
be computed from accelerometers. In more complex scenarios users’ activities
and behaviours can also be sensed.

Sensors can be wearable, when they are embedded into clothes specially
designed to carry the sensor, or even to use the textile as part of the sensing
mechanism (e.g. yarns with conductive capacity can be used as electrodes). In
more advanced scenarios, sensors can be implanted into the human body, even
at nano-scale, and can be also powered with energy sources coming from the
body.

References:
In [66], a sensor is identified by the Data Acquisition sub system. In HL7 Ref-
erence Information Model (RIM) a monitoring device is called Playing Device,
a signal is called Metric [170]. In HL7 CDA [73] a sensor is called also Playing
Device, a measurement is called Observation. In the IEEE 11073 terminology
[175] a monitoring device is called Agent. An Agent has little or no comput-
ing capabilities and reduced or no user interaction means. Within the Domain
Information Model (DIM) each Agent (i.e. each sensor) is referred as Medical
Device System (MDS) which can include sub systems called Virtual Medical De-
vices (VMDs). In the Continua Reference Architecture sensors are included in
the peripheral area network (PAN) device category [56]. Almost all the pHealth
systems analysed in the state of the art have some kind of sensor, from the ba-
sic, commercial sensors like blood pressure cuffs or pulse-oxymeters to complex,
experimental devices.
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Actuator

An Actuator is a device that moves or controls part of the physical environment
through a mechanism. Actuators are used as support to daily life in homes
for controlling, for instance, home appliances like doors or faucets, and also for
treatments, like automatic drug delivery with electronic pill boxes.

Figure 5.9: The Actuator artefact

More advanced scenarios include actuators in nanoscale that can be used
within the body to pump fluids, open and close valves, or to provide translational
movement.

References:
[85] describes a pill dispenser with sensors and actuators. Sensors are used to
detect the presence of the patient near the dispenser, actuators are used to
signal the right pill box (a light) and to remind the time the user has to take
the medicine (a buzzer). The system is integrated with a network interface that
allows programming the dispenser and send events to an application. Authors
also integrate it with a bed sensor to detect when the user wakes up or goes
to sleep as often medicine intake is performed at those times. In [66] advanced
sensors are envisioned as implanted in the body and provided with embedded
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actuators. In the Continua Reference Architecture actuators are included in the
PAN device catgory [56].

Communication Interface

A Communication Interface is the part of the system that implements commu-
nication means. Examples are a computer with networking means, or a wireless
module in an electronic board of a sensor.

Figure 5.10: The Communication Interface artefact

A Communication Interface must contain one or several networking inter-
faces, i.e. physical or virtual communication channels. Networking interfaces
can be wireless or wired. Typical wired interfaces are Bluetooth, Zigbee, WiFI
or the ones related to mobile phones like Long Term Evolution (LTE). Typi-
cal wired interfaces are the classical Ethernet for local networks or ADSL for
WAN networks. The Communication Interface is in charge of translating data
from the internal representation to the one adopted by data exchange protocols
and vice-versa. Typical protocols are those for medical data, like HL7 or IEEE
11073. Ad-hoc application level protocols are also usually a solution, like for web
services. Last but not least, data exchange must be assured to be on a trusted
channel to avoid third parties to sniff or corrupt sent data. This is obtained
by means of standard technologies like Secure Sockets Layer (SSL) or HTTPS.
Security is not only a technological issue, but is usually strongly required by
legislations all over the world.

References:
In [66], communication interfaces are identified by the Data Communication
subsystem.

In IEEE 11073 DIM [175] an entire package is related to the communication
aspects: the Communication Package, which deals with objects that enable and
support basic communication.

In the Continua Reference Architecture communication interfaces are iden-
tified, depending on their scope and purpose, as PAN-IF, LAN-IF and WAN-IF
[56].

In almost all the system analysed in the state of the art there are wired
or wireless connected sub systems including sensors, PDAs or computers. All
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the systems are connected to the Internet with some interface and all of them
implement secure communication.

Processing Unit

The Processing Unit is the module of a pHealth system with computing and
data storage capabilities. The computing capabilities are used to process data
with proper algorithms. Algorithms are used to generate new knowledge and to
produce system reactions, they typically require processing and analysing stored
data implementing data processing, like filtering and parameters extraction and
decision support like generating alerts and performing trend analysis.

Figure 5.11: The Processing Unit artefact

Data storage can be as simple as a file system on a disk or solid state mem-
ories or can offer more complex capabilities like data bases. Data storage relies
on a data representation formalism. Formalisms are used to model the data in a
formal and machine-readable format and to accommodate semantic expression.
Formalism span from relational and entity-relation models (e.g. in relational
databases) to object oriented models (e.g. Abstract Syntax Notation One) and
semantic languages (e.g. OWL).

References:
In [66], processing units are identified as Data Processing and Analysis sub-
system.

IEEE 11073 includes the concept of the Managers [175], which, in contrast
to the Agent, is typically a device with some computing and storage capabilities,
like a personal computer or a smart phone. Both Agent and Manager in IEEE
11073 can include a Medical Data Information Base, which is in charge of storing
data according to the object-oriented Domain Information Model defined by the
standard. Within the Domain Information Model, each Agent has a Persistent
Metric Store, which is a set of measurements that have been stored on a sensing
device. The Archival Package deals with storage and representation of bio-
signals, status, and context information in an on-line or an off-line archive.
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In the Continua Reference Architecture processing power is assigned mainly
to LAN devices, which aggregates and share data, as well as Application-hosting
devices and WAN devices which host added value applications that make use of
gathered data [56].

In all the systems analysed in the state of the art there are processing units
in the form of personal computers, servers, smart phones or aggregation and
gateway devices.

User Interface

A User Interface is the part of the system in charge of interacting with the user.
Typical input mechanisms include keyboards, mouses, touch screens, or more
advanced features like gesture recognition and speech analysis. Typical output
means are screens of different sizes and resolutions and sound.

The main functionality of user interfaces is to render interaction elements.
Typical interaction elements, used in graphic user interfaces, are buttons, text-
areas, labels, check boxes etc.

Figure 5.12: The User Interface artefact

The combination of these elements, as well as the way they are combined
into a flow that reacts to events generated by the user, is represented into
interaction flows. Interaction flows are designed to let the user operate with the
system easily. Typically flows guide the user through the execution of tasks,
which in the health domain can be answering a questionnaire, performing a
measurement, reading educational content etc.

References:
In IEEE 11073 Managers [175] usually are responsible for the interaction with
the user. Also Agents can have partial user interaction means, but the main
part of it is left to Managers.

In the Continua Reference Architecture LAN devices and Application-hosting
devices are the main responsible for user interaction [56].

pHealth Development Platform

A pHealth development platform is used by developer for creating applications
in the domain of pHealth.

A development platform should comprise example code, tutorials, libraries
and development tools. Libraries are the most important piece of a platform. In
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Figure 5.13: The pHealth Development Platform

the case of pHealth they should include protocols abstraction for connecting to
sensors and health records, templates for the user interaction and the execution
environment for domain-specific languages (DSLs). A DSL is a programming
language dedicated to a particular problem domain, a particular problem repre-
sentation technique, and/or a particular solution technique. Typical examples
are Structured Query Language (SQL) for accessing databases, rules languages
for defining rules and workflows for defining execution flows. Among develop-
ment tools, on the other side, it is necessary to have graphical and usable editors
for these languages, for instance graphical class diagrams tools, or for drawing
workflows. Other useful tools are wizards, which are used to guide the developer
in a step-to-step way to complete a task.

References:
IEEE 2407 is about the creation of a platform for pHealth [52].

universAAL is about a platform for developing Ambient Assited Living so-
lutions, which is a domain close to pHealth [106].

5.1.4 The artefacts model: the sub-systems

In this view the afore-mentioned functionalities are put together into indepen-
dent sub-systems with computing and communication facilities.

There are four typical combinations of these functionalities in the pHealth
domain: namely the Smart Sensor, the User Device, the Personal Health Record
and the Clinical Server. These three pieces are adopted by countless projects
that contain a set of sensors with processing and communication capabilities
that connects to a device that collects data and is used by the patient, which
exchanges data with a server that manages different patients and is accessed by
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health professionals.

Smart Sensor

A Smart Sensor is a Sensor equipped with a Communication Interface and a
Processing Unit. It is a sensor with some limited computing capabilities used
to locally process data (e.g. for filtering and generating derived signals) and
communication capabilities to transmit data to other devices (e.g. IEEE 11073
over Bluetooth), usually within local or personal area networks. It is usually
built as a single electronic board with a micro-controller, some AD converters, a
solid memory and a communication chipset. The board usually runs and ad-hoc
firmware with little or no operating system and are programmed with low-level
languages like C. Advanced smart sensors can be embedded into textile, or can
be even implantable in the human body.

References:
In IEEE 11073 an Agent is inherently a SmartSensor [175], as it has to imple-
ment communication and storage means. In the Continua Reference Architec-
ture smart sensors are called PAN devices.

Examples of SmartSensors that are commercially available are listed in the
state of the art, like the Bayer Contour USB, the Equivital EQ-01, the A&D
UA-767PBT-C or the MiniION.

User Device

The User Device joins a Processing Unit, a Communication Interface and User
Interaction together. It is used mainly by assisted persons or caregivers. Nor-
mally it is a standard commercial device like a PC, a laptop or a smart phone
User interaction is usually implemented with standard mouse, keyboard or touch
screens. User interaction is used to communicate with the user, send messages
and receive feedback (e.g. reminders or questionnaires). Communication should
be implemented in these devices with both the sensors (e.g. IEEE 11073 over
Bluetooth) and with servers (e.g. HL7 over ADSL). These devices usually run
commercial operating systems and are programmed with high-level languages
like Java or C#. Transportability or even mobility of the device are often re-
quired. In some cases User Devices can embed some sort of sensors, usually an
environmental sensor (e.g. a smart phone with GPS).

References:
In IEEE 11073 a Manager can, though must not necessarily, be the device that is
used by the patient [175]. In the Continua Reference Architecture Application-
hosting devices are patient devices.

Examples of commercial products that are in fact patient devices identified
in the state of the art chapter are HomePod and Care Innovations Guide.

Personal Health Record

The Personal Health Record includes a Processing Unit, a Communication In-
terface and a User Interface. It is used by assisted persons to insert and consult
health data and by caregivers to access these data. The assisted person is the
only owner of the health record and must be able to grant or revoke access to
his/her data without limitations in time and space.
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The Personal Health Record is usually hosted on some server on the Inter-
net, although it is possible to be implemented as a local application on a PC or
an embedded device. The communication mechanisms are meant to integrate
data coming from other applications or sensors and also to give access to data
to other services like the ones used by the caregivers. The user interface capa-
bilities must provide functionalities for reading data, inserting data, granting
or revoking access, export and import facilities and must be meant for people
without technical or medical expertise. The processing capabilities can span
from basic storage to more advanced trend analysis and alert generation.

References:
The standard IEEE 2407 is about interoperability among personal health records
and other services [52].

Examples of commercial products that implement personal health records
are: WebMD health manager8, PatientsLikeMe9 and onPatient10.

Clinical Server

A Clinical Server includes a Processing Unit, a User Interface and a Commu-
nication Interface. Its role is to collect data from several patients, analyse and
process data, host clinical health records, and allow health professionals to con-
sult patients’ data and configure their treatments. Clinical servers are usually
implemented as clusters of powerful servers with access to high-speed Internet
and conspicuous amount of storage space. These machines usually run server-
like operating system (e.g. some flavour of Unix) and are programmed with
high level programming language with support for server-side applications (e.g.
Java EE, Ruby on rails). User interaction with these devices is usually ac-
cessed remotely through web interfaces, thus, although they do not implement
a user interface, they execute interaction flows that are rendered on some other
machine.

References:
In the Continua Reference Architecture a WAN device is actually a Clinical
Server.

Examples of commercially available clinical servers identified in the state of
the art are HomePod Clinical User Interface or the Care Innovations Guide -
Virtual Care Suite.

5.1.5 The information model

The information model covers the typical kind of data that are stored, trans-
mitted or computed in a pHealth system. Far from being completely extensive,
this model tries to include a base core of concepts that can be extended by
specific applications or sub-domains. From this model, SW engineers can derive
ontologies or data models that can be treated in electronic formats.

8https://healthmanager.webmd.com
9http://www.patientslikeme.com/

10https://onpatient.com/
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Signal

A signal represents a direct and derived, quantitative signal measurement in a
specified instant or a time frame. It must be specified in terms of unit of mea-
surement, time of start and end of measurement. Generally signals contain sets
of samples. When a signal is related to the human body it is named bio-signal,
when it is related to the environment of the patient, it is called Environmental
Signal. Examples of bio-signals are ECG, EEG, blood pressure, while examples
of environmental signals are air temperature and humidity or the position of
the patient (e.g. in GPS coordinates).

Figure 5.14: The signal model

Sample
contains a single value of measurement. Values can be represented as single or
as compound. Specifically three sub cases can be thought:

1. Numeric Sample: represents a real number (e.g. represented as a floating
point). Examples are weight, temperature, blood saturation.

2. Enumeration Sample: represents a status or an annotation. Examples can
be ECG rhythm qualification, activity classification (walking, running,
seating etc.) and others.

3. Compound Sample: represents a group of Numeric Samples or Enumera-
tion Samples, for instance for representing a complex number or a group
of related numbers (e.g. systolic and diastolic blood pressure).

Samples List
is a collection of samples. It represents a sequence of samples taken in a certain
time frame. Two cases can be modelled:

1. Fixed Rate List: contains samples at a fixed frequency. In this case the
time stamp of all the samples do not need to be specified. Examples are
ECG Lead or accelerometry data.

2. Variable Rate List: contains samples taken with a variable inter-sample
period. In this case timestamps must be specified. An example can be an
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activity signal that is downsampled when little or no activity is detected,
in order to save memory and power.

3. Events List: contains samples at specific timestamps. An example can be
a set of annotations performed over an ECG.

4. Distribution: identifies a distribution of samples, so that the index of
a value within an array denotes a spatial value, not a time point. An
example can be a Fourier transform of an EEG.

References:
A signal in IEEE 11073 is called Metric which can model different forms of
measurements. A Compound Sample is called Complex Metric and is used to
group a larger number of strongly related Metric objects. A Sample, in the
standard, is called Numeric or Enumeration, depending on the type of data
it carries (number or enumeration). A samples list is called the same way
and has three sub classes: a Real Time Sample Array object is a samples list
that represents a real-time continuous waveform, a Time Sample Array which
is a samples list that represents non continuous waveforms, and a Distribution
Sample Array object is a sample array that represents linear value distributions.

In HL7 there exists the concept of Observation, which is used to package
patient’s physiological data like clinical lab results, imaging, ECGs and other
kinds of vital signs, symptoms, allergies, notes, etc. HL7 supports a wide variety
of kinds of digitalised values including numeric values, ratios, indexes, ranges,
ordinals, coded data types, imaging results, waveforms, timestamps, sets of
values, sequences of observations and even the uncertainty of values can be
specified.

Subjective Report

While signals represent objective data collected by sensors, subjective data are
usually collected by means of subjective reports, or questionnaires. Question-
naires are used in many medical fields and have been in many cases clinically
validated, thus they represent a powerful, though simple way for assessing pa-
tients’ status.

Subjective reports must be modelled both as the set of questions that are
asked to the user and the answers given by the user.

Subjective Report
Subjective reports must be modelled both as the set of questions that are asked
to the user and the answers given by the user. Thus the Subjective Report
represents the set of questions to be asked. Every question has at least one
question that has to be answered.

Questionnaires can be configured to be dynamic, having questions triggered
by the answer given to a previous question. Questions can allow different kinds
of answer models, depending on the type of question, there can be free text
answers, yes/no answers, multiple choice, numbered scales, etc.

Answered Report
An Answered Report is where actual answers are stored. It represents a col-
lection of Answers, where each answer is an answered question containing an
actual value according to the type specified in the answer model.
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Figure 5.15: The subjective report model

References:
Several projects implement electronic subjective reports. For example the Heart
Failure Management application within MyHeart[198] uses three kinds of ques-
tions: with one, two or three choices. The model of the questionnaire is repre-
sented in an XML file and the answers are saved on a local database, to be sent
later to a clinical server.

The National Cancer Institute (NCI) Thesaurus [180] includes the concept of
questionnaire, under the more generic class of survey and adds a small taxonomy
of common questionnaires.

Also the Ontology for Biomedical Investigation (OBI) [154] includes it as a
possible mean of documentation.

5.1.6 Careplan

While signals and questionnaires are what is produced by the patient, the care-
plan is what the care givers produce for the patient. A Careplan is composed
of tasks to be performed by the assisted person, tasks are planned according to
a TaskPlan and can be recurrent when they must be repeated over time.

Tasks can be of different nature:

1. Medicine Intake: is a prescription of a pharmaceutical drug. This concept
must be associated with the kind of medicine, a specific brand or a generic
active ingredient, and the exact dosage, usually expressed as weight (e.g.
grams), or units (pills, tablets etc.).

2. Questionnaire Response: is the prescription of answering a questionnaire.
This concept must be linked to a Subjective Report.

3. Measurement Session: represents the prescription of performing a mea-
surement, that is, gathering one or more signals by means of sensors.

178



Figure 5.16: The Careplan model

This concept must be linked to a description of the signals that have to
be gathered.

4. Exercise Performance: is the prescription of an exercise routine. This
concept must be then sub-classified in all the kinds of physical exercises
that are normally prescribed to patients, for example running, swimming,
cycling etc.

5. Diet Compliance: is the prescription of a dietary regime. Diets are planned
for therapeutic purposes including or excluding certain items of food of
beverages.

Task Plan:
A Task Plan describes how a task must be performed in time. This concept
should be linked to validity range, which specifies the time window the task
should be performed (even repeatedly) and a recurrence, which describes the
way the task should be repeated in time (e.g. periodically, on certain days of the
week/month/year etc.). When a task is being performed it generates instances
of performed tasks which will contain meta information like the time and date
the task was performed, level of completion and signals if the task has some
measurements associated. By comparing task plans and performed tasks the
system can detect how compliant the user is to the careplan.

References:
The planning of tasks is a common problem in project management and office
applications. A well known standard for expressing time-related information and
recurrence is the iCal, used mainly for exchanging calendar-related informations
like appointments and events.

Prescriptions are included in the HL7 RIM within the concept of Proce-
dure. The prescription of a medication is formalized under the concept of “Sub-
stanceAdministration” including dosage and recurrence. HL7 also has a concept
dedicated to the acquirement of sensors data, included in the “DeviceTask” but
is only meant for performing measurement in an automatic fashion.

Regarding exercises, the NCI Thesaurus includes a concept for its represen-
tation defined as “Activity that requires physical or mental exertion, especially
when performed to develop or maintain fitness.” and has an extensive clas-
sification of exercises. In [122] authors propose an ontology for the physical
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rehabilitation of patients and clearly link exercises to the goal and the phases
of an exercise session. The concept of diet is included in the HL7 under the
concept of “Diet”. The standard also provides a taxonomy of meaningful ther-
apeutic diets. The NCI Thesaurus also includes the diet concept with a small
taxonomy.

5.2 Scenarios

Scenarios are the most powerful and simple mean to communicate the charac-
teristics of a system. Scenarios indicate as the system should be, they must not
be 100% realistic but they must give the vision of the system. As the objective
of these models is to represent a generic pHealth system, the following scenar-
ios are just a relevant and generalizable example of possible pHealth systems.
A particular focus is given to development processes more than, for instance,
business and organizational aspects.

The following scenarios are grouped according to the view of a stakeholder:

5.2.1 Assisted person’s view

Healthy person

Michele is a healthy boy. He enjoys playing sports, especially running, and
having a full social life. He decides to track his running sessions with a sensor
and a software. Thanks to his mobile phone and a heart rate monitor he can
record his respiration rate, heart rate, the run distance and the exact route in
the park where he usually runs.

Michele regularly agrees his training with a coach. Thanks to a web interface,
Michele and his coach can set-up the goals for the current month: a slight
increase in average speed and longer runs. Michele is also competing with some
fellows runners. Most of his friends use a web application where they can share
their running achievements. Michele decides to join the website.He signs in into
the site, then, as his workout data are stored on his personal record, he has
to give permission to the web app to access to them. Now Michele can see
what running routes his friends are taking and comment on his friends’ records.
The web application also sends motivating messages to his phone and helps him
remind when he should have a session.

Michele is also very competitive, and, now that his performances are publicly
exposed, he starts to be obsessed about being the first among his friend runners.
He begins to train every day for long sessions almost exhausting himself. After
a series of consecutive days running, Michele’s application shows a message
telling that there are serious risks related to over-exercising. When Michele
enters the web, the application also starts suggesting him some educational
content with information about risks in running activities. The day after, his
coach, warned by the web app, calls Michele to understand the reasons of his
compulsive behaviour. Michele now knows that training is good, but it must be
done in a reasonable way and followed by professionals.
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Person at risk

Joe is a young adult who works as a programmer in a big company. His daily
activity is reduced as he sits most of the day in front of a computer. He is
overweight and with a slight hyper tension. In his family history he has some
deaths for heart diseases. Worried about this situation, he goes to a company
that performs economic exome sequencing. The company gives him a memory
stick containing the raw values of the sequencing as well as statistics about the
genetic risk factors he has, which include heart failure and coronary diseases.
Once he uploads the data into his personal health record, an application gen-
erates a report with a series of recommendations for him. Among the highest
priority ones, the report tells him to reduce his weight and increase physical
activity. In order to better control his lifestyle, Joe decides to buy an electronic
weight scale and an application for weight control.

Once bought on-line, the application starts by profiling him with some ques-
tions and sets up a diet programme. On a standard day Joe wakes up and
goes to the bathroom to refreshen. He steps on the scale, the value is trans-
mitted wirelessly to the system. Thanks to a standard communication protocol
for consumer health devices Joe can choose among different electronic scales of
different brands and prices. The system receives the measurement and shows
Joe’s just measured value and a graph with the last 7 days values. The value is
decreasing, but not as it should (the goal weight loss was set at the beginning
of programme). The SW shows a message explaining the situation and some
recommendations about preparing a healthy breakfast.

Joe goes to work. During the morning his portable device application sug-
gests him to get up from the desk every now and then and gave a little walk, or
just go to talk to some colleague. At lunch time, he goes to the cantine where
he has quite a good choice of dishes. He starts his app and, with a simple visual
menu, he selects the food he is choosing. While doing so he notices that he is
going above the recommended goal calories, so he decides to renounce to the
potato dressing.

He leaves work in the early evening. While waiting at the bus stop his
mobile phones vibrates and shows him a message recommending him to go
home walking, as the weather is good today and the distance is not too big.
Joe decides to accept the suggestion. Once at home it’s time for the dinner. He
takes the PC and selects a recipe the program suggests him to prepare with low
calories content.

After some few months Joe is able to see his weight going down. He feels
more healthy and energetic in general and, what is most important, he has
changed several bad habits he had before.

Post-event patient

Paulo, 44 years old, is a smoker. Three months ago Paulo has suffered a myocar-
dial infarction while in a trip. During his stay in the hospital he was registered
to a rehabilitation programme with a multi-disciplinary team including nurses,
psychologists, dieticians and physiotherapists. Once at home, he is afraid of
making efforts because of his weak heart, so he is given a pHealth system that
guides him in physical rehabilitation through simple exercises. In the hospital
nurses detected his heart condition with a cardiac stress test. With this ini-
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tial parameters they can prepare a training program, personalised for Paulo’s
situation.

In a typical day, he wakes up and consults his computer to check what
medications he has to take and the ones he has to bring to work. His device
also reminds him of the measurements he has to perform. He takes a little blood
sample from his finger and puts it into an analyser that extracts the presence of
brain natriuretic peptide (BNP) and N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) biomarkers. The concentrations are within ranges, and
his device assures him that everything is OK.

When he comes back from work, Paulo’s system reminds him that it’s time
for doing some exercise and that he had already missed one session two days
ago. Exercises are prescribed according to medical recommendations and are
monitored for assuring Paulo’s best recovery. Paulo thinks it’s a good day and
decides to go cycling. First of all he measures his blood pressure. The value is
read by the system which detects that it’s a little bit high. For this reason it
automatically reduces the heart rate goal and the duration of today’s exercise
to avoid any risk. Paulo has a nice cycling session, and his portable system tries
to make he stay in ranges with his heart beats. Once finished, he answers some
questions about how he is feeling and consults the results of his exercise on his
device. He has underperformed a little this time. The system suggests Paulo to
read some advices about how to exercise in good conditions and better control
his heart rate while on the bike.

Chronic patient

George is 78 and, because of a past unregulated lifestyle, he developed diabetes
mellitus type 2 and some hypertension. He is now using a pHealth system to
manage his disease. As he wakes up, he weighs himself and measures the blood
pressure, while his values are recorded by the system. Then he has a light
breakfast and writes down the amount of food he has ingested: one cookie, a
coffee, an apple.

During the morning he stays home watching TV. He takes the opportunity to
have a look at his application, which can be accessed from the same television, a
device he feels comfortable with. The system recognizes that he is the only one
in the room, thus it’s safe to show his personal information. The application
shows his past weight measurements and alerts him that he has been gaining 1
kilogram since last week and that he has to control his diet. George takes the
glucose meter and measures his blood sugar levels. The values are shown on the
TV: they are in a good range today. Now an electronic dispenser in his bedroom
flashes reminding him that it’s time to take medicines and automatically opens
the corresponding box where pills are already prepared. He needs this assistance
as he often gets confused about medications and in the past his compliance was
very bad. The pills are automatically dosed by the system accordingly to the
actual values of glucose and blood pressure that have been measured today.

After watching some television, he goes to prepare lunch. In the kitchen
he listens to the system reading some dietary suggestions and instructing him
about an optimal recipe for that day.

After lunch he goes back to the sofa and switches on the TV again. The
application detects the fact that George has spent already several hours at home
and suggests him to do some exercise in the afternoon. He accepts the suggestion
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and decides to have a walk and pick up his grandchildren.
He brings a portable system with him in case he gets lost, which has hap-

pened in the past, or he feels sick. While going back home his heart starts
hurting a little. He takes his system and presses a button to start a symptoms
questionnaire. He knows that his answers will be seen by his doctor soon. In
fact, once at home, he receives a video call from his nurse Marie. They use the
TV instead of the telephone. George explains the doctor what’s going on while
she checks on her monitor the evolution of the physiological parameters. Marie
thinks it’s time to have a visit, they fix an appointment in two days and she
sets a reminder on George’s system to advice him a couple of hours before so
that he won’t forget.

References:
In Continua Health Alliance scenarios (shown on the official website11) there is a
list of functionalities that certified Continua’s example systems should support.
The scenarios described hereby cover all these functionalities, in three areas
proposed by Continua, Health & Wellness, Chronic Disease Management, Living
Independently.

In universAAL a set of scenarios were defined in [106]. Among these, the
SC2: Elderly person view, contains the point of view of an assisted person, par-
ticularly an elderly who is loosing independence. The scenario includes func-
tionalities like shopping list suggestion, alerts triggering, motivation and activity
tracking, social networking.

In HeartCycle [160], [151], [143], [152] two main scenarios are defined: one
for chronic patients, particularly heart failure patients, and one for post-stroke
patients under rehabilitation. HeartCycle includes functionalities like contin-
uous monitoring, risk detection, automatic adjustment of the treatment, alert
generation, motivation and education.

The company “23 and me”12 performs genome sequencing on-line, just by
sending a sample of saliva to the company. The extracted genome with relative
indications of risks can be consulted on-line. The service detects both evidence
based risks of diseases and response to treatments.

5.2.2 Caregiver’s view

Personalised treatment

Marek is a cardiologist and is visiting a patient, Dario, who has been recently
diagnosed heart failure. Marek enters Dario’s health record and checks his data.
Dario, as well as most of his patients, has had his complete genome sequenced.
Marek notices that Dario has some potential genetic variants that affect the
metabolization of warfarin, a well-known anticoagulant. He enters a tool for
preparing Dario’s prescriptions. Based on the patients’ age, gender, weight,
and genotype the tools already calculates the optimal dosage of warfarin and
suggests it to Marek who accepts. Dario will also have to start taking diuretics
(water pills) for controlling fluid gain. As the optimal dosage of this medicine
depends on the subject and can vary in time, Marek decides to give the patient
an electronic system that will help him titrating the medication autonomously.
Marek configures the algorithm that will run in the system, the initial values

11http://www.continuaalliance.org/connected-health-vision/
12https://www.23andme.com/
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and the safety ranges that the system must respect, and what dosage should be
suggested in relationship to the measured blood pressure. As Dario seems to be
confused about all these pills he has to take every day, Marek sets the system
to send reminders about when and what medicine to take and to show some
educational content about heart disease and the role of each medication. This
information is also shared with the pharmacies, so that Dario will not have to
show any paper prescription.

Monitoring and remote consultation

Maria is a nurse working for a health centre that deals with elderly patients.
Every day, as part of her routinary work, she uses a computer program to see
the status of her patients, most of whom have a monitoring system installed at
home. She has many patients and it’s impossible to have a close look to all of
them, but the program is able to highlight those who deserve special attention.

Today she has one patient marked in red and five in yellow. She concentrates
first at the patient in red: it’s an older adult with a respiratory condition.
She can see on the patient’s health record that he is under oxygen therapy.
The patient measures the oxygen saturation several times a day in order to
regulate the flow of oxygen coming from the cylinder optimally. According to
an highlighted area, the patient’s saturation has been below the optimal value
recommended by the pneumologist all the time since he woke up. She decides
to contact the patient immediately and presses a button. The patient replies to
the call and a window appears showing his face. Maria talks to him and checks
if he’s OK. She discovers that the patient has forgot to set the cylinder’s valve
properly. Maria reminds him how important this is, and she sets the system
to send some educational material to the patient about respiration and a short
tutorial on how to control the cylinder. After the video call is finished, she
checks the second highlighted patient, a man who has lost his wife a couple of
weeks ago. The record shows that the patient has had a reduced activity in the
home recently and that he spends most of his time in the bedroom, suggesting
a probable depression. Maria decides to assign the patient to a psychologist so
that the case can be followed more properly. Thanks to a link on the interface,
she is also able to contact the municipal social care services and signal them
this patient for some more frequent visit.

Evidence based decision support

Sanjay is an oncologist and a researcher. He is sitting at his desk working on
a paper when an alarm pops up telling that there are some new interesting
discoveries he might be interested in. He opens a scientific paper that describes
that some genetic variations are strictly linked to the recurrence of breast cancer.
Interested in this recent discovery he checks in a database of clinical trials if there
are some related with this subject. He discovers that there is a pharmaceutical
company that is looking for centres to join a study about targeted treatments.
They want to commercialize a set of medications that have shown to be effective
in the presence of certain receptors that are identifiable as genes expression in
cheap qRT-PCR tests. He decides to join the trial and contacts a company’s
representative.

Once the study starts, he has to add the genetic prediction instrument into
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the clinical procedures. He starts a computer program where he can visualize
and modify clinical pathways. The current pathway is based on standard clinical
guidelines and does not include this new technique. He modifies the pathway
by introducing the genetic test, just after surgery, to assess patients’ probability
of response to the set of alternative therapies. Then he adds a decision node
that selects the most adequate medication depending on the results of the test.
Once he’s finished, he sends the new pathway to the nurses who are involved in
the study and to two colleagues of his to receive academic advice.

Relative

Anna is the daughter of Silvana, an old woman who lives alone in a small town.
When Anna moved to a bigger city to find a job Silvana decided to stay in her
home town.

Three months ago Silvana fell on the floor and staid laying for five hours
until a neighbour rescued her. Anna is very worried about her mother’s health
and decides to introduce an electronic system to improve the situation. The
system’s main purpose is to detect falls, but it also allows monitoring vital signs
and controlling some appliances in the home.

It’s early afternoon and Anna receives a message from the system alerting
that Silvana has a high temperature today and that she has not been to the
kitchen to have lunch. It seems also that she has forgotten to turn off the
water in the bathroom, but the system has detected it and closed the tap after
few minutes. Anna immediately calls her mother to check what’s going on.
Actually, Silvana has a strong cold and she doesn’t feel very well. While Anna
is still talking to her mother, she enters Silvana’s record and checks all the vital
signs she has been measuring in the last days. Apart from the cold, everything
seems normal, but for today Silvana needs someone to prepare her the meals.
Anna clicks on button to alert the social services available in town. She writes
a request for help and attaches the values of her mother’s temperature. After
a while a social worker reaches Silvana’s home with some food. Silvana doesn’t
need to get-up to open the door as her home security system recognizes the
worker’s identifier wirelessly and automatically grants him access.

Thanks to this system, Anna feels much more secure about her mother and
more in touch with her.

References:
universAAL includes the scenario “SC3: Medical specialist view”, which de-
scribes the role of a doctor in charge of assisting elderly people [106]. The
scenario includes the personalization of the care plan, real time monitoring and
alerts generation. The same document also includes the view of the relative
“SC4: Relatives view” which introduces similar concepts to the ones shown
here.

The product Livelink implements activity recognitions and alarm generation
on abnormal activities.

The latest report from the Personalized Medicine Coalition, [22], describes
scenarios of how genetics and proteomics could help medical research and prac-
tice.

The HeartCycle system [160] implements a guided interface for the doctors
so that they can model the clinical processes as workflows. The system also

185



implements some automatism, set by the doctor, that takes simple decisions,
e.g. for medication titration, directly on the patient’s device.

The third scenario of this category is based on the NeoMark project [167]
and on a study that identified genes signatures that predict response to different
treatments in breast cancer [197].

The company Agendia13 commercializes a product, called Symphony, that
analyses tumour gene expression profiling to determine whether an individual
patient is at high or low risk for breast or colon cancers recurrence, to help
physicians more accurately tailor cancer treatments.

5.2.3 Developer’s view

User-centred UI design

Cecilia is a developer specialized in user interfaces. She has just completed
programming some interfaces from a set of sketches she had previously agreed
with some users. Now she is sitting with a little group of users in order to test
these interfaces with them. The main objective today is to simulate some use
cases and assess the usability of the flow of information. She can model these
flows thanks to a tool that represents them in an easy to understand way.

She completes a flow and presses a button to run a simulation. The group of
test users are shown the application and made play with it. In order to simulate
an integrated scenario, she can launch a utility that simulates the connection
to medical sensors and clinical servers. She simulates that a measurement has
been received and an alert is generated. During the simulation, she discovers
that all the users make a mistake in the same point because of unclear messages.
She corrects the flow and re-runs the simulation again. Is seems that now the
users are more satisfied.

Integration of sensors

Peter is a software engineer working in a pHealth project. He is responsible for
integrating the application with external systems.

Recently, he has been instructed to integrate a new advanced biomedical sen-
sor. The task is not very difficult as the sensor uses a standard communication
protocol, nonetheless the internal data model of the application is not prepared
for the new type of data the sensor provides. Peter starts his IDE and opens
the data model on which the application’s data model is built. Before starting
the actual work he checks on a website if the concepts he needs have already
been modelled in some other project. He finds an semantic model developed
for a similar domain that includes most of what he needs, and imports it. He
then makes some needed adaptations to the concepts and links them to the ones
already used in the application. He also adds some constraints on the concept
of battery level in order to automatically trigger a classification mechanism that
activates alerts for those devices needing technical assistance. Afterwards, from
this data model, he generates classes that can be used in the code. He can now
develop a module that maps the retrieved data from the sensor to his model
and make the data available to the upper layers of the application.

13http://www.agendia.com/
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Integration of legacy systems

Hans works as an engineer in an hospital.
The cardiology department of the hospital has recently decided to adopt a

pHealth solution for his chronic patients. The pHealth systems is composed of a
mobile phone application for each patient and an on-line server that receives all
the data from the phones. His department wants the new system to be integrated
with the clinical information system used in the hospital. Fortunately, both the
pHealth system and the hospital’s one have a communication interface based
on the same standard. First of all, Hans has to configure the pHealth server to
send messages to the hospital’s server, on which he simply has to grant access
to the new incoming connections. After doing some tests he discovers that the
messages are not well matched by the two systems and there are some fields that
are not correctly understood. He enters an data model mapping tool. There,
he can import the problematic messages and manually map the fields to the
hospital’s system information model.

Patient engagement development

Manuel is a psychologist and he is designing a patient engagement strategy for a
pHealth application. His strategy is based on a model that classifies people ac-
cording to a motivational state. Each state corresponds to different approaches:
rewarding, educating, insisting, being silent etc. Motivational states are de-
tected by the application automatically by comparing what is prescribed versus
what the user actually does.

Manuel implements his strategy into high level rules in the form of, e.g., “if
the user is in motivational state X and if the medication is not taken for two
days... then..”. These rules are then passed to the programmer, Sergio, who is
able to easily map them to a rule based language. Sergio transforms the high
level rules made by Manuel into a domain-specific language. Thanks to this
simplified language, Manuel is even able to modify the rules by himself without
having to involve Sergio again.

Deployment and maintenance

Jan is a technician and works in a company that makes maintenance for big SW
and HW companies.

He is now installing a health-related system at a user’s home. He has two
devices, a fixed device and a portable one. He installs the application on both
devices and runs it. First of all he checks that the application runs well by
entering a special maintenance section. Here, he can configure the application
and simulate different states of the application by inserting test data. Every-
thing works fine, now he can test the integration with some sensors. He uses
the same section of the application to start/stop sensors and see what data has
been received. Once the system proves to work, he instructs the user about
how to use the system. One relevant part of the training is dedicated to teach
how to set the credentials for entering the system and how to grant external
applications access to the system’s data.

Once back in the office, Jan can have a look at how the system is working
at the user’s home by reading some logs sent remotely. These logs only contain
technical data, as patient’s sensible information is sent only to doctors. He
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clearly sees that a group of users has experienced a crash of the application
in the last two days. He copies the logs and submits a bug to the application
developers. The day after the bug is already fixed and a new version of the
application is available. Thanks to an automatic update system, Jan doesn’t
have to go to all his users’ homes to update the SW and only has to check that
the update went fine.

References:
In the Methods section several user-centred design methodologies have been
cited in relation to health applications: [189], [164], [67], [198].

universAAL includes the scenario “Scenario from the point of view of the
IT developer Company” [106] that describes a developer involved in an AAL
project, it shows how an IDE is used and how templates and tools are adopted
for facilitating the development. The same report includes the scenario “IT
provider view” where the use of ontologies is shown and the scenario “Mainte-
nance providers view”, which describes the role of the deployer and maintainer
of an application for elderlies.

In [150] a system based on an ontology mapped to HL7 is shown for inte-
grating several health-related information systems.

In [152] a patient motivational and educational approach is shown that makes
use of rules that are mapped into code for a home rehabilitation application.

In [65] a framework for personalised motivational strategy is presented for
diabetic patients that makes use of computer based messaging and automatic
feedback on monitored activities.

5.2.4 Technology and services providers’ view

Software house

Smart Health is a small company that produces on-line applications for health
and well-being.

Last year, they adopted a development platform for the domain of pHealth.
The platform includes programming tools for model driven development, which
allow a better integration between the design and the development processes,
and a set of implemented standard protocols for the health domain, for both
interconnection of clinical servers and the communication with sensors. Thanks
to the platform the company launched a personal health record application that
obtained an interesting success.

The regional health authority where Smart Health is based has recently pub-
lished a call for the provision of a health application for diet control and weight
management. The call explicitly requires the integration with the regional elec-
tronic health record and the certification of the software. Smart Health consider
that their personal health record can fit the call, but their application is not
certified, nor integrated with regional the health information system. They
contact a well-known national certification authority and start analysing the
requirements needed by the certification. They discover that they need to im-
plement stricter privacy ensuring means so they change their login system. For
what regards the the integration among health records, they estimate that the
effort will be reasonable, thanks to the fact that a widely used health protocol
is adopted by both parties.
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Devices manufacturer

PicoDevices produces electronics devices for medicine. One of their products, a
portable, battery powered electrocardiograph, is already sold in hospitals and
among private doctors. Recently the company has taken the decision to invest
in the market of personal devices. The technical manager has been informed
that a new chip is available that implements low power, wireless transmission of
biosignals with a standardised protocol that is available also in mobile phones.
The manager takes the decision to include this chip in the electrocardiograph
in order to create a new product line for tele-medicine. The company sets
up a team for re-designing the device, produce some advanced prototypes and
certify the product. The team also develops an application for mobile-phones
that improves the quality of the data, helps the user to correctly position the
electrodes, and sends the data to personal health records.

The new device is tested in a small-scale pilot in a hospital that works
together with the company. As soon as the device is ready for production, it is
advertised in a big international conference.

Integrated services provider

Security@Home is a company that provides remote assistance to chronic patients
and elderlies. The company employs a group of trained nurses that receive
calls from a the clients and help them in managing their health, like providing
reminders to take medicines and give medical advice for simple cases.

The company has decided to adopt a computerised system for better mon-
itoring of their client. They sign a contract with another company that rents
and installs electronic systems for personal care, including commercially avail-
able sensors and Internet-connected computers with an pre-installed software.
The contract includes the provision of a web based system for allowing access to
the patients’ data to the nurses, the installation at patients’ homes and main-
tenance. Thanks to the adoption of this technology, Security@Home sees an
increasing users satisfaction and more visibility in the market.

References:
universAAL includes the scenario that are related to the point of view of providers,
particularly the software house and the hardware manufacturers scenarios can
be assimilated to the “Scenario from the point of view of the IT developer Com-
pany”, the “Scenario from the point of view of IT provider” and the ““Scenario
from the point of view of Maintenance providers” [106]. Service providers are
described in the “Scenario from the point of view of Retirement residences” or
the “Scenario from the point of view of Health insurance companies”.

The AAL Roadmap [93] identifies the “secondary stakeholders, as those
organizations that offer services to elderlies and “tertiary stakeholders” as those
organizations that supply goods and services for the secondary stakeholders (e.g.
providers of technology).

5.2.5 Authority’s view

Employer and insurer

A big company contracts a private insurance for its employees. The insurer has
experienced that health prevention significantly reduces risks and thus offers
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interesting discounts to those clients which implement health promotion pro-
grams. The company decides to take advantage of this cost-saving opportunity
and launches a programme for its employees to promote physical activity. The
employees are given an electronic activity monitor and a social web-based ap-
plication. The application tries to promote physical activity by running simple
competitions among the employees about who burns more calories in the week.
The company even decides to give small prizes to the winners.

Thanks to this initiative, a big number of employees start to be more active,
and more aware about their lifestyle. Eventually the programme is successful,
employees feel healthier and the company saves money.

Health policy

The health department of a region is experiencing an important increase in the
number of chronic patients due to the ageing demographics. Encouraged by
recent evidence in the field of telemedicine, they decide to set-up a programme
to support patients at home to reduce hospitalizations in the form of a financing
scheme that helps implement tele-health systems in hospitals.

Around half of the health centres in the region join the programme in differ-
ent ways. Three categories of disease are addressed: respiratory diseases, heart
diseases and dementia. Hospitals contact local companies to start pilots about
tele-monitoring systems. The adopted technical solutions are different, from
simple smart phones applications to more complex integrated home systems.
Thanks to interoperability, the technical teams can choose among a good series
of devices like sensors and services that optimize costs-benefits.

After 6 months hospitals experience a reduction in hospitalizations and a
generic reduction in expenses. In total, the region experiences a cost decrease
even though there was an extra expense given to the financing scheme.

References:
universAAL includes the scenario “SC8: Health insurance companies view” and
“SC9: Social service department view”, which how a private insurance and
a public health department invest on technologies to improve their business
models [106].

A scheme were hospitals could choose what tele-health systems they wanted
to adopt has been carried in the Whole System Demonstrator in UK, as de-
scribed in [184].

5.3 Use Cases

As stated in section 4.1.3 use cases are specified at a cloud or kite level. In order
to give the use cases a structure, four categories are defined, namely: assisted
person’s activities, system reactions, caregivers activities, user engagement, de-
velopment and deployment and maintenance. For every use case the following
information is provided: the name of the use case, a short description, some
more specific examples, what actors artefacts are involved and references that
are related to that particular use case.
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5.3.1 Assisted person’s activities

These use cases describe functionalities of a pHealth system that typically in-
volve the patient as the main actor.

Guided monitoring

Description: An assisted person utilizes a sensor to assess the physical con-
ditions. A device with a user interface guides the user in performing the
activity if needed.

Examples:

• A patient uses a blood pressure sensor. When the measurement is
finished values are shown on a PDA.

• The user wears an ECG sensor, he follows the instructions on the
screen of a tablet PC.

Actors: Assisted person

Artefacts: Smart Sensor, User Device.

References:
The Continua Health Alliance scenarios14 include guided monitoring, specif-
ically “Monitor specific disease progression utilizing biosensors and activity”
and “Assistance with daily health and monitoring tasks”.

Almost all the systems seen in the state of the art include some sensor
and some guidance to take the measurement. For instance HeartCycle [160]
provides guidance during the exercise sessions, or the Guide device sold by
CareInnovations15 is used for giving help to patients while taking measurements.

Health data visualization

Description: The user visualizes his health record and checks the evolution of
his data.

Examples:

• A patient sees on his television the weight measurements of the last
two weeks.

• A patient checks the trends of his blood pressure during the day.

Actors: Assisted person

Artefacts: User Device.

References:
The Continua Health Alliance scenarios16 include reviewing one’s data, espe-
cially “Monitoring and early warning using bio-sensor data collection”.

14http://www.continuaalliance.org/connected-health-vision/
15http://www.careinnovations.com/
16http://www.continuaalliance.org/connected-health-vision/
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Care Innovations Guide17 is an example of a commercial system that shows
patients’ data and trends.

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of interpreting patient information
and showing the results “into lay language and delivering health information
via a user-friendly interface”.

Guided drug delivery

Description: A device dispenses or injects medication to the patient. A user
interface can help choosing the right medication.

Examples:

• A diabetic patient has an implanted device that releases insuline
depending on continuous monitoring of glucose in the blood.

• An electronic pill dispenser advices the user with sound that a medicine
must be taken at a certain time. A light indicates what specific box
must be opened.

Actors: Assisted person

Artefacts: Actuator, User Device.

References:
Among Continua scenarios18 the categories Living independently and Disease
Management include funcitonalities like “Medical reminders” and “Extend health
care into the home”.

In [85] an automatic pill dispenser is described.

Reminders about treatment

Description: The system reminds the user about prescribed tasks like medi-
cation intakes, measurements or lifestyle management like diet or physical
exercise.

Examples:

• A PDA shows a popup message when it’s time to take a medicine.

• A TV interrupts the current transmission to show a reminder about
measuring weight.

Actors: Assisted person

Artefacts: User Device.

References:
Among Continua scenarios19 Living independently, Disease Management and
Health and wellness include the concept of reminders.

Care Innovations Guide20 also supports reminders.

17http://www.careinnovations.com/
18http://www.continuaalliance.org/connected-health-vision/
19http://www.continuaalliance.org/connected-health-vision/
20http://www.careinnovations.com/
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Assisted person tailors a treatment

Description: An assisted person tailors some parameters of the treatment that
a doctor has specified being configurable.

Examples:

• A user sets the preferred days of the week and time when to perform
exercise.

• A patient sets the time he is used to get up, the time he has lunch
and dinner so that medications reminders are shown accordingly.

Actors: Assisted person

Artefacts: User Device.

References:
Self management of chronic diseases is known to produce positive effects, at
least with heart failure and diabetes patients [96].

In the HeartCycle Guided Exercise [160] patients are allowed to configure
their rehabilitation sessions. In the Heart Failure Management system [159]
hart failure patients are even allowed to self-manage diuretics helped by their
system.

Remote care giver visit

Description: The care giver (formal or informal) contacts the user remotely
via video conference, voice, chat, etc.

Examples:

• A doctor has a video conference with his patient on a PDA.

• A grandson has a video call with his grandfather using the television.

Actors: Assisted person, Caregiver

Artefacts: User Device

References:
The Continua scenarios21 Living independently and Disease Management in-
clude “Remote consultation: e-mail, chat, video conferencing”.

universAAL RUC 1, Supporting rich human computer interaction, mentions
the remote visit [106].

Care Innovations Guide22 allows healthcare professionals to arrange and con-
duct video calls with their patients, enabling both the patient and the care
manager to see and hear one another.

21http://www.continuaalliance.org/connected-health-vision/
22http://www.careinnovations.com/
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Assisted person fills the personal health record

Description: The assisted person fills a medical profile including data like
habits, nutrition, social conditions, environment, family history, and pref-
erences.

Examples:

• The user inserts his medical profile in the personal health record,
including basic data like weight, height, age, sex, and relevant health
problems.

• A user complements medical information with daily life information
like the time he is used to wake up, to have lunch and dinner and
when he goes and comes back from work.

• The user also enters data about the usage of the application, back-
ground colours, size of the text and if reminders should be launched
or not.

Actors: Assisted person

Artefacts: Personal Health Record

References:
In IEEE 2407 the use case 1301, 2201, and 2301 are about users filling up a
medical record [52]. Use case 4401 describes how to upload the profile from
another source.

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of collecting self-reported demo-
graphic information.

Assisted person sets access rights to the personal medical record

Description: The assisted person specifies who, or which user roles, can access
partially or as a whole his/her personal health record.

Examples:

• The user gives access to all his personal record to his general practi-
tioner.

• The user grants access to some information related to his dental
health to the dentist.

• The user provides access to part of his record to his trainer.

Actors: Assisted person, Caregiver

Artefacts: Personal Health Record

References:
In universAAL, use case RUC#5 “End user security and privacy management”
deals with setting access rights [106].

IEEE 2407 use case 9906 is about managing access list on a personal health
record [52].

In [53] authors explore how access control to personal health records is cur-
rently implemented and formalised thanks to ontologies and inference.
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Personal health record authorises access

Description: A user is granted access to the personal health record thanks to
some identification mechanism.

Examples:

• A user enters user name and password in the personal health record
application.

• A patient is granted access to the personal health record thanks to
the automatic recognition of his face.

• A doctor gets access to a subset of data of a patient who has given
acess rights to the doctor.

Actors: Assisted person, Caregiver

Artefacts: Personal Health Record

References:
In universAAL use case RUC#5 “End user security and privacy management”,
access mechanisms are described [106].

In [53] some access mechanisms to health records are described.

Assisted person answers health assessment questionnaire

Description: The assisted person answers a questionnaire on his device about
symptoms, or other health conditions.

Examples:

• The user answers the standard Health Risk Assessment for assessing
risks related to health and lifestyle.

• The user answers a questionnaire set by the doctor about blood pres-
sure.

Actors: Assisted person

Artefacts: User Device

References:
In IEEE 2407 the use case 9301 is about answering health-related questionnaires
[52].

The HeartCycle system includes symptoms questionnaires for both Heart
Failure and Rehabilitation patients [160]. Some commercial devices like Care
Innovations Guide23 allow creating questionnaires to be filled by patients at
home.

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of collecting self-reported risk
factor information (health behaviours, symptoms, diagnoses, and medications).

23http://www.careinnovations.com/
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Assisted person shares data with other assisted persons

Description: An assisted person shares his data with other assisted persons
for information and comparison.

Examples:

• A user that goes running shares the performances with some friends.

• A bipolar patient shares experiences and physiological data with
other patients on a social network.

Actors: Assisted person

Artefacts: Personal Health Record

References:
A famous social network for patients, PatientsLikeMe24, allows sharing health
data and build connections among patients with similar conditions. The use of
the site has been associated with interesting benefits like and increasing levels
of comfort in sharing personal health information, reduced risky behaviours for
HIV patients, and less inpatient care for people with mood disorder [203].

Multimodal interaction

Description: The user is able to interact with the same application on different
interaction means.

Examples:

• The application’s interface is adapted for different screen sizes.

• The application uses both visual and vocal interaction modalities.

Actors: Assisted person, Caregiver

Artefacts: User Device

References:
In universAAL, use case 1, Supporting rich human computer interaction, deals
with multi modality [106]

Continuity of care outdoor

Description: The user is able to access his provided pHealth service not only
at home but also outside, thanks to a mobile system.

Examples:

• A patient has his application installed in the PDA.

Actors: Assisted person

Artefacts: User Device

References:
universAAL use case 4, “Supporting continuity of care in different AAL spaces”,
deals with this aspect [106].

24http://www.patientslikeme.com/
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Multi user environment

Description: The system must recognize the user who is accessing it and adapt
its behaviour to the actual user.

Examples:

• An elder couple share a pHealth system, but they use different ser-
vices on the same device.

• The application associates the data received from a sensor to the user
that has logged in.

• The application adapts the user interface to simpler or more com-
plicated forms depending on how much the user is accustomed to
technology.

Actors: Assisted person

Artefacts: User Device

References:
universAAL use case 8, “Support for multi-user AAL Services in one AAL
Space”, deals with access control and multi user aspects [106].

Assisted person provides feedback about the system

Description: The assisted person sends a feedback about the quality of the
system that is being used.

Examples:

• The user writes a form for signalling bugs and asking for improve-
ments.

• The user rates the application with a five stars scale.

• The user writes his experience in using the application and shares it
with other users.

Actors: Assisted person

Artefacts: User Device

References:
universAAL use case 13, Capturing and utilizing user feedback through the
uStore, is about the feedback from the users about the application.

5.3.2 System reactions

The use cases described in this section express functionalities that do not need
any user to be initiated and are automatically triggered by the system.
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Abnormal behaviour detection

Description: The system detects abnormal behaviours of the assisted person.

Examples:

• The system detects excessively long sleep time.

• The system detects unusual nutritional behaviours.

• The system detects low compliance with prescriptions (medications
or lifestyle).

Actors: NA

Artefacts: User Device, Personal Health Record, Clinical Server, Smart Sensor

References:
The Continua scenarios25 Living independently and Disease Management in-
clude examples of automatic detection of abnormal behaviours.

universAAL RUC number 2, Supporting intelligent context management and
hardware abstraction, deals with automatic detection of deviations [106].

Health risk detection

Description: The system detects risky health conditions based on acquired
bio signals and markers. Alerts can be generated for the assisted person
and/or the caregiver.

Examples:

• The system detects a risk based on a standard questionnaire and
generates an alert for both the patient and the caregiver.

• The system detects an arrhythmia and sends a notification to the
caregiver immediately.

Actors: NA

Artefacts: User Device, Personal Health Record, Clinical Server, Smart Sensor

References:
The Continua scenarios26 Living independently and Disease Management in-
clude “Monitor specific disease progression utilizing biosensors and activity”,
“Trend analysis and alerts” and “Monitoring and early warning using bio-sensor
data collection”.

IEEE 2407 use case 9905 is about alerting mechanisms [52].

25http://www.continuaalliance.org/connected-health-vision/
26http://www.continuaalliance.org/connected-health-vision/
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Environmental risk detection

Description: The system detects risky situation related to the environment of
the assisted person.

Examples:

• The system detects that the gas has been left opened.

• The system detects that a user suffering from dementia got lost.

Actors: NA

Artefacts: User Device, Smart Sensor

References:
The Continua scenario27 Living independently includes “Emergency response”,
“Monitoring and early warning using bio-sensor data collection” and “Real-time
alerts and communication”.

universAAL use case 2, Supporting intelligent context management and
hardware abstraction, mentions the capability of generating alerts based on
environmental sensors [106].

Data are shared among systems

Description: The system sends and receives data about diagnostics and/or
treatment from/to clinical servers, personalised health records, user sys-
tems.

Examples:

• A patient device sends acquired data to the personal health record.

• A clinical server receives data from the personal health record based
on previously set access rights.

• A clinical server sends treatment configuration to the personal health
record.

Actors: NA

Artefacts: User Device, Personal Health Record, Clinical Server

References:
IEEE 2407 UC 9921 is about connection among health records [52].

universAAL use case 9, Interfacing with existing information systems, deals
with the interconnection of systems and databases [106].

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of integrating patient information
with clinical information through links to the electronic medical record.

27http://www.continuaalliance.org/connected-health-vision/
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Automatic treatment adjustment

Description: The system automatically adjusts the treatment based on the
actual situation of the assisted person.

Examples:

• The system adjusts the flow of oxygen based on the actual measure-
ment of blood saturation.

• The system recommends increasing or decreasing diuretics intake
based on the weight variations of the patient.

Actors: NA

Artefacts: User Device, Clinical Server

References:
In general, personalized health systems are thought for optimizing the treatment
based on physical conditions or even genetic predisposition [22].

In the HeartCycle project [160] automatic titration of the diuretics is one of
the aims of the Heart Failure Management system.

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of providing individualized clinical
recommendations to the patient, such as screening reminders, based on the pa-
tient’s risk profile and on evidence-based guidelines.

Automatic environment actuation

Description: An actuator is activated by the system to respond to some envi-
ronmental change or to some scheduled activity.

Examples:

• The doors open when a recognised person rings the bell.

• The windows are closed when the user leaves home.

• Gas or water are switched off, if left open for a long time.

• Lights are switched off, if there is no user in the environment

• The pill dispenser opens the box, when it’s time for the medication
intake.

Actors: NA

Artefacts: User Device, Actuator

References:
universAAL use case 3 “Enabling applications/services interaction and compo-
sition” also deals with services interacting with actuators and react to situations
[106].
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System and usage monitoring

Description: The system generates logs related to its behaviour and the be-
haviour of the user.

Examples:

• The patient device records every access to the system and monitors
the time for completing tasks. Data are automatically sent to devel-
opers to assess usability.

• The smart sensor records a log of every internal error it encounters.
Data are then sent remotely so that developers can fix common prob-
lems.

• A life supporting device like a respirator monitors the status of the
battery and sends an alert when the battery is going low.

Actors: NA

Artefacts: User Device, Smart Sensor, Clinical Server, Personal Health Record,
Actuator

References:
universAAL use cases RUC 13 “Capturing and utilizing user feedback through
the uStore” and 7 “Remote/local operation and provision of AAL Services by
Service Providers” include the concept of remote monitoring and capturing the
usage of the system [106].

5.3.3 Caregivers’ activities

The use cases described in this section involve the caregiver as the main actor.

Formal caregiver manages accounts on Clinical Server

Description: Formal caregiver manages accounts and roles in the Clinical
Server.

Examples:

• The hospital director creates an account for the centre of care and
the personnel.

• A nurse creates an account for a patient.

Actors: Formal Caregiver

Artefacts: Clinical Server

References:
In IEEE 2407 [52] use cases 1101, 1201 and 2201 deal with setting up accounts
for the different roles in the center of care.
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Caregiver reviews patients data

Description: A caregiver looks at tables and graphs about the patient’s health
status.

Examples:

• A coach reviews the trend in the loss of weight of a trainee.

• A doctor controls the variation in heart rate of a heart failure patient.

• A pharmacist checks what medications a patient has to be given.

Actors: Formal Caregiver

Artefacts: Clinical Server

References:
Continua28 use case “Chronic Disease Management” includes “Monitor specific
disease progression utilizing biosensors and activity” and “Trend analysis and
alerts”.

IEEE 2407 use cases 3101 and 4402 include caregivers reviewing patients’
data [52].

The Intel-GE Care Innovations Guide - Virtual Care Suite is a web-based
interface that allows clinicians browse patient data.

The HomePod29 allows to see patient measurements in both tabular and
graphical formats.

Caregiver is alerted of risky situations

Description: A caregiver is alerted about patients with risky healthy situa-
tions.

Examples:

• The doctor has an aggregated view where he or she can see the list
of patients ordered by risk classification.

• A nurse receives a message on her phone advising her that a certain
patient needs immediate help at home.

• A relative consults a web page where a pop-up message tells that the
grand father is loosing weight very quickly.

Actors: Caregiver

Artefacts: Clinical Server, User Device

References:
The Care Innovations Guide30 - Virtual Care Suite includes the functionality of
aggregating and prioritizing patient information, highlighting critical issues.

In [123] a a multiagent system is described that prioritizes alerts obtained
from a homecare system.

28http://www.continuaalliance.org/connected-health-vision/
29http://www.telehealthsolutions.co.uk/Downloads/HomePod_Brochure.pdf
30http://www.careinnovations.com/

202



Formal caregiver changes treatment

Description: Formal caregiver changes the treatment on the system.

Examples:

• A coach changes a training plan for his trainee.

• A nurse changes beta-blockers prescription for a patient.

Actors: Caregiver

Artefacts: Clinical Server, User Device

References:
IEEE 2407 use case 4401 is about changing tretaments [52].

The HomePod31 system allows customising individual patient care plans
through a protocol-builder application.

Care Innovations Guide - Virtual Care Suite32 provides healthcare profes-
sionals a way to personalize care protocols for each patient. Protocols include
measuring vital signs, responding to health assessment questions and receive
educational information and motivational messages.

Caregiver defines automatic system’s behaviour

Description: A caregiver configures automatic system behaviours that react
to received data.

Examples:

• A nurse sets a threshold on the weight that triggers an alarm.

• A doctor configures automatic medication prescription based on blood
pressure values.

• A relative sets automatic door opening when his presence is detected
outside of the house.

Actors: Caregiver

Artefacts: Clinical Server, User Device

References:
In HomePod33 clinicians can set rules for generating alerts.

In [124] the described system allows healthcare professionals to set goals for
personalised medication management, which includes alerts also.

31http://www.telehealthsolutions.co.uk/Downloads/HomePod_Brochure.pdf
32http://www.careinnovations.com/
33http://www.telehealthsolutions.co.uk/Downloads/HomePod_Brochure.pdf
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Formal caregiver is advised about optimal treatment

Description: A formal caregiver receives automatically generated suggestions
about treatment based on the patient’s conditions.

Examples:

• A doctor receives suggestions about the clinical path to follow based
on well known protocols

• A nurse is suggested the optimal value of a medication to be given
to a patient.

Actors: Formal Caregiver

Artefacts: Clinical Server, User Device

References:
Several systems exist in literature about Decision Support Systems in medicine
the efficiency the effects of which have been studied in many contexts [91], [115],
[45].

Formal caregiver mines patients’ data

Description: A formal caregiver searches for patterns among big amounts of
patients data thanks to data mining tools.

Examples:

• A doctor searches consults statistics and trends about patients with
similar conditions.

• A researcher queries for past cases similar to a specific patient.

Actors: Formal Caregiver

Artefacts: Clinical Server

References:
The usage and analysis of big databases for medical purposes is known since
more than a decade in several clinical fields like obstetrics [155], hypertension
[58] and hospital infection control [47] among others.

A popular examples of software for data mining is WEKA [101].

Formal caregiver is advised about guidelines, standards and literature

Description: A formal caregiver is prompted to consider a guideline, or a clin-
ical protocol, or relevant literature based on his/her specific specialization
and treated patients.

Examples:

• A doctor receives suggestions about a scientific paper to consider in
relation to a certain patient who shows conditions similar to those
described in the article.
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• A cardiologist receives a notification about an update of the official
European guidelines for heart failure.

• Possible sources of information for doctors include: International
Classification of Diseases (ICD), United States Department of Agri-
culture (USDA) National Nutrient Database for Standard Reference
for nutrition and Pubmed or Cochrane reviews for medical publica-
tions.

Actors: Formal Caregiver

Artefacts: Clinical Server

References:
In IEEE 2407 use cases 9902, 9903 and 9904 are about doctors consulting clinical
information [52].

5.3.4 User engagement

The following use cases are mainly from the point of view of the assisted person
but deal with the specific topic of engagement.

System prompts educational content

Description: An assisted person is suggested an educational content in re-
sponse to his/her activities, health condition and needs.

Examples:

• A patient is triggered content about calories based on the fact that
he is gaining weight.

• An elderly is suggested simple and healthy recipes to cook with the
ingredients that are currently at home.

• A user is shown the benefits of quitting smoking.

Actors: Assisted Person

Artefacts: User Device, Smart Sensor

References:
The HeartCycle system is designed to provide educational content that is trig-
gered by the actual retrieved data in the system [151], [152].

The Care Innovations Guide34 provides a simple mechanism for presenting
educational content, either in response to patient activities or on-demand.

In “A vision for patient-centered health information systems” [126] the au-
thor includes as a basic functionality the one of facilitating “informed patient
action integrated with primary and specialty care through the provision of vet-
ted health information resources, decision aids, risk calculators, personalized
motivational messages, and logistical support for appointments and follow-up”.

In [123] the proposed multiagent system provides prompts for educational
content based on the patient’s health condition.

34http://www.careinnovations.com/
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System generates motivational feedback

Description: The system generates motivational feedback in response to his/her
activities.

Examples:

• A user receives rewarding messages and statistics about his running
workouts.

• A patient is given a warning on the bad consequences for forgetting
to take the medication.

Actors: Assisted Person

Artefacts: User Device, Smart Sensor

References:
In “A vision for patient-centered health information systems” [126] envisions
risk calculators and personalized motivational messages as means to increase
patient engagement.

Automatic motivational feedback has been explored in several fields includ-
ing diabetes [190] and cardiovascular diseases [152].

Assisted person looks at educational content

Description: An assisted person consults at content about the disease and
healthy lifestyle.

Examples:

• A patient looks at educational videos.

• A patient reads educational content about healthy lifestyle.

Actors: Assisted Person

Artefacts: User Device

References:
The HeartCycle implements a health manual that can be consulted on-line [151],
[152].

The Philips’ Motiva system is partially dedicated to patients education with
content being selected and triggered by doctors [191], [179].

In the Care Innovations Guide35 patients can receive educational information
and motivational messages.

Assisted Person answers an educational quiz

Description: An assisted person answers a quiz about educational content to
assess his/her knowledge.

Examples:

35http://www.careinnovations.com/
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• A patient answers a questionnaire just after reading some educational
content.

• User’s knowledge and engagement is tested with some simple true/false
questions.

Actors: Assisted Person

Artefacts: User Device

References:
In HeartCycle patients are given questionnaires about health and the disease
periodically to assess the improvements in education and their disease awareness
[151], [152].

Assisted Person plays a computer game

Description: An assisted person plays a game that has the objective of edu-
cating and/or motivating him.

Examples:

• An overweight person runs a simulator where she can see how her
weight would change if some dietary changes are introduced in her
life.

• An elderly user plays a game that helps him doing some physical
exercise at home.

Actors: Assisted Person

Artefacts: User Device

References:
There are several examples of “serious games” [188] applied to health care,
examples are in physical exercise and rehabilitation [92], stroke rehabilitation
[50], diabetes and obesity [192] and others [38].

Assisted Person sets personal health/lifestyle goals

Description: An assisted person sets what are the goals about his/her health
or lifestyle to be reached and in what time frame.

Examples:

• An overweighted user sets that he wants to lose 5 kilos in 6 months.

• A patient sets as a goal to increase the physical exercise and lung
capacity.

Actors: Assisted Person

Artefacts: User Device

References:
Goal setting has been found to be a valid instrument for improving patient’s
outcomes in several fields like stroke rehabilitation [146] and diabetes [129].
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System selects personalised engagement strategy

Description: The system identifies the motivational status of the user and
selects the best fitting communication and engagement strategy.

Examples:

• A user that is not convinced about the adverse consequences of her
lifestyle is shown educational content by the system.

• A patient that is showing to follow the treatment with care is given
rewarding feedbacks.

Actors: Assisted Person

Artefacts: User Device, Smart Sensor

References:
A popular methodology for behavioural change that is based on assessing one’s
motivational status is Fogg’s pervasive computing [84] which maps different
communication strategies to different types of motivational statuses.

Assisted person is psychologically assessed

Description: The system is able to assess the psychological conditions of the
user, especially to what is related to the motivational status.

Examples:

• A user answers a questionnaires that generates a psychological profile
of the user.

• By comparing what is prescribed and what is actually performed by
the user, the system is able to assess the motivational status of the
user.

Actors: Assisted Person

Artefacts: User Device, Smart Sensor

References:
A popular model of people’s physochological attitude toward motivation is the
trans-theoretical model of change [71] which can be assessed thanks to some
validated questionnaires like [49].

5.3.5 Developer’s activities

The use cases described in this section involve the developer as the main actor.

Developer programs queries and subscribes modules to data events

Description: A developer programs a query for retrieving data and subscribes
a module he/she is programming to some data that is specified in a filter.

Examples:
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• A developer queries a database for the last 7 weight measurements.

• A developer subscribes to events related to blood pressure that are
above a certain threshold and related only to a certain user. A specific
filter is set-up by means of a query language.

Actors: Developer

Artefacts: pHealth Development Platform

References:
The universAAL use case 2 ‘Supporting intelligent context management and
hardware abstraction” specifies means to gather, filter and subscribe to the flow
of data [106].

Developer defines system’s behaviour with graphical tools

Description: A developer configures the system to perform some actions in
reaction to an event. A graphical tool or a high-level language can be
used for it.

Examples:

• A developer draws a workflow for registering to an event and, based
on the event’s actual data, trigger a subworkflow.

• A developer defines human-readable rules to react to events.

Actors: Developer

Artefacts: pHealth Development Platform

References:
universAAL use case 15, “Model-based development of AAL services through
integrated model transformation tools” mentions the possibility of having graph-
ical tools for programming the application’s logic [106].

Examples of workflows used in decision support in health are provided by
[145] and [182].

In [34] authors describe a context-aware platform that is sued for adapting
business logic to the users. They use both workflows and rules and they show
an example in an eHealth application.

Model driven engineering is an emerging field that applies the use of domain
specific languages and tools to simplify the generation of complex applications
and models. Part of these tools are graphical and based on rules, flows and
diagrams [116], [174]. The approach has been considered relevant especially in
personalised health systems [42].

Developer defines data models

Description: A developer defines a data model for the application recycling
existing concepts used in relevant standards and protocols. A graphical
tool can be used to design the model and to generate the code.

Examples:
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• A developer draws a UML class diagram on a graphical tool, then,
by pushing a button, C++ code is generated that corresponds to the
classes.

• A developer searches for the concepts he needs to implement in a
well known ontology using a web-based tool. For those classes he
can find he can automatically import them and generate Java code
to implement them.

Actors: Developer

Artefacts: pHealth Development Platform

References:
In universAAL use case 15 “Model-based development of AAL services through
integrated model transformation tools” a tool is described to define data models
with UML diagrams [106].

Model driven engineering certainly deals also with data modelling [116],
[174].

Ontologies are used in several examples as a tool for modelling domain con-
cepts in a reusable way [122], [154].

OpenEHR [90] is a relevant initiative where medical data is represented
as “archetypes” for ensuring semantic interoperability across medical health
records.

Developer implements a user interface

Description: A developer implements a user interface. A graphical tool can
be used to design the interface and to generate the code.

Examples:

• A developer implements the specifications given by the designer in a
graphical editor that generates the corresponding code automatically.

• A developer implements a style sheet for an online application taking
into account usability recommendations.

Actors: Developer

Artefacts: pHealth Development Platform

References:
Popular means to develop graphical user interfaces are graphical editors (e.g.
the NetBeans Java Swing editor36), or styles sheets like CSS37.

Developer implements communication protocol

Description: A developer implements a communication protocol to other parts
of the system including remote services, clinical servers, personal health
records and sensors.

36https://netbeans.org/features/java/swing.html
37http://www.w3schools.com/css/
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Examples:

• A developer implements a proprietary protocol used in a sensor with a
wireless communication chipset following the specifications provided
by the manufacturer.

• A developer implements a standard communication protocol for on-
line health services.

Actors: Developer

Artefacts: pHealth Development Platform

References:
Several development platforms come with communication protocols already im-
plemented in proper abstraction layers. This is the case for universAAL for
example [102], where use case number 9 “Interfacing with existing information
systems” deals with hardware abstraction and communication protocols.

Helping development through guide and tutorials

Description: A developer uses development tools and online guides that help
him in starting a project, generating platform compliant code and testing.

Examples:

• A developer starts a project by using a wizard which guides him
through the creation of the basic components of the project and filling
them up with examples.

• A developer tests a module he has just implemented by running the
entire platform environment.

Actors: Developer

Artefacts: pHealth Development Platform

References:
In universAAL use case 14 “IDE for rapid development of AAL services, in-
cluding templates, wizards, libraries and process support tools” there is clear
mention to the availability of development tools, wizards and testing utilities
[106].

Developer searches for and adopts reusable components

Description: A developer searches for components that solve a problem he/she
is facing and is able to easily import and reuse the component.

Examples:

• A developer makes a simple query on an online repository of software
components. After finding one that has a good a documentation that
seems to fit his nees, he downloads it and use it in its IDE.
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• A developer searches for online services that implement complex ar-
tificial intelligence and machine learning algorithms. After testing
his data set against different algorithms she selects the one with best
performances and uses it in her application thanks to a web-based
API.

Actors: Developer

Artefacts: pHealth Development Platform

References:
In universAAL, use case 3 “Enabling applications/services interaction and com-
position” is about look up and composition of reusable modules [106].

Developer simulates scenarios for tests

Description: A developer simulates a scenario by editing the initial conditions,
by simulating data arriving from sources like sensors and services or by
simulating the user interaction.

Examples:

• A developer writes a script with the initial data in the application.

• A developer simulates new data coming from a sensor using a sensor
simulator.

• A developer records the interaction performed by a user and re-
executes it in an automatic test to reproduce a bug.

• A developer writes a script to simulate the user’s behaviour and
launches a test.

Actors: Developer

Artefacts: pHealth Development Platform

References:
Simulation is fundamental for testing systems, an examples where simulation
was applied in pHealth is [182].

Developer prepares mock up for user assessment

Description: A developer creates a mockup of the application for assessing
usability and acceptance.

Examples:

• A developer prepares a mockup with a graphical tool and links dif-
ferent screenshots with a workflow editor.

Actors: Developer

Artefacts: pHealth Development Platform
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References:
There are several commercial products that simulates applications’ interfaces
for rapid testing like Balsamiq Mockups38 or moqups39.

5.3.6 Deployer’s activities

The use cases described in this section involve the deployer as the main actor.

Plug and play system

Description: The deployer is able to change sensors, actuators, clinical servers
and health records thanks to standardised communication means.

Examples:

• A deployer substitutes a broken sensor by just pairing the new device
with the User Device.

• A deployer changes the address of the clinical server where to send
the data to, just by changing the URL and the credentials.

• A deployer switches to another personal health record just by chang-
ing a URL in the system’s settings.

Actors: Deployer

Artefacts: User Device, Smart Sensor, Actuator, Personal Health Record,
Clinical Server

References:
universAAL use case 2, “Supporting intelligent context management and hard-
ware abstraction”, and 9, “Interfacing with existing information systems”, deal
with hardware abstraction, standardised communication and legacy systems in-
teroperability [106].

In [194] authors developed a reconfigurable wireless sensor network for perva-
sive health monitoring that allows adding and removing sensors without having
to change the API.

The whole rationale behind the Continua Health Alliance40 is to actually
make industries agree on standard communication means from sensors to clinical
health records.

Installation and configuration of the application

Description: A deployer has the means to install, update and configure the
application

Examples:

• A deployer installs an application into the User Device by download-
ing a package and starting it.

38http://balsamiq.com/products/mockups/
39https://moqups.com/
40http://www.continuaalliance.org/
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• A deployer has access to a control panel where to set user’s prefer-
ences, install and uninstall applications, configure system’s settings.

Actors: Deployer

Artefacts: User Device, pHealth Development Platform, Clinical Server, Smart
Sensor, Personal Health Record

References:
universAAL use cases 6, “Installation, configuration and management of Plat-
form components by deployers” and 18 “Generic tool support for utilizing per-
sonalization capabilities offered by universAAL runtime environment”, deal with
installation and configuration [106].

Quality control

Description: A deployer can perform quality control checks thanks to testing
tools.

Examples:

• A deployer uses a quality control tool that performs a batch of tests,
if one of them fails the product must be substituted.

• A deployer starts a profiling tool that checks that the service level
agreement conditions are met by the current installation.

Actors: Deployer

Artefacts: User Device, pHealth Development Platform, Clinical Server, Smart
Sensor, Personal Health Record

References:
universAAL use cases 6, “Installation, configuration and management of Plat-
form components by deployers’ includes the concept of quality check.

Remote update and configuration

Description: A deployer has the means to remotely update and configure an
application.

Examples:

• A deployer enters a control panel where he can configure all the pa-
tient’s deployments and install, uninstall and configure applications.

• When a new version of an application is released, all the installed
instances are automatically updated remotely.

Actors: Deployer

Artefacts: Patient Device

References:
universAAL use cases 6,“Installation, configuration and management of Plat-
form components by deployers” and 7 “Remote/local operation and provision
of AAL Services by Service Provider” are about remote maintenance [106].

214



Remote logging

Description: A deployer has access to logs of local instances of installed ap-
plications to monitor the right operation of the system.

Examples:

• A deployer enters a control panel where all the installed instances
are shown and their status is signalled with a colour. Those systems
which have problems are coloured in red.

• A deployer can see the log of a particular instance of the application
in a patient’s home and can detect that the communication with a
sensor is failing.

Actors: Deployer

Artefacts: Patient Device

References:
universAAL use case 7, “Remote/local operation and provision of AAL Services
by Service Provider”, contains examples about remote operation of applications
[106].

5.4 In summary

The model described in this chapter is made of different parts spanning from
high-level, descriptive concepts to more detailed ones oriented towards SW de-
velopment. A total of five high-level conceptual models have been created which
take into account the requirements posed by the IEEE 42010 (e.g. associating
concerns to stakeholders), 18 scenarios for a descriptive version of the function-
alities and 52 use cases for a more detailed functional view.

In order to build this model a big number of sources has been taken into
account. A total of 93 sources are referenced, concretely 7 industrial or scientific
reports, 9 electronic standards, 10 conference proceedings papers, 37 journal
papers, 25 websites and 5 books. The distribution of the sources is shown in
figure 5.17.

In the next chapter the pHealth development platform will be shown, and
how part of its requirements were derived from the model explained in this
chapter.
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Figure 5.17: Distribution of the references used in this section among different
kinds of sources
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Chapter 6

A platform for developing
p-health patient
applications

This chapter presents a software development platform for creating applications
in the pHealth domain called “pHealth Patient Platform (pHPP)”. The platform
is based on the model described in the previous chapter and implements a
substantial part of it, thus providing a proof of concept of the applicability of
the model.

The platform is designed for producing patients applications rather than
health records or clinical servers, though some modules and components can
be easily recycled in other contexts. The internal architecture adopted in the
platform is intended to facilitate team-working in complex and multidisciplinary
pHealth projects. The design of the architecture took into account UCD and
MDE methodologies, and was based on the idea of separating modules to suit
the expertise and level of abstraction pHealth engineers are used to work with.

6.1 Requirements

The requirements of the platform are derived by two sources. From on side the
model described in the previous chapter acts as the basis for the requirements,
from another, part of the details of the platform have been decided thanks to a
survey made ad-hoc for this purpose.

6.1.1 Requirements derived from the model

All the sections of the model, excluding the scenarios and the base model (too
abstract to provide concrete inputs), were directly used to derive requirements
for the development platform.

Requirements derived from the actors’ model

The actors model offers a description of the main roles and concerns of pHealth
stakeholders. The model was used as a basis to identify different roles in the
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usage of the platform, especially from the point of view of the development.
The following requirements were derived:

Req1 The platform must support different users having separate views on the
system.

Req2 Security and access roles are necessary.

Req3 The architecture must reflect the distribution of responsibilities among
developers, specifically:

• those who program the business logic

• those who implement the user interaction

• those who develop algorithms

• those who integrate data sources

• those who develop hardware’s firmware

Req4 There must be visual tools able to map logic to models that can be easily
understood by designers.

Requirements derived from the artefacts model and the information
model

The artefacts model and the information model were used for deriving some
non functional requirements and as base classes for the ontologies adopted in
the platform. The following requirements have been derived:

Req4 The platform must allow persistence.

Req5 The platform must allow communication means in a distributed environ-
ment.

Req6 The platform must include user interaction means.

Req7 There must be a representation of the following classes: patient devices,
sensors, actuators, clinical servers, personal health records.

Req8 There must be a representation of the following classes: signals, subjective
reports, answered reports, careplans.

Requirements derived from the use cases

The use cases were used as functional requirements, especially the ones related
to the development and deployment.

The following requirements have been derived:

Req9 The platform must allow multi modal interaction by separating content
and its representation.

Req10 There must be mechanisms to provide user feedback to the developers.

Req11 The platform must allow event based mechanisms and event filtering.

Req12 The platform must allow querying for stored data.
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Req13 There must be tools for reasoning and easy-to-use rules definition.

Req14 There must be tools for graphically defining the system’s behaviour.

Req15 There must be tools for graphically defining data models.

Req16 The platform must include documentation, tutorials and example code.

Req17 There must be mechanisms for data synchronization.

Req18 There must be tools for testing, simulation and debugging.

Req19 There must be tools for automatic updates.

Req20 There must be tools for simple installation and configuration.

Req21 There must be tools for remote monitoring of the system.

Req22 The platform must include standards for interoperability.

Req23 The platform must include means for secure communication.

6.1.2 Requirements derived from the ad-hoc survey

In order to complement the requirements and also as a mean to validate the as-
sumptions made previously, a survey was submitted to senior engineers working
in the field of pHealth. The objective of the survey was to gather informa-
tion about what typical design and development problems they face with, more
concretely:

• to generate a profile of the common expertises in the field;

• to identify the most common problems in the development of pHealth
patient applications;

• to determine preferences related to the adoption of architectural designs;

• to collect the needs of developers concerning development tools;

• to identify the common sources of data used in the domain.

Eleven software engineers who had been working in the domain in the last
5 years, including contacts from both research institutions and industry were
interviewed. In total 2 programmers, 1 designer and 8 people who covered both
profiles participated, their roles spanned from project managers and developers
to specialists in user interaction and educators.

The main findings of the survey can be summarized in this way:

• The use of a well defined architecture is considered important (7 respon-
dents out of 11), and a relaxed model is preferred over a strict one (7 of
11). The design of the architecture is considered important, especially for
structuring team working and for documenting and communicating the
design among developers.
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• Both designers and programmers use visual tools (11 of 11) and consider
their use especially useful for making development more intuitive, and
for shortening the distance between design and development. They also
aim at having improved tools (10 of 11) for their work, especially the
programmers (8 of 10).

• The use of tools is especially appreciated for designing the GUI and the
data model (8 of 10). Regarding data models, both relational databases
(5 of 10) and OWL ontologies (2 of 10) are used as formalisms.

• Contextual information is considered very useful for improving the design
of applications (4 of 9) or at least of some help (5 of 9).

• Both programmers and designers identified unclear (8 of 10) or continu-
ously changing requirements (8 of 9) as the major threats to their work.
In particular, requirements regarding user interaction seem to be the most
volatile (6 of 11) as their changes are frequent and small. They also consid-
ered that user interaction must be the central aspect in the development
of this kind of applications (7 of 11).

The analysis of these results led to identification of the following high-level
requirements for creating the platform:

Req24 The platform must adopt a clear and simple architectural design.

Req25 Clear separation must be assured among:

• management of data

• development of user interfaces

• design of user interaction flows

• business logic

Req26 The platform must provide visual tools for programming.

Req27 The platform must allow exploiting contextual data.

Req28 The platform must ease user interaction design and shorten the distance
between requirements’ definition and implementation.

6.2 Platform’s architecture and implementation

The design of the architecture of the platform was based on the separation of
concerns suggested by the aforementioned requirements. Four main modules
have been identified the functionalities of which are detailed in the following
sections. A synthetic representation of the architecture is shown in figure 6.1.

The architecture is centred on the definition of the use interaction by plac-
ing interaction flows at the centre of development. Concretely, flows are im-
plemented by means of workflows which communicate with two other modules
via simplified interfaces. The overall idea is the one of allowing a simple and
graphical implementation of user interaction flows that could ease user centred
design of development of patients’ applications and make it simple to modify
interaction flows when a user interaction requirement is changed.

In total, the platform comprises:
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Figure 6.1: The architecture of the pHPP platform

• A set of interfaces and abstract classes that reflect the architectural design;

• An implementation of all the interfaces and abstract classes that exploits
existing technologies when available;

• A set of development tools, including MDE visual tools;

• A base data model with commonly used classes;

• A set of tools for simulating users, data sources and running tests.

• An automatic update mechanism;

• Unit tests and examples;

• A tutorial and documentation of the API;

While high-level interfaces were abstracted and simplified, the inner im-
plementation of the modules was obtained by reusing state-of-the-art libraries
whenever possible. Some visual tools were already available with the imported
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libraries and some other tools were developed ad-hoc. As programming lan-
guage Java was chosen because of the wide availability of libraries, tools, IDEs
and because of an explicit preference given in the results of the requirements
survey (6 developers out of 10).

6.2.1 Data Collection Engine

Personalised health systems have to integrate many sources of information, like
sensors’ data, personal profiles, care plans, as well as contextual information.
The Data Collection Engine (DCE) is the module responsible for acquiring and
storing data from these multiple sources, and for making the data available
to external modules. The design of this module has been inspired by typical
architectures for context aware systems [168]. It provides a complete set of
interfaces for gathering, processing and analysing data, using both event based
and synchronous calls as interaction mechanisms.

The module comprises the following constructs:

a) An abstraction named Structured Data that represents any piece of in-
formation. It implements an entity-relationship model that can be easily
mapped to tables in a relational database, to concepts in an ontology, or
to classes in object oriented languages.

b) Data Sources: abstractions that generate information in the form of Struc-
tured Data. They can be of two types:

i) Synchronous Data Sources, which generate data on demand. An
example can be a temperature sensor that is activated by the system
to gather a measurement.

ii) Asynchronous Data Sources, which launch events whenever new data
is available. An example can be a weight sensor that is activated when
a person steps on it.

c) Data Aggregators, which are Data Sources that create new semantics from
a set of input Data Sources. An example can be a module that retrieves
data from a localization system and a weight scale and identifies the exact
user whom the weight corresponds to.

d) The Data Access, a module that implements persistence and provides
common access to stored data. Specifically, it offers a method to retrieve
and filter data by means of a query language and methods to insert, update
and delete single pieces of information.

These modules are meant to be used by developers who have programming
tasks such as defining the data model of the application or developing specific
Data Sources to integrate sensors, servers or processing algorithms. Accord-
ing to the actors’ model, these developers are classified as algorithm developer
and system integrator. The provided abstractions help these developers sepa-
rate concerns, storing and retrieving data and being alerted when events are
generated.

Queries are the main mechanism used for external communication with the
DCE, and for internal communication amongst the modules. Queries are used
to:
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• explore the stored data

• filter events, allowing the programmer to exploit relationships among con-
cepts to create filters

• identify the Data Sources to be invoked for starting a measurement

The DCE module has been implemented on top of both a relational database
(using the Hyper SQL (HSQL) library1), and OWL ontologies (using Jena2).
Any Structured Data can, in fact, be translated to and from a Java class, a
table in a database, and a class in an ontology. A tool for automatizing this
translation was developed. This also allows developers of the data sources to
work with standard Java objects, while other developers in the team can use
SQL or ontologies as their formalism for querying or defining the data model.
As for query languages, SQL is used if the underlying storage mechanism is a
database or SPARQL is used if OWL is used instead.

Regarding modelling tools, it was not necessary to implement new ones as
both relational databases and OWL ontologies have long established and easy-
to-use graphical editors like DBDesigner3 and Protegé4.

A testing tool is also provided which allows emulating data sources in au-
tomatic test cases. This tool allows generating data, like it were a live data
source, by reading the data on a file. As sometimes it is necessary to record
data from real case tests, the tool includes the possibility to grab actual data
sources in a real-time execution and then replay the execution in a test.

6.2.2 Rule Engine

The Rule Engine provides a mean to program the application’s logic through
the definition of human-readable rules, in the form of “if-then” clauses. It is in-
tended to be used by high-level designers like business analysts, user interaction
designers or engagement designer, who are willing to implement logic without
having to program low-level code. It can be used, for instance, to generate a
higher level of knowledge about patients and their environment, for generating
messages, or for inferring simple logic that can be used by the interaction flows.

The module is interfaced with the DCE in the following way: the conditions
in the rules, namely the facts, are expressed by means of queries. The Rule
Engine registers each query as an event filter to the DCE. Thus, each time a
piece of data that is filtered by one of these queries changes, an event is raised
and the collection of facts in the Rule Engine is updated. This mechanism allows
having all the facts continuously updated minimizing the number of times the
rules are evaluated by only launching them when facts actually change.

As output, the Rule Engine can insert or update data behaving as an Asyn-
chronous Data Source of the DCE; this way external modules can access these
results by registering to events with other appropriate queries.

The Rule Engine was developed on top of the JBoss Drools5 library. Drools
was chosen for the availability of visual editors and also for the possibility of

1http://hsqldb.org/
2http://jena.sourceforge.net/
3http://www.fabforce.net/dbdesigner4/
4http://protege.stanford.edu/
5http://www.jboss.org/drools/drools-expert
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creating domain-specific languages that make rules very easy to be read by
people with limited technical skills.

rule ”patient decompensation”

when:

Patient weight is increasing

Bioimpedance is decreasing

then:

Ask for liquid intake

Send alarm to physician

Figure 6.2: An example of a rule defined with a domain-specific language

Figure 6.2 shows an example of a rule using a DSL. With a DSL it is possible
to express even quite complex logic in a form easily understood by humans.

Regarding visual programming tools, Drools comes with an ad-hoc textual
editor for rules with syntax highlighting and a graphical rules composer.

6.2.3 GUI Engine

The GUI Engine is intended to help interaction and graphical designers de-
velop the building blocks of the user interface, the GUI Components. A GUI
Component, similar to the concept of widget, represents a piece of graphical
information that groups basic parts of a GUI, like buttons or labels, here called
GUI Elements (examples are shown in figure 6.3).

The interface to the external modules includes methods to load a GUI Com-
ponent, to set its GUI Elements’ content (text or image) and to register to user
interaction events, e.g. mouse clicks.

The GUI Engine was developed with the standard Java Swing graphical li-
brary. The library was chosen because of its long established tradition, for being
cross platform and for allowing appealing visual effects. GUI Components and
Elements can be easily mapped to Swing’s components, in fact, a tool for auto-
matically mapping standard JPanels to the platform’s specific GUI Component
interface was created. Thanks to this tool, user interaction designers and de-
velopers can use the visual tools provided with the NetBeans and Eclipse IDEs,
which make development simple and completely graphical and automatically
generate GUI components.

In order to support internationalization, the module offers a library for sep-
arating content from the language. The programmer has to specify a set of
tags for each content that has to be shown, and the library associates the tag
to an actual text, depending on the language settings of the application. Text
can also be provided in the form of HTML thus allowing formatting and the
inclusion of images.

The API of the GUI Engine is very generic and technology independent, fact
that would allow the extension to other user interaction technologies like web
interfaces or even different modalities like voice synthesis and recognition.
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Figure 6.3: Examples of GUI Components

The SW module comprises a testing tool that allows programmers to repro-
duce the user interaction in tests. The tool has a formalism for specifying the
user’s interaction in a file, and a module to grab the interaction from a real
execution or reproducing the sequence of interaction events from a file. This
way programmers can record real test cases and reproduce the same flow of
interaction in tests without needing human intervention.

6.2.4 Workflow Engine

This module is for user interaction designers and developers. It provides the
central coordination of the system; its role is to execute interaction workflows.
A workflow is composed of three elements: nodes, which are calls to specific
methods or to sub-workflows; arcs, which define the direction of the flow, and
decision points, which examine a workflow variable to decide which arc to choose
next (an example workflow is shown in figure 6.4). In this architecture a node
can call the GUI Engine to show messages and interact with the user and the
DCE to gather old and new data.

Interaction flows have fixed parts that deal with the execution of a task,
like performing a measurement, guiding an exercise, filling a questionnaire or
showing some content, while decision points make it possible to have context-
aware decision branches, like switching among different options on the basis
of the result of a query (e.g. deciding between an indoor or outdoor activity
depending on the weather), or responding to events (e.g. a bed sensor detects
the user is waking up and the application launches a reminder for a morning
drug intake).

The Workflow Engine was developed using the freely available Jboss Java
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Figure 6.4: Graphical example of a workflow

Business Process Model (jBPM) software 6. This implementation benefits from
the good quality of the libraries and the availability of a user friendly graphical
workflow editor. The basic implementation comprises only three nodes: a wrap-
per of the GUI Engine for setting the content of the GUI Elements, a wrapper
for loading rules in the Rule Engine and a wrapper of the DCE for handling
events, querying for data and starting measurements.

When the use cases to be implemented are complex, it may be necessary to
extend this set of nodes in order to embed part of the logic in Java code instead
of delegating all of it to the workflows. This makes workflows more readable
and easy to create without losing the possibility of quickly editing them when
a requirement changes, although it needs the intervention of a programmer to
implement the new nodes.

Even though JBPM has its own graphical editor, a custom editor was also
created for the purpose of further simplifying workflow editing (a screen shot is
shown in figure 6.5).

The editor extends the standard JBPM nodes with more specialized ones,
directly mapped on the actions that can be performed on the DCE, the Rule
Engine and the GUI Engine. There are nodes dedicated to registering and un-

6http://www.jboss.org/jbpm
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Figure 6.5: A screen shot of the custom workflow editor

registering to events, nodes to query for data, nodes for starting and stopping
measurements, nodes for showing content in the GUI, nodes for loading and
executing rules and nodes to call sub-workflows. For each node also a graph-
ical interface is provided, which allows the programmer to entirely define the
interaction flows graphically. Programmers can easily add new nodes with their
graphical representation thanks to well defined and simple interfaces. The tool
is compatible with the standard jBPM file format.

6.2.5 Documentation and sample code

The the platform is composed of pre-existing imported libraries (HSQL, Drools,
jBPM) and newly developed code. All the imported libraries are open source
and of industrial quality, thus richly documented. The new code was also made
having good documentation as a strong requirement. The following documen-
tation artefacts are provided with the newly developed code:

• All the code is internally commented according to the Javadoc convention,
which is a well-known, largely accepted method for documenting Java code
[125].
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• All the SW modules come with a package of unit tests. Unit tests are
used not only for verifying the correctness of the code, but also as test
cases since a large part of them corresponds to integrated tests with rich
documentation.

• A sample application is provided which shows the usage of all the relevant
modules (a screen shot of which is shown in figure 6.6). The application is
called Heart Assistant and covers some typical use cases of the personalised
health domain: monitoring vital signals, showing educational content and
motivating the user to use the application and follow the prescriptions.
Connection to some external systems is simulated, particularly: a blood
pressure cuff, a weight scale, a heart rate monitor and a remote server
located at the clinical site. The code includes a data model, a set of data
sources, ad-hoc GUI Components and Elements, interaction workflows and
example rules.

Figure 6.6: Two screenshots of the sample application

• A complete tutorial about how to use the platform is included. The tuto-
rial shows how to develop the sample application, step by step, showing
all the functionalities of the platform, the API and discussing simple and
complex scenarios, with annexed tricks and exceptions. The tutorial is
written as a web page, and, when printed, it is about 60 pages long. The
content includes the following chapters: “Introduction to the platform”,
“IDE setup”, “Example application”, “Develop the example app” and
“Suggestions and best practices”.

• As part of the documentation, training material for developers is also
present. The material includes presentations and an exercise which con-
sists in developing a simple application going through atomic tasks, from
the creation of the data model to the development of the GUI and the
workflows to the formalization of some rules. The solution for the exercise
is also provided.
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6.2.6 Auto-updater tool

The auto-updater is a generic tool for remotely updating a running instance of
the application. Even though the standard Java packaging system, namely the
Java ARchive (JAR), includes some basic mechanism for downloading packaged
applications and updates, it does not include more complex scenarios where
more than one JAR file has to be deployed, or when configuration or content
files have to be shipped together or if the update has to interrupt the current
execution of the application.

The auto-updater works this way: the developer provides a set of files on a
web directory. When launched, the updater checks if the application is running,
in which case it does not perform any update, if the application is not running,
it loads the content of the remote folder and checks the date and version of
each file. If some new file is available, it is downloaded, then the application is
launched again.

6.2.7 Remote logging tool

In order to allow remote monitoring of the instances of the application a remote
monitoring tool is offered in the platform. The tool acts as an extension of the
standard log for Java library7. The developer can insert logging information as
text in the code, and the text is periodically sent to a server which produces
a file per each instance and version of the program. The tool can be used for
monitoring the system’s behaviour for bug fixing as well as the user’s behaviour
for obtaining statistics about the usage of the application.

6.2.8 Short history of the development and statistics

The development of the platform involved the work of four people for about 4
years.

A short history of its development is provided below:

• May 2008: start of the work
• October 2008: first design approximations about the architecture, first

prototype of the DCE
• November 2008: data collection engine split into two branches, one with

relational models and one with OWL ontologies
• January 2009: Java Swing selected as best candidate for GUI library
• February 2009: first complete architectural design (HeartCycle Deliverable

7.4)
• April 2009: improved prototype of the data collection engine
• May 2009: first working prototype of the GUI engine and the Workflow

engine
• July 2009: first proof of concept: all the four engines prototyped and

examples use cases running in a demo
• October 2009: the platform is officially split from the HeartCycle appli-

cation and evolves separately
• February 2010: second iteration of the Rule Engine working
• March 2010: final architectural design (Deliverable 11.4)

7http://logging.apache.org/log4j/1.2/
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• June 2010: the OWL ontologies support is completed for the Data Col-
lection engine

• December 2010: the platform is stable and used in the first releases of the
HeartCycle guided exercise system

• January 2011: added support for system tray and HTML rendering in
GUI

• April 2011: simulation and localization tools are added
• July 2011: first example application created
• August 2011: major refactoring of the platform, clearer interfaces, better

and more comprehensive documentation, simplifications
• January 2012: auto update mechanism introduced
• February 2012: the workflow editor is developed
• March 2012: the example application is developed with its documentation
• April 2012: training material is produced
• May 2012: remote logging facility is introduced and the last bug fixes are

submitted
The development employed the author of this thesis as the main programmer,

and took some smaller contributions from two students and one engineer.
The final version includes a total of 36,969 lines, of which 21,831 are of actual

code (without counting comments and blank lines). These lines are divided into
384 classes and 37 interfaces, split into 114 packages. There are over 2,600
comments and the total ratio of comments is 12%. These statistics include also
testing code, sample applications and tools.

If we limit the analysis to the core of the platform, that is the four “engines”,
we have 7,890 lines of code divided into 136 classes and 35 interfaces, split into
41 packages. In this case the comments ratio increases to 16% as these are
the actual libraries to be used by programmers. The libraries’ abstractness is
26% indicating that the platform has a high number of interfaces, thus allowing
separation of concerns and adaptation of the code to different contexts.

Regarding testing, 147 unit tests were implemented, of which 141 are fully
automated (the other 6 require user intervention at some point of the execution)
and all tests execute successfully. Test coverage reaches 60.24% of all the lines
of code and 50.30% of branches. Table 6.1 shows some metrics for all the code
of the platform, including tools, sample application and tests, and for only the
four core modules (DCE, GUI Engine, WorkflowEngine and Rule Engine).

Table 6.1: Simple metrics about platform’s code

Lines of code Types Test coverage

All lines Only code Classes Interfaces Lines Branches
Entire code 36,969 21,831 384 37 60.24% 50.3%

Only core 15,717 7,890 136 35 - -

6.3 In summary

A development platform for the pHealth domain, the pHealth Patient Plat-
form, is shown in this chapter. The platform includes four main modules: one
for abstracting data sources into synchronous and asynchronous interfaces and
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for data modelling and persistence, one for separating the user interfaces from
the application’s content, one for representing business logic in graphical work-
flows and one for coding high-level logic with easy-to-read rules. To these four
modules, a set of tools for testing, maintaining and deploying the applications
has been added, and a rich documentation with sample code. The development
platform has been adopted in the HeartCycle research project. The results of
this experience are shown in details in the next chapter.
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Chapter 7

Validation of the
hypotheses

This chapter describes how the hypotheses of this thesis have been validated.
According to the methodology chapter, particularly section 4.3, the hypotheses
have been mapped to the following prepositions of a software engineering theory:

• the proposed model about pHealth helps software developers gather re-
quirements and design the architecture of pHealth applications

• the proposed pHealth development platform help software developers de-
sign the architecture, design the user interface, program, integrate, verify
and deploy pHealth applications

The following sections describe how the models have been validated, how
the development platform has been evaluated by senior engineers in a training
session and the results of a large-scale test case where the platform was adopted.

7.1 Evaluation of the proposed model

Section 4.3.1 of this thesis already introduces the methodology of validation of
the model.

According to the above mentioned proposition, this validation assesses if
the proposed pHealth model helps software developers gather requirements and
design the architecture of pHealth applications.

Concretely, the validation has been performed as an on-line survey, sent to
experts in the field of personalised health systems and other related fields like
eHealth, mHealth and AAL.

The objectives of the survey were the following:

• Clarity: is the model described in a clear and easy to understand way?

• Coverage: does the model cover the domain significantly?

• Formality: does the model have a sufficient level of formality given its
purpose?
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• Abstractness: is the model sufficiently abstract and technology indepen-
dent?

• Suitability: is the model useful for understanding the domain?

• Usefulness: is the model useful for working as a basis for developing further
specializations?

• Attractiveness: are people willing to use the model in their work?

The involved subjects were chosen mostly having technical backgrounds,
nonetheless also some medical and business experts were contacted. The eval-
uation followed three iterations. In a first round, only three experts were con-
tacted, in order to test the survey length and to fix major errors in the models.
In a second round a large group of experts, mainly colleagues from past and
current research projects, were contacted. In a third, final round, more experts
were contacted from an enlarged circle of contacts, and the survey was also
launched on public channels like mailing lists and social networks.

After each iteration, the answers were analysed carefully, and the model was
refined according to the received feedback before launching the next iteration.

7.1.1 First validation round

The first evaluation round was designed as an exploratory study with only three
participants, experts in the field of pHealth.

The questionnaire presented a set of preliminary questions for assessing the
participant’s profile, and then, a set of questions related to the parts that com-
pose the model. The following sections were presented:

1. The scenarios

2. The base model

3. The actors’ model

4. The artefacts building blocks model

5. The artefacts sub-systems model

6. The assisted person’s use cases

7. The system reactions use cases

8. The caregivers use cases

9. The user’s engagement use cases

10. The development use cases

11. The deployment and maintenance use cases

For each section the following questions were asked:

• The concepts described here are clear and easy to understand.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree
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• The concepts described here cover the domain completely.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

• I may use this model in my job.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

• Comments and observations.

• Anything you would add/remove/change in this model?

Moreover, an initial assessment of the participant’s profile and a final form
for generic considerations and suggestions for improving the questionnaire were
included.

The results of the questionnaire are explained in the following sections.

Participants profile

Three participants were involved, their profile of high relevance to the subject.
Their profile can be summarised as follows:

Table 7.1: 1st Model validation round, participants’ profile

Expert Completed survey Duration (d:h:m) Country

1 yes 14:01:50 Spain
2 yes 07:01:08 Spain
3 no 00:00:23 Spain

One participant could not complete all the sections of the questionnaire,
nonetheless he was able to leave interesting comments in the first part of it. The
time employed to answer the survey is very large because participants were able
to stop the survey and resume it later, therefore the actual time for answering
is smaller but could not be measured.

Table 7.2: 1st Model validation round, participants’ experience

Expert Profile Research
Industry

Experience in Years of ex-
perience

1 Designer,
Programmer

Research eHealth, mHealth,
AAL, pHealth,
Medical Informat-
ics, Biomedical
engineering

6

2 Designer,
Programmer

Research eHealth, mHealth,
pHealth

8

3 Designer Research eHealth, mHealth,
AAL, pHealth,
Medical Informat-
ics, Biomedical
engineering

10
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According to their self description, a free text field of the questionnaire,
the three participants are experts in ICT applied to health, chronic diseases,
telemedicine and AAL. One respondent is more focussed on technological aspects
like communication protocols and interoperability, while the other two are more
related to human factors and multi-disciplinary aspects.

Quantitative feedback

Table 7.3 shows the answers to the three Likert scale questions:
Clarity : The concepts described here are clear and easy to understand.
Coverage: The concepts described here cover the domain completely.
Attractiveness: I may use this model in my job.
The adopted scale is: 1) strongly agree, 2) agree, 3) neutral, 4) disagree, 5)
strongly disagree, meaning that the smaller the value, the better the evaluation.

The values show that participants were in average happy about the models in
all the dimensions. There are, though, some dimensions that must be improved,
particularly coverage did not score high because of a neutral feeling about the
models or because of some evident lacks like in the scenarios section.

Qualitative feedback

Comments were received for all the models by at least two respondents on every
model. The following is a summary of the comments per models:

• Scenarios:
One respondent asked to include affective computing, quantified-self and
automatically detection of users’ conditions. Other respondents stressed
out the need of a role for the pharma industry, data scientists, clinical
engineers, pharmacists.

• Base model:
Respondents asked for more focus on human factors in design and on social
networks.

• Actors’ model:
Respondents asked to split informal caregivers into the ones living with
the patient and those who don’t and to add the role of medical informatics
researcher.

• Artefacts building blocks:
One respondent suggested more elements to be added in the user interface.

• Artefacts subsystems:
One respondent suggested the inclusion of serious games and robotics.

• Information model:
One respondent suggested to change the name of ‘questionnaire’ into ‘sub-
jective report’.

• Use Cases, assisted persons activities:
Respondents identified some use cases which were not formalized in the
correct way.
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Table 7.3: 1st models validation round, quantitative feedback, agreement scale
1: highest, 5: lowest

Model Expert Clarity Coverage Willingness

Scenarios
1 1 2 2
2 1 4 2
3 1 4 2

Base model
1 1 2 2
2 1 1 1
3 1 2 1

Actors’ model
1 1 1 1
2 1 2 1
3 1 1 1

Artefacts building blocks
1 1 1 1
2 2 2 1
3 NA NA NA

Artefacts subsystems
1 1 2 2
2 2 2 1
3 NA NA NA

Information model
1 1 1 1
2 2 3 2
3 NA NA NA

Assisted person use cases
1 2 1 1
2 1 2 1
3 NA NA NA

System use cases
1 1 1 1
2 2 2 3
3 NA NA NA

Caregivers use cases
1 1 1 1
2 2 2 1
3 NA NA NA

Engagement use cases
1 2 1 1
2 2 2 1
3 NA NA NA

Development use cases
1 1 1 1
2 3 3 3
3 NA NA NA

Deployment use cases
1 2 2 1
2 3 3 3
3 NA NA NA

Average 1.5 1.9 1.4
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• Use Cases, caregivers’ activities:
Answers were similar to the previous model.

• Use Cases, user engagement:
Some suggestions about the terminology.

• Use Cases, development:
Some suggestion about the phrasing of the model.

• Use Cases, deployment and maintenance:
No comments received.

• Final remarks:
Respondents suggested to produce some summary model.

Modifications introduced to the model

From the analysis of the comments the following modifications have been de-
rived.
Modifications introduced in the conceptual model:

• made the role of the pharmacist explicit

Modifications introduced in the scenarios:

• added emphasis on automatic reactions of the system

• emphasized the role of a clinician doing research

• added the role of a pharmacist

• added a scenario about deployment in hospital

• added the role of the social carer

Modifications introduced in the conceptual models:

• added an item about ‘interacting socially’ in the base model

• split informal caregiver into cohabiter and non-cohabiter

• added some more examples in the user interaction artefacts

• ‘questionnaire’ renamed as ‘subjective report’

Modifications introduced in the use cases:

• added the example of the pharmacist in use case dedicated to the visual-
ization of the treatment

• added a pharmacist in the formal caregivers description

• added the interconnection of the system to legacy health information sys-
tems in the deployment section

• added a use case about gaming
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• added a disclaimer warning that some non-functional requirements are
presented as use cases

Some modifications were also introduced to the questionnaire itself, in order to
enrich the amount of feedback:

• added a question about the technology independence

• added a question about the level of formality

• added a question about usefulness description and definition of the domain

• added a question about usefulness in further developments into concrete
systems

7.1.2 Second validation round

The second evaluation round of the model was run as an on-line survey among
experts. Seventy invitations were sent to known contacts in the fields of pHealth,
eHealth, AAL among others. Both technical (engineers, programmers) and non-
technical (doctors, business men) were included.

With respect to the first round, the set of questions was enriched and im-
proved. For each presented part of the model, the following questions were
asked:

1. The concepts described here are clear and easy to understand.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

2. The concepts described here cover all the key aspects of the domain.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

3. The level of formality adopted is suitable for the purpose of these scenarios.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

4. The concepts described here are sufficiently abstract and technology-independent.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

5. These concepts are useful for understanding pHealth.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

6. These concepts are useful as a basis for further specifications of pHealth
systems.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

7. I may use these scenarios in my job.
1: strongly agree, 2: agree, 3: neutral, 4: disagree, 5: strongly disagree

8. Anything you would add/remove/change in this model?

The results of the questionnaire are as follows.

239



Participants profile

Thirty answers were received from this round. Of these, 29 completed the
questionnaire, and 2 skipped the use cases.

The average time for completing the survey was 239 minutes (almost 4 hours)
with a standard deviation of 373 minutes (more than 6 hours). It must be con-
sidered that participants were given the possibility to suspend the questionnaire
and resume it at any time, option which was clearly chosen by several.

The answer to the following question: “I consider myself as knowledgeable in
personalized health” was distributed according to table 7.4. Sixteen participants
considered themselves as knowledgeable in pHealth, 12 were neutral on the
subject and 2 answered negatively.

Table 7.4: 2nd Model validation round, answers to “I consider myself as knowl-
edgeable in personalized health”

Answer Count

1 (strongly agree) 2
2 (agree) 14

3 (neutral) 12
4 (disagree) 2

5 (strongly disagree) 0

Mean 2.47
STD 0.7

Participants identified themselves mainly as designers and software develop-
ers, as it is possible to observe in table 7.5, participants were allowed to choose
more than one profile.

Table 7.5: 2nd Model validation round, answers to “How would you describe
yourself?”

Answer Count

Caregiver 2
Designer 13

SW Developer 19
HW Developer 5

Patient 3
Decision maker 4

Other 5

Seventeen respondents declared to be working in research institutions, like
Universities or research centres, 5 participants were from the industry and 3
declared to belong to other situations.

The background experience of the participants was distributed according
to table 7.6, where it is possible to observe that the most common areas were
eHealth and AAL, with a strong presence of personal health systems and mobile
health.
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Table 7.6: 2nd Model validation round, answers to “Do you have experience in
any of these fields (both as a user or in your job) ?”

Answer Count

eHealth 24
mHealth 12

Ambient Assisted Living 23
Personalized Medicine 5

Personal Health Systems 14
Medical Informatics 9

Biomedical Engineering 5
Other 0

Respondents’ time of experience in these fields ranged from 1 to 20 years,
with an average of 6.87 and a standard deviation of 5.1.

Regarding geographical distribution, participants were coming from 13 dif-
ferent countries as shown in table 7.7.

Table 7.7: 2nd Model validation round, participants’ country of residence

Answer Count

Germany 3
Spain 7

Norway 3
Italy 3

Greece 2
France 1
Israel 1

Finland 3
Colombia 1

Austria 2
Poland 2
Taiwan 1

Portugal 1

Total 30

According to their self description, a free text field of the questionnaire,
the participants describes themselves mainly as computer scientists, electron-
ics engineers, telecommunication engineers, developers, biomedical engineers.
One described himself as a doctor. Some emphasized their role in research
and international research projects or as PhD students. One respondent was
unemployed.

Quantitative feedback

The following tables show the distribution of the answers to the Likert scale
questions grouped by models. Questions are labelled as:
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• “Is clear” for “The concepts described here are clear and easy to under-
stand.”

• “Covers key concepts” for “The concepts described here cover all the key
aspects of the domain.”

• “Is formal enough” for “The level of formality adopted is suitable for the
purpose of these scenarios.”

• “Is abstract enough” for “The concepts described here are sufficiently
abstract and technology-independent.”

• “Is useful for understanding” for “These concepts are useful for under-
standing pHealth.”

• “Is useful for new specs” for “These concepts are useful as a basis for
further specifications of pHealth systems.”

• “Willing to use it” for “I may use these scenarios in my job.”

For every question the distribution of the answers is shown including the arith-
metic mean, the standard deviation and the confidence interval of the mean,
calculated using a Student’s t distribution and with a significance level of 0.05
(i.e. 95 percent confidence level).

The answers related to the scenarios are shown in table 7.8, where it is
possible to observe that the average values are all above the ‘neutral’ value (3)
and standard deviations are relatively small indicating a generally positive and
unanimous assessment of the model. There is one exception that is related to
coverage, where 5 respondents were neutral about it and 6 disagreed with the
sentence. By analysing the confidence interval it is possible to see that the sum
of all the means with the confidence interval is always below the ‘neutral’ value
of 3 with a level of significance of 0.05.

The answers related to the Base model are in table 7.9. The answers are
similarly distributed as in the previous case, showing that also in this case
the coverage, though in general above the neutral value, was considered as
improvable. The reason may rely on the fact this model is extremely synthetic
and it is very difficult to represent all the domain in one simple sketch. The
confidence interval of all values (95%) are below 3.

The answers related to the actors’ model show better results. As table 7.10
illustrates, all mean values are slightly over 1.5, except the coverage of the
domain and the willingness to use the model, which, in any case scored better
than the previous two cases. In all cases the confidence interval shows that the
values are lower than 3 with 95% significance.

Table 7.11 shows the answers given for the artefacts building blocks model.
The average values are inferior with respect to the previous cases, probably be-
cause given the technical background of the participants, these models are more
redundant for them. Some negative values were also given by one respondent.
In all cases the confidence interval shows that the values are lower than 3 with
high significance.

For what regards the artefacts sub systems, values show more criticisms
(table 7.12). This model is particularly simple and may not reflect the vast
possibilities of distribution schemes that pHealth may encompass. Nonetheless
values are in average above the neutral value of 3 and with a high significance.
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Table 7.8: 2nd Model validation round, Likert scale answers for the scenarios

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 18 12 0 0 0 1.40 0.49 0.18
Covers key
concepts

3 16 5 6 0 2.47 0.92 0.34

Is formal
enough

7 19 2 2 0 1.97 0.75 0.28

Is abstract
enough

9 15 5 1 0 1.93 0.77 0.29

Is useful for
describing
domain

17 13 0 0 0 1.43 0.50 0.19

Is useful
for further
specifica-
tions

10 18 2 0 0 1.73 0.57 0.21

Willing to
use it

6 17 6 1 0 2.07 0.73 0.27

Table 7.9: 2nd Model validation round, Likert scale answers for the base model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 22 5 1 1 0 1.34 0.71 0.27
Covers key
concepts

6 12 9 1 1 2.28 0.94 0.36

Is formal
enough

13 13 3 0 0 1.66 0.66 0.25

Is abstract
enough

13 14 1 1 0 1.66 0.71 0.27

Is useful for
describing
domain

12 14 2 1 0 1.72 0.74 0.28

Is useful
for further
specifica-
tions

11 15 3 0 0 1.72 0.64 0.24

Willing to
use it

4 19 4 1 1 2.17 0.83 0.32
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Table 7.10: 2nd Model validation round, Likert scale answers for the actors’
model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 15 13 1 0 0 1.52 0.56 0.21
Covers key
concepts

7 15 6 1 0 2.03 0.76 0.29

Is formal
enough

12 16 1 0 0 1.62 0.55 0.21

Is abstract
enough

16 10 3 0 0 1.55 0.67 0.26

Is useful for
describing
domain

15 11 3 0 0 1.59 0.67 0.26

Is useful
for further
specifica-
tions

14 12 3 0 0 1.62 0.67 0.25

Willing to
use it

7 16 5 1 0 2.00 0.74 0.28

Table 7.11: 2nd Model validation round, Likert scale answers for the artefacts
building blocks model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 9 16 2 1 1 1.93 0.91 0.35
Covers key
concepts

8 13 8 0 0 2.00 0.74 0.28

Is formal
enough

11 13 3 1 1 1.90 0.96 0.36

Is abstract
enough

8 15 3 2 1 2.07 0.98 0.37

Is useful for
describing
domain

9 14 4 1 1 2.00 0.95 0.36

Is useful
for further
specifica-
tions

8 17 4 0 0 1.86 0.63 0.24

Willing to
use it

6 14 7 1 1 2.21 0.92 0.35
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Table 7.12: 2nd Model validation round, Likert scale answers for the artefacts
subsystems model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 17 11 1 0 0 1.45 0.56 0.21
Covers key
concepts

7 10 7 4 1 2.38 1.10 0.42

Is formal
enough

13 12 3 1 0 1.72 0.78 0.30

Is abstract
enough

12 11 5 1 0 1.83 0.83 0.32

Is useful for
describing
domain

12 12 5 0 0 1.76 0.73 0.28

Is useful
for further
specifica-
tions

10 15 3 1 0 1.83 0.75 0.28

Willing to
use it

6 15 6 1 1 2.17 0.91 0.35

The information model shows similar, but slightly worse results (table 7.13),
though being, in average, above the neutrality. The reason may rely on the fact
that the technical audience would be accustomed to complex data models which
this model try to generalise and simplify. In all cases, averages are significantly
less than 3.

Regarding use cases, the ones belonging to the assisted persons have re-
ceived positive feedback. Table 7.14 shows that a little number of participants
gave values above 2. Statistically, all averages are lower than 3 with statistical
significance.

The use cases related to the system reactions received similar, and slightly
better, evaluation than the assisted persons’ activities, as table 7.16 shows. The
confidence interval is such that the average does not include the value 3 with a
95% probability.

Caregivers’ activities use cases also received positive feedback (table 7.16),
all averages are above the value of 2 and with the estimator of the average is
above the value of 3 with a 0.05 level of significance.

User engagement use cases also received positive values. Table 7.17 shows
that coverage and willingness to use this model are slightly worse than the
previous use cases. In all cases the averages summed to the confidence interval
are less than 3.

The less appreciated use cases were the ones related to development, as
shown in table 7.18. The average values are higher with respect to the previous
cases, begin around 2 for most of the metrics. The reason probably relies on the
fact that most of the respondents are developers, and thus more careful about
the models that concern them directly. It has to be considered also that these

245



Table 7.13: 2nd Model validation round, Likert scale answers for the information
model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 10 14 3 1 1 1.93 0.94 0.36
Covers key
concepts

5 14 8 1 1 2.28 0.91 0.34

Is formal
enough

14 12 2 0 1 1.69 0.88 0.33

Is abstract
enough

12 12 3 1 1 1.86 0.97 0.37

Is useful for
describing
domain

5 19 3 1 1 2.10 0.84 0.32

Is useful
for further
specifica-
tions

6 15 6 1 1 2.17 0.91 0.35

Willing to
use it

3 18 6 1 1 2.28 0.83 0.31

Table 7.14: 2nd Model validation round, Likert scale answers for the use cases,
assisted person’ activities

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 15 12 1 0 0 1.50 0.57 0.22
Covers key
concepts

8 14 6 0 0 1.93 0.70 0.27

Is formal
enough

15 10 3 0 0 1.57 0.68 0.26

Is abstract
enough

15 10 3 0 0 1.57 0.68 0.26

Is useful for
describing
domain

11 15 2 0 0 1.68 0.60 0.23

Is useful
for further
specifica-
tions

11 15 2 0 0 1.68 0.60 0.23

Willing to
use it

7 15 5 1 0 2.00 0.76 0.29
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Table 7.15: 2nd Model validation round, Likert scale answers for the use cases,
system reactions

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 14 13 1 0 0 1.54 0.57 0.22
Covers key
concepts

7 14 6 1 0 2.04 0.78 0.30

Is formal
enough

14 11 3 0 0 1.61 0.67 0.26

Is abstract
enough

14 12 2 0 0 1.57 0.62 0.24

Is useful for
describing
domain

12 15 1 0 0 1.61 0.56 0.22

Is useful
for further
specifica-
tions

12 14 2 0 0 1.64 0.61 0.24

Willing to
use it

6 18 3 1 0 1.96 0.68 0.26

Table 7.16: 2nd Model validation round, Likert scale answers for the use cases,
caregivers’ activities

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 17 10 1 0 0 1.43 0.56 0.22
Covers key
concepts

8 16 2 1 1 1.96 0.91 0.35

Is formal
enough

10 16 2 0 0 1.71 0.59 0.23

Is abstract
enough

13 13 1 1 0 1.64 0.72 0.28

Is useful for
describing
domain

14 12 2 0 0 1.57 0.62 0.24

Is useful
for further
specifica-
tions

12 13 3 0 0 1.68 0.66 0.25

Willing to
use it

8 16 2 2 0 1.93 0.80 0.31
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Table 7.17: 2nd Model validation round, Likert scale answers for the use cases,
user engagement

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 16 11 1 0 0 1.46 0.57 0.22
Covers key
concepts

8 12 6 2 0 2.07 0.88 0.34

Is formal
enough

14 12 2 0 0 1.57 0.62 0.24

Is abstract
enough

12 13 2 0 1 1.75 0.87 0.34

Is useful for
describing
domain

9 15 4 0 0 1.82 0.66 0.25

Is useful
for further
specifica-
tions

10 14 4 0 0 1.79 0.67 0.26

Willing to
use it

4 17 4 3 0 2.21 0.82 0.32

use cases only include those activities where a pHealth development platform
takes part, and do not include other relevant activities which some participants
may have missed. Nonetheless, all averages are less than 3 with 0.05 statistical
significance.

Similarly to development, though slightly better, the use cases dedicated to
deployment present values that, compared with other models, are distributed
towards the value of 2 and the confidence interval confirms that the averages
are always above the neutral value. Table 7.19 shows the detailed results.

Qualitative feedback

The analysis of the comments left by the respondents gives the best information
for interpreting the quantitative feedback and to improve the models. Following
a summary of the comments is given per each model:

• Scenarios:
Thirteen comments were received. More than one comment was related
to the lack of hardware manufacturers and service providers. How users
are trained should be shown. Policies should be based on evidence rather
than assumptions. A participant asked for more relevance to the role of
the nurse, another the one of the disabled person. The role of standards
and certification seems to be too secondary, privacy and security should
also be emphasised. Some technical details are considered too specific.

• Base model:
Thirteen comments were received also in this section. Some comments
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Table 7.18: 2nd Model validation round, Likert scale answers for the use cases,
development

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 12 11 5 0 0 1.75 0.74 0.29
Covers key
concepts

5 8 13 2 0 2.43 0.86 0.33

Is formal
enough

12 12 4 0 0 1.71 0.70 0.27

Is abstract
enough

11 10 7 0 0 1.86 0.79 0.31

Is useful for
describing
domain

6 11 9 2 0 2.25 0.87 0.34

Is useful
for further
specifica-
tions

8 10 8 2 0 2.14 0.91 0.35

Willing to
use it

6 10 8 4 0 2.36 0.97 0.38

Table 7.19: 2nd Model validation round, Likert scale answers for the use cases,
deployment

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 14 11 3 0 0 1.61 0.67 0.26
Covers key
concepts

5 15 6 2 0 2.18 0.80 0.31

Is formal
enough

11 10 7 0 0 1.86 0.79 0.31

Is abstract
enough

13 10 4 1 0 1.75 0.83 0.32

Is useful for
describing
domain

8 11 6 3 0 2.14 0.95 0.37

Is useful
for further
specifica-
tions

11 11 5 1 0 1.86 0.83 0.32

Willing to
use it

4 17 4 2 1 2.25 0.91 0.35
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suggested to add actors in this model. Security and data protection was
pointed out as a feature that had little relevance, the concept of prevention
was found as missing. Training of users was also considered a concept that
should belong to this model, as well as goal setting and comparison with
peer patients.

• The actors model:
Eleven comments were given. One commenter stressed out the concepts of
certification and standardization. Service providers and companies were
found as missing by more than one participant. People with disabilities
were also found missing.

• The artefacts building blocks model:
Twelve comments were given. A commenter suggested to add internal
monitoring to the systems. Some of the examples provided in the diagram
were confused with key concepts thus making the model not technology
independent. Some participants believed that sensors should not compute
derived signals, which should be part of the processing units. Some con-
fusing elements were present in the user interface and the communication
interface.

• The artefacts subsystems:
Twelve comments were provided. The patient device should be generalised
for all kinds of users. Some commenters pointed out that the model does
not reflect cloud-based distribution mechanisms.

• The information model:
Twelve comments were present. The sample array should include more
cases, like variable sampling frequencies. The subjective report was not
well understood by some participants, better rephrasing is required. Com-
pliance of the patient to the tasks should be added.

• Assisted persons’ use cases:
Seven comments were provided. Sharing data on social networks was found
as a missing feature. There were concerns about the patients interpreting
their data and about access to personal data.

• System’s reactions use cases:
Seven comments were gathered. One commenter was missing automatic
recommendations generation in the opportune moment, education or guid-
ance, analysing compliance and analysing behaviour patterns from the in-
formation. Actuation was recognised to be confusing by two commenters.

• Caregivers’ use cases:
Six comments were given. One commenter thought that the use cases were
over-simplified with the actual real work in health care. A commenter
required to be more specific in the kind of caregiver, formal or informal.
One participant suggested to add a use case were a caregiver compares a
patient’s data to other patients.

• User engagement use cases:
Seven comments were provided. The difference between educational con-
tent and educational questionnaire was not clear. A commenter thought
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that the use cases were too simplified. Two respondents suggested to
add social interaction within these use cases. One suggested to add the
possibility for the user to define personal goals.

• Development use cases:
Eleven comments were received. There was some confusion about one use
case where the subject seems to be the developer, while it’s a programmed
module. Some activities were missing like discussing mock ups with users,
maintenance, programming protocols and privacy settings.

• Deployment and maintenance use cases:
Seven comments were provided. One commenter pointed out the absence
of certification and quality control. Another suggested including service
level agreements.

• Final remarks:
Thirty-two comments were received. A commenter thought that these
models are technocratic and not necessarily relevant for most caregiver.
Several participants complained about the length of the survey. One pro-
vided suggestions about how to improve the introduction. Some overlap
was identified between scenarios and use cases. The question about cov-
erage was found difficult to answer as it is not clear to what extent it
must be interpreted. Some commenters suggested to produce different
surveys for different kinds of readers. One participant recommended to
select what features should be mandatory and what optional, prioritizing
security, privacy and quality control. A participant working in a company
pointed out that models are not used very much in practice, but they can
mark the way for a standardised approach. Some errors in the language
and some inconsistencies among models were found.

Modifications introduced to the models

The following improvements were introduced.
In the scenarios:

• added the role of service providers and devices manufacturers (including
certification)

• emphasized the role of the nurses

• removed the presence of technology whenever possible

• emphasized the role of standards

• emphasized privacy settings and roles management

• added users training

• added evidence in policy decision

In the base model:

• added some relevant stakeholders like patients and caregivers

• added data representation in the ICT concepts
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• added privacy and security to ICT

• added ‘achieving goals’ as concept

In the actors’ model:

• added certification body in ‘other’ category

• added service and technology providers

In the artefacts building blocks model:

• specified that white boxes are examples.

• added ‘triggers automatic reactions’ to the ‘algorithms’ concept

• changed some example technologies

In the artefacts sub-systems model:

• added ‘Processing Unit’ in ‘Personal Health Record’

• changed ‘Patient Device’ to ‘User Device’ in order to include also the one
used by caregivers

• added the possibility to have sensors in the patient device

In the information model:

• added a ‘variable rate array’ concept to include streams of samples with
variable inter-sample period

• improved subjective report’s explanation

• sub classes of ‘task’ made as examples

• added the ‘Performed Task’ concept

In the assisted persons’ use cases:

• added a use case for authorized access to the personal health record

• added a use case where the patient can tailor the treatment

• added a use case where the user can share data with others and compare
the outcomes

In the system’s reactions use cases:

• added smart sensor to ‘Abnormal behaviour detection’, ‘Health risk de-
tection’ and to ‘Environmental risk detection’

• added an example about lowering power in the ‘System and usage moni-
toring’ use case

In the caregiver’s use cases:

• caregivers were made more explicit with what regards the type

• added a use case to mine databases and search for similar clinical cases
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In the user engagement use cases:

• added a use case for system generated motivational feedbacks

• added a use case for goals setting

• added a use case for personalised communication strategy based on moti-
vational status

In the development use cases:

• added a use case for user assessments and mock ups

• rephrase the use case ‘developer queries and subscribes’ to ‘developer pro-
grammes queries and subscribes modules’

• added a use case for the implementation of GUIs

• added a use case for secure communication protocols

• added a use case for recycling existing components

In the deployment and maintenance use cases:

• added a use case for quality control

In the questionnaire structure:

• added more information in the introduction

• fixed typos and consistency errors

7.1.3 Third validation round

In the third evaluation round 82 invitations were sent to experts in the same
areas as the ones of the previous round. Forty-five participations were received.
Of these, 13 contained no useful answers to be used, of the remaining 32, 19
were completed until the last section, while the others were filled partially to
different extents.

The set of questions was the same as the previous round, but the model
description was improved with the results of the previous validation.

Participants profile

The average time for completing the survey was 6,587 minutes (109 hours),
with a standard deviation of 12,023.6 minutes. It has to be reminded that
participants were able to stop the survey and resume it in a later moment, fact
that made it possible for the completion time to be so long.

The answers to the question “I consider myself as knowledgeable in person-
alised health” are described in table 7.20. Twenty-four participants considered
themselves as knowledgeable in pHealth, 6 were neutral on the subject and 1
answered negatively.

Participants described themselves mainly as software developers and design-
ers, and, in lesser extent, as caregivers or decision makers (see table 7.21)
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Table 7.20: 3rd Model validation round, answers to “I consider myself as knowl-
edgeable in personalized health”

Answer Count

1 (strongly agree) 8
2 (agree) 16

3 (neutral) 6
4 (disagree) 1

5 (strongly disagree) 0

Mean 2.0
STD 0.8

Table 7.21: 3rd Model validation round, answers to “How would you describe
yourself?”

Answer Count

Caregiver 5
Designer 18

SW Developer 14
HW Developer 0

Patient 2
Decision maker 5

Other 5

Table 7.22: 3rd Model validation round, answers to “Do you have experience in
any of these fields (both as a user or in your job) ?”

Answer Count

eHealth 27
mHealth 20

Ambient Assisted Living 21
Personalized Medicine 7

Personal Health Systems 17
Medical Informatics 11

Biomedical Engineering 11
Other 1
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Fourteen respondents declared to work in research institutions, seven in in-
dustry and four in none of the two. As fields of expertise, participants were
mostly belonging to the disciplines of eHealth, mHealth, AAL and Personal
Health Systems (see table 7.22).

Respondents’ time of experience in these fields ranged from 1 to 20 years,
with an average of 7.53 and a standard deviation of 5.1.

Regarding geographical distribution, participants were coming from 10 coun-
tries as shown in table 7.23.

Table 7.23: 3rd Model validation round, participants’ country of residence

Answer Count

Germany 4
Spain 12

Finland 4
Greece 5

Norway 1
UK 1

Netherlands 1
Italy 2

Portugal 1
France 1

Total 32

Analysing the free-text description participants gave of themselves, it is pos-
sible to observe three main kinds of profiles: the technical profile, an engineer
with experience in research on signal processing, telecommunications and soft-
ware, with applications in the fields of AAL and tele-health; the medical pro-
fessionals, with specialities mainly related to chronic diseases, elderly people
and sports medicine; and the project manager, with experience in international
research projects and with a business oriented approach.

Compared to the previous evaluation round, the participants of this round
better fit the purposes of the survey, because of a better expertise in pHealth
(more people considered themselves as knowledgeable in the field), slightly
higher average of number of years of experience, and stronger presence of health-
related disciplines in the expertise.

Quantitative feedback

In this section the Likert scale questions are analysed. The questions and the
scales are the same as shown in the previous evaluation round.

In the same way as for the second evaluation round, for every question the
distribution of the answers is given including the arithmetic mean, the standard
deviation and the confidence interval of the mean.

The answers related to the scenarios, presented in table 7.24, show that the
average for each one of the assessed characteristics is lower than the neutral
level, also including the confidence interval.

The answers related to the Base model are shown in table 7.25, which shows a
similar distribution as the scenarios and with some better averages with respect
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Table 7.24: 3rd Model validation round, Likert scale answers for the scenarios

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 13 16 3 0 0 1.69 0.64 0.23
Covers key
concepts

6 17 8 1 0 2.13 0.75 0.27

Is formal
enough

9 12 9 2 0 2.13 0.91 0.33

Is abstract
enough

9 14 8 1 0 2.03 0.82 0.30

Is useful for
describing
domain

12 15 5 0 0 1.78 0.71 0.25

Is useful
for further
specifica-
tions

10 16 6 0 0 1.88 0.71 0.25

Willing to
use it

7 14 9 2 0 2.19 0.86 0.31

to the formality and abstractness, but a worse scoring for the coverage. All the
averages are less than 3 with 0.05 statistical significance.

Similarly to what happened in the second evaluation round, Actors’ model
received a more positive evaluation especially with what regards the coverage
aspect. It is possible to observe that all averages are below the value 3 also
considering the confidence interval, which, in this case, increases slightly because
of the lower number of respondents with respect to the Scenarios and the Base
model (24 instead of 32).

As table 7.27 shows, the building blocks of the artefacts received similar
evaluations to the previous models, a part from the willingness to use it at work
which decreases. The number of respondents also decreases to 19 for this model.
Statistically averages are below the value of 3 except for the willingness to use
the model, whose confidence interval includes 3 as a value.

A similar evaluation was given to the sub systems, with slightly worse values,
as shown in table 7.28. The values are in average above the neutral value, but
the willingness to use the model as a confidence interval that includes this value.

The information model shows similar, but slightly worse results (table 7.29).
Averages are lower than 3, but the average value to the willingness to use the
model is almost 3, 2.94, and the confidence interval includes the value.

The use cases related to the assisted persons’ activities received a better
evaluation. Table 7.30 shows that the averages are lower than 3 even including
the confidence interval, though in the case of the coverage the confidence interval
is very close to 3, being its upper limit 2.89.

System’s reaction use cases received a similar evaluation to the assisted per-
sons’ activities, as table 7.32 shows. The confidence interval is such that, for all
assessed aspects, the average does not include the value 3 with a 95% probability.
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Table 7.25: 3rd Model validation round, Likert scale answers for the base model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 13 15 1 0 0 1.59 0.57 0.22
Covers key
concepts

4 13 8 4 0 2.41 0.91 0.35

Is formal
enough

5 21 3 0 0 1.93 0.53 0.20

Is abstract
enough

13 11 3 1 1 1.83 1.00 0.38

Is useful for
describing
domain

8 15 6 0 0 1.93 0.70 0.27

Is useful
for further
specifica-
tions

6 15 8 0 0 2.07 0.70 0.27

Willing to
use it

4 14 9 2 0 2.31 0.81 0.31

Table 7.26: 3rd Model validation round, Likert scale answers for the actors’
model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 10 10 3 1 0 1.79 0.83 0.35
Covers key
concepts

10 9 4 0 1 1.88 0.99 0.42

Is formal
enough

7 12 5 0 0 1.92 0.72 0.30

Is abstract
enough

12 9 3 0 0 1.63 0.71 0.30

Is useful for
describing
domain

5 15 3 1 0 2.00 0.72 0.31

Is useful
for further
specifica-
tions

8 11 5 0 0 1.88 0.74 0.31

Willing to
use it

3 12 8 1 0 2.29 0.75 0.32
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Table 7.27: 3rd Model validation round, Likert scale answers for the artefacts
building blocks model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 5 9 5 0 0 2.00 0.75 0.36
Covers key
concepts

5 8 4 2 0 2.16 0.96 0.46

Is formal
enough

2 12 5 0 0 2.16 0.60 0.29

Is abstract
enough

5 9 3 2 0 2.11 0.94 0.45

Is useful for
describing
domain

1 13 5 0 0 2.21 0.54 0.26

Is useful
for further
specifica-
tions

5 9 5 0 0 2.00 0.75 0.36

Willing to
use it

2 5 8 4 0 2.74 0.93 0.45

Table 7.28: 3rd Model validation round, Likert scale answers for the artefacts
subsystems model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 5 8 5 0 0 2.00 0.77 0.38
Covers key
concepts

2 10 4 1 1 2.39 0.98 0.49

Is formal
enough

3 8 6 1 0 2.28 0.83 0.41

Is abstract
enough

3 8 4 3 0 2.39 0.98 0.49

Is useful for
describing
domain

2 13 3 0 0 2.06 0.54 0.27

Is useful
for further
specifica-
tions

3 10 5 0 0 2.11 0.68 0.34

Willing to
use it

2 4 9 3 0 2.72 0.89 0.44
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Table 7.29: 3rd Model validation round, Likert scale answers for the information
model

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 6 7 1 0 0 1.64 0.63 0.37
Covers key
concepts

2 7 3 2 0 2.36 0.93 0.54

Is formal
enough

2 8 3 1 0 2.21 0.80 0.46

Is abstract
enough

4 7 2 1 0 2.00 0.88 0.51

Is useful for
describing
domain

4 10 0 0 0 1.71 0.47 0.27

Is useful
for further
specifica-
tions

4 9 1 0 0 1.79 0.58 0.33

Willing to
use it

4 6 3 1 0 2.07 0.92 0.53

Table 7.30: 3rd Model validation round, Likert scale answers for the use cases,
assisted person’ activities

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 6 7 1 0 0 1.64 0.63 0.37
Covers key
concepts

2 7 3 2 0 2.36 0.93 0.54

Is formal
enough

2 8 3 1 0 2.21 0.80 0.46

Is abstract
enough

4 7 2 1 0 2.00 0.88 0.51

Is useful for
describing
domain

4 10 0 0 0 1.71 0.47 0.27

Is useful
for further
specifica-
tions

4 9 1 0 0 1.79 0.58 0.33

Willing to
use it

4 6 3 1 0 2.07 0.92 0.53
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Table 7.31: 3rd Model validation round, Likert scale answers for the use cases,
system reactions

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 2 8 4 0 0 2.14 0.66 0.38
Covers key
concepts

3 5 5 1 0 2.29 0.91 0.53

Is formal
enough

4 6 3 1 0 2.07 0.92 0.53

Is abstract
enough

4 7 2 1 0 2.00 0.88 0.51

Is useful for
describing
domain

4 8 2 0 0 1.86 0.66 0.38

Is useful
for further
specifica-
tions

3 8 3 0 0 2.00 0.68 0.39

Willing to
use it

2 6 5 1 0 2.36 0.84 0.49

Caregivers’ activities use cases received a good feedback as table 7.32 shows,
all averages are above the value of 2 and the confidence interval does not include
3 in none of the averages.

User engagement use cases received worse answers (table 7.33). Specifically
the average of the answers related to the coverage of the model statistically
include the value of 3, and the confidence interval of the willingness is very close
to 3 also (2.92).

Similarly to the 2nd evaluation round, the use cases related to development
received the worst scoring (see table 7.34). If we include the confidence interval,
the average of the values includes the neutral value in the cases of coverage, for-
mality level and usefulness in describing the domain. The reason for being less
appreciated may rely, again, in the fact that most of the respondents were par-
ticularly keen in development and may have missed some aspects. The analysis
of the comments provides more insights.

Deployment use cases got in average a better scoring than the development
ones. As table 7.35 shows, all confidence intervals do not include the value of 3,
nonetheless the upper limit of the interval in the case of coverage approximates
it very closely (2.98).

Qualitative feedback

The comments provided by the participants gives the best insight for under-
standing the answer to the Likert type questions and to improve the model.

A summary of the comments is provided for every part of the survey.

• Scenarios:
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Table 7.32: 3rd Model validation round, Likert scale answers for the use cases,
caregivers’ activities

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 4 9 0 1 0 1.86 0.77 0.44
Covers key
concepts

5 5 3 1 0 2.00 0.96 0.55

Is formal
enough

4 8 2 0 0 1.86 0.66 0.38

Is abstract
enough

4 8 1 1 0 1.93 0.83 0.48

Is useful for
describing
domain

4 8 2 0 0 1.86 0.66 0.38

Is useful
for further
specifica-
tions

2 9 3 0 0 2.07 0.62 0.36

Willing to
use it

5 3 5 1 0 2.14 1.03 0.59

Table 7.33: 3rd Model validation round, Likert scale answers for the use cases,
user engagement

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 4 7 2 1 0 2.00 0.88 0.51
Covers key
concepts

2 7 2 2 1 2.50 1.16 0.67

Is formal
enough

2 7 4 1 0 2.29 0.83 0.48

Is abstract
enough

5 5 3 1 0 2.00 0.96 0.55

Is useful for
describing
domain

3 6 5 0 0 2.14 0.77 0.44

Is useful
for further
specifica-
tions

3 9 2 0 0 1.93 0.62 0.36

Willing to
use it

2 5 6 1 0 2.43 0.85 0.49

261



Table 7.34: 3rd Model validation round, Likert scale answers for the use cases,
development

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 4 6 2 2 0 2.14 1.03 0.59
Covers key
concepts

2 4 5 3 0 2.64 1.01 0.58

Is formal
enough

2 4 6 2 0 2.57 0.94 0.54

Is abstract
enough

3 5 5 1 0 2.29 0.91 0.53

Is useful for
describing
domain

1 7 3 3 0 2.57 0.94 0.54

Is useful
for further
specifica-
tions

4 5 3 1 1 2.29 1.20 0.70

Willing to
use it

1 4 7 1 1 2.79 0.97 0.56

Table 7.35: 3rd Model validation round, Likert scale answers for the use cases,
deployment

1
(strongly
agree)

2
(agree)

3
(neu-
tral)

4
(dis-
agree)

5
(strongly
disagree)

Mean STD CI

Is clear 4 6 3 0 1 2.14 1.10 0.63
Covers key
concepts

3 5 5 0 1 2.36 1.08 0.62

Is formal
enough

2 8 4 0 0 2.14 0.66 0.38

Is abstract
enough

4 7 2 1 0 2.00 0.88 0.51

Is useful for
describing
domain

2 8 4 0 0 2.14 0.66 0.38

Is useful
for further
specifica-
tions

3 8 3 0 0 2.00 0.68 0.39

Willing to
use it

2 5 7 0 0 2.36 0.74 0.43
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Sixteen comments were received. One commenter stated that the pub-
lic health insurer is missing. For chronic patients, one comment sug-
gested to include young and working-age people with chronic conditions
(like diabetes). One respondent thought that the ‘Evidence-based deci-
sion support’ scenario was not clear. One comment requested legislation
and regulations in the scenarios. Two respondents suggested to remove
specific names both technical (e.g. HL7) and medical (e.g. NT-proBNP).
One commenter suggested a more formal approach for defining scenarios.
Another commenter missed more emphasis on business aspects. One par-
ticipant, very keen on ‘omics’ suggested to emphasize more the role of
transcriptomics and big data.

• Base model:
Thirteen comments were received. One commenter suggested to add the
objective of pHealth, i.e. quality of life or improvement of health. Some
concepts related to pHealth were found not supported directly by ICT con-
cepts (e.g. educating or engaging). Two commenters required more em-
phasis on the professional or health care, one suggested to include ‘adap-
tation’ as a key concept. Two participants missed the role of informal
caregivers and society at large. A comment requested more emphasis on
data-processing and learning systems. Other missing concepts found were:
motivation, diagnosis, treatment and prevention.

• The actors model:
This model received nine comments. One commenter suggested to bet-
ter separate formal and informal caregivers. Payers of the system like
consumers and insurances were found missing, together with testers, inte-
grated care giver and authorities. A participant suggested to direct arrows
from left to right.

• The artefacts building blocks model:
Nine comments were provided. One commenter missed the server/cloud
side aspects, he also declares that rules is a type of programming language
rather than domain specific language. Some doubts exist about the com-
pleteness of the models, especially differentiating between examples and
a complete reference. One commenter suggests to add learning systems.
A participant recommends to add a link between data representation for-
malism and algorithms and acquired knowledge. Sensing behaviours, or
activities like eating, sleeping are suggested to be presented.

• The artefacts subsystems:
Eight comments were received. One commenter was unsure about the
purpose of the model, if it defines requirements or if it just provides ex-
amples. One commenter misses implantable devices. The Personal Health
Record is seen as mainly a data model by one commenter. One participant
stressed out that the distribution of functionalities should be more flexible
in modern cloud based computing.

• The information model:
Eight comments were provided. One respondent suggested to add stake-
holders to this model to see how they are related with the information.
Subjective reports are still not clearly explained by two participants. A
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participant suggested to add messages in the information model another
one to add diagnosis. One commenter had problems in distinguishing be-
tween compound sample and sample array, another commenter suggested
to rename array as list. One respondent thought that the careplan model
is too simplistic and needs more information like sessions, group of tasks
etc. another commenter suggested to link the careplan to the data coming
from the sensor. A respondent suggested to add compliance calculation
to the data model.

• Assisted persons’ use cases:
Five comments were received. One commenter missed a use case with
complex interaction with different stakeholders. Another missing feature
was the inclusion of users’ habits and preferences.

• System’s reactions use cases:
Four comments were received. More emphasis was requested on the con-
cept of health maintenance rather than health crisis detection/management.
Other smaller comments were about suggestions on how to rephrase the
content.

• Caregivers’ use cases:
Four comments were received. One commenter suggested to always spec-
ify formal and informal caregivers. Another suggested to emphasize the
concept of health maintenance.

• User engagement use cases:
Five comments were received. One commenter suggested to include psy-
chological patient profiling in use cases. Another suggested to remove the
world “motivational” and to not limit to quizzes and games as engaging
means.

• Development use cases:
Six comments were received. A commenter was not convinced about the
suitability of these use cases within pHealth. Another suggested to add a
section on implementation and iteration, and other comments were sug-
gesting to emphasize the role of user interaction.

• Deployment and maintenance use cases:
Three comments were received. One commenter suggested to consider the
deployer also as an educator. Another participant requested the need to
mention technical triage.

• Final remarks:
Twelve comments were received. Most commenters were satisfied with the
model and thought that all the most relevant aspects of pHealth were cov-
ered. One participant suggested to increase the role of the informal care-
giver and to reduce the technical language. Another commenter stressed
the need of systems learning automatically, the need of low false positives
(thus good testing) and the emphasis on health maintenance rather than
simple monitoring. One commenter questioned the use of models rather
than directly asking clients and suggested the use of colours in the graphs.
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Modifications introduced to the models

The following improvements were introduced.
In the scenarios:

• improved ‘Evidence-based decision support’ scenario to be more easily
understandable.

• reduced the presence of technical words

• make the -omics scenario more advanced

In the base model:

• added the objective of pHealth: ‘improves’ ‘quality of life’ and ‘health’

• added the concept of personalization and adaptation

• added the concepts of family and friends

• diagnosis, treatment and prevention made explicit

In the actors’ model:

• added the role of testers

• the separation between formal and informal caregivers was improved

In the artefacts building blocks model:

• added behaviours and activities as sensed signals

• added a link between data representation formalism and algorithms and
acquired knowledge

In the artefacts sub-systems model:

• added implantable devices as examples of smart sensors

In the information model:

• modified description of subjective report to be more clear

• improved description of compound sample

• renamed sample array to sample list

• added compliance to the careplan

In the assisted persons’ use cases:

• added users’ habits and preferences

In the system’s reactions use cases:

• emphasized health maintenance rather than health crisis detection/management

In the caregivers’ use cases:

• formal and informal caregivers always specified
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In the user engagement use cases:

• psychological patient profiling use case added

In the development use cases:

• user interaction role emphasized

• automatic testing on deployed systems emphasized

In the deployment and maintenance use cases:

• added the role of patients’ education

7.1.4 Discussion about the model’s validation

The three evaluation rounds involved experts in the field of pHealth or related
fields. A total of 65 people evaluated the model and 248 comments were received
about how to improve the model. Participants’ background spanned from en-
gineering and software development (70%) to medical specialities (15%), with
declared interest in the fields of eHealth (24%), mHealth (16%), AAL (21%),
Personalized Medicine (5%), Personal Health Systems (15%), Medical Informat-
ics (10%) and Biomedical Engineering (8%) with an average of 7.25±4.99 years
of experience in these fields.

Comparing the results of the three evaluation rounds it is not possible to
recognize a clear improvement in the value of the answers given to the Likert
scale kinds of questions. Picture 7.1 shows the average of the answers averaged
over all the parts of the model. The label “Clarity” corresponds to the ques-
tions “The concepts described here are clear and easy to understand”, the label
“Coverage” corresponds to the question “The concepts described here cover all
the key aspects of the domain”, the label “Formality” to the question “The level
of formality adopted is suitable for the purpose of these scenarios”, the label
“Abstractness” to the question “The concepts described here are sufficiently
abstract and technology-independent”, the label “Useful Descr” to the question
“These concepts are useful for understanding pHealth”, the label “Useful Specs”
to the question “These concepts are useful as a basis for further specifications
of pHealth systems” and the label “Willingness” corresponds to the question “I
may use these scenarios in my job”. The categories Clarity, Coverage and Will-
ingness were evaluated in all the three rounds, while the other categories were
not considered in the first round. The picture shows that the values are below
the ‘neutral’ value of 3 in all cases, but that, among evaluation rounds, values
slightly increase, indicating a worsening judgement by the correspondents.

At every round, after the feedbacks were collected, the model was modi-
fied taking into account the suggestions given by the participants, therefore an
improvement was to be expected from the first round to the last. The actual
behaviour, though, can be explained in different ways:

1. The model actually improved but the evaluators were stricter at each
round. It has to be considered that the evaluators in the three rounds
were different people. The answers to the profiling questions show that the
profile of the participants was actually very similar in terms of background
and years of experience, but in the third evaluation round participants
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Figure 7.1: Average value of the answers given to the Likert scale questions,
averaged over all the parts of the model

were slightly more keen on pHealth than participants of the second round,
most of whom came from the AAL world. The first round, on the other
hand, is not statistically relevant to be considered.

2. The model did not improve. This can be for these possible reasons:

(a) Between iterations the effort put to improve the model was too little.
This hypothesis can be somehow measured by analysing the com-
ments. While in the second iteration more comments were left with
more observations about specific changes to be made, in the third
iteration comments were fewer and more generic.

(b) The model is not easily improvable. pHealth is a very wide domain
that comprises a lot of aspects, thus every expert in the field has
his/her own point of view and a model that tries to generalise the
domain is very ambitious and will not easily fit all opinions.

A reasonable explanation should combine all of these considerations: the
model was already mature enough at the beginning therefore the improvements
did not change the situation dramatically, and the people who assessed the
model were stricter at each round. Although an improvement cannot be shown,
the results are in most of the cases positive and, most importantly, several
comments were received and used for completing and improving the model.

7.2 Evaluation of the platform

According to section 4.3.2, the platform was evaluated in three ways: verified
internally with automatic tests, validated with four experts in a training session,
and in a large scale test-case within the HeartCycle project. While section 6.2.8
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already provides numbers about the internal software verification, the following
two sections illustrate the two validations.

7.2.1 Feedbacks from the developers training session

During the month of July 2012 a training course about the development platform
was held with senior programmers. Four engineers working in the field of health-
related systems participated to a 12 hours course spit into 3 sessions of 4 hours
each. The programmers had 4, 3, 7 and 6 years of experience in the field and
were accustomed to Java programming in the Eclipse development environment.
Two of the programmers were accostumed to unit tests, all of them knew some
SQL programming and two already had some knowledge about the main libraries
used in the platforms like Drools and jBPM.

The training session was organized as follows:
The first session of 3 hours consisted in a general presentation about the

platform, the general idea and assumptions, the architecture, the main APIs of
the 4 engines (GUI engine, Data Collection engine, Workflow engine and the
Rules engine).

The following 9 hours consisted in programming a simple application for
weight management. The application was thought to include all the APIs of the
platform and the workflow editor tool. The requirements given to the program-
mers consisted of 4 use cases, the integration with two emulated data sources,
a weight scale sensor and a clinical server, both emulated, and some sketches of
the user interface.

The use cases to be developed were:

1. Developing the Home Page of the application (the start screen). The
screen, shown in figure 7.2 contains two buttons for accessing two sections
of the application: the measurements area and the diet area. The screen
also has a text area where some tips and recommendations are provided
to the user and another area where the user is reminded how may kilos
are left to loose and how many calories are left to consume for the day.

2. The weight management use case, according to which the user is able to
see a graph of his/her weight since it was measured the first time. A text
area shows the last measured value and the left arrow button is used to
go back to the Home screen (see figure 7.2). The “Measure Now” button
is used to call the weight sensor. After the sensor has sent the value, the
screen is refreshed with the new values.

3. When the user presses the “Daily Diet button” he/she enters a section,
represented in figure 7.3, where it is possible to tell the application what
food has been eaten during the day. In the first screen the diet of the
current day is shown divided into four sections, Breakfast, Lunch, Snack
and Dinner with the total number of KCalories assigned for the meal.
When pressing on one of these buttons, the user is brought to another
section where he or she can tell, or plan, which kind of food he/she has
had or is going to have. In this screen a list of types of food is shown, with
the name and the caloric content. If the user presses the “-” button, the
element of the list is removed, if the user presses the “+” button, he/she is
brought to another screen where all the possible kinds of foods are shown
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and an element can be picked up. The selection of kinds of food is given
as a requirement. The left arrows are used to go back in the interaction
flow.

4. Rules development. In this use case developers have to generate four rules
that produce some messages in the home page of the application:
Rule 1:
GIVEN the foreseen weight reduction (according to a linear loss from
the basal to the goal weight) IF Current weight is > the foreseen weight
reduction x 1.02 THEN the user must be told “You are not complying
with your prescription, you still need to lose weight, you should really
worry about your health”
Rule 2:
GIVEN the foreseen weight reduction (according to a linear loss from
the basal to the goal weight) IF Current weight is < the foreseen weight
reduction x 0.9 THEN the user must be told “You are losing weight too
fast, you should comply with the prescription and not overdo”
Rule 3:
IF Current calories for the day > prescribed calories x 1.2 THEN the user
must be told “You are eating far too much today, be gentle to yourself”
Rule 4:
IF Current calories for the day < prescribed calories x 0.8 THEN the user
must be told “Not eating enough does make you lose weight faster!”

Figure 7.2: The screen of use cases 1 and 2 of the training application

In order to facilitate the developers’ work and remove those complications
that have nothing or little to do with the platform, some code was already
provided to the trainees. Specifically: a piece of code that emulates the weight
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Figure 7.3: The screen of use case 3 of the training application

sensor, a piece of code that emulates the clinical server that sends the parameters
of the prescription (kilos to loose, time, calories per day) and a piece of code for
creating the graphical plots. The development of these use cases was split into
incrementally complicated tasks.

1. The first task is about developing the data model. Participants are given
a schema of the relational database including the concepts of “user”, “pre-
scription”, “sensor”, “weight measurement”, “meal intake” and “food in-
take”. Each developer has to provide the classes, a mechanism for making
them persistent, and a simple test that shows how to persist and how to
retrieve an instance of each class.

2. The second task is about integrating data sources. Trainees have to in-
tegrate the code already created to emulate both the clinical server and
the sensor in order that the generated data are adapted to the data model
and will be made persistent.

3. The third task is about developing the user interfaces. Programmers are
given the drawings and have to implement the actual screens in code using
graphical editors if preferred.

4. The fourth task is about developing the interaction flows. In this phase
data and graphical components have to be put together into coherent user
interaction flows. Developers have to program the actual business logic of
the application using the workflow editor.

5. Task 5 is about developing motivational rules. In this task developers have
to implement the rules of use case 4.

As an evaluation technique, during the training session all kinds of verbal
feedback was captured into notes as well as all possible bugs, or technical prob-
lem that could arise. At the end of the training session, a one hour focus group
was held with the developers.

The objectives of the focus group were to assess the quality of the plat-
form in terms of effectiveness, usability and general satisfaction, and to gather
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feedbacks about positive and negative aspects of it and suggestions for possible
improvements. The following questions were posed and discussed together:

1. What are the positive aspects of the platform?

2. What are the negative aspects?

3. Do you think the platform covers the typical programming problems of
the domain?

4. What is missing?

5. Do you think it would simplify something ? If yes, please specify.

6. Do you think it would complicate something? If yes, please specify.

7. Do you think the architecture is coupled to working teams/expertises?

8. Would you use it?

9. Can you think of any alternative platforms?

The results of these feedbacks were analysed posteriorly and were summa-
rized as follows.

Results of the feedback analysis

In general, trainees felt that the time dedicated to the us of the platform was too
small to obtain a balanced and objective assessment, nonetheless they indicate
some potential points of strength and some weaknesses of it.

Aspects perceived as positive:

• The platform is well documented

• The architecture helps designing the application and separating concerns,
as it seems to be mapped to the usual working teams

• The platform helps following good programming practices

• The data modelling tools, that map classes to relational database, seems
handy and helps increasing productivity

• The workflow editor seems to be simple to use, though it needs some
refinements still

Participants see that the platform helps dealing with some typical program-
ming task like database management, and they see potentiality especially when
an application needs refactoring and improvements, that is, it helps scalability.

Aspects perceived as negative:

• The data mapping facility should be simplified (too many annotations)

• The mapping to data sources structure is not clearly seen as an added
value

• There should be more automatisms, for instance, for setting up the envi-
ronment
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• There should be more support for common protocols, especially for sensors

• The user interface of the workflow editor is very preliminary

The trainees suggested to add sensor management to the platform, like pair-
ing and discovery, some tools for signal analysis, the support for mobile devices,
management of questionnaire and subjective reports and the inclusion of usabil-
ity guidelines into the graphical design.

In general, the participants felt that the time spent was not enough to say
that they would adopt it, but they are willing to give it another try. The assess-
ment, in total, is not excellent, but is not negative either. The conclusion is that
the platform certainly helps in some typical development tasks like data base
programming and relational to object mapping, it has potential in simplifying
some other tasks, like interaction flow programming, and lacks support in other
tasks like protocol implementation.

After the analysis of these feedbacks, the following actions for improvements
were held:

• Some simplifications in the object-relational mapping tool were introduced

• Improved usability of the workflow editor

• A root data model for signal representation was introduced

7.2.2 Real case scenario: the HeartCycle project

The pHPP platform was built and adopted within the HeartCycle (HC) research
project, already introduced in section 3.7.2 of this thesis.

HeartCycle’s use cases cover some typical problems of the pHealth domain:
performing measurements, visualizing medical information, communicating with
clinical servers, event based logic and exploitation of contextual data. More
specifically, the project defines six different use cases in order to meet the goals
and needs of heart failure and coronary artery disease patients. These use
cases address intake of diuretics, self-management of blood pressure medicines,
exercise or physical activity, improvement of the patient’s educational and mo-
tivational level, continuous assessment of the disease and the management of
worsening heart failure.

The platform was used in the development of three complex scenarios, namely:
Worsening Heart Failure, Assesment Use Case and Guided Exercise.

Worsening Heart Failure

The Worsening Heart Failure (WHF) use case is about monitoring heart failure
patients. It requires measuring of vital signs, dynamic provision of medication
and symptom questionnaires, as well as the provision of personalized educa-
tional and motivational material depending on the patient’s current health and
motivational status.

The scenario can be summarised as follows: at a certain time, the user inter-
action device reminds the patient to measure his weight. Following instructions
from the system, the patient steps on an electronic weight scale and the system
stores the patient’s weight. If this value is above or below a threshold defined by
the doctor, the system triggers a screen warning the patient that his weight is
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out of range. Then the system triggers some questionnaires that aim at finding
out the reasons for the weight change. Depending on the answers, the system
displays some feedback to promote healthy behaviour.

This scenario was implemented only as a preliminary prototype, as the final
implementation was done on another platform according to the needs of the
project that are out of the scope of this thesis. A screen-shot of the prototype
is presented in 7.4.

Figure 7.4: A screenshot of the Worsening Heart Failure prototype

For the realization of the prototype two data sources had to be developed:
one in charge of communicating with the weight scale sensor and the other
taking care of synchronizing the local database with a remote clinical server.
The developed GUI Components were quite limited as the user interaction was
simplified to just a few messages, therefore the workflows were also linear and
simple. In addition, a small set of rules to launch motivational messages was
developed, based on the weight values and on the answers given to the ques-
tionnaires. This prototype served as the first proof of concept for the platform.

Assessment Use Case

The Assessment Use Case (AUC) is part of the system for heart failure pa-
tients, but it is meant to be a proof of concept of the most advanced research
done in HeartCycle, combining research and conceptual prototypes, in order to
demonstrate the future generation of pHealth systems. The focus is to detect
health status changes in a short period of time thanks to newly developed sen-
sors, intelligent algorithms and personalization capabilities in both treatment
prescription and user interaction.

In this scenario, the user has three advanced sensors: one that measures
heart sound, blood pressure and ECG, one that measures thoracic impedance,
and one that is used in the bed to measure heart rate. These three sensors
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are combined with off-the-shelf blood pressure and weight sensors also. A HF
patient can use these sensors on a daily basis, all the measurements are collected
and sent to a decision support system that is able to foresee the evolution of the
patient’s conditions. All the sensors are connected to a patient’s device which
implements a set of advanced use cases, like guided measurements, medications
consulting, messages and educational material. The systems’ functionalities are
strongly personalized: the user gets access to how functionalities as long as he
or she is getting knowledge about the disease, the treatments and how to use
the system itself.

Within this scenario, the pHPP platform was used to develop a conceptual
prototype for showing the functionalities of the patient’s device. Only the user
interaction features were adopted, a set of GUI components were made together
with some workflows. A sample of the user interface is shown in figure 7.5.

Figure 7.5: A screen-shot of the Assessment Use Case prototype

Guided Exercise

The Guided Exercise (GEx) is a more complex scenario which addresses post-
infarction patients in their rehabilitation phase. It comprises an embedded
sensor that measures ECG and other relevant physiological parameters, a PDA
(called PortableStation) that is used to guide the user during outdoor exercises
and a PC application (called PatientStation), programmed with the platform,
which is used to allow the patient to configure his exercise sessions and to receive
useful feedback and motivational and educational messages.

An example scenario can be described as follows. It is a sunny day and
the PatientStation suggests that the patient go out for a running session. The
PortableStation starts the exercise routine by prompting the user to measure his
blood pressure; the user enters the blood pressure values in the PDA and then
answers a questionnaire about any possible symptoms. The system analyses

274



these inputs and decides that it is safe for the user to train today. The user
then puts the sensor on and the PortableStation starts instructing him about the
performance of the exercise - whether he needs to go faster or slower, depending
on the target heart rate set by the doctor. Once the exercise is finished the
patient connects the PDA to the PC which receives the session measurement
and shows graphs of user’s performance. Based on these data, a message is
shown for motivating the user to do better, and educational content is presented
to explain the benefits of regular physical exercise.

Figure 7.6: Two screenshots of the Guided Exercise application

The implementation of this use case was more challenging than the previous
ones. A richer user interaction had to be designed, which implied a wider set
of GUI Components (figure 7.6 shows two screen-shots) and a set of ad-hoc
nodes to be used in quite complex workflows. There was a need for more data
sources: one for synchronizing the PDA, created with web services; one for
scheduling changes to the exercise plan; one for synchronizing with the clinical
server; one for logging user activity and one for getting contextual information
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such as weather or public holiday dates from free on-line services. The set of
rules was also richer, including actions depending on the frequency with which
the user accesses the application, the educational information to send depending
on exercise performance, and advising changes to the exercise plan whenever a
suitable new one becomes available.

Moreover, this application made full use of the remote logging tool (see
section 6.2.7), allowing the continuous check of technical issues by the technical
team, and the auto-updater tool (see 6.2.6), which allowed deploying updated
versions of the application without physical intervention, on all the devices
where the application was installed on.

Short history of the development and statistics

The HeartCycle application was developed by a big consortium of international
partners including research centres, big and small companies and universities.

The part depending on the pHPP platform was developed by six people
covering the following roles: two programmers developer and SW designers, two
user interaction designer, one user engagement specialist, one project manager
and SW designer. As the Heart Failure system and the Assessment Use Case
were developed only as demonstrative prototype (at least the part depending on
the pHPP platform), most of the work was conducted on the Guided Exercise
system. The development took more than five years, in a non continuous way.
In the last two years, the Guided Exercise system was adopted in a clinical trial
for assessing its advantages over classic rehabilitation, whose results are shown
in the following sections.

Following, a short history of the development is provided:

• March 2008: start of the project
• October 2008: first HeartCycle meeting where software tools and archi-

tectural design are agreed
• November 2008: first approximation of the data model
• December 2008: preliminary drafts of the HeartCycle use cases
• January 2009: first requirements about motivation and education strate-

gies
• February 2009: first official release of use cases (HeartCycle Deliverable

7.4), some context aware parameters are selected
• May 2009: improved version of the data model
• June 2009: first user mock-up validations with test users
• July 2009: project’s review, mock-ups and first proofs of concept ready
• August 2009: motivational and educational strategies start to be mapped

to the platform’s architecture (rules and workflows)
• October 2009: a PDA is introduced for the guided exercise, the Heart-

Failure concept does not need the platform any-more as it uses a Philips’
system

• December 2009: continuous integration introduced in the guided exercise
development

• February 2010: first PortableStation prototype ready, PatientStation-
PortableStation communication ready

• March 2010: final HeartCycle use cases and requirements (Deliverable
11.4)
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• May 2010: project’s review, advanced prototypes ready of both PDA and
patient station

• September 2010: HL7 introduced as communication protocol between the
patient station and clinical server

• October 2010: all the graphical user interface redesigned, motivational
strategy is implemented with rules

• November 2010: GEx detailed architecture completed
• December 2010: GEx clinical protocol is defined
• February 2011: first release of the guided exercise system
• March 2011: the GEx starts an extensive testing and debugging phase
• May 2011: GEx texts are localized, a tablet PC is chosen as patient device,

a complete demonstrator shown at project’s review
• August 2011: first approval of trial protocol by ethical committee
• September 2011: GEx pre-trials are started in Germany with few patients

in the clinic
• November 2011: the final device is chosen for the guided exercise patients,

the integration with the clinical server is improved
• January 2012: first clinic training about the guided exercise in Spain
• April 2012: the assessment use case mock up is produced using the plat-

form and the workflow editor
• May 2012: the guided exercise trials begin, devices start to be installed

massively
• August 2012: some important bugs are found when executing rules in the

guided exercise application
• April 2013: auto update of the guided exercise PortableStation is intro-

duced
• June 2013: the last modifications and bug fixes are produced
• August 2013: end of the guided exercise trial

If we consider the amplitude of the application for the Guided Exercise the
produced code contains, excluding the platform itself, 51,675 lines, of which
34,843 contain code. The code is organized into 414 classes and 8 interfaces,
split into 96 packages. A high number of tests, 104, was employed in a continu-
ous integration environment. The Data Collection Engine was enriched with 28
classes of StructuredData, mapped to a relational database, and 8 data sources.
In terms of content, the GUI had 35 GUI components containing 36 GUI ele-
ments, 77 interaction workflows were designed, with texts in 3 languages, En-
glish, Spanish and German, to which, 131 pages of HTML pages must be added
per each language. The application includes also 114 rules divided into 8 groups.

In order to compare these dimensions to other developments, two open source
projects dedicated to sport and fitness personal management, GTrainer1 and
pyTranier2, have comparable magnitude in terms of lines of code: 73,654 and
63,249 each.

Mapping of the model to the implemented features in HeartCycle

In order to understand to what extent the model presented in chapter 5 has
been taken into account in the development of both the pHPP platform and the

1http://kutxa.homeunix.org/gtrainer/
2https://github.com/pytrainer/pytrainer/wiki
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Table 7.36: Simple metrics of the Guided Exercise code

Metric

Lines 51,765
LOCs 34,843
Classes 414
Interfaces 8
Packages 96
Tests 104
StructuredData 28
DataSources 8
GUI components 35
GUI elements 36
Workflows 77
Pages of content 131
Supported languages EN, ES, DE
Rules 114

HeartCycle applications (GEx, WHF or AUC), table 7.37 shows a mapping be-
tween the conceptual part of the model and actual implemented functionalities,
table 7.38 relates the scenarios and table 7.39 the use cases. As it is possible to
observe, 10 of the 18 scenarios are, at least partially, represented in the pHPP
platform and the HeartCycle applications, and 32 of the 52 use cases have been
implemented. The scenarios and use cases that have been left unimplemented
are those that are not targeted by HeartCycle, like those related to caregivers,
those that involve distributed personal health records, multi modality and multi
user environment, and those related to manufacturers or authorities.

Table 7.39: Mapping between the use cases and the actual imple-
mentation for both the platform and the HeartCycle application

Use case In Dev. platform In Application(s)

Guided monitoring synchronous and asyn-
chronous data sources
are available for inte-
grating sensors

in HC guided monitor-
ing is a basic feature

Health data visualiza-
tion

implemented in HC

Reminders about
treatment

in HC WHF and GEx
users were reminded
of treatments (includ-
ing exercise)

Assisted person tailors
a treatment

in HC GEx and WHF
patients could tailor
parts of their treat-
ment (e.g. exercise
schedule or diuretics)

Continued on next page
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Use case In Dev. platform In Application(s)

Assisted person an-
swers health assess-
ment questionnaire

in HC GEx and WHF
questionnaires were
used as assessment
means

Continuity of care out-
door

in HC GEx part of
the system was imple-
mented on a PDA

Assisted person pro-
vides feedback about
the system

in HC GEx users could
rate educational con-
tent

Health risk detection this functionality was
implemented in all HC
applications

Data are shared among
systems

all HC applications
were distributed

Automatic treatment
adjustment

implemented in HC
WHF with diuretics

System and usage
monitoring

remote logging allows
monitoring the system
usage

Caregiver reviews pa-
tients data

implemented in HC

Caregiver is alerted of
risky situations

implemented in HC
GEx and WHF

Formal caregiver
changes treatment

implemented in HC
GEx and WHF

Caregiver defines au-
tomatic system’s be-
haviour

in HC the caregiver
could configure some
parameters that in-
fluence automatic
behaviour of the
system

System prompts edu-
cational content

in HC GEx users
were suggested con-
tent based on the
performances of the
exercise

System generates moti-
vational feedback

in HC WHF and GEx
the system generated
motivational messages

Assisted person looks
at educational content

in HC education was a
key feature of the sys-
tem

Assisted Person an-
swers an educational
quiz

educational quizzes
were implemented in
HC

Continued on next page
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Use case In Dev. platform In Application(s)

Developer programs
queries and subscribes
modules to data events

pHPP allows querying
data and registering to
events

Developer defines sys-
tem’s behaviour with
graphical tools

pHPP workflow editor
is a graphical tool that
describes system’s be-
haviour

Developer defines data
models

pHPP allows defining
data models as Java
classes, DB tables or
OWL classes

Developer implements
a user interface

pHPP relies on stan-
dard Java Swing

Developer implements
communication proto-
col

pHPP includes a li-
brary for HL7 connec-
tion

Helping development
through guide and
tutorials

pHPP includes an ex-
ample application and
an extended tutorial

Developer simulates
scenarios for tests

pHPP includes tools
for simulating user
interaction and data
sources

Developer prepares
mock up for user
assessment

pHPP workflow editor
allows the creation of
mockups

HC WHF and AUC
were implemented as
mockups only

Plug and play system in HC GEx HL7 al-
lowed switching clini-
cal server easily

Installation and config-
uration of the applica-
tion

in HC GEx a simple in-
staller was provided

Quality control in HC GEx quality
control was made pos-
sible with some testing
tools

Remote update and
configuration

pHPP includes a re-
mote update system

Remote logging Remote logging is a
feature of pHPP

HeartCycle Guided Exercise developers focus group

At the end of the development process, those who had used the pHPP platform
were interviewed in a 4 hours focus group.
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Table 7.37: Mapping between the conceptual model and the actual implemen-
tation for both the platform and the HeartCycle application

Concept In Dev. platform In Application(s)

Actors - Assisted per-
son

modelled as the base
user of the system

Actors - Caregiver modelled as a base
caregiver

Artefacts - SmartSen-
sor

used as a base model
for all sensing devices

mapped to HC GEx
sensors

Artefacts - Clinical
Server

used as a base model
for external clinical
services

mapped to HC clinical
servers

Artefacts - User device used as a base class for
patient device

Inf Model - Signal used as a base class for
representing all signals

in HC GEx and WHF:
mapped to ECG, heart
rate, RR intervals,
blood pressure, weight,
respiration rate, ac-
celerometry, exercise
index, algorithm’s pro-
duced events, thorax
impedance

Inf Model - Subjective
Report

used as a base class
for representing ques-
tionnaires

in HC GEx and WHF:
mapped to application-
specific questionnaires

Inf Model - Careplan used as base class for
representing careplans

in HC GEx and WHF:
mapped to care plans
including medication
intake, measurement
sessions and exercise
performance
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Table 7.38: Mapping between the scenarios and the actual implementation for
both the platform and the HeartCycle application

Scenario In Dev. platform In Application(s)

Healthy person HC GEx partially im-
plements the scenario
of a person who wants
to improve his work-
outs

Post-event patient HC GEx is about post
event patients, but lim-
ited to rehabilitation

Chronic patient HC WHF is about
management of heart
failure patients

Personalised treatment HC GEx allows per-
sonalising the rehabil-
itation program, HC
WHF personalises di-
uretics

Monitoring and remote
consultation

HC is basically a
tele-monitoring system
with some advanced
features

User-centred UI design pHPP workflow editor
is a tool for rapid pro-
totyping of user inter-
faces flows

Integration of sensors in HC the base class
used for representing
signals had to be
extended to include
system-specific signals

Integration of legacy
systems

in HC GEx the clini-
cal server used HL7 as
transmission protocol

Patient engagement
development

pHPP rules engine can
be used for generating
motivational rules

in HC GEx motiva-
tion was built using the
Rule Engine

Deployment and main-
tenance

pHPP includes a tool
for simulating scenar-
ios and sending logs
remotely for mainte-
nance

inHC GEx a custom
tool was created for
creating test scenarios
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The objective of the assessment was to evaluate the advantages and disad-
vantages of the use of the platform and to understand if the platform led to
a gain in productivity. Some conflicts of interest must be remarked as threats
to the validation. Among the participants the author included himself as the
developer of a substantial part of the Guided Exercise application. It must be
also considered that the entire development team has a strong relationship of
friendship (even brotherhood in one case) with the author.

In order to soften these biases, it was made clear since the beginning, that
the purpose of the evaluation was to have an honest and sincere discussion. A
friendly and constructive atmosphere was created and participants were aware
that the objective was not criticising the platform nor saying how perfect it was,
instead it was the honest assessment of its potentialities and the identification
of problems and future improvements.

Study protocol

The assessment was developed as a focus group. Participants were seated around
a table and talked to each other without disturbances. One person was responsi-
ble for guiding the group according to the protocol and another was responsible
for writing down all the considerations.

Before starting with questions, the guide of the evaluation introduced the
methodology and made clear which were the premises. Participants were advised
which were the artefacts under analysis and that comments should be related
to a specific module whenever possible. It was pointed out that the evaluation
was related only and exclusively to the platform and not the Guided Exercise
application.

It was also reminded that different conclusions can be made regarding design
and implementation decisions. For instance design should understandable and
coupled with the development process, but has nothing to do with reliability.
As the platform evolved during the development of the process it was important
to refer to the last development stages, when both design and implementation
were stable. With this regard, the last six months of development were taken
into consideration.

After the premises were given and accepted by all participants, the evaluation
was structured in different steps:

1. Step 1: subjective feedbacks and free discussion:
Each participant answered the following two questions separately:

• Describe what are the negative aspects of the platforms

• Describe what are the positive aspects of the platform

After each participant answered, a free discussion was opened around these
answers in order to gather further insights.

2. Step 2: specific questions about development process and productivity
Each participant was asked to answer the following questions:

• Does the separation of the modules reflect the separation of tasks?

• How coupled are the libraries and tools you have used with your
activity?
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• If you had used your usual tools and not this platform, would your
work have been simpler?

Again, a free discussion started afterwards and comments were recorded
for further analysis.

3. Step 3: Final remarks and recommendations:
Participants were asked to describe, in a couple of sentences, how to define
the overall experience of using the platform and then to give suggestions
for further improvements and rate the priority for the given improvements.

Methods of data analysis

The comments gathered during the evaluation session were analysed shortly
after the session was completed in order to avoid losing the meaning of some
annotations and the memory of the certain comments. The comments were
grouped and made more explicit. Whenever possible, comments were linked
to specific modules of the platform and to design or implementation decisions.
The following shortened annotation was therefore used for each comment: [M
D/I], where M is the module which the comment refers to, and can assume the
following values A: all the modules, DCE: Data Collection Engine, GE: GUI
Engine, RE: Rule Engine, WE: Workflow Engine. D stands for design issue and
I stands for implementation issue.

Results

The focus group was held May 2012, shortly after the trial of the Guided Exer-
cise was started and the first patients were enrolled. The participants list was
composed of:

Participant 1 as the main user of the Data Collection Engine. He was in
charge of developing the data model and the data sources as well as coor-
dinating the overall implementation of the application.

Participant 2 as the main user of the Workflow Engine. He was in charge of
developing the nodes and the interaction flows, and was partially involved
in the refinement of the graphic interface.

Participant 3 as the main user of the Rule Engine. He was in charge of devel-
oping the educational material and the motivational strategy, implemented
as content for the interaction flows and rules for providing feedback to the
users about their compliance.

Participant 4 as the main user of the GUI Engine. He was in charge of devel-
oping the user interface and thus the GUI components of the application.

Participant 5 as the project manager and user interaction designer. She was
also the developer of the Assessment Use Case mock-up prototype.

The following aspects were considered as positive:

|RE D| the idea of having a high level system for feedbacks, separated from
the low level logic, was a good decision
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|GE D| the idea of designing user interaction based on templates was appreci-
ated

|DCE D| the abstraction of data provided by the Data Collection Engine was
convenient, because it gave access to simplified interfaces as well as to raw
queries when necessary

|A D| event management was appreciated and considered proper for the type
of application

|WE D| the use of workflows was OK, but had some limits (see next section)

|A DI| participants thought that the platform offered a good integrated envi-
ronment

|GE DI| the support for multi language was very good, even better than those
offered in standard operating systems like Android

|RE DI| the fact that the working memory of the rule engine is a copy of
the DB, but contains only data related to the rules makes the connection
between data and rules transparent

|A DI| combining graphic events with data events is handy for the programmer
who sees everything combined

|WE DI| The workflow editor was very handy for developing fast prototypes
even for a non-programmer

The following aspects were considered as negative:

|DCE I| event filtering was re-factored many times and was not very clearly
designed.

|RE D| asynchronous interaction is not always suitable, in some places syn-
chronous interaction is required

|GE I| when the workflows and the content becomes very rich a content man-
ager is needed

|WE D| modelling user interaction with workflows is limiting, because it is
complex so most part of UI was programmed in nodes

|WE D| there is no neat separation between GUI and workflows

|GE I| using Swing was not a good choice because UI has evolved

|WE I| using jBPM was not good, the engine was probably immature at the
time we started using it

|WE D| user interaction in our application was not very linear, modelling with
these kind of flows was not very proper, at least there should be some
simplifications

|WE I| jBPM is not thought for user interaction, this implied forcing its use,
it would have been better to use a custom made workflow engine
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|RE I| drools is not always intuitive and debugging is really a hassle

|RE I| having all the data of rules in memory can be a problem for the mem-
ory consumption, it would be better to separate synchronous and asyn-
chronous loading of memory

Summarizing these observations:
The platform offered a comfortable environment for programming, especially
event interaction and data abstraction was appreciated, but some issues were
identified:

• Data Collection Engine: offered a good environment for data and events
management. Event filtering is not always obvious and sometimes it needs
some difficult debugging.

• Workflow Engine: was the most criticized module. Under the design per-
spective it was observed that workflows, as they were modelled, were too
basic and did not offer sufficient abstraction that would help the program-
mers. In the end it was necessary to build these abstractions within the
application, making the module of little use. The choice of the library,
jBPM, was recognised as an unfavourable choice. The library was imma-
ture at the time of adoption and was not thought for user interaction.

• GUI Engine: offered a good abstraction for event handling, it eased the
integration of the graphics with the other modules, but did not add very
much due to the adoption of Swing as the underlying framework.

• Rule Engine: offered a good abstraction of the data inside the system
and simplified the work of creating some simple logics, but it missed the
synchronous interaction and was very hard to debug.

Step 2: specific questions about development process and productiv-
ity

It is recognized that the architectural design is well coupled with the distribution
of the work and that modules reflect the separation of tasks in general. More
specifically: rules are a good formalism for the educational / motivational part,
workflows were not very suitable for the design of the application, the GUI
Engine was OK and data collection engine was comfortable, especially event
filtering.

In terms of productivity gain, it is recognised that, without the platform,
normal programming would have probably a hassle. Especially event manage-
ment would have been more complicated and without rules the risk would have
been having a monolithic application that would have mixed logic from different
contexts. Programming rules or standard Java code would have probably taken
the same amount of effort, although learning Drools is not straightforward. Re-
garding the development of educational content maybe would have been better
using full HTML with internal links.

Regarding the suitability to the domain, it is recognised that the platform
is more generic and can be applied to other domains apart from personalised
health. It is suggested that some more domain-specific features could be added
like the communication part (with sensors, servers, etc.) and with some specific
services like repositories for educational content.

286



Step 3: Final remarks and recommendations

Participants rate the overall experience with the platform and conclude that:

1. it allowed separation of work with a good abstraction of the problem

2. it helped some development, especially managing events and access to the
DB

3. it has good design and ideas, but some bad implementation decisions

4. it can include more domain-specific models

Suggested improvements are:

1. Rule Engine should allow synchronous and asynchronous interaction

2. Domain specific logic and tools should be provided

3. The platform should be ported to mobile environment (PDAs, tablets)

4. Some guidelines for UI design that ease simple cases should be provided,
especially coupled with workflows creation

5. Variables for the user interaction should be supported with a repository
of variables - queries

6. It would have been better to have a sort of content manager structuring
the representation of the educational content and its semantics

7. A possible alternative to workflows could be procedural programming.

Conclusions of the focus group

The evaluation was run in a friendly and honest atmosphere. Advantages and
drawbacks were identified and some suggestions for improvements were given.
In a very short summary:

• The platform is suited for the domain, but it’s too generic and should
include more domain-specific tools

• The overall architectural design is well structured and coupled with the
separation of the tasks of the developers

• Modelling user interaction with workflows has shown some limits especially
due to the fact that little abstraction was offered in the workflows

• Event management and mixing graphical and data events was a comfort-
able solution

• Easing some typical data management tasks made programming easier

• Rules have been identified as a powerful tool but the programmer needs
more control on them

Detected problems related to evaluation process:
The fact that platform and application development were performed in parallel
made it difficult for participants to rate the platform as a product. In fact the
platform was partially adapted to the application during its development and
is therefore obvious that many design choices were suitable for the application.
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Technical results of the HeartCycle Guided Exercise trial

The Guided Exercise system was tested in a clinical trial run among three cen-
tres in three countries: Spain, Germany and United Kingdom. The objective
of this study was to determinate the improvement obtained in long-term adher-
ence to home-based rehabilitation programs when following a guided exercise
training prescription supervised by the HeartCycle Guided Exercise compared
to the standard usual care given in each country for this kind of patients. The
study compared the evolution of two different groups: control group, receiv-
ing standard rehabilitation and intervention group, receiving the rehabilitation
through the GEx system after a period of 6 months under a cardiac rehabilita-
tion program. To assess the differences between both groups, a full assessment
including a stress test with spiroergometry and lactate measurements was done
before and after the 6 months follow up period.

The primary objective of the trial was to evaluate, whether GEx system
could improve physical capacities at 6 moths follow-up after long-term home-
based rehabilitation compared to national standard of rehabilitation. The pri-
mary measurable variable was “exercise capacity” defined as maximal oxygen
consumption (VO2max).

The study also defines a series of secondary endpoints that are considered
as exploratory. Particularly the following variables were compared between the
intervention and the control group at the end of the study:

• Total exercise time (min) achieved by patients during stress test.

• Exercise capacity defined as maximal lactate production and maximal
Watt load.

• Differences in Borg scale.

• Difference in blood pressure at rest and during predefined exercise steps.

• Difference in heart rate at rest and during predefined exercise steps.

• Differences in blood level of cholesterol, LDL- cholesterol, HDL- choles-
terol.

• Differences in hsCRP, proteinuria, glucose concentration, ntBNP.

• Differences in body weight, body-mass index, waist circumference.

• Differences in smoking habits.

• Differences in total exercise time and exercise adherence during the 6
months trial duration.

• Differences in EF.

• Differences in parameters of diastolic function.

The trial started on the 22nd of August 2011, when the first Ethical com-
mittee approval was received and ended on the 31st of August 2013 for a total
duration of over two years.

A total of 132 patients consented to participate in the study with a median
age of 58.53 years: 55 patients in the intervention group and 63 in the control
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group. In the intervention group 36 dropped the study before completing it,
15 because they started too late, 6 because they had no time, 7 because they
thought that the system was too complicated and 2 because they were not
physically able to perform exercise. Of the control group, 21 patients dropped
out, 9 because they denied the follow up and 12 because their follow up was
already too late. Therefore, of the 132 patients, 62 completed the study and
performed a final assessment: 43 in control group and 19 at intervention.

Patients were chosen for post-infarction rehabilitation. Ninety of the con-
sented patients had a history of myocardial infarction, 18 had undergone a
CABG procedure, of which 12 in the year prior to the commencing of the study.

The intervention group was given the Guided Exercise system and was rec-
ommended to use it for 21 weeks. Each patient of the intervention group was
assigned a personalised training programme based on an initial assessment done
at the hospital. All training programmes followed a common pattern. Exercises
started with a 5 minutes warming-up session, a 5 minutes stretching session, a
“core” session of constant heart rate exercise, and 5 minutes of cool-down. The
core session was the most critical one, as the patient had to try to control his or
her heart rate within a certain fixed range of frequencies. Patients were allowed
to do different kinds of exercise, namely running, cycling and walking fast, but
with the condition of bringing the wearable system with them, the PDA and
the sensor.

The training programme was developed in 5 “phases” during the 21 weeks. In
each phase the frequency of exercises, the duration and the heart rate parameters
were changed.

Initial phase lasting 3 weeks, 2 exercises per week and 30 minutes of exercise

ImprovementA duration: 2 weeks, 2 exercises per week, 30 minutes exercise

ImprovementB 2 weeks, 2 exercises per week, 45 minutes exercise

ImprovementC 2 weeks, 3 exercises per week, 45 minutes exercise

Maintenance 12 weeks, 3 exercises per week, 60 minutes exercise

Doctors were allowed to modify the training programme during the execution
of the trial, in order to fine-tune the duration of the exercises, their frequency
and the heart rate thresholds.

Clinical outcomes and user engagement

Some indications of the clinical outcomes and the effectiveness of the user en-
gagement strategies are given in this section. These results are do not depend
on the application of the pHPP platform directly, and thus, are not strictly re-
lated to the scope of this thesis, but, as the realibiality of the platform indirectly
influenced the results of the trial, this information is provided here as a quick
reference.

Regarding the clinical outcomes, there were no significant differences in
peak VO2 at baseline between patients assigned to control or intervention.
Peak VO2 was similar at baseline and follow-up in the control group (from
19.9+5.0ml/kg/min to 19.5+4.3ml/kg/min) but increased significantly in those
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assigned to intervention (from 19.5+8.2ml/kg/min to 22.0+7.9ml/kg/min, sig-
nificance p = 0.001). No significant differences in body weight developed during
the course of the study. Regarding exercise capacity as maximal lactate produc-
tion and maximal watt load, there is no significant difference between increase
in max load and decrease in lactate productions between both groups.

For what regards patients adherence, in average each patient performed
53.11±28.09 sessions, of which only 25.44±17.24 were completed successfully.
If the number of prescribed minutes is compared to the minutes effectively ex-
ercised, the adherence of all participating patients was 52,03%. The reason why
several sessions were aborted is because of technical problems or because of
physiological values out of range.

Another dimension taken into account with respect to adherence is the ex-
ercise habits before and after the use of the system. An intra subject analysis
has been performed with a subgroup of 13 patients with questionnaires. From
a comparison between the baseline and the end of the study, it seems that the
two groups increased the times of exercise for week, but the intervention group
reported more intensive exercises and with more duration on a weekly basis,
the number of physical activities that have been reported from the intervention
group is more than the double (3.50 against 1.43) in the intervention group.

A questionnaire was also sent to patients in order to assess the perceived
usefulness of the system. In order to analyse how the perception changed over
time, the questionnaire was sent twice during the trial, the first time at the fifth
week of use of the system and the second time at the end of the study. Results
show that the users perceived the Guided Exercise as a tool that could motivate
to better exercise in a safe way and to adhere to the prescribed exercise. This
perception increases during time as the last questionnaires had higher scoring
than the first.

The Guided Exercise system comprised an extensive section with educational
content about coronary heart diseases, lifestyle and risk factors and about phys-
ical rehabilitation and self-management. In order to assess if patients had an
increased level of knowledge after the use of the system, two questionnaires were
given to patients, on at the beginning of the study and one at the end of the
study. In total, 92 questionnaires were filled at baseline, and 24 were filled at
the end of the study by the control group and 22 by the intervention group.
The results were compared between the intervention and the control groups.
According to the results, the intervention group seems to have acquired more
knowledge about exercising in a safe way, the causes of a myocardial infarction
and cardiovascular disease.

The same questionnaire contained a section dedicated to the assessment of
the subjective perception of the illness, including factors like how the disease
affects the daily life of the users, how patients feels in control of the disease,
how they understand it, what are the typical worries, how emotions are affected
by the disease and how much the exercise could improve the health condition.
By analysing the answers, both groups improved over time from baseline to the
end of the study, but the intervention group showed greater improvements in
some of the assessed dimensions.
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Usability assessment

Usability is somehow affected by the adopted development platform, because
different platforms can provide different means and tools for implementing user
interaction. Nonetheless, independently from the means, user interaction is
mostly affected by the design. For this reason the results about usability assess-
ment are of secondary relevance for the thesis, nevertheless they are reported
briefly as follows.

User experience was measured by means of a questionnaire. The question-
naire was designed to include factors like the global acceptance of the system,
the specific acceptance of the main component of the system (PDA, Tablet and
Sensor), and to gather problems and requested features from the user. Four
questionnaires were sent to every patient in different times, one at enrolment
in the hospital, one after one week of use of the system, one after five weeks of
use, and one at the en of the study.

The presented data show a positive acceptance of the user from the beginning
of the study and little variation is observed over time, but some variables slightly
worsen at the end of the study, maybe because of technical problems. The
Tablet PC, the one which made use of the pHPP platform, received the highest
acceptability scores. Patients particularly enjoyed the easiness of use (3) and the
helpfulness of the information (4). Few remarks were given about low sensibility
of the touch screen (1), difficulties in setting up (2) and the low quality of the
text of the message (2). Regarding missing functionalities, patients requested
the possibility to send message to the health professional, some simplifications
related to the amount of used devices and the use of a GPS system to track
distance and location.

Encountered technical problems

In this section the most relevant issues are reported, with particular attention to
those caused by the pHPP platform. The Guided Exercise is a complex system
and during the trial several technical problems were identified. By analysing
the exercise sessions of the 19 patients who completed the study it is possible
to observe that around half of the sessions where completed successfully (as
stated before: 53.11±28.09 average sessions, of which only 25.44±17.24 were
completed). Of the un-completed sessions a distinction must be done between
those that were stopped because of a health condition or because of the user’s
will and those that were interrupted for technical reasons.

After an individual analysis of the uncompleted sessions, it arises that most
of them were for technical problems and incorrect readings of the heart rate
sensor.

Following, a short history of identified issues is presented.

• February 2012: Patient station shutting down when tablet was started.
An exception in the Rule Engine was not properly caught.

• February 2012: 3G internet not working because of bad 3G connection
parameters set-up.

• April 2012: Windows password expired in some tablets.
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• April 2012: Patient Station not getting weather information because of
changes in the service provider API.

• May 2012: Application stuck in auto-updater, infinite loop trigger under
specific circumstances.

• September 2102: Application crashing on start-up because of errors in
rules that generated feedback messages.

• October 2012: Application crashing on start-up, remote logs not working
because of a bug in Oracle’s JDK.

• December 2012: The application did not get the training plan from server.
A specific problem appeared when training plan was not available the first
time the tablet communicated to server

• February 2013: Tablets in UK not communicating to server because of
lack of 3G coverage limited in rural areas.

• April 2013: PDA failing and having no info to diagnose the trouble.

As it is possible to observe from the list, while the trial was running several
bugs were identified in the software. Thanks to the auto-update mechanism
offered by the development platform it was possible to fix bugs timely and
update all the instances of the software. In total 16 updates were produced after
the trial started. Of these issues few were caused by the development platform,
most notably by the auto update mechanism or the Rule Engine under specific
circumstances.

Analysis of the remote logs

The Guided Exercise system made use of the remote logging facilities offered by
the development platform. All the instances of the application sent their logs
periodically to a remote server were logs were stored and made accessible in web
server.

From the analysis of the logs it is possible to extract some statistics about the
number of failures the instances of the PatientStation encountered and analyse
the nature of them.

The logs of 49 instances was received (of the 55 people who were enrolled in
the intervention group). The first log was created in May 2012 and the last in
July 2013.

The duration in time of the logs spans from less than one day to 532 days
with an average of 155.05 days (22 weeks) and a standard deviation of 128.73
days.

A total of 141,363 log messages was received, with an average of 2,884 per
instance and 4,292.47 standard deviation. A total of 6507 technical errors was
detected in the logs, with an average of 132.79±190.7 errors per instance. Of
these errors:

• 6,070 were due to communication problems with the server, with an av-
erage of 123.87±178.04 per instance. Of these problems 4,282 were for
broken connection (3G or WiFi link failing), i.e. 87.38±133.65 broken
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connections per instance, and 1819 were because of synchronization prob-
lems between the local database and the remote database, in average
37.12±101.27 per instance. The rest of communication problems is of
unknown origin.

• 85 were caused by rules in the Rule Engine, an average of 1.73±8.84 per
instance.

• 278 were caused by the database, like in the case of simultaneous access
from different instances of the SW, corrupted tables, or bugs in the queries
at the application level. In average 5.67±19.71 per instance.

• 47 were caused by connection problems with the PDA, 0.95±2.68 per
instance.

• The remaining 27 errors were for unknown reasons.

From the analysis of these data it is possible to observe that most of the
problems were cause by factors that were not depending on the software, like
bad connection to the Internet or when the user started two instances of the
application at the same time (see figure 7.7). Some other problems were related
to bugs in the application, like bad queries, buggy rules or particular conditions
of bad synchronization between the server and/or the PDA, but no particular
bug was detected in the underlying development platform in these logs.

93%

1% 4%
1%

1%

Server communication problems Rule Engine problems

Database problems PDA communication problems

Unknown problems

Figure 7.7: Distribution of errors according to the logs of the HeartCycle trial

7.2.3 Discussion about the platform’s validation

The evaluation of the pHealth Patient Platform is about assessing the propo-
sition stated in section 4.3: “the pHealth development platform help software
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developers design the architecture, design the user interface, program, integrate,
verify and deploy a pHealth application”. The platform was evaluated in the
real case scenario of the HeartCycle project. Within HeartCycle, the platform
was used to develop 3 applications, two only as early prototypes, and one that
reached a high level of maturity to be eventually used by 55 people. Thanks to
the platform and the HeartCycle applications, more than half of the function-
alities represented as scenarios and use cases in the model have been actually
developed. A comprehensive and significant evaluation of the platform would
require its adoption in several real cases and projects, which is infeasible consid-
ering that only HeartCycle required more than 5 years of work and that software
technologies become obsolete very quickly.

In total, 7 developers used the platform, 2 only during the training session,
3 only for developing HeartCycle, and 2 in both cases. The kind of feedback
gathered from them is subjective and can be biased given that these people
were colleagues of the author. Unfortunately, it was not possible to measure
objective information like the time for performing a development task, because
this measurement is extremely affected by conditions that do not depend on
the platform itself (e.g. the experience of the programmer) and a significant
measurement would have meant repeating it several times with a high number
of users, which was too expensive to be carried out. Nonetheless, before the focus
groups, participants were instructed to be sincere and critical, and, given the
balanced number of positive and negative comments, they probably succeeded
to be, at least to some extent, impartial.

According to the evaluations it is possible to conclude that developers con-
sider that the architecture of the platform is well suited for the domain where
it is applied and facilitates the separation of work among different specialists
in a team. The platform is recognised to be very generic, and thus generaliz-
able to other domains, but this aspect also constitutes a weakness because it
lacks support for some domain-specific instruments (e.g. communication pro-
tocols with sensors, data analysis tools). The event-driven approach and event
filtering were recognized to be a comfortable way of programming, though syn-
chronous programming was seen as a desired feature in rules development. One
of the most appreciated feature was the possibility to map objects to relational
tables and OWL classes in an automatic fashion, as this is a typical tedious
programming task. The use of workflows is perceived as a great potential, but
its implementation is still too preliminary to be judged correctly. The rules
programming has also shown to be powerful, though its debugging is not very
simple and their behaviour is not always easily predictable.

To the feedback of the developers, it has to be added the technical results
of the HeartCycle GEx trial. During the trial, few bugs were detected, mostly
related to the integration with the clinical server and to unpredicted conditions
triggered by the rules. The logs gathered from 49 instances of the GEx applica-
tion, used by 49 corresponding users, show that few errors were generated and
the platform was stable enough to be employed in relatively large scale deploy-
ments and that the auto-updating and remote logging facilities helped fixing
problems timely.

In total, it is possible to say that the evaluation of the platform, far from
being conclusive, gives indications that the employment of this kind of archi-
tectures and tools is a good choice for the pHealth domain, but some issues are
still open and the choice of the technology must be well considered.
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Chapter 8

Conclusions and future
work

8.1 Conclusive remarks

The work presented in this thesis is the result of a 8 years experience. All this
time has been dedicated to many things and the idea of the thesis as it is now
has been developed only in the last year. The work constitutes an attempt to
systematize the concepts I have been seeing in my job experience in all these
years about the personalised health systems in order to create abstractions and
tools to help those, like me, who have been working in this field having to
produce similar design patterns and similar development tasks over and over
again.

The three objectives of this thesis can be considered as accomplished:

O1 A model, based on software engineering techniques, that represents per-
sonalised health systems, has been created and validated by experts.

O2 A development platform that provides abstractions and tools typically
needed in pHealth has been implemented.

O3 The platform has been adopted in the HeartCycle project and assessed in
all the dimensions that the project allowed to evaluate.

Unfortunately a work like this kind would need not one single project to
be significantly validated, but a set of different projects, in different medical
domains and adopting different technical solutions. It is understandable that
such an extensive validation is not feasible in the lifetime of a PhD career.

In conclusion, the answer to the research questions of this thesis can be sum-
marized as following: RQ1: Is it possible to define a model, based on software
engineering techniques, for representing the personalised health domain in an
abstract and complete way?
Answer :
Yes. A model has been defined that describes the domain of ICT systems for
personalised health care that is sufficiently abstract to be applied to any technol-
ogy and, at the same time, sufficiently detailed to cover all the relevant aspects
of the technology. The model has been evaluated by a large number of experts
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(65) and has been accepted as a good candidate for representing the domain.
RQ2: Is it possible to build a development platform based on this model?
Answer :
Yes. A development platform called “pHealth Patient Platform” has been devel-
oped using the model as a primary source of requirements and complemented
with other requirements coming from developers. The platform tries to ac-
commodate current good practices in software development in the field and
facilitates the distribution of development tasks among different specialists in
different areas that typically compose pHealth.
RQ3: Does the reference platform help developers to create complex integrated
pHealth systems?
Answer :
Yes. The platform has proven to ease development at least in one complex and
large scale project, that is HeartCycle. The validation of this aspect though, is
limited to one experience, which offers, in any case, indications that the plat-
form can be easily adopted to other projects, thanks to its generic approach and
its reliability.

8.2 Possible extensions of this work

This work can be extended under several perspectives. The models are a starting
point for further specializations and extensions of the domain. As technologies
advance, some of the scenarios or the concepts will become obsolete or secondary
with respect to new emerging features of pHealth. Some correlated domains,
which have also been reported by some of the experts who validated the models,
have been left aside on purpose to not make the models explode and become
too complex. The following aspects have been left for further research:

• Advanced ‘-omics’ scenarios. While genomics for the extraction of biomark-
ers is already applied in different clinical fields, more techniques are be-
coming available in molecular biology like exome sequencing, proteomics,
transcriptomics and metabolomics among others. This information is be-
coming cheaper to obtain as technologies and chemistry advances, and can
be used to identify polimorfisms and variants that are highly correlated
to the development of diseases or to the response to a specific treatment.
Some of this information is constant or almost constant over the life of an
individual (like the DNA) and some other information changes and can
be used as early predictors of health-related problems.

• Implantable devices and prostheses. Artificial organs, prostheses with
some kind of embedded electronics and implantable devices for monitoring
and treatments (like defibrillators) are devices that are already commer-
cially available, and the advances of which are evolving rapidly. These
devices can be also considered as part of personalised health. The mod-
els included in this thesis allow these devices to be seen as sensors or
actuators, nonetheless some more emphasis can be given to the specific
properties of those devices that are embedded into the human body.

• Robotics and personal robots. Robotics is already used in clinical practice,
for example in surgery, to perform very delicate operations or for remote
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operations. There is an emerging field of robotics applied to health and
independent living, especially in the areas of companion robots (robots
that help elderly people not feel alone) or robots for assisting disabled
people in daily activities like getting up from the bed, washing etc.

• Advanced computer science, like artificial intelligence, machine learning
and data mining are widely used in health related research and are start-
ing to be used in commercial solutions also. This category has not been
expanded, while it would deserve a more deep analysis and modelling.

• Different distribution schemes, especially the emerging ones that relate
to the cloud computing world. In such scenarios the boundaries between
user devices, clinical servers and health records become more fuzzy, as the
services provided to the users, both at the side of the patient and the side
of the caregivers are in reality compositions of on-line atomic services.

• User programming. The proposed models make a clear distinction be-
tween developers and the users of the solutions. An emerging field of
research is dedicated to the creation of simplified programming tools for
final users, who will be able to personalise and compose functionalities in
an intuitive way. In this regard, these models already open the path for
model driven development, but the user of model tools is here intended to
be a professional developer.

• Business models are also an important issue to be considered. The models
in this thesis have the point of view of the technology, but a comprehen-
sive description of the domain should also take business ecosystems and
sustainability into account. The lack of maturity of pHealth makes this
modelling especially tough because there are no related standard at the
moment.

For what regards the development platform a lot can be still done to improve
it. As the validation process showed clearly, the design of the platform, the ar-
chitecture and the basic assumptions are coherent with the current pHealth de-
velopment processes. Nonetheless the technology employed is already partially
obsolete and was criticized in some aspects by the developers who assessed it.
Examples of possible improvements to the platform are:

• Port the platform to mobile devices, for instance to the Android operating
system.

• Develop a common data model or ontology that would offer all the basic
concepts needed in the domain, and that could be expanded in specific
implementations.

• Offer typical communication protocols adopted in the health domain, like
IEEE 11073 or HL7 already implemented and mapped to a data model.

• Provide typical tools and means for signal processing, like digital filters,
wavelets, and data compression.

• Provide typical tools and means for data mining and data processing,
like statistics or machine learning techniques (neural networks, bayesan
networks, support vector machines etc.).
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• Extend the GUI Engine to other technologies, like web interfaces, or
modalities, like voice or gesture recognition.

• Design and implement a new Workflow Engine, completely mapped to the
architecture of the platform, and with a usable graphical editor that could
be used by programmers and people with less technical backgrounds.

• Design and implement a Rule Engine more simple than Drools, but more
mapped to the actual architecture of the platform.

• The Data Collection Engine mechanism for filtering events is based on
the query language offered by the underlying persistence technology, e.g.
SQL. It would be preferable to have a sort of neutral filtering language
that could be mapped to all kinds of query languages.
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