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ABSTRACT 
 

Ambient Intelligence (AmI) allows the intelligent and natural interaction between the 
context and individuals. This paradigm will facilitate user support through novel 
medical protocol design for chronic disease treatment, based on the healthy lifestyle 
promotion.  

Cardiovascular Diseases (CVD) account for 45% of all deaths in the western world 
according to the 2004 World Health Organization statistic report. Heart Failure (HF), 
CVD’s primary paradigm, mainly affects people older than 65. The European 
MyHeart Project’s mission is to empower citizens to fight CVD by leading a 
preventative lifestyle and allowing early diagnosis.  

This Thesis aims to model the patient interaction based on contexts and the 
implementation of this model into a Heart Failure Management integrated product. 
Heart Failure Management daily monitors vital body signals, using wearable and 
mobile technologies, to continuously assess this chronic disease. The methodology 
applied herein has involved stakeholders in an iterative process.  

The Thesis proposed the holistic Patient Interaction Model (hPIM) which comprises 
three contexts: 1) the Patient Context which defines for instance, the human factors 
or the patient personal routine. Besides, the Patient Context includes all sensors 
around the patient which play important role since they allow an implicit interaction 
without specific patient input. 2) Around this first context, the Medical Context 
comprises also the services which provide the patients with a remote monitoring 
assessment. This context groups all medical professionals. And 3) Social and 
Business Context appears around all. This context states the social and clinical rules 
that must be taken into account. With this holistic approach all actors are studied to 
enhance as well the human-human interaction.  

The hPIM is adapted to a particular target group: people who suffer from heart failure. 
The solution goals are defined by reviewing existing similar solutions working 
together with technical and medical experts, and researchers. This multidisciplinary 
team stated the initial hypothesis for the system. 

The generic user (“persona”) of HFM is Carlos Gómez, 72 years old. He is retired and 
has heart failure. His awareness of his heart condition leads him to be proactive in his 
health. He can use an electronic device following an intuitive system. He requires no 
special needs regarding accessibility (e.g. blind people). His chief goals are self-
assurance and self-confidence when performing his daily routine. He must feel 
unperturbed and lose his fear of a sudden death. He also aims to control his own 
health evolution by self-managing his health. He wishes to live normally, thus making 
it crucial to give him a system that is non-intrusive that invisible from public view while 
under treatment. Namely, the system must adapt to his daily routine. 



 

 

In the HFM context, the end users are prompted to follow a daily routine consisting of 
a set of activities (i.e. symptoms questionnaires, measurements using wearable 
garments and portable devices). The vital signs assessed are ECG, heart rate, and 
respiration. The portable devices are a blood pressure cuff for systolic and diastolic 
blood pressure and weight scale. All devices and garments have communication 
capability (i.e. Bluetooth). Moreover, the user can perform a light exercise of 5-6 
minutes, several days a week to improve their health. This routine varies for every 
patient but must follow some rules for medical reason (e.g. blood pressure must be 
taken every morning). The routine can be personalized for each patient despite the 
light constraints.  

There were two scenarios detected within the system: indoors and outdoors. The 
former contains a set of measurements, using the wearable garments and portable 
devices at home. The user answers two questionnaires defined by the medical team. 
The later contains an exercise scenario (e.g. a short walk) that promotes a healthy 
lifestyle and improves cardiovascular capability. The professional checks the status 
of all patients via portal. Adaptation to personal routines is the most important user 
requirement. Specifically, each user will have a different daily health schedule 
according to particular health status, preferences, mental status and recommended 
medical protocol. Furthermore, the user application must be intuitive, user-friendly, 
and must allow natural interaction. A PDA with a touch-screen allows these 
requirements. Adaptability to user preferences and routines within HFM is achieved 
via dynamic workflow execution (which depends on the context information). First, we 
defined taxonomy: a session is a day using HFM, a day is divided in contexts 
(morning, exercise, evening, and night). Each context comprises a set of activities 
requiring user participation at the same temporary term (i.e. a task or activity is the 
measurement of blood pressure). 

These carefully designed systems play an important role in motivating people to 
adopt healthier lifestyles by using technical solutions. These solutions allow patient 
self-management of their chronic condition.  

The evaluation aims to validate the model, feasibility, efficiency, user experience, and 
acceptance of the implementation on heart failure patients. The validation performed 
along the complete life cycle demonstrated that the holistic model represents the 
reality. Moreover it represents the combination of knowledge of all stakeholders and 
is a reference for future models and implementations.  

 



 

 

SINOPSIS 
 

La Inteligencia Ambiental (AmI) permite la interacción inteligente y natural entre el 
contexto y los individuos. Este nuevo paradigma ayudará a los pacientes a gestionar 
su propia enfermedad de acuerdo a los protocolos médicos correspondientes, 
mejorando su estilo de vida.  

En el mundo, especialmente en los países más desarrollados, las enfermedades 
cardiovasculares (ECVs) se han convertido en la principal causa de muerte. En 
España, en el año 2001, de las 360.931 defunciones registradas, el 34.9% se 
produjeron por ECV, convirtiéndose en la primera causa de defunción. En el resto de 
países desarrollados las cifras son bastante similares.  

La presente tesis doctoral tiene como objeto principal modelar la interacción de 
usuarios basada en información contextual. Se aplica el modelo a un caso de uso: 
pacientes con insuficiencia cardiaca que monitorizan diariamente su salud fuera del 
ámbito hospitalario, gracias al uso de sensores wearable y tecnologías móviles.  

La metodología aplicada se basa en el diseño participativo, involucrando a los 
distintos actores en un proceso iterativo.  

El modelo holístico de interacción del paciente (en inglés, the holistic Patient 
Interaction Model, hPIM) se organiza en tres contextos que definen las variables, 
actores y sistemas involucrados. El contexto del paciente agrupa los factores 
humanos y la rutina personal. Los sensores y dispositivos de interacción también son 
variables de este contexto de paciente. El contexto médico agrupa a los 
profesionales y los servicios de gestión de la enfermedad cerrando el lazo, ajustando 
los protocolos personales de manera remonta. El contexto social y político define las 
reglas que rigen la prestación de salud en un determinado país o región.   

El modelo hPIM se aplica a un grupo particular para definir todas las vistas del 
modelo: los pacientes con insuficiencia cardiaca. Las soluciones se definen 
revisando la literatura y contando con la involucración de un equipo multidisciplinar 
formado por psicólogos, médicos, pacientes, técnicos y expertos en la gestión de la 
salud. 

La persona genérica se llama Carlos Gómez, tiene 72 años, padece insuficiencia 
cardiaca y esté retirado. Está preocupado por su estado de salud. Es capaz de 
manejar dispositivos electrónicos sencillos y entre sus objetivos se encuentra el ser 
capaz de auto-gestionar su condición crónica, por lo que necesita una interacción 
adaptada a sus necesidades.  

En el escenario modelado, los pacientes siguen una rutina diaria en la cual realizan 
una serie de actividades para gestionar su enfermedad (por ejemplo, medirse la 
tensión arterial o contestar un cuestionario de síntomas). Las señales vitales 
medidas son el electrocardiograma y la respiración. También se mide el peso y la 
presión arterial con dispositivos portátiles médicos. Todos los aparatos de medida se 



 

 

comunican con Bluetooth de manera automática con la PDA. El paciente realiza si 
está recomendado por el médico y de acuerdo al contexto actual un ejercicio de 
cinco o seis minutos. La rutina de tratamiento varía de un paciente a otro de acuerdo 
a su tratamiento personal y su rutina diaria.  

Se contemplan entonces dos escenarios, uno interior para las medidas en el hogar y 
otro exterior para el paseo como ejercicio cuando proceda. Los profesionales 
médicos comprueban la evolución de sus pacientes a través de un portal web con 
acceso restringido.  

La aplicación de los pacientes debe estar adaptada a su tratamiento médico y su 
rutina personal. Además, la interacción debe ser intuitiva, “user-fiendly” y natural en 
el sentido de que se pueda utilizar sin ayudas especiales. Por ellos, la estación de 
paciente está implementada en una PDA con pantalla táctil. La adaptación a las 
rutinas personales se consigue mediante la implementación de flujos de trabajo 
(workflows) dinámicos en una máquina de estados que ejecuta las tareas o 
actividades (p.e. la medida del peso) de acuerdo al protocolo personalizado y a la 
condición de contexto actual. Para ellos se han definido los siguientes términos, para 
conseguir esa modularidad y adaptabilidad dinámica: una “sesión” se corresponde 
con un día de uso del sistema. La sesión se compone de “contextos” que agrupan en 
intervalos temporales y con ciertas condiciones una serie de “actividades”. Las 
actividades son las tareas individuales que deben realizar los pacientes.  

Estos sistemas diseñados con diseño participativo centrados y orientados a los 
pacientes constituyen un pilar fundamental en la promoción de estilos de vida 
saludables en la sociedad del futuro. Permitirán a los pacientes a tener un mejor 
control sobre su condición crónica.  

La evaluación del modelo, así como la eficiencia, experiencia de paciente y la 
aceptación de la solución tecnológica se ha realizado a lo largo del ciclo de vida de 
la investigación involucrando a todos los actores que forman parte de la realidad de 
la gestión extra-hospitalaria de pacientes crónicos, en concreto con insuficiencia 
cardiaca. Esta validación ha demostrado la viabilidad del modelo y los beneficios de 
su uso a la hora de diseñar soluciones tecnológicas.  

 

 



I RESUMEN 

 

 

Este capítulo presenta un resumen amplio en castellano de la investigación realizada, que 
aparece redactada en inglés  en los siguientes capítulos.  Se han omitido algunas partes de los 
antecedentes para centrarse más en las hipótesis, objetivos, metodología, modelo, 
implementación y validación. Se finaliza el capítulo de resumen con las conclusiones extraídas 
de la investigación de la tesis doctoral. 
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I.I INTRODUCCIÓN 
 

En el mundo, especialmente en los países más desarrollados, las enfermedades 
cardiovasculares (ECVs) se han convertido en la principal causa de muerte. En España, en el 
año 2001, de las 360.931 defunciones, el 34.9% fueron por ECV, convirtiéndose en la primera 
causa de defunción. En el año 2001, con resultados muy similares al anterior, hubo 360.131 
muertes, de las cuales, las ECV aportaron aproximadamente el 35%. En el resto de países 
desarrollados las cifras son bastante similares. Como ejemplo, en Estados Unidos se calcula 
que en el año 2001 las ECV causaron 931.000 muertes (un 38.5% del total) y que 64.4 millones 
de personas sufrían algún tipo de ECV, de ellos, 50 millones hipertensión arterial y 13 millones 
enfermedad coronaria.  

La tecnología en la actualidad ofrece la posibilidad de crear aplicaciones multimedia 
distribuidas e interconectadas a través de redes, como por ejemplo Internet. Es técnicamente 
posible emplear un dispositivo para realizar medidas a un paciente a través de sensores 
electrónicos, y enviar la información a una estación de profesional en tiempo real. De esta 
forma, es posible deslocalizar a un paciente del ambiente hospitalario, pero manteniendo la 
recogida de constantes vitales y una monitorización de su estado de salud.  

Se motiva al paciente a través de aplicaciones multimedia interactivas que le incitan a seguir 
hábitos de vida saludables. Una dieta equilibrada, asociada con una práctica moderada de 
ejercicio físico, actúan directamente sobre los principales factores de riesgo modificables. Todo 
sistema capaz de ayudar a crear y mantener estos hábitos, supone un avance en la lucha 
contra las enfermedades cardiovasculares. 

Aunque en el contexto tecnológico actual ya encontramos soluciones apropiadas para los 
sistemas descritos, aún quedan retos como la miniaturización de dispositivos electrónicos, su 
transformación hasta la computación ubicua y el completo desarrollo de las redes inalámbricas 
que aún carecen de la consistencia y fiabilidad requeridas en los sistemas de monitorización a 
distancia de pacientes crónicos. 

Las tecnologías “wearable” proporcionan nuevos métodos para la medida de datos vitales, 
como puede ser el pulso o el electrocardiograma de una persona. Los sensores integrados en 
los tejidos permiten a los usuarios emplear elementos sencillos, como una cinta o una 
camiseta, para recoger datos y comunicarlos a un profesional. Para una persona no habituada 
a los sensores médicos tradicionales, resulta sencillo ponerse una prenda de vestir. 

Para poder definir los hábitos de vida que deben seguir las personas, es necesario contar con 
la ayuda de profesionales de la salud y revisar la bibliografía especializada para el tratamiento 
de las diferentes patologías y cómo mejorar estos hábitos de vida. 

Uno de los principales retos a los que se enfrenta la sociedad del futuro para afrontar el cambio 
de paradigma, donde la población envejece y aumenta la necesidad de sistemas para la 
gestión de la salud en movilidad, es conseguir la adecuación de toda la tecnología a los 
usuarios, mediante interfaces adaptadas a sus peculiaridades, que les guíen, les motiven y les 
aporten la información necesaria para gestionar su cuidado diario. 
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Es en el área de la interacción donde se centra la tesis doctoral propuesta, desde dos 
perspectivas: la primera consiste en la adecuación de la usabilidad para el modelo concreto. La 
segunda se centra en la adaptación de los protocolos médicos para dicho modelo en el 
tratamiento de la Insuficiencia Cardiaca crónica, que se considera el paradigma de las 
enfermedades cardiovasculares crónicas y cuya prevalencia en el mundo occidental aumenta 
según avanza la esperanza de vida. 

Con la llegada del nuevo siglo, comienza a escucharse en el ámbito de la unión Europea un 
nuevo concepto: Ambient Intelligence (AmI). La idea subyacente no es nueva, ya fue propuesta 
a principios de los años 90 en Estados Unidos, con un concepto similar conocido como 
Ubiquitous Computing.  

La visión de la AmI consiste en la existencia de espacios, de ambientes donde el usuario 
interacciona de forma natural y sin esfuerzo, las tecnologías de la información y las 
comunicaciones son transparentes; y el ambiente se adapta a las necesidades de la persona, 
ofreciéndole servicios en su vida cotidiana. 

De este modo es la propia tecnología la que se adapta a las personas y a su contexto, 
actuando de manera autónoma, y facilitando la interacción y comunicación de éstas con el 
entorno.  

Por otro lado, con el envejecimiento de la población y el consecuente aumento de enfermos 
crónicos demanda un nuevo modelo de salud basado en la promoción del auto-cuidado por 
parte de los propios pacientes.  

La tesis doctoral se ha validado en el ámbito de un proyecto de investigación europeo: 
MyHeart. Gracias a dicho proyecto, que se basaba en la creación de aplicaciones basadas en 
ropa biomédica inteligente y tecnologías de la información y las comunicaciones aplicadas a la 
prevención de las enfermedades cardiovascular, se ha aplicado el marco teórico del modelado 
de la interacción de pacientes a uno de sus cuatro productos. Dicho producto se llama “Heart 
Failure Management” y consiste en el desarrollo de un sistema distribuido para monitorizar a 
pacientes con insuficiencia cardiaca en su propio hogar. 

La tesis se estructura en ocho capítulos como indica la siguiente figura.  
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La tesis comienza con una introducción que presenta la motivación y el marco de desarrollo. A 
continuación se presentan los antecedentes en los tres grandes pilares que sustentan la tesis, 
la cardiología (más concretamente la insuficiencia cardiaca), la inteligencia ambiental y la 
interacción persona ordenador. Tras esta descripción, se formulan las hipótesis de partida y los 
objetivos. 
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El capítulo 4 presenta las metodologías que se han aplicado en el modelado, desarrollo y 
validación de la tesis.  El capítulo 5 presenta el modelo holístico general y su particularización 
al caso delos pacientes de insuficiencia cardiaca. El capítulo 6 describe las soluciones 
tecnológicas implementadas para validar el modelo. A continuación se describen las distintas 
evaluaciones y sus resultados (capítulo 7). Se cierra la tesis con una discusión de las hipótesis, 
las contribuciones originales de la tesis y posibles líneas de trabajo futuro en el capítulo 8. 

 

I.II ANTECEDENTES 
 

Los antecedentes se dividen en tres grandes bloques sobre los que se sustenta la tesis 
doctoral: la cardiología, la Inteligencia Ambiental y la Interacción Persona Ordenador. 

I.I.I ANTECEDENTES MÉDICOS 
 

Las enfermedades cardiovasculares representan la principal causa de mortalidad y morbididad 
en el mundo desarrollado. Por ello, al formular una tesis para pacientes crónicos, se centra en 
las enfermedades crónicas cardiovascular. En concreto, la insuficiencia cardiaca sirve de 
paradigma y se establece como caso de uso. 

La insuficiencia cardiaca afecta a personas mayores de 65 años y es una enfermedad 
mecánica en la cual el músculo cardiaco no tiene la fuerza suficiente para irrigar el cuerpo 
humano. Se producen así muchas co-morbididades como la diabetes, la hipertensión arterial o 
la insuficiencia respiratoria crónica.   

I.I.II ANTECEDENTES TECNOLÓGICOS 
 

El nuevo paradigma tecnológico se conoce como Inteligencia Ambiental (Ambient Intelligence – 
AmI). Según este, el entorno se convierte en inteligente, que se caracteriza por:  

Se capturan las experiencias diarias, monitorizando y recogiendo toda la información asociada 
al entorno, al contexto, a los usuarios y sus actividades, lo que se conoce como información de 
contexto. 

El acceso a la información debe ser ubicuo, es decir posible desde cualquier lugar, en 
cualquier momento y de manera eficiente. 

El entorno debe proporcionar comunicación y colaboración con el menor esfuerzo posible, 
interconectando los sistemas de forma eficiente. 

Los entornos deben ser sensibles al contexto, capturar y procesar la información de éste y 
adaptar los resultados y su comportamiento. 

La interacción hombre-máquina necesita nuevos modelos: naturales, ubicuos, transparentes y 
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multimodales. 

El entorno se convierte en una guía automática, detecta a los usuarios y, en función de su 
perfil, les guía. 

Se deben facilitar el aprendizaje y entrenamiento de las diferentes actividades 

 

Para que los sistemas de inteligencia ambiental se conviertan en una realidad, además de los 
requisitos expuesto en la lista anterior, los entornos deben ser seguros y estar bajo control por 
los propios usuarios, sin necesidad de ser expertos. Por último en términos económicos 
también deben ser sistemas sostenibles a largo plazo, para asegurar su verdadera 
consolidación en el mundo del futuro. 

Los sistemas de AmI mejorarán la calidad de vida de los usuarios ya que ofrecerán servicios 
fáciles de acceder, en el momento y lugar que se necesiten, y siempre adaptado a las 
necesidades de las personas. 

El concepto aparece por primera vez de la mano de Mark Weiser, tecnólogo de Xerox PARC, 
en el 1991. Plantea una visión de la computación en el que la tecnología que rodea a las 
personas es invisible, permitiendo a estos la interacción natural. 

Entre las conclusiones que se extraen de estos estudios cabe resaltar las siguientes:  

• Weiser expone que las tecnologías más profundas son aquellas que desaparecen, lo 
que se calificaría como transparente  

• La computación ubicua es el método de potenciar el uso de los ordenadores haciendo 
que una gran cantidad de ellas estén disponibles a través del entorno físico, pero de manera 
invisible al usuario 

• La desaparición de la tecnología a los sentidos humanos no es una consecuencia de la 
tecnología, sino fundamentalmente de la propia psicología humana 

• Las interfaces deben ser naturales, integradas en la vida cotidiana de los usuarios. En 
este punto, Weiser propone de algún modo la computación ubicua como algo opuesto a la 
realidad virtual. 

La Inteligencia Ambiental debe verse como una nueva visión de cómo las personas vivirán y 
trabajarán en un futuro próximo, cómo se relacionarán e interactuarán con el entorno. La AmI 
permite y facilita la inclusión de todos los individuos en la sociedad. Los ciudadanos habitarán 
entre entornos físicos y virtuales (el hogar, el lugar de trabajo, colegios, centros culturales, 
etc.), donde tendrán diferentes roles y diferentes necesidades de servicio. Desde esta 
perspectiva, las áreas potenciales de aplicación de AmI son aquellas referidas al individuo, a la 
sociedad, a los negocios y a la administración pública. 

La Unión Europea ante esta situación se plantea de qué manera podrá hacer uso de la AmI en 
la nueva sociedad globalizada, donde la economía se basará en el conocimiento dando al 
desarrollo de las TIC una posición básica para que se haga realizable el concepto. 
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Existen importantes oportunidades que la AmI puede aportar a Europa: 

• Modernización del modelo social europeo, mejorando la seguridad pública, con nuevas 
oportunidades de ocio, educación y trabajo. Abriendo oportunidades a los colectivos más 
desfavorecidos, con nuevas formas de soporte sanitario y social, haciendo frente a las 
amenazas medioambientales. 

• Mejorar la economía europea con nuevos procesos de negocio, potenciando la 
movilidad, el teletrabajo y nuevas propuestas para el desarrollo sostenible. 

En este contexto, el Information Society Technologies Advisory Group (ISTAG) establece 
dentro del VI Programa Marco de la UE, una línea de investigación de AmI. De este modo, en 
el informe de ISTAG del 2001, se plantea cómo será la Sociedad AmI en el 2010.  

 

I.I.III ANTECEDENTES EN INTERACCIÓN PERSONA ORDENADOR 
 

La interacción persona ordenador (IPO) como disciplina aparece alrededor de los años 60, 
aunque anteriormente se pueden encontrar referencias concretas. Realmente comienza a 
tenerse conciencia de la IPO cuando los ordenadores empiezan a ser utilizados fuera de 
entornos meramente profesionales.  

Como explica Grudin en “The three faces of Human Computer Interaction” (Grudin, 2005) 
existen tres vertientes de la IPO que no convergen, generando así una falta de modelo de 
referencia.  

En la nueva sociedad de la información donde la tecnología está día a día más presente en la 
vida cotidiana, se hace muy relevante que aparezcan modelos de interacción. 

Como modelos previos utilizados en esta tesis doctoral destacan tres. El “basic model for HCI” 
presentado por Schomarker (Schomarker, 1995) establece las modalidades de entrada y salida 
en la interacción entre un ordenador y un humano. 

El modelo presentado por el grupo Federal Aviation Administration (FAA, 2007) se presentan 
también los componentes ambientales y tecnológicos: 
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El modelo presentado por Schmidt en 2005, el “implicit HCI” es el modelo principal en el que se 
basa la interacción del modelo de esta tesis doctoral: 

   

Este modelo, especialmente concebido para entornos de AmI presenta el contexto como líder 
de la interacción implicita que no requiere un acción activa por parte de usuario.  
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Para finalizar la IPO, se presenta la Usabilidad como concepto, ya que constituye un elemento 
central en el diseño de la interacción de usuarios. Se define usabilidad como Usabilidad es la 
eficiencia y satisfacción con la que un producto permite alcanzar objetivos específicos a 
usuarios específicos en un contexto de uso específico, según la ISO/IEC 9241.  

La gestión de la salud es la sociedad venidera se centrará en los pacientes, trasladando las el 
cuidado hospitalario de la enfermedad a la prevención y el auto-cuidado en el hogar. 

Termina la descripción de los antecedentes con un sumario de las principales justificaciones 
para el desarrollo de la tesis doctoral. Como se ha indicado, no existen modelos de interacción 
de pacientes para el nuevo paradigma tecnológico, por lo que la definción de uno de ellos gana 
un cáliz de suma importancia. Nos enfrentamos a una sociedad envejecida en los próximo años 
y sin capacidad para cuidar a los pacientes crónicos que se esperarn. Es necesario desarrollar 
modelos que permitan a estos usuarios característicos, los enfermos crónico, utlizarar la 
tecnología disponible para tomar un rol activo en la gestión de su enfermedad desde su propio 
entorno.  

I.III HIPÓTESIS Y OBJETIVOS 
 

Una vez estudiados los antecedentes se formula la siguiente hipótesis principal: 

Un modelo de interacción de paciente debe incluir el contexto personal, medico, social y 
económico, que junto con el uso de tecnologías “wearable” y móviles permitirán el auto-
cuidado de los pacientes crónicos.  

De esta hipótesis principal se derivan las siguientes hipótesis secundarias: 

1. El uso de sensores “wearable” permitirá que el paciente se monitorice manera más 
natural al incluir una interacción implícita.  

2. El uso de tecnologías móviles dará al usuario libertad para gestionar su salud fuera del 
ámbito hospitalario.  

3. El auto-cuidado de los pacientes debe estar unido a los profesionales médicos mediante 
una plataforma tecnológica.  

4. La interacción de los pacientes en estos sistemas debe incluir la monitorización del estado 
de salud, las necesidades de su enfermedad y su tratamiento.  

5. La participación de los actores involucrados en el proceso de gestión de salud como los 
profesionales médicos o los cuidadores informales beneficiará el modelo de interacción.  

6. La interacción debe adaptarse a las rutinas personales de los pacientes.  
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7. La interacción debe hacerse de manera natural sin necesidad de utilizar dispositivos 
externos no conocidos por los pacientes. Como métodos de entrada y salida deben utilizarse 
los sentidos básicos, como por ejemplo una interacción basada en pantalla táctil.  

8. La interacción debe adaptarse a los modelos mentales de los pacientes.  

9. La interacción debe ser cómoda, estética, seguir los principios de diseño generales y 
respetar a los pacientes en su entorno personal.  

 

El objetivo principal que se deriva de las hipótesis de partida es:  

Desarrollar un modelo de interacción para los pacientes que viven con una enfermedad 
crónica. Dicho modelo contendrá la monitorización del estado de salud, los tratamientos 
personalizados, los factores humanos y el resto de condiciones de contexto.  

Los objetivos parciales de la tesis se enumeran a continuación: 

1. Estudiar los antecedente médicos, tecnológicos y los modelos de interacción existentes.  

2. Estudiar las necesidades de los pacientes y observación de su comportamiento en su 
vida diaria para adaptar los modelos a  sus necesidades reales.  

3. Aplicar una metodología que permita estudiar a los pacientes y validar las hipótesis. Para 
ello se estudiarán las metodologías existentes de diseño centrado en los usuarios y se 
adaptará si es necesario. 

4. Modelar la interacción de pacientes con una enfermedad crónica.  

5. Implementar el modelo en un caso de uso: la insuficiencia cardiaca.  

 6. Validar tanto el modelo genérico como su implementación.  

 

 

I.IV MATERIALES Y MÉTODOS 
 

El diseño centrado en el usuario (DCU) es un enfoque de diseño basado en información sobre 
la gente que utilizará el producto. DCU es una filosofía de diseño y un proceso en el cual se 
presta una especial atención a las necesidades, deseos y limitaciones de los usuarios finales 
de una interfaz o documento, durante todas las etapas del proceso de diseño. 
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Los procesos de Diseño Centrado en el Usuario se centran en los usuarios durante todas las 
etapas del ciclo de vida de un producto: planificación, diseño y desarrollo. El estándar ISO 
13407 (ISO 13407: Human-centred design process) define un marco general para incluir 
actividades centradas en el humano a lo largo del ciclo de vida de desarrollo, pero no 
especifica ningún método concreto. El marco propuesto por la norma ISO 13407 puede ver en 
la siguiente figura: 

 

El primer autor en utilizar la terminología “Diseño centrado en el usuario” fue Norman en su 
libro de 1980 “User-centered System Design: New Perspectives on Human-Computer 
Interaction Design” (Norman & Draper, 1986). Desde entonces, diferentes autores como Ben 
Shniederman o Jakob Nielsen han propuesto normas y procedimientos que pueden inscribirse 
en el marco propuesto por la ISO 13407.  

La diferencia entre el diseño centrado en el uso y los métodos centrados en el usuario es, 
como sus propios autores reconocen, más una cuestión de énfasis que una diferencia absoluta. 
Mientras el diseño centrado en el usuario convierte a los usuarios en el centro de todos los 
esfuerzos de desarrollo y busca conseguir la satisfacción del usuario en su experiencia de 
interacción con el sistema, el diseño centrado en el uso busca optimizar el rendimiento del 
usuario y la creación de herramientas que mejoren la eficiencia de la interacción. Aunque 
ambos enfoques combinan estudios de campo e implicación del usuario con el desarrollo de 
modelos, en el diseño centrado en el usuario utiliza como herramienta principal un conjunto de 
modelos que permiten caracterizar a los diferentes actores que participan en el proceso de 
interacción y las diferentes tareas que puede realizar cada uno de esos actores, convirtiéndose 
en una de las metodologías más cercanas a muchas de las utilizadas en diferentes áreas de la 
Ingeniería del Software. 
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El Diseño Orientado a Objetivos es una metodología de diseño de la interacción propuesta por 
Alan Cooper en su libro “About face”. Se trata de una combinación de técnicas etnográficas, 
entrevistas con los actores involucrados, modelos de usuario exhaustivos, diseño basado en 
escenarios y un núcleo de principios y modelos de interacción. Este proceso puede dividirse en 
6 fases: Investigación, Modelado, Especificación de Requisitos, Definición de Marco, 
Refinamiento y Soporte. La siguiente figura muestra las 6 fases del modelo de Diseño 
Orientado a Objetivos: 

 

1. Investigación 

El principal objetivo de esta fase es la recogida de datos cualitativos sobre usuarios 
potenciales y/o reales del producto. Entre las técnicas empleadas hay estudios de 
mercado, estudios del estado del arte de la tecnología y entrevistas con fabricantes, 
expertos en la materia y expertos en la tecnología.  

El principal resultado de esta fase es el desarrollo de un conjunto de modelos de 
comportamiento, que permiten definir un conjunto de objetivos y motivaciones del usuario. 
Los objetivos del usuario se utilizan para definir la funcionalidad de un producto. Al 
contrario que otras metodologías, el Diseño Orientado a Objetivos utiliza las tareas sólo 
como un medio para lograr satisfacer los objetivos del usuario.   

2. Modelado 

En esta fase se definen dos modelos: el modelo de dominio y el modelo de usuario. El 
modelo de dominio incluye el flujo de información y diagramas del flujo de trabajo.  

Los modelos de usuario, o personas, son un preciso modelo descriptivo del usuario, de qué 
desea conseguir y porqué. Las personas son arquetipos construidos a partir de los datos 
cualitativos obtenidos en la fase de Investigación. Las personas son individuos concretos, 
descritas con una precisión que puede incluir datos biográficos, y cuyo objetivo es 
encapsular un conjunto único de patrones de uso relacionados con un producto en 
concreto.  
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3. Especificación de Requisitos 

La fase de requisitos emplea metodologías de diseño basadas en escenarios. El desarrollo 
de escenarios es una técnica clásica en el ámbito de la usabilidad, y sirve para solucionar 
problemas de diseño mediante la concretización. Los escenarios basados en persona son 
guiones narrativos concisos que describen la secuencia de acciones que realizan una o 
más personas cuando utilizan un producto para conseguir un objetivo determinado. Tanto 
contenido del escenario como del contexto derivan de la información recogida durante la 
fase de Investigación y analizada durante la fase de modelado. 

4. Definición de Marco 

En esta fase, los escenarios de contexto obtenidos en la fase anterior se utilizan como 
punto de partida para construir el Marco de Interacción. En primer lugar se aplican una 
serie de patrones de diseño de interacción que permiten identificar las necesidades 
funcionales y de datos. A continuación, dichos elementos de diseño se organizan en mapas 
de diseño y descripciones de comportamiento. El resultado de este proceso es una 
Definición del Marco de Interacción, un concepto de diseño estable que proporciona una 
estructura lógica y formal.  

5. Diseño 

Es esta fase se hace un énfasis especial en la coherencia de las tareas, utilizando caminos 
clave y escenarios de validación centrados en los caminos, similares a “storyboards” de la 
interfaz a alto nivel. La descripción de la interacción en forma de caminos clave permite 
obtener una visión de la coherencia general y del flujo de trabajo del producto. El resultado 
es una documentación detallada del diseño, una especificación completa de la forma y el 
comportamiento.  

6. Soporte 

Una vez finalizada la fase de diseño, el equipo de diseño de interacción debe ponerse a 
disposición de los desarrolladores para contestar cualquier duda que pueda surgir durante 
el proceso de construcción del sistema.  

Por otro lado, se estudian las metodologías de diseño de software ágil basadas en prototipos 
iterativos que se validan con usuarios reales o expertos.  

En la validación se aplican evaluaciones heurísticas de expertos, diseño participativo de 
actores y validaciones de campo con pacientes.  

El ciclo de vida de la investigación desarrollada en esta tesis tiene tres fases iterativas que 
aplican el diseño orientado a objetivos y el diseño participativo: 
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Una vez establecido el marco metodológico, se modela la interacción de pacientes crónicos 
con la tecnología que les ayuda y guía en cuidado remoto de su enfermedad.  

I.V MODELO HOLÍSTICO DE INTERACCIÓN PARA PERSONAS QUE VIVEN 

CON UNA ENFERMEDAD CRÓNICA 
 

El modelo holístico de interacción de pacientes (Holistic Patient Interaction Model or hPIM) se 
particulariza para pacientes en AmI que se encuentran en un entorno extra hospitalario con 
sensores y control remoto por parte de sus profesionales médicos. En hPIM contempla tres 
contextos que rodean al paciente: el contexto personal, que incluye sus factores humanos, su 
estado de salud y la tecnología que le rodea, como por ejemplos sus sensores wearable. 
Después aparece un contexto médico que incluye los protocolos de cuidado de su enfermedad 
y a los profesionales de la salud. Tecnológicamente están unidos por plataformas inteligentes 
distribuidas. Por encima de estos contextos aparece el social y político-económico que 
determinará los modelos de gestión de salud pública, organizaciones familiares y sociales, etc.  
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En el hPIM se pueden apreciar dos lazos de interacción, el primero se corresponde con el 
tradicional y representa la interacción explícita liderada por el propio paciente de manera activa.  

La interacción implícita es aquella que se produce sin la necesaria participación del paciente. 
En la entrada implícita destaca la información extraida por los sensores sobre el estado de 
salud del paciente y el contexto que le rodea. La salida implícita se encuentra en el camnio 
automático de protocolos generados por los profesionales médicos y otros actores que cierran 
el lazo implícito. Cabe destacar la mejora en la interacción humano – humano gracias al 
aumento de información generada por el modelo.  

El último elemento de la interacción es la interfaz. Ésta se encarga de la relación física y 
psicológica entre la persona y el sistema. Las interfaces son las responsables de ocultar la 
tecnología subyacente a los sentidos de las personas. 

Deben ser adaptativas, es decir, se deben adaptar al contexto físico y psicológico del usuario 
en cada momento. Las interfaces no deben ser intrusivas, el usuario debe sentir que controla el 
sistema a través de ellos y no al contrario. Por último, la interacción debe ser lo más natural 
posible, que el usuario directamente toque el elemento en la interfaz con el que desea entrar en 
contacto, o que interaccione de manera tan natural como simplemente diciendo lo que desea. 

Como modelo complementario aparece el siguiente modelo de flujo que establece como se 
genera el flujo de interacción basada en activación de contextos. El contexto es toda la 
información que define en un momento y lugar concreto la situación del paciente, su estado de 
salud y el estado del entorno. También incluye información relativa a los protocolos médicos 
personales del paciente. Basándonos en el contexto, se lanza la interacción: 
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User decides whether to 
perform the context or not

Context 
activation

End context

If context still active?

Start context

Perform activity 1
N activities

YES

NO

NO

YES

List of activities

 

 

Estos modelos se complementan con la definición de personas, escenarios y caminos clave 
como establece el diseño orientado a objetivos.  

A continuación se aplica este modelo al caso de la insuficiencia cardiaca, para la cual se define 
el contexto social, económico y mñas en concreto todos los modelos de interacción basados en 
flujos y caminos claves. 

El modelo se forma en varias iteraciones. En la primera se definen los términos más generales 
del contexto social y una posible solución tecnológica. Se valida con los distintos actores 
implicados en el proceso de la gestión de la insuficiencia cardiaca, resultando en un modelo 
revisado, que tras otra validación dará lugar al modelo final completo. 

El modelo inicial propone un escenario en el cual el paciente de insuficiencia cardiaca utiliza un 
móvil o PDA y realiza unos paseos bajo control con los sensores “wearable”: 
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El contexto social y económico se modela con la suposición de proveedores de cuidado para 
enfermos de insuficiencia cardiaca que dan el servicio con profesionale scardiólogos y 
enfermeros a pacientes que están en sus hogares.  

Se desarrollan un escenario que consiste en sesiones diarias de un paseo que tiene tres fases, 
una fase previa donde se captura el estado del paciente, una fase de paseo si procede y una 
fase final para asegurar y comprobar la evolución del paciente gracias al ejercicio. 

Para validar este modelo se generó un prototipo uno de cuyos caminos clave puede verse a 
continuación: 

       

Tras una validación conceptual con 26 actores, de los cuales 10 eran pacientes de insuficiencia 
cardiaca, se define el modelo revisado. 

La diferencia principal del modelo revisado es la necesidad de la adaptación dinámica a la 
rutina del paciente, por lo que se separan las tareas en actividades que se agrupan en 
contextos para que se personalicen desde el hospital para cada paciente. 
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La persona del modelo revisado, que se mantiene en el modelo final es Carlos Gómez de 72 
años, retirado. No tiene ninguna discapacidad más allá de la insuficiencia cardiaca que sufre. 
Entre sus objetivos destaca el ser capaz de controlar su enfermedad sin ayuda constante de un 
tercero.   

Se definieron en este modelo dos escenarios, uno en el hogar donde se produce la 
monitorización y otro en movilidad para realizar un paseo. 

Se definen entonces los posibles contextos que aparecen en un día normal de Carlos: 

Sesión: rutina diaria 

Contexto de la mañana Cuestionario de la mañana 

Recordatorio de la medicación 

Medida de la presión arterial 

Medida del peso 

Medida con los sensores “wearable”, como el 
electrocardiograma  

Contexto del ejercicio Preparación para el ejercicio 

Ejercicio 

Relajación 

Contexto de la tarde Cuestionario de la tarde 

Preparación para la monitorización nocturna 

 

Con toda esta información se produce el último modelo que define los caminos claves en la 
interacción. La siguiente ilustra el camino clave de la medida de la presión arterial en el 
contexto de la mañana: 
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El modelo revisado se validó en primer lugar con expertos en una evaluación heurística. Para 
complementar la evaluación heurística se realizó test de usabilidad con pacientes crónicos. 

El análisis de resultados  culminó con los caminos claves definitivos: 
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I.VI IMPLEMENTACIÓN PARA PACIENTES CON INSUFICIENCIA CARDIACA 

CRÓNICA 
 

La implementación se realizó a través de prototipos de funcionalidad e inteligencia crecientes 
que se validaron para reajustar y mejorar los modelos iniciales.  

La implementación del modelo inicial en la fase de conceptualización no reunía la 
implementación de todas las funcionalidades ya que era un prototipo no funcional para servir 
de vehículo a la validación. 

Durante la fase de implementación se generaron dos sistemas, la versión 1 y la 1.3.2 que 
aunque aún no integraban todos los servicios y sensores, eran funcionales.  

La versión 2, generada tras varias iteraciones de validación se integró con todos los sensores y 
la plataforma profesional para su ulterior validación. 

La arquitectura de la estación de paciente versión 2 es: 

 

El elemento principal del sistema es la “engine” que ejecuta los flujos de trabajo según la rutina 
personalizada de cada paciente y el contexto actual.  

La estación de paciente se integra en la platforma del profesional que cerrará el lazo alrededor 
del paciente ajustando su tratamiento de acuerdo a su evolución: 
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Los profesionales interactúan con el sistema a través de un portal web seguro que muestra la 
evolución de sus pacientes y les permite ajustar su protocolo, generando de esa manera la 
interacción implícita. 
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I.VII VALIDACIÓN 
 

Como se ha explicado, en el desarrollo de esta tesis doctoral se ha aplicado el diseño 
participativo, incluyendo a los actores principales en diferentes fases del ciclo de vida total: 

Fase del proceso Validación Número 
de 
pacientes

Número 
de no 
pacientes

Lugar 

Conceptualization 
Phase 

Validación conceptual 10 16 España 

Implementation 

Phase 

Validación de expertos - 4 Eindhoven, Países 
Bajos  

Test de usabilidad 5  Eindhoven, Países 
Bajos 

Test de campo  4  Basilea, Suiza 

Deployment Phase Test de campo 37 (31 + 
6) 

 Madrid, España 

 Test de campo  6 Aquisgrán, Alemania 

TOTAL por grupo 56 26  

TOTAL 82  

 

A lo largo del ciclo de vida se ha validado con 82 personas, de las cuáles 56 son pacientes y 26 
actores profesionales.  

La valoración global tanto del concepto como de la solución implementada es muy positiva, por 
lo que el modelo de interacción de pacientes ha alcanzado su objetivo. 
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I.VIII CONCLUSIONES 
 

En el capítulo de conclusiones se discuten las hipótesis de partida. La principal establecía: 

Un modelo de interacción de paciente debe incluir el contexto personal, medico, social y 
económico, que junto con el uso de tecnologías “wearable” y móviles permitirán el auto-
cuidado de los pacientes crónicos.  

 

Como demuestra la validación, al incluir toda esta información extendida en el modelo de 
paciente, se ha logrado que dichos pacientes puedan utilizar la tecnología con satisfacción, es 
decir, cumpliendo criterios de usabilidad.  

Por otro lado los modelos de interacción propuestos, personas, escenarios, que se han 
validado constituyen un gran punto de partida para futuras aplicaciones de auto-gestión de 
enfermedades crónica mediante el uso de sensores “wearable” y tecnologías móviles.  

Cabe destacar que se han cumplido también los objetivos de la tesis. 

Como futuras líneas de investigación se proponen: 

1. La incorporación de estrategias de motivación para mejorar la adherencia de los 
pacientes al protocolo médico de cuidado.  

2. Estudiar la respuesta de los pacientes a largo plazo, con estudios de larga duración.  

3. Extender la información contextual, principalmente de sensores en el modelo.  

4. Incorporar interacción adaptativa para permitir el uso de varios dispositivos consiguiendo 
una mayor ubicuidad. 

5. Adaptar el modelo a otras enfermedades crónicas como la diabetes, la hipertensión, etc. 

6. Integrar el modelo en los modelos de Salud Pública. 

 

 

Como conclusión general, destacar que se ha creado un modelo de interacción holístico que da 
una visión desde varios puntos de vista de cómo deben ser las interacciones de pacientes con 
enfermedades crónicas en el nuevo paradigma de la inteligencia ambiental. 

Los resultados de la validación son muy positivos. Por lo que esta tesis representa un buen 
punto de partida para posteriores desarrollos de modelos que permitan afrontar los nuevos 
retos del futuro.  
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1 INTRODUCTION 

 

 

 

 

 

Cardiovascular diseases are the main cause of death in Western world. Furthermore, an aging 
population will result in increased chronic condition prevalence in the future. Ambient 
Intelligence allows users to benefit from an enormous variety of user-centered services to 
improve their quality of life and self manage their chronic conditions. Novel collaboration 
methods are essential with the coming aging society. This section establishes the thesis’s 
motivation and scope. The introductory chapter’s conclusion focuses on the thesis’s entire 
framework.  
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1.1 MOTIVATION 
 

Ambient Intelligence’s vision consists of creating ambient environments where the technology 
becomes invisible, embedded into the context and adapted to the user (ISTAG, 2001). Ambient 
Intelligence (AmI) allows an intelligent and natural interaction between the context and the 
individuals. The environment varies according to context. This social and technological 
paradigm will promote mobility by interoperating among networks, systems and services. 
Service is ubiquitous and information access is efficient. This paradigm will facilitate new 
medical design protocols to treat chronic diseases. It will also shift to prevention by promoting a 
healthy lifestyle. 

Cardiovascular Diseases (CVD) are the leading source of death in Europe, causing 45% of all 
deaths (WHO, 2004). Heart Failure mostly affects people older than 65. According to the 
Eurostat 2006, by 2025, 22.7% of the population will be aged 65 years old. This group will rise 
to 30% by 2050 (Eurostat, 2006). This will result in a population suffering from chronic diseases 
such as cardiovascular diseases (e.g. heart failure) and place a significant strain on personal 
health care services. 

Hence, the society claims a new technological paradigm to face this social situation. Figure 1 
breaks down the age groups.  

 

Figure 1 Trends in the population aging in Europe (Eurostat, 2007) 
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The EU health systems are undergoing a paradigm shift from patient care at hospital to care at 
home. Disease management systems treat patients with chronic disease, combining different 
expertise, and integrating new technologies, offering the patient better and more cost effective 
care.  

User Interaction in the AmI solutions, especially when the user is a chronic patient aged 65 
years or more, the interaction design becomes crucial. Moreover, these systems may include 
daily monitoring of Vital Body Signals, with wearable and mobile technologies, for the 
continuous chronic disease assessment. The user interaction may enable technical solutions 
usage, motivating chronic patients to adopt healthy lifestyles. Furthermore, such systems allow 
them to self manage their chronic condition.  

The AmI paradigm offers a new way of designing User Interaction that enables ubiquitous 
services adaptable to the user's particularities (ISTAG, 2004). Although personalization offers 
the user to adapt the system execution, this new interaction model requires real-time adaptation 
to the user context.  

This research is based on a novel solution’s design and development for the user interaction to 
improve a chronic patient’s quality of life (e.g. Heart Failure) using AmI principles. Treatment in 
most chronic diseases centers avoiding or slowing deterioration. These treatments typically 
involve taking the right medication, regularly assessing clinical symptoms, paired with adequate 
and appropriate exercising. Exercise increases patients´ well-being, and quality of life, but also 
augments physical capacity and improving prognosis. Furthermore, any disease management 
plan must be flexible and be able to address the different patients´ particularities.  

These systems’ interactions must be natural. The disease management system reacts by 
adapting and preparing the ambient to the user using complex intelligent systems. Special 
emphasis is placed on mobility and ubiquity. 

To assure the system’s success, the user interaction model must consider all dimensions 
affecting the user. The approximation to the model is hence holistic. Therefore, the medical and 
the business context must be considered.  

This research’s medical paradigm will be constrained to cardiovascular diseases. The business 
input will be the public healthcare system in Europe. Therefore, the final user is considered a 
patient instead of a client. A deeper study taking the different business models into account is 
out of the remit of this research.   

Briefly, the thesis’ scope is to model the user interaction of people living with a chronic disease 
with special emphasis on the human factors and the new technological paradigm, the Ambient 
Intelligence.  
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1.2 NEW TECHNOLOGICAL AND SOCIAL PARADIGM 
 

In 1999, the IST Advisory Group (ISTAG, 2001) described the vision on Ambient Intelligent as 
the orientation for the workprogramme of 2000 and incoming years. ISTAG agreed on a single 
guiding vision wherein the citizen’s everyday surroundings became the interface.  

Gillian Crampton Smith, from the Interaction Design Institute Ivrea said, “In the same way that 
industrial designers have shaped our everyday life through objects that they design for our 
offices and for our homes, interaction design is shaping our life with interactive technologies – 
computers, telecommunications, mobile phones, and so on. If we were to sum up interaction 
design in a sentence, I would say that it's about shaping our everyday life through digital 
artifacts – for work, for play, and for entertainment” (Moggridge, 2007). Michael Schrage, from 
MIT Media Lab, stated “Innovators don’t change the world. The users of their innovations do”.  

These statements converge in one vision: the necessity of putting the customer, the patient, the 
person, the user in the centre of research and innovation. The person of the future is 
surrounded by advanced computing and networking technology that is aware of his presence, 
his personality, his needs and response intelligently.  

 

1.3 THESIS FRAMEWORK 
 

The model proposed in this doctoral thesis has been implemented and validated within the 
European Integrated project MyHeart – Fighting Cardiovascular diseases by prevention and 
early diagnosis (MyHeart, 2002). 

The MyHeart consortium, consisting of 35 different partners from 11 countries, unifies a 
research effort of industrial partners, research institutes, academics and medical hospitals 
covering the whole value chain from textile research, via fashion and electronic design, towards 
medical and home-based applications.  

The forthcoming aging population is challenging Europe to deliver affordable healthcare for its 
citizens. A healthy and preventive lifestyle plus early diagnosis could systematically fight the 
origin of CVD and save millions of live-years. The MyHeart mission empowers citizens to fight 
cardio-vascular diseases by preventive lifestyle and early diagnosis. 

The basis is to gain knowledge on a citizen’s actual health status. This knowledge is extracted 
by continuously monitoring vital signs. The approach is to integrate system solutions into 
functional clothes with integrated textile sensors. The combination of functional clothes and 
integrated electronics are called intelligent biomedical clothes. The processing consists of 
making diagnoses, detecting and reacting to trends. Next figure illustrates the excellence loop. 
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Figure 2 Clinical Excellence in hands of citizen (adapted from Myheart, 2002) 

MyHeart system is suitable for supporting citizens combating major CVD risk factors and helping 
to avoid heart attack and other acute events by personalized guidelines and feedback. It 
motivated healthy life style adaptation. MyHeart will demonstrate technical solutions. The 
outcome will open up a new mass market for the European industry and will help in CVD 
prevention, while reducing overall EU healthcare costs.  

The key challenges for lowering CVD mortality rate and their related costs are by successfully 
guiding, informing and motivating the citizen to adapt a permanently healthier life style and the 
early diagnosis of acute events. MyHeart aims to develop innovative, and personalize easy-to-
use solutions and tools, that help the citizen to adopt permanent healthier lifestyle. 

A prerequisite for recommendations to change is obtaining information about the user’s current 
health status and lifestyle. Therefore MyHeart solutions monitor vital signs and context 
information, diagnose and analyze the health status and acute events, provide user feedback 
and provide access to clinical and professional expertise if required.  

MyHeart has developed electronic systems embedded into functional clothes. Functional clothes 
are clothes with integrated textile and non-textile sensors. The combination of functional clothes 
and integrated electronics will be intelligent biomedical clothes (IBC). Intelligent clothes are able 
to continuously monitor vital signs of the citizen, make diagnosis and trend detection and react 
on it (therapy recommendations). Intelligent clothes have integrated wireless technology to link 
to user feedback devices and if necessary to professional medical centers. Intelligent clothes 
together with user feedback devices form a complete system, which we call a MyHeart system. 
Currently, no appropriate solutions are available those comprise this functionality. 

Hence, the main technical challenges are: 1) Ccontinuous Monitoring. 2) Continuous 
Personalized Diagnosis. 3) Continuous Therapy. 4) User Feedback. And 5) Remote Access and 
Professional Interaction. 

The main innovations of this project are the combination of novel wearable technologies (see 
Figure 3), such as novel textile and electronic sensors, personalised algorithms, and on-body 
computing; and user feedback and motivation concepts, in order to make a breakthrough 
towards new applications to prevent and early diagnose.  
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Figure 3 Different garments and wearable solutions used in MyHeart (Myheart, 2002)  

Figure 3 shows first the fibres. Above right, it presents the solutions to monitor movement, which 
were used in post-event applications. Below, left, the garments for sports and in the right side, 
the solution implemented to monitor ECG, acceleration and respiration, whose signals appear 
next to the garment.  

Initially, MyHeart project tailored the target groups in four and the application areas in five 
(Figure 4). Sixteen solutions were conceptualized and then validated with stakeholders in order 
to filter those which were more promising from the technical feasibility, business and social 
impact.  
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Figure 4 MyHeart application matrix (Myheart, 2002) 

 

After this selection process, one product was completed designed and developed per each 
target group (Figure 5).  

 

Figure 5 Tailored user groups in Myheart 

This thesis focuses on the user’s appropriate feedback to motivate them and promote healthier 
lifestyles. Although the model has been used to the user interaction of the four products, this 
research focalise on the chronically ill group, presenting the implementation and validation 
results.  
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1.4 STRUCTURE OF THE THESIS 
 

The document is structured in different chapters to explain the research process of the thesis 
(see Figure 6).  

 

Figure 6 Thesis research process along the document 
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Chapter 1 introduces the research, presenting the motivational, technological and social 
paradigm. The hypotheses and objectives are presented afterwards. The thesis framework 
describes the context wherein the model has been implemented and validated. 

Chapter 2 presents cardiovascular diseases and how we should counter their increasing 
prevalence. This chapter states the art of the technological, social and medical background of 
this research work and presents the technological union of micro-sensors, networks and 
software engineering as artificial intelligence into the Ambient Intelligence. 

Afterwards, all background regarding the patient-centered health care is divided into an 
overview on experience, research, e-health and personal health systems. A special emphasis is 
put on accepting e-health solutions and protocol adherence. The chapter concludes with the 
research’s justification.  

Once all background is analyzed, the hypotheses and thesis’s objectives are elucidated. 
Chapter 3 presents and justifies them.  

Chapter 4 describes all methods used during the thesis’ life cycle. The user-centered design 
philosophy and the iterative and agile software design are the main methodologies. Usability 
engineering is also presented as a crucial term in user centered design. This thesis comprises 
the collaboration of many parts whose contribution is stated in order to define my original 
contributions and how the work encloses a multidisciplinary effort. This chapter also describes 
materials used and human resources who participated during the process.  

Channel 4 finalized by presenting the methodological framework defined ad-hoc for the remit of 
this research. Stakeholders were implied in all iterative phases boosting the quality of the 
system to become a product that patients use. 

Chapter 5 presents the research’s core, including the holistic interaction model. All variables 
affecting the interaction are shown plus their dependencies. Afterwards, the model is applied to 
a use case: patients with heart failure. 

Chapter 6 presents the model’s implementation to the interaction of people who live with heart 
failure using a wearable and mobile system to assess their disease remotely. Thus, the model is 
validated and then a system is deployed to validate further the model and the system itself in a 
real environment. 

Chapter 7 presents the validation of the whole process. Patients and cardiologists are involved 
from the conceptual validation to the field tests in real environments.  

Chapter 8 concludes the thesis by discussing the hypotheses and presents the main 
conclusions and the proposed future research lines.  

 

 



 

 

2 BACKGROUND  

 

 

 

 

 

Chronic cardiovascular diseases place a heavy burden not only on patients and their families 
but also on society, through enormous use of health resources. Despites improvements in 
medical management, under-treatment is still common. This chapter starts with a revision of 
cardiovascular diseases and their needs with special emphasis on heart failure. Applying 
Information and Communication Technologies to the management of chronic diseases will still 
pose one of the greatest health care challenges of the 21st century. Nowadays, several 
technologies that used to advance separately are converging raising “Ambient Intelligence”. To 
understand the importance of modeling the user interaction, a deep review on Human Computer 
Interaction and User Modeling is included in this chapter.   
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2.1 MEDICAL BACKGROUND 
 

Firstly, a basic introduction to the heart opens the medical background. Since the thesis focuses 
on cardiovascular diseases (CVD), and most concretely on heart failure as paradigm of chronic 
CVD, this section explains heart failure as an illness, the co-morbidities and the main treatment.  

2.1.1 UNDERSTANDING THE HEART 
 

The heart is the muscular organ located behind the sternum and between the lungs. Its rhythmic 
contractions pump blood through the body. The adult human heart is about the size of two fists 
side-by-size (Rosendorff, 2005).  

Taking an average rate of 80 beats per minute, the heart beats around 115.000 times per day or 
42 million times per year. In a whole life, human heart beat above 3 billion times. 

The heart is composed of (see Figure 7): 

Four chambers, two atria and two ventricles, for receiving and pumping blood throughout the 
body. Atria receive blood and ventricles pump the blood out of the heart. 

Blood vessels composing a network of arteries and veins which carry blood. Arteries transport 
blood from the heart to tissues and veins take blood back to the heart. 

Four valves that allow forward flow of blood and prevent the backward flow. 

Electrical system for beating. 

Table 1 The heart's components 

                                         

Figure 7 Anatomy of the heart (Texas Heart Institute, 2006) 
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The heart is a pump made of muscle tissue. It requires a source of energy to function. This 
energy comes from an intrinsic electrical conduction system, called Sinoatrial Node. Sinoatrial 
node or sinus node (SA node, small mass of specialized tissue situated in the right atrium) 
generates an electrical stimulus periodically (60-100 times per minute in normal conditions). The 
electrical signal travels through the conduction ways causing the chambers to contract pumping 
out blood. Atria are stimulated before and contract a short period before ventricles. The 
electrical impulse goes from the sinus node to the atrioventricular node (AV node), and then 
continues via the bundle of His, which divides into right and left pathways to supply electrical 
stimulation to both ventricles. Each contraction represents one heart beat (see Figure 8).  

                                      

Figure 8 Conduction system of the heart 

2.1.2 CARDIOVASCULAR DISEASES 
 

Cardiovascular diseases are caused by disorders of the heart and blood vessels, and include 
coronary heart disease (heart attacks), cerebrovascular disease (cerebrovascular disease), 
raised blood pressure (hypertension), peripheral artery disease, rheumatic heart disease, 
congenital heart disease and heart failure. The major causes of cardiovascular disease are 
tobacco use, physical inactivity, and an unhealthy diet (WHO, 2004). 

Cardiovascular disease is the number one cause of death globally and is projected to remain 
the leading cause of death. An estimated 17.5 million people died from cardiovascular disease 
in 2005, representing 30 % of all global deaths. Of these deaths, 7.6 million were due to heart 
attacks and 5.7 million were due to stroke. Around 80% of these deaths occurred in low and 
middle income countries (LMIC). If appropriate action is not taken, by 2015, an estimated 20 
million people will die from cardiovascular disease every year, mainly from heart attacks and 
strokes (WHO, 2007). 
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Figure 9 Global deceases' causes (Who, 2007) 

2.1.3 HEART FAILURE AND ITS NEEDS  
 

Chronic heart failure (CHF) is an increasingly widespread condition, which robs patients of 
quality and quantity of life. It is a very common, costly, disabling and deadly disease. CHF 
combines a high prevalence with a terrible burden of symptoms and morbidity, all of which 
contribute to high costs to patients, society and health care systems. Nearly 6.5 million people in 
Europe, 5 million people in the U.S.A. and 2.4 million people in Japan currently suffer from CHF. 
Unlike most cardiovascular diseases, CHF is becoming more common. Nearly 1 million new 
cases are diagnosed annually worldwide, making it the most rapidly growing cardiovascular 
disorder. Three-quarters of all patients hospitalized for the first time with heart failure will die 
within 5 years - a survival rate far worse than that with many cancers. CHF is also a very hard 
disease to live with, impairing quality of life more than almost any other chronic medical problem 
(McMurray, 2002). 

In Spain, in 2001, 9 per 10 deceased due to cardiovascular diseases were aged 65 or more. 
The principal causes are the cardiovascular diseases. From all 360.931 deceases, 34.037 
deceases were from cerebrovascular accidents, 20.365 from acute myocardial infarction and 
17.787 occurred due to heart failure (Abellán, 2004). 

2.1.3.1 DEFINITION OF CHRONIC HEART FAILURE 
 

Heart Failure is a clinical syndrome that occurs when the heart is unable to pump enough blood 
to meet the demands of the body. The heart muscle is damaged or overworked. People with 
mild heart failure may have few symptoms. People with moderate or severe heart failure suffer 
from a number of problems, including shortness of breath, general tiredness and swelling of the 
feet and ankles (Peterson, 2002).  
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HF is a syndrome describing a pathophysiological state with diverse etiologies. There is no 
universally agreed definition of heart failure. “Heart failure is a syndrome which develops as a 
consequence of cardiac disease, and is recognized clinically by a constellation of symptoms and 
signs produced by complex circulatory and neurohormonal responses to cardiac dysfunction” 
(Poole-Wilson P, 1996). 

According to the European Society of Cardiology (ESC) guidelines (Swedberg, 2005) the 
diagnosis of heart failure is based on three criteria (see Table 2). Patients should have 
symptoms compatible with heart failure at rest or on exercise. There should be objective 
evidence of cardiac dysfunction at rest. In doubtful cases, there should be a favorable response 
following therapy for heart failure.  

I Symptoms of heart failure (at rest or during exercise) and 

II Objective evidence (preferably by echocardiography) of cardiac dysfunction (systolic 
and(or diastolic) (at rest) and (in case where the diagnosis is in doubt) and 

III Response to treatment directed towards heart failure 

Criteria I and II should be fulfilled in all cases. 

Table 2 Definition of Heart Failure (Swedberg, 2005) 

Typical symptoms of heart failure are breathlessness or fatigue, either at rest or during exertion, 
or ankle swelling.  

A clinical response to treatment directed at heart failure alone is not sufficient for diagnosis, 
although the patient should generally demonstrate improvement in symptoms and / or signs in 
response to treatments (e.g. diuretic administration). However, treatment may obscure a 
diagnosis of heart failure by relieving the patient’s symptoms.   

Figure 10 outline the distinctions between cardiac dysfunction, persistent heart failure, as well 
as heart failure that has been rendered asymptomatic by therapy and transient heart failure.  

                     

Figure 10 Relationship between cardiac dysfunction, heart failure, and heart failure rendered asymptomatic 
(adapted from Swedberg, 2005) 
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2.1.3.2 ETIOLOGY OF HEART FAILURE 
 

Heart failure has many causes. The commonest cause is coronary heart disease, including past 
heart attack (myocardial infarction) which is responsible for around half of all new cases of heart 
failure (Fox, 2001). Other causes include high blood pressure (hypertension); primary disease of 
the heart muscle (cardiomyopathy); heart valve disease due to past rheumatic fever or other 
causes; a congenital heart or blood vessel defect, abnormal heart rhythms (arrhythmias) and 
excess alcohol. The ESC Guidelines states that CHF may be caused by myocardial dysfunction, 
valve abnormalities, pericardial disease, or it may be induced by rhythm disturbances 
(Swedberg, 2005).  

Dickstein establishes the components of a complete diagnosis (Dickstein, 2005). First of all, the 
etiology of heart failure should be clearly established with a focus on the pathology. Thus, heart 
failure can be caused due to dilated cardiomyopathy following an acute myocarditis. It can also 
be derived from a coronary artery disease with myocardial infarction and persistent ischemia. 
Secondly, the hemodynamic mechanisms can be the cause. For instance, the cause may be a 
reduced ejection fraction due to a systolic dysfunction. Thirdly, it is important to state the current 
limitation in terms of severity.  

Heart failure may be acute or chronic and mild, moderate or severe. It is of major importance to 
state the New York Heart Association class (NYHA class). Table 3 defines NYHA classification 
of heart failure. 

Class I No limitation; ordinary physical exercise does not cause undue fatigue, 
dyspnoea, or palpitations.  

Class II Slight limitation of physical activity: comfortable at rest but ordinary activity 
results in fatigue, palpitations or dyspnoea.  

Class III Marked limitation of physical activity: comfortable at rest but less than 
ordinary activity results in symptoms. 

Class IV Unable to carry out any physical activity without discomfort: symptoms of 
heart failure are present even at rest with increased discomfort with any 
physical activity.  

Table 3 NYHA classification of heart failure 

Table 4 states the causes of worsening heart failure.  

Non-
cardiac 

Non-compliance to the prescribed regimen (salt, liquid, medication). 

Recently co-prescribed drugs (anti-arrhythmics other than amiodarone, 
beta-blockers, NSAIDs, verapamil, diltiazem).  

Infection. 

Alcohol abuse. 
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Renal dysfunction (excessive use of diuretics).  

Pulmonary embolism. 

Hypertension. 

Thyroid dysfunction (e.g. amiodarone). 

Anemia. 

Cardiac Atrial fibrillation 

Other supraventricular or ventricular arrhythmias 

Myocardial ischemia (frequently symptomless), including myocardial 
infarction.  

Appearance or worsening of mitral or tricuspid regurgitation.  

Excessive preload reduction (e.g. due to diuretics + ACE inhibitors/nitrates.  

Table 4 Most frequent causes of worsening heart failure (Swedberg, 2005) 

2.1.3.3 DIAGNOSIS OF HEART FAILURE 
 

According to Dickstein, 2005 all relevant information from the symptoms, history, physical 
examination, laboratory testing along with the results from appropriate non-invasive and 
invasive studies should be considered when making or updating the current working diagnosis.  

A complete diagnosis must include other cardiovascular conditions such as hypertension, 
ischemia, valvular dysfunction and rhythm disturbance as well as non-cardiovascular co-
morbidities. Special attention should be made to ensure that rectifiable causes are identified. 
Early diagnosis permits strategies for secondary prevention and measures to prevent 
progression. The essential principle is that the treatment strategy assumes that the diagnosis is 
correct and complete.  

Possible methods for the diagnosis of heart failure in clinical practice comprise symptoms and 
signs, electrocardiogram, chest-X ray, echocardiography exercise testing among others. Table 5 
lists possible tests and assessments (Swedberg, 2005) (Dickstein, 2005).  

Symptoms and signs To detect the existence of possible heart 
failure. 

The clinical suspicion must be confirmed by 
other tests. 

Electrocardiogram A normal electrocardiogram suggests that the 
diagnosis should be reviewed.  
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The chest X-ray The chest X-ray should be part of the initial 
diagnosis. 

Hematology and biochemistry Laboratory investigations such as complete 
blood count and urinanalysis are 
recommended.  

Plasma concentration of natriuretic 
peptides 

A low-normal concentration makes heart 
failure unlikely.  

Echocardiography Electrocardiography is the preferred method 
for the documentation of cardiac dysfunction 
at rest. The most important measurement is 
the left ventricle ejection fraction (LVEF).  

Additional non-invasive tests Stress echocardiography. 

Nuclear cardiology. 

Cardiac Magnetic resonance imaging 

Pulmonary function They are useful in excluding respiratory 
causes of breathlessness. 

Exercise testing A normal maximal exercise test excludes 
heart failure as diagnosis.  

Holter electrocardiography It may detect and quantify atrial and 
ventricular arrythmias which could be causing 
or exacerbating symptoms of heart failure. 

Table 5 Possible methods for the diagnosis of heart failure in clinical practice (created from Swedberg, 2005 
and Dickstein, 2005) 

2.1.3.4 SYMPTOMS AND SIGNS 
 

Breathlessness, ankle swelling, dyspnoea low exercise capacity and fatigue are the 
characteristics symptoms of heart failure but may be difficult to interpret, especially in elderly 
patients, overweight, and in women.  

Fatigue is an essential symptom. The origins of fatigue are complex, including low cardiac input 
or skeletal muscle deconditioning. Extracardiac causes of edema not related to heart failure are 
common.  

Most characteristics signs of heart failure may be the appearance, the heart rate and rhythm, 
blood pressure, the respiratory rate, pulmonary rates, signs of pulmonary and peripheral 
congestion, fluid retention and weight (Dickstein, 2005).  
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Clinical signs of heart failure should be assessed in a careful clinical investigation, including 
observing, palpating, and auscultating the patient. The clinical suspicion of heart failure must be 
confirmed by more objective tests aimed at assessing cardiac function (see Figure 11). 

 

Figure 11 Algorithm for the diagnosis of heart failure or left ventricular dysfunction (adapted from Swedberg, 
2005) 
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2.1.3.5 ELECTROCARDIOGRAM 
 

The electrocardiogram (ECG or EKG) is a noninvasive test that is used to reflect underlying 
heart condition by measuring the electrical activity of the heart. Leads (electrical sensing 
devices) must to be positioned on the body in standardized places. Studying the characteristic 
of the electrical signal generated, heart conditions can be drawn. 

The electrical activity generated by the heart can be measured by an array of electrodes located 
on the body. The recorded trace is the ECG.  

A typical ECG tracing has different waves, represented in figure 4, which represent the 
sequence of depolarization and repolarization of the atria and ventricles. 

                                             

Figure 12 Waves in the ECG tracing 

The P wave represents the wave of depolarization which propagates from the SA node to the 
atria and it lasts between 0.08 to 0.1 seconds (Braunwald, 2007). During P wave, auricular 
contraction occurs. The brief isoelectric period after this wave states the time in which the 
impulse goes through the AV node, where velocity is reduced. Between the onset of the P wave 
and the beginning of the QRS complex is P-R interval, which ranges from 0.12 to 0.20 seconds 
in duration. This interval represents the time between the onset of atrial depolarization and the 
onset of ventricular depolarization. 

The QRS complex represents ventricular depolarization. This wave lasts between 0.06 and 0.1 
seconds. The isoelectric period (ST segment) after QRS represents the time at which the entire 
ventricle is depolarized. The T wave is the time of ventricular repolarization, and it is longer than 
depolarization.  

The Q-T interval represents the time for ventricular depolarization and repolarization, and 
estimates the duration of an average ventricular action potential. This interval lasts from 0.2 to 
0.4 seconds. In practice, Q-T interval is represented as “corrected Q-T (Q-Tc)”, by dividing Q-T 
interval by the square root of the R-R interval (interval between ventricular depolarization). This 
interval is independent of the heart rate. It is usually under 0.44 seconds of duration. 
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Atrial repolarization does not appear because it takes place during ventricular depolarization. 
This wave is small in amplitude and it is masked by the QRS complex. 

A normal ECG suggests that the diagnosis of CHF should be reviewed. Electrocardiographic 
changes in patients with heart failure are frequent. The negative predictive value of normal ECG 
to exclude left ventricular systolic dysfunction exceeds 90%. The presence of anterior Q-waves 
and a left bundle branch block in patients with ischemic heart disease are good predictors of a 
decrease ejection fraction. A QRS width > 120 ms suggests that cardiac dyssynchrony may be 
present and must be treated.  

The ECG is crucial to detect atrial fibrillation or flutter, and sometimes ventricular arrhythmia. 
They all may cause or worse heart failure. ECG recordings do not need to be repeated in the 
absence of changes in clinical status. 

2.1.3.6 OTHER NON-INVASIVE TESTS 
 

The chest X-ray should be part of the initial diagnosis. The investigation is useful to detect the 
presence of pulmonary congestion. Importantly, pulmonary disease causing or contributing to 
dyspnoea can be detected. In patients with CHF an increase cardiac size, as judge by a 
cardiothoracic ratio > 0.50, and the presence of venous congestion are indicators of abnormal 
cardiac function with decreased ejection fraction and/or elevated ventricular filling pressure 
(Swedberg, 2005). Interstitial and alveolar pulmonary edemas are also reliable and important 
signs of severe left ventricular dysfunction. However, in individual patients, the radiographic 
findings alone do not allow a reliable estimation of the pulmonary capillary pressure and are not 
suitable as the only basis for therapeutic decisions.  

Echocardiography is the preferred method for the valuation if cardiac dysfunction at rest. The 
most important measurement is the left ventricular ejection fraction (LVEF) for distinguishing 
patients with cardiac systolic dysfunction from patients with preserved systolic function.  

Transthoracic Doppler echocardiography (TDE) is rapid, safe and widely available. It is a non-
invasive technique that allows the assessment of chamber dimensions, wall thicknesses and 
geometry, indices of regional and global, systolic and diastolic ventricular function. This provides 
semi-quantitative assessment of valvular function. 

In patients in which echocardiography at rest has not provided enough information and in 
patients with coronary artery disease further non-invasive imaging may include the following 
techniques: a) stress echocardiography, b) nuclear cardiology; and c) cardiac magnetic 
resonance imaging.  

Cardiac magnetic resonance imaging (CMR) is a versatile, highly accurate, and reproducible 
imaging technique for the assessment of left and right ventricular volumes, global function, 
regional wall motion, myocardial thickness, thickening, myocardial mass and cardiac valves. 
This method is suited to detect congenital defects, masses and tumors, and valvular and 
pericardial diseases.  

In addition an exercise testing can clarify the diagnosis. Besides, Holter electrocardiography is 
used as ambulatory ECG and long-time ECG recording. 
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2.1.4 FREQUENT NON-CARDIAC CO-MORBIDITIES IN PATIENTS WITH CHRONIC 

HEART FAILURE 
 

HF in elderly patients is associated with more diffuse symptoms and signs due to the presence 
of other noncardiac co-morbidities. This can cause difficulties in assessing the correct diagnosis 
and initiating appropriate therapy. The four most frequently occurring noncardiac comorbidities 
and therapies used to treat them are discussed in the present paper. 

Hypertension is an important precursor of HF, and is still the most common risk factor for HF in 
the general population. About 50% of patients with untreated hypertension will develop HF. 
Pressure overload leads to the development of left ventricular hypertrophy (LVH) and diastolic 
dysfunction. 

Diabetes, which occurs in about 20–30% of patients with HF, is an important comorbidity 
resulting in morphological and metabolic disturbances affecting myocardial blood flow and 
hormonal regulation leading to a poor outcome and necessitating aggressive conventional 
treatment. 

Chronic obstructive pulmonary disease (COPD), occurs in approximately 20–30% of heart 
failure patients, and may complicate HF treatment, it is therefore important to recognize and 
treat it effectively. 

The early detection of anemia, which occurs in 20–30% of HF patients, is important since it is 
associated with functional impairment and increased mortality and morbidity. Combined 
treatment with erythropoietin and intravenous iron has shown beneficial effects on clinical 
symptoms and morbidity (Dahlström, 2005). 

 

2.1.5 TREATMENT OF HEART FAILURE 
 

Heart failure is treated in several ways. The aims of treatment are to reduce symptoms and 
delay progression of the disease, reduce hospitalization, and extend and improve the quality of 
life. There are three main groups of drugs which are used to treat heart failure: a) angiotensin 
converting enzyme (ACE) inhibitors, b) diuretics and c) beta blockers. ACE inhibitors help dilate 
arteries and lower blood pressure, and thus improve heart and circulation function. Beta-
blockers can improve the function of the left ventricle and may help prevent heart rhythm 
problems. Diuretics keep fluid from building up in the body and decrease the amount of fluid in 
the lungs, which aids breathing.  
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2.2 TECHNOLOGICAL CONVERGENCE: AMBIENT INTELLIGENCE 
 

During the past 15 years, technology’s focus has gradually been shifting away from the 
computer as such, to the user. Clear signs of this transformation were the development of the 
modern graphical user interface, and the emergence of totally new interactive communication 
environments, such as Computer Mediated Communication (CMC) and Computer Supported 
Collaborative Work (CSCW). However, a series of new technology advancement, are providing 
the background for a new change. According to different analysts IT world is now in the middle 
of two concurrent trends: a) pervasive diffusion of intelligence in the space around us, through 
the development of wireless network technologies—WiFi and Bluetooth—advanced mobile 
communication—2.5 G and 3G networks—and b) intelligent sensors.  

Increase of richness and completeness of communications, through the development of 
multimedia technologies, towards “Immersive Virtual Telepresence” (IVT), including an 
increased attention to the aspects of human perception and of person-machine interaction 

The possible result of these converging trends is Ambient Intelligence (AmI). AmI is a new 
paradigm in information technology, in which people are empowered through a digital 
environment that is aware of their presence and context, and is sensitive, adaptive, and 
responsive to their needs, habits, gestures and emotions (Davide, 2002). 

                      

Figure 13 Converging technologies in the Ambient Intelligence paradigm (Adapted from Davide, 2002) 

AmI builds on advanced networking technologies, which allow robust, ad-hoc networks to be 
formed by a broad range of mobile devices and other objects (ubiquitous- or pervasive 
computing). By adding adaptive user-system interaction methods, based on new insights in the 
way people like to interact with computing devices (social user interfaces), digital environments 
can be created which improve the quality of life of people by acting on their behalf. These 
context aware systems combine ubiquitous information, communication, and entertainment with 
enhanced personalization, natural interaction and intelligence.  
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The early developments in Ambient Intelligence took place at Philips. In 1998, the board of 
management of Philips commissioned a series of internal workshop to investigate different 
scenarios that would transform the high-volume consumer electronic industry from the current 
“fragmented with features” world into a world in 2020 where user-friendly devices support 
ubiquitous information, communication and entertainment. In the years after, these 
developments grew more mature. In 1999, Philips joined the Oxygen alliance, an international 
consortium of industrial partners within the context of the MIT Oxygen project, aimed at 
developing technology for the computer of the 21st century. In 2000, plans were made to 
construct a feasibility and usability facility dedicated to Ambient Intelligence. This HomeLab 
officially opened on 24 April 2002. Along with the buildup of the vision for Philips, a parallel track 
was started to open up the vision. Following the advice of the Information Society and 
Technology Advisory Group (ISTAG) (ISTAG; 2002). The European Commission used the 
vision for the launch of their sixth framework (FP5) in Information, Society and Technology 
(IST), with a subsidiary budget of 3.7 billion euros. The European Commission played a crucial 
role in the further development of the AmI vision. As a result of many initiatives the AmI vision 
gained traction. During the past years several major initiatives were started. Fraunhofer Society 
started several activities in a variety of domains including multimedia, microsystems design and 
augmented spaces. MIT started an Ambient Intelligence research group at their Media Lab. 
Several more research projects started in a variety of countries such as USA, Canada, Spain, 
France and the Netherlands. In 2004, the first European symposium on Ambient Intelligence 
(EUSAI) was held and many other conferences have been held that address special topics in 
AmI. 

The AMI vision has some famous predecessors, namely the Ubiquitous Computing idea and the 
Context Awareness. 

2.2.1 UBIQUITOUS COMPUTING 
 

Ubiquitous computing can be defined as the use of computers everywhere. Computers are 
made available by means of the physical environment, but in an invisible way for the user. 
Several computers are embedded in the environment, and available to each person that is 
present there. Each computer can perform the tasks for which it is prepared with little human 
intervention or even without requiring that the user detects its presence. The idea of ubiquitous 
computing was first thought by Mark Weiser in 1998 at the Computer Science Lab at Xerox 
PARC. He envisioned computers embedded in walls, in tabletops, and in everyday objects. A 
person might interact with hundreds of computers at a time, each invisibly embedded in the 
environment and wirelessly communicating with each other (Weiser, 1993). 

William Buxton states that ubiquitous computing is characterized by two main attributes (Buxton, 
1995): 

Ubiquity  Interactions are not channeled through a single workstation. Access to 
computation is “everywhere”. For example, in one’s office there would be 
dozens of computers, displays, etc., ranging from watch sized Tabs, through 
notebook sized Pads, to whiteboard sized Boards. All would be networked. 
Wireless networks would be widely available to support mobile and remote 
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access. 

Transparency  This technology is non intrusive and is as invisible and as integrated into the 
general ecology of the home or work place as, for example, a desk, chair or 
book. 

Table 6 Attributes of Ubiquitous Computing (Buxton, 1995) 

Some people say that ubiquitous computing is the Third Wave of Computing. The First Wave 
was “many people, one computer”, and the Second Wave, the PC, is the era of “one person, 
many computers”. The Third Wave will be the era of many computers per person (Weiser, 
1991). 

Nowadays computers are commonly used, but they demand a high attention from the users. 
Using ubiquitous computing, people will not be aware of the presence of computers, they will be 
in the background such as it has happened with other common uses of technology: motors, 
electricity, etc. 

Ubiquitous computing devices are not personal computers as we usually think of, but very tiny 
devices, either mobile or embedded in almost any type of object: tools, clothing, furniture, cars… 
communicating through increasingly interconnected networks. 

There are several technical features that must have a ubiquitous computing system. Next 
subchapters explain them. 

2.2.1.1 TERMINAL AND USER INTERFACE ISSUES 
 

The devices that are used should have a good display quality and responsiveness to user input. 
Even with limited display sizes, the use should be as intuitive and clear as possible, and 
different means of data input can be used such as pens, handwriting recognition or speech 
recognition. 

2.2.1.2 LOW COST DEVICES 
 

If we are developing a system with many computers for only one person, each computer has to 
be low in cost in order to be feasible. Although general purpose computers are more expensive, 
the kind of computers that will be used for ubiquitous computing do not need this. 

They will be more specific computers for concrete applications, so they will not have the 
processor and hard disk requirements that general purpose computers have. 

2.2.1.3 HIGH BANDWIDTH 
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Another requirement for ubiquitous computing is to have enough network bandwidth to allow 
that the communication between the different devices that are used. Besides, it is not only 
required to build a high-bandwidth network that is capable of communicating with the different 
terminals, but there are also many issues related to the current state of the system: establishing 
the locations of mobile terminals (if they are used), making the best use of the available 
frequencies, maintaining the quality of services, encrypting data, eliminating network latency, 
etc. 

 

2.2.1.4 ‘INVISIBLE’ FILE SYSTEMS 
 

When a user starts to use a computer, he / she has to learn some basic aspects about the 
operating system and the concepts of files and directory structures. That makes the user focus 
in the way how information is stored instead of the information itself. One of the requirements of 
ubiquitous computing is that computers should become invisible, and they should be able to 
understand the user in their own terms, for example, using voice recognition or other intuitive 
interfaces. Users should be able to access to data without knowing specific file names, location 
or format. 

2.2.1.5 AUTOMATIC INSTALLATION 
 

Ubiquitous computing should eliminate the need for program installation. In current systems, 
most programs need to be installed, and that can be a source of problems and, in any case, it 
requires the active intervention of the user. The concept of installation has no sense in 
ubiquitous computing. Programs should be able to move from a computer to another without 
requiring that each computer makes fundamental changes to its own configuration in order to 
run the new program. Some technical alternatives are the use of programming languages as 
Java, which are platform-independent and are moved easily from one computer to another. 

2.2.1.6 PERSONALIZE INFORMATION 
 

It would be good that a ubiquitous computing system can personalize the information that 
presents depending on the user. In order to do that, one approach can be that every time a new 
person joins a community her/his personal profile needs to be added to every device. 

2.2.1.7 PRIVACY ISSUES 
 

One of the most important problems of ubiquitous computing is that it can generate serious 
privacy risks. The system can record the actions of the users, their preferences, their locations, 
etc. And some other people may access to these data. New network technologies such as 
infrared or wireless radio communication use encryption to ensure security, but that are against 
the limited bandwidth of these technologies. 

2.2.1.8 DEVICES 
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In ubiquitous computing research, different technological approaches are used, such as PDAs, 
other mobile devices, and machines like TVs. All these different devices are combined to set up 
prototypes for the demonstration of ubiquitous computing scenarios. 

The trend is that we are moving away from the traditional desktop computing paradigm. 
Computational services are becoming mobile, as well as user do. Two approaches can be used: 
1) To provide the user with mobile devices and 2) To distribute different devices in the 
environment. 

In any case, current services need to be extended to take advantage of the constantly changing 
context. The ideal scenario for a ubiquitous computing system includes a real-time tracking 
mechanism that can calculate the location of the different components of the system. The 
system will also track the current state of each component and, inside this context; it will deliver 
messages and interact with the user in an intelligent way. Users will be able to select between 
different devices in order to have access to data resources that can be stored in any location on 
the network. Devices should be intuitive and adapt their behavior to suit the current user and 
context. 

When designing a ubiquitous computing scenario, the usual procedure is to examine the target 
space, pick a set of locations where information is most likely to be needed, and then install 
display devices at those locations. 

As a sample application, we can point out a ubiquitous computing system in a living room. 
Different capabilities have to be provided (Intille, 2003a): 1) Ubiquitous display of information on 
planar surfaces: floor, ceiling, walls, furniture, interior sides of furniture. 2) Ubiquitous audio. And 
3) ubiquitous interaction with information on most planar surfaces. 

There are different technical devices that can be used for mounting the ubiquitous computing 
system. Handheld devices like PDAs or mobile phones are the base for many ubiquitous 
computing projects. 

Wireless is a term used to describe telecommunications in which electromagnetic waves (rather 
than some form of wire) carry the signal over part or all of the communication path. Wireless 
technology is rapidly evolving, and is playing an increasing role in the lives of people throughout 
the world. In addition, ever-larger numbers of people are relying on the technology directly or 
indirectly. A wireless LAN is one in which a mobile user can connect to a local area network 
(LAN) through a wireless (radio) connection. The IEEE 802.11 standard specifies the 
technologies for wireless LANs. 

There are several devices suitable for ubiquitous computing and that allow wireless 
communication between them, by means of telephone systems or wireless networks. Some of 
them are:  

Cellular phones These devices provide connectivity for portable and mobile 
applications, both personal and business. Cellular telephone is a type 
of short-wave analog or digital telecommunication in which a 
subscriber has a wireless connection from a mobile telephone to a 
relatively nearby transmitter. The transmitter's span of coverage is 
called a cell. Generally, cellular telephone service is available in 
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urban areas and along major highways. As the cellular telephone 
user moves from one cell or area of coverage to another, the 
telephone is effectively passed on to the local cell transmitter. There 
are several technologies currently in use: GSM (Global System for 
Mobile Communication), GPRS (General Packet Radio Service), 
UMTS (Universal Mobile Telecommunications System) 

PDA (Personal Digital 
Assistant) 

This term describes any small mobile hand-held device that provides 
computing and information storage and retrieval capabilities for 
personal or business use, often for keeping schedule calendars and 
address book information handy. PDAs can be combined with 
telephone systems and wireless networks. 

Tablet PC It is a wireless personal computer (PC) that allows a user to take 
notes using natural handwriting with a stylus or digital pen on a touch 
screen. A tablet PC is similar in size and thickness to a yellow paper 
notepad and is intended to function as the user's primary personal 
computer as well as a note-taking device. Tablet PCs generally have 
two formats, a convertible model with an integrated keyboard and 
display that rotates 180 degrees and can be folded down over the 
keyboard -- or a slate style, with a removable keyboard. The user's 
handwritten notes, which can be edited and revised, can also be 
indexed and searched or shared via e-mail or cell phone. 

Table 7 Devices for ubiquitous computing 

2.2.1.9 AUGMENTED REALITY 
 

Augmented Reality (AR) can be defined in a very broad sense as augmenting natural feedback 
to an operator with simulated cues. AR systems based on head mounted displays fits well in the 
context of ubiquitous computing. There are two main kinds of AR head mounted displays: 
optical see-through and video see-through displays: Telemanipulator and Telepresence 
Technologies (Milgram, 1994). 

Optical see-through AR displays are characterized by the ability to see through the display 
medium directly to the world surrounding the observer. Most commonly display augmentation is 
achieved by using mirrors to superimpose computer generated graphics optically onto directly 
viewed real-world scenes. 

Several research and development issues have accompanied the use of optical see-through 
displays. These include the need for accurate and precise, low latency body and head tracking, 
accurate and precise calibration and viewpoint matching, adequate field of view, and the 
requirement for but comfortable head-mount. 
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Some of these technological difficulties can be partially alleviated by replacing the optical see-
through with a video see-through head mounted display. In this case, the computer generated 
graphics are superimposed to a video image and showed to the user by means of the display. 
That presents certain advantages but also new issues arise from the need to create a camera 
system whose effective viewpoint is identical to that of the observer's own eyes. 

AR can be a natural complement to mobile computing, as long as a mobile AR system can 
assist the user directly in several situations. There has been a lot of research for creating AR 
mobile set-ups using mobile personal computer hardware (Wagner, 2003). 

 

2.2.1.10 USER LOCATION 
 

Knowledge about the location of a person (and also of a device) can be useful for ubiquitous 
computing applications. The system has to detect the location information and present the 
required information to the user in the best way using the background computer system. 

In order to detect the user location, there are two alternatives: 1) To put sensors and cameras in 
the room and 2) To put all the detection and sensing hardware on the person, requiring no 
environmental infrastructure at all. 

One possibility for the first approach is to use position sensors, devices that provide its location 
and/or orientation to the computer. These sensors require that an infrastructure is mounted in 
the room. 

One kind of position sensor is the electromagnetic tracker. It uses a Transmitter (it is fixed at a 
know location and orientation in the room) in order to generate a low-level magnetic field from 
three orthogonal coils within the unit. Each one these fields will generate current in another set 
of coils that it will be in a smaller Receiver unit (it is fixed on the user head, hand or in any other 
device manipulated by him). Thanks to the measures of the signal in each coil of receiver is 
possible to know its position and orientation relative to transmitter, that is, where the receiver is 
and how is oriented. 

Another kind of position sensor is the optical one. It uses visual information in order to track the 
user or the objects. It is possible by means of a video camera (it is in a fixed location) that acts 
as an electronic eye that it is “watching” the tracked user or object. Normally, this user or object 
will have placed a sensor device (light-sensing devices) that will be watched. Using complex 
computer vision techniques based on what the camera sees, it will be possible to calculate the 
user or object position. 

If the user or object have a single sensor device, their position will can be reported in only two 
dimensions but without depth information. Nevertheless, this problem can be solved if the user 
or object have multiple sensors. In this way, the system can triangulate the location and/or 
orientation of the tracked entity, providing three-dimensional position information. Moreover, if 
the system use three visual input devices (three video cameras) in different locations, it will be 
possible to calculate a full 6 DOF (Degrees of Freedom –a particular way in which a entity may 
move in space) position. 
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One possibility for the second approach is to provide the user with a GPS receiver. The GPS 
(Global Positioning System) is a "constellation" of 24 well-spaced satellites that orbit the Earth 
and make it possible for people with ground receivers to pinpoint their geographic location. The 
location accuracy is anywhere from 100 to 10 meters for most equipment. Accuracy can be 
pinpointed to within one meter with special military-approved equipment. GPS equipment is 
widely used in science and has now become sufficiently low-cost so that almost anyone can 
own a GPS receiver. 

 

2.2.1.11 STATUS TRACKING 
 

The system has knowledge at each moment of the current status of the different devices and 
users of the system. It is not only the location information which is important For example, the 
system has to know the social situation the user is, his / her emotions, his / her identity, the 
temperature and humidity levels of the environment, when a product was made and by whom it 
was made. Different sensors can be distributed in the environment or placed in the user to 
detect the different states of the user. Once the information has been processed, applications 
should benefit from the knowledge acquired and modify the current state of the system 
accordingly. 

One possible application of this user status tracking can be to develop preventive systems that 
help old people to stay healthy as long as possible (Intille, 2003b). The user can wear biometric 
sensors on the body (for example, cardiac monitors) that can detect a crisis if it occurs. Besides, 
the system can detect declines in health, using ubiquitous sensing technology at homes to 
detect domestic activities and changes in them. Taking this information into account, the system 
can also present information dynamically that can help the user to change his/her behavior in a 
way that is beneficial for him/her. 

In order to track the status of the system, one possibility is to implant a microchip loaded with 
information into clothing, and then use a small terminal to read and send the number sorted in 
the microchip to a server computer to obtain detailed information about that object (Sakamura, 
2003). One of the purposes of the system can be to track the user’s emotional state and to react 
accordingly. One of the ways to detect modifications in the emotional state can be recording 
physiological signals, for example, heart rate, galvanic skin response, temperature, 
electromyography, etc. Biosensors can be attached to the user’s body and this data can be 
analyzed while he/she is inside the ubiquitous computing system or room. Some research to 
develop affective wearable sensors that are integrated in usual pieces such as pendants, 
earrings, gloves, etc. They have been made by Rosalind Picard (Piccard, 1997).  

2.2.1.12 USER INTERACTION 
 

Different devices can be used. Ubiquitous computing gives a lot of possibilities to input and 
output information, which combined in a correct way, can lead interesting and new applications. 
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Speech recognition is one of the possibilities. Speech recognition involves the ability to match a 
voice pattern against a provided or acquired vocabulary. Usually, a limited vocabulary is 
provided with a product and the user can record additional words. More sophisticated software 
has the ability to accept natural speech (meaning speech as we usually speak it rather than 
carefully-spoken speech). 

 

2.2.2 CONTEXT AWARENESS 
 

Context awareness refers to the idea that computers can both sense, and react based on their 
environment. Devices may have information about the circumstances under which they are able 
to operate and based on rules, or an intelligent stimulus, react accordingly. 

For example: A context aware mobile phone may know that it is currently in the meeting room, 
and that the user has sat down. The phone may conclude that the user is currently in a meeting 
and reject any unimportant calls (Schmidt, 1999).  

Context aware systems are concerned with the acquisition of context (e.g. using sensors to 
perceive a situation), the abstraction and understanding of context (e.g. matching a perceived 
sensory stimulus to a context), and application behavior based on the recognized context (e.g. 
triggering actions based on context) (Schmidt, 2003). Context awareness is regarded as an 
enabling technology for ubiquitous computing systems. 

Context awareness is used to design innovative user interfaces, and is often used as a part of 
ubiquitous and wearable computing. It is also beginning to be felt in the internet with the advent 
of hybrid search engines. 

Schilit states the idea of a mobile distributed computing system which adapts itself not only on 
the changeable hardware configuration, but also to the user’s location and social situation 
(Schilit, 1994a) (Schilit, 1994b). Schmidt extends the meaning of context to human factors and 
physical environment as two important aspects relating to computer science (Schmidt, 1999). 
(See Figure 14)  
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Figure 14 Context data by Schmidt (Schmidt, 1999) 

Human factors related context is structured into three categories: information on the user 
(knowledge of habits, emotional state, bio physiological conditions ...), the user’s social 
environment (co-location of others, social interaction, group dynamics ...), and the user’s tasks 
(spontaneous activity, engaged tasks, general goals...). Likewise, context related to physical 
environment is structured into three categories: location (absolute position, relative position, co-
location...), infrastructure (surrounding resources for computation, communication, task 
performance...), and physical conditions (noise, light, pressure...). 

Many research projects aim at developing context aware mobile architectures. The Bat System 
is a 3D ultrasonic positioning system for people and objects (Harter, 2002) of the Digital 
Technology Group (DTG) of the Cambridge University. 

Applications of the Bat system are based on a paradigm of programming with space. Events are 
triggered by interaction between tracked entities and pre-defined spatial zones. Integrating the 
location information with other contextual clues offers the opportunity to revolutionize the 
interaction of humans and computers. 

The e-SENSE European project [IST-FP6-IP-027227] (e-SENSE, 2006) goes much further in 
the direction of enabling a pervasive context aware computing environment. e-SENSE proposes 
a context capturing framework that enables the convergence of many input modalities, mainly 
focusing on energy efficient wireless sensor networks that are multi-sensory in their 
composition, heterogeneous in their networking, either mobile or integrated in the environment 
e.g. from single sensors to thousands or millions of sensors collecting information about the 
environment, a person or an object (see Figure 15). 
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Figure 15 B3G Context Aware Applications and Services by e-SENSE (e-SENSE, 2006) 

2.2.3 THE ISTAG VISION 
 

ISTAG or, in full, the Information Society Technologies Advisory Group has been set up to 
advise the European Commission, specifically DG Information Society and the Media, on the 
overall strategy to be followed in carrying out the IST thematic priority under the Framework 
Programmes for Research and Technological Development. It reflects and advises on the 
definition and implementation of a coherent policy for research in and on ICT in Europe. 

ISTAG has produced a consolidated report providing the main orientations for ICT Research in 
Europe. Furthermore, it developed the Ambient Intelligence concept. 

According to the ISTAG vision statement, humans will, in an Ambient Intelligent Environment, be 
surrounded by intelligent interfaces supported by computing and networking technology that is 
embedded in everyday objects such as furniture, clothes, vehicles, roads and smart materials - 
even particles of decorative substances like paint. AmI implies a seamless environment of 
computing, advanced networking technology and specific interfaces. This environment should 
be aware of the specific characteristics of human presence and personalities; adapt to the 
needs of users; be capable of responding intelligently to spoken or gestured indications of 
desire; and even result in systems that are capable of engaging in intelligent dialogue. Ambient 
Intelligence should also be unobtrusive – interaction should be relaxing and enjoyable for the 
citizen, and not involve a steep learning curve. Computer and control science  
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There are a number of almost ‘mandatory’ research domains or components in which significant 
progress must be made in order to further develop and realize the AmI vision. In the model 
shown in Figure 16, the main structuring differentials between the domains are: 1) A 
‘systems’/’environment’/’background’ view (~ ‘the ambient’) versus a ‘user’/’person’/’foreground’ 
view (~ ‘the intelligence’) and 2) A ‘components’ view versus an ‘integration’ view. 

 

Figure 16 Technology research requirements for AmI (ISTAG, 2003) 

Key research requirements for components related to ‘ambience’ and ‘intelligence’ are 
summarized in Table 8. 

Components for Ambient Components for Intelligence 

Smart materials that can emit light efficiently; 
e.g. electronic wallpaper or large synthetic 
foils that can emit light, materials that can be 
used for touch and tactile movement, and 
synthetic materials that enable mass storage 
and processing of digital data, and that can be 
integrated into fabrics. 

MEMS and sensor technology, including ultra 
low power (mechanical) effectuators, sensor 
devices bridging between the physical world 
and the cyber world, i.e., touch, vision, smell, 
and technology for the integration of smart 
materials, micro systems, and 
microelectronics into systems. 

Embedded Systems development technology 

Media management and handling including 
presentation languages that support “produce 
once” and “present anywhere”, methods and 
tools to analyse content and enrich it with 
metadata, and tools to exploit the Semantic 
Web. 

Natural interaction that combines speech, 
vision, gesture, and facial expression into a 
truly integrated multimodal interaction concept 
that allows human beings to interact with 
virtual worlds through physical objects, and 
that enables people to navigate the seemingly 
infinite information they will be able to access. 

Computational intelligence including 
conversational search and dialogue systems, 
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for re-configurable real-time embedded 
computing platforms, for remote diagnostics 
and repair of embedded systems, and to build 
in security and trustworthiness to embedded 
systems. 

Ubiquitous communication including 
ubiquitous pico-radio networks for active and 
passive tagging, Internet accessibility for any 
physical object, and ubiquitous broadband 
access to content and data. 

I/O device technology that supports ubiquitous 
hands-free speech control, ubiquitous touch 
pads and whiteboards, and can turn any 
surface into a display. 

Adaptive software that is self-managing or has 
self-adjusting capabilities that can detect and 
adjust to the health or otherwise of its 
environment, re-allocating resources as 
required and automating much of the system 
configuration work that now has to be done 
manually. 

behavioral systems that can adapt to human 
behavior, and computational methods to 
support complex search and planning tasks. 

Contextual awareness, for instance systems 
that support navigation in public 
environments, e.g., in traffic, in airports and in 
hospitals, service discovery systems that 
enhance the shopping experience, and 
context aware control and surveillance 
systems. 

Emotional computing that models or embodies 
emotions in the computer, and systems that 
can respond to or recognize the moods of 
their users and systems that can express 
emotions. 

 

Table 8 Research requirements for components of AmI (ISTAG, 2003) 

The development of the AmI space will depend not simply on finding solutions to the research 
challenges in each of the ‘component’ domains, but on the extent to which mechanisms can be 
found to ensure the successful, seamless, integration of components and their convergence into 
AmI systems. Architectures, methods and tools must be developed that are capable of 
combining technologies into AmI systems. New approaches will also need to be elaborated to 
integrate technologies across different usage environments. 

ISTAG has identified three key ‘layers’: a) Platform Design, b) Software and service 
architecture, design, engineering and integration; and c) Experience prototyping. They are 
further explained in next sub-sections.  

 

2.2.3.1 PLATFORM DESIGN 
 

Each of the component technologies identified above and the associated AmI research 
challenges have strong internal coherence and build on certain basic facts and assumptions. 
These differ from one component technology to the other. 
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The challenge of Platform Design is to provide the foundations, environment and tools for the 
mutual integration and cooperation of fundamental components based on a range of 
technologies without any common conceptual framework. Specific topics to be confronted in 
AmI platform design include: 

Abstraction Future AmI platforms must cope with heterogeneity, intelligence and 
variability. There is a strong need to develop new concepts and extract 
suitably abstract models. 

Automatic 
Composition 

Interfaces, reusability and interconnectivity should be understood in the 
new context of intelligent and dynamic models of system configurations. 
Self -organization of the platform is a formidable challenge. 

Interaction 
Management 

The necessary interaction, inside the platform, of the ambient 
infrastructures and their intelligence, calls for a new looks at issues 
related to co-ordination and orchestration. Intelligent collaboration of 
dynamic entities or conglomerates requires innovative interaction 
management techniques, based on the emerging field of ‘algorithmic of 
interactions’. 

Computational 
Efficiency 

Platforms in AmI need to demonstrate high levels of performance related 
to complex intellectual tasks, perhaps surpassing the human level. This 
will require not only a new framework in knowledge engineering and 
elegant reasoning, but also a deeper understanding of the nature and 
limits of computations. 

Creativity The new platforms will be required to support actions beyond mere 
productivity. They should enable programmer-created design, and 
facilitate innovation and expression of personal style. 

Scalability and 
Evolution 

Platforms should facilitate the management of huge clusters of MEMS 
and architectures; migration of tasks and transparent load balancing is 
still a major challenge. The intelligence of the whole platform should 
allow for self-evolution of the whole system together with smart 
management of critical resources. 

Dependability Platforms should enable trouble-free systems to be used by millions of 
people worldwide. Consistency and trust are fundamental. In the 2002 
Report “Trust, Dependability, Security & Privacy for IST in FP6”, ISTAG 
identified that security in AmI Space will require solutions very different 
from those of today’s systems. This new paradigm will be characterized 
by ‘conformable’ security, in which the degree and nature of security 
associated with any particular type of action will change over time and 
with changing circumstances and with changing available information so 
as to suit the context. 

Table 9 Challenges of Platform Design in AmI 
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2.2.3.2 SOFTWARE AND SERVICE ARCHITECTURE, DESIGN, ENGINEERING AND INTEGRATION 
 

The realization of the AmI vision will require the development of extremely large, complex, 
heterogeneous, distributed systems. These must be built on heterogeneous platforms capable 
of providing seamless networking so as to support the delivery of layers of value added services 
or functional services to the individual, to industry, and to administrations. The resulting 
systems, comprising myriad interacting embedded software components, will need to be 
intelligent, self configuring, self-healing, self-protective, and self-managed. 

Today’s software is often based on two main integration principles. Firstly, software is often 
partitioned into abstraction layers with fixed, simple interfaces between layers. Secondly, 
systems are often vertically integrated with fixed, proprietary linkages between components. The 
AmI vision challenges both these principles. The need to anticipate user behavior, to gather 
contextual information, to detect and adapt to all kinds of changes etc. entails a corresponding 
need for extensive cross-layer interactions that ‘break open’ the interfaces between layers. The 
need to augment all kinds of everyday things with computing, to harness sensory data, to 
disseminate information through a hyper-connected world entails a corresponding need for 
horizontal integration that goes far beyond the simple dynamic service discovery mechanisms 
that are the basis of new middleware paradigms such as Web Services. 

AmI sets new challenges for the methodologies and technologies for service and application 
development. Service and software engineering processes will be required to facilitate user-
oriented service creation. Service architectures, service components, and service platforms will, 
together with development tools, form an environment for the development of value added AmI 
services. This environment must provide interoperability between services and allow the building 
of new services by direct use of existing services, as well as available software and service 
components. New approaches to fundamental abstraction based on the characterization of 
artifacts (e.g. agents), interactions, environments and organizations, might facilitate the 
definition of the necessary processes, methods and components. Existing paradigms for 
distributed processing concepts, such as architectural components, architectural frameworks, 
agents, and autonomic systems might be integrated to provide useful abstractions to engineer 
new categories of services. 

Event architectures might provide the connective ‘glue’ between components, but research is 
required into the scalability of such architectures and the semantics of events. Tuple spaces 
may offer the required decoupling to enable flexible patterns of interaction between 
components. Component frameworks based on cybernetic control theory may serve as a 
foundation for integrating embedded systems into self-configuring, adaptive systems. New ways 
to conceptualize services are required so as to represent and reason about their functioning, 
while service discovery protocols appear to require standardization on service types, in which 
progress has so far been limited. New approaches to the conceptualization of user-interfaces, 
such as plasticity and generalization, may enable designers to abstract away from the 
idiosyncrasies of particular input and rendering devices. 
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2.2.3.3 EXPERIENCE PROTOTYPING & SIMULATION 
 

The AmI vision anticipates that ICT will increasingly become part of the invisible background to 
peoples’ activities and that social interaction and functionality will move to the foreground 
resulting in experiences that enhance peoples’ lives. This not only requires insight into the 
design of sophisticated distributed systems; it also requires a deep understanding of how user 
needs can be translated into functional requirements. 

Requirements engineering for Ambient Intelligent systems design can no longer be seen as a 
task that can be accomplished through the development of scenarios and the translation of use 
cases into system requirements. System functionalities that generate true user experiences can 
only be determined in a reliable way from feasible prototypes providing proofs of concept. New 
approaches to prototyping are likely to be key to the successful development of AmI products 
and services. 

Prototypes can motivate users to discuss new ideas about task requirements, concepts, 
dialogues, new interaction modes, navigation or presentation of the real world artifacts or 
phenomena. Prototypes can be used for classical user evaluation and they can be a useful way 
to measure the effectiveness and efficiency of users’ tasks and the level of user satisfaction. 
Prototypes can further be used to observe cognitive tasks, such as a user’s attention, 
perception, projections for next steps and evaluations of the prototype’s response. 

Experience Prototyping is a form of prototyping that enables design team members, users and 
clients to gain first-hand appreciation of existing or future conditions through active engagement 
with prototypes. Prototypes allow developers to test new ideas either in a laboratory setting or in 
more realistic contexts in the field. Experience prototyping can be used to understand user 
experiences and their contexts, explore and evaluate new designs, and communicate ideas to 
designers and stakeholders. 

Tools also now exist to allow researchers to model the physical world and to render and explore 
it using 3D visualization engines. The model can then be populated by users, devices, and all 
kinds of services and infrastructure. It is easy to imagine that user trials could be conducted 
inside such VR simulation tools. Such models could be distributed and literally serve as a virtual 
‘venue’ or meeting ground for researchers and, in the process, facilitate experimentation and 
reuse of proponed solutions. 

Insofar that experience prototyping places the emphasis on the quality of the users’ interactions 
and experiences and less on the pure functionality and technology of the solution, it seems well 
suited to the AmI goal of addressing real user needs that reflect socio-economic problems. As 
AmI scenarios become more complex, it is also possible to see how further development of the 
experience prototyping approach could be an important means of making highly innovative, yet 
complex and abstract ideas physical and understandable. Nevertheless, a number of research 
challenges must also be addressed for experience prototyping to fulfill its promise. In particular 
there is a need to: 
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Integrate prototypes with model-based user interface design, thus satisfying both users and 
developers. 

Develop a lifecycle for prototypes supporting different abstraction levels and fidelities. 

Annotate prototypes with metadata such as the results of performances, user testing, expert 
evaluation and participatory evaluation. 

Develop exploration and evaluation methods of prototypes that integrate cognitive processing, 
system tasks and the interaction between them. 

Find ways properly to evaluate the user experience offered by prototypes of AmI applications 
and environments. 

Table 10 Prototyping in AmI 

2.2.4 ELECTRONIC ENGINEERING 
 

Moore's Law describes an important trend in the history of computer hardware: that the number 
of transistors that can be inexpensively placed on an integrated circuit is increasing 
exponentially, doubling approximately every two years (Moore, 2000). The observation was first 
made by Intel co-founder Gordon E. Moore in a 1965 paper.  The trend has continued for more 
than half a century and is not expected to stop for another decade at least and perhaps much 
longer. 

Almost every measure of the capabilities of digital electronic devices is linked to Moore's Law: 
processing speed, memory capacity, even the resolution of digital cameras. All of these are 
improving at (roughly) exponential rates as well. This has dramatically increased the usefulness 
of digital electronics in nearly every segment of the world economy. Moore's Law describes this 
driving force of technological and social change in the late 20th and early 21st centuries. 

Several measures of digital technology are improving at exponential rates related to Moore's 
Law, including the size, cost, density and speed of components. Note that Moore himself wrote 
only about the density of components (or transistors) at minimum cost. 

The most popular formulation is of the doubling of the number of transistors on integrated 
circuits every two years. At the end of the 1970s, Moore's Law became known as the limit for 
the number of transistors on the most complex chips. Recent trends show that this rate has 
been maintained into 2007. 

The formulation given in Moore's 1965 paper, as more transistors are put on a chip, the cost to 
make each transistor decreases, but the chance that the chip will not work due to a defect 
increases. In 1965, Moore examined the density of transistors at which cost is minimized, and 
observed that, as transistors were made smaller through advances in photolithography, this 
number would increase at "a rate of roughly a factor of two per year". 
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As the size of transistors has decreased, the cost per transistor has decreased as well. 
However, the manufacturing cost per unit area has only increased over time, since materials 
and energy expenditures per unit area have only increased with each successive technology 
node. 

Also, as the size of transistors shrinks, the speed at which they operate increases. It is also 
common to cite Moore's Law to refer to the rapidly continuing advance in computing 
performance per unit cost, because increase in transistor count is also a rough measure of 
computer processing performance. On this basis, the performance of computers per unit cost—
or more colloquially, "bang per buck"—doubles every 24 months (or, equivalently, increases 32-
fold every 10 years). The power consumption of compute nodes doubles every 18 months. 

Hard disk storage cost per unit of information. A similar law (sometimes called Kryder's Law) 
has held for hard disk storage cost per unit of information. The rate of progression in disk 
storage over the past decades has actually sped up more than once, corresponding to the 
utilization of error correcting codes, the magnetoresistive effect and the giant magnetoresistive 
effect. The current rate of increase in hard drive capacity is roughly similar to the rate of 
increase in transistor count. Recent trends show that this rate has been maintained into 2007. 

RAM storage capacity. Another version states that RAM storage capacity increases at the same 
rate as processing power. 

Network capacity According to Gerry/Gerald Butters, the former head of Lucent's Optical 
Networking Group at Bell Labs, there is another version, called Butter's Law of Photonics, a 
formulation which deliberately parallels Moore's law. Butter's Law says that the amount of data 
coming out of an optical fiber is doubling every nine months. Thus, the cost of transmitting a bit 
over an optical network decreases by half every nine months. The availability of wavelength-
division multiplexing (sometimes called "WDM") increased the capacity that could be placed on 
a single fiber by as much as a factor of 100. Optical networking and DWDM is rapidly bringing 
down the cost of networking, and further progress seems assured. As a result, the wholesale 
price of data traffic collapsed in the dot-com bubble. Nielsen's Law says that the bandwidth 
available to users increases by 50% annually. 

Pixels per dollar based on Australian recommended retail price of Kodak digital cameras. 
Similarly, Barry Hendy of Kodak Australia has plotted the "pixels per dollar" as a basic measure 
of value for a digital camera, demonstrating the historical linearity (on a log scale) of this market 
and the opportunity to predict the future trend of digital camera price and resolution. 

2.2.4.1 SENSORS DEVELOPMENTS 
 

Medical device design is often centered on the integration of some novel sensor and the 
application of the data it acquires. The design of sensor electronics within the general electrical 
requirements for medical devices usually demands specialized techniques.  
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In order to achieve objectives with a small device a considered design in which the sensor 
electronics and computer electronics are balanced carefully is required. Smartphones and PDAs 
have excellent signal analysis capability owing to their built-in digital signal processors (DSPs) 
and DSP-like general CPU instructions. These features can be applied by medical device 
designers to solve signal analysis and signal processing challenges for medical sensors. For 
example, very-high-resolution analog-to-digital convertors are useful for resolving the tiny 
signals at ECG electrodes from the potentially high common-mode voltage exclusion mandated 
by patient isolation. 

A sensor is a device which measures a physical quantity and converts it into a signal which can 
be read by an observer or by an instrument. For example, a mercury thermometer converts the 
measured temperature into expansion and contraction of a liquid which can be read on a 
calibrated glass tube. A thermocouple converts temperature to an output voltage which can be 
read by a voltmeter. 

Because sensors are a type of transducer, they change one form of energy into another. For 
this reason, sensors can be classified according to the type of energy transfer that they detect. 

More information on sensors that are interest for this research can be found in (Ishijima, 1993) 
(Kim, 2004) (Lim, 2004) (Lim, 2006) (Kato, 2006) (Harland, 2002).  

2.2.4.2 TEXTILE SENSORS 
 

Clothes have discovered to be a good platform for many kinds of sensors used for body 
monitoring. In many trials, the level of sensor integration to the textile materials has not been 
very high, which has limited the normal appearance of clothes and the way of use that people 
are habituated to with textiles and clothing. If the integration of sensors is at the adequate level, 
the product can notably benefit from the characteristics of textiles. Wearlink, the textile heart 
rate measuring belt of Polar, was the first commercial product with textile sensors for heart rate 
measuring. Textile sensors have improved the user comfort as well as the quality of 
measurements, because the bending textile sensors adapt better to the user’s body. Next step 
in the textile heart rate measuring and sensor integration was the launch of Adidas shirt, which 
is an example of the high level integration of sensors to the clothes. Textile sensors are built on 
the conductive yarns and fabrics, but naturally, it is not possible to make all sensors from textile 
materials. MyHeart project represents the latest research in the area of the possibilities of textile 
and non-textile sensors in the apparel health care product. In the project, textile sensors have 
been used to measure ECG, and respiration (MyHeart, 2002).  
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Good level of integration is essential to be able to embed the sensors to the clothes and other 
textile products without losing the inviting appearance. In HeartCycle project, the aim is to 
develop integration of the textile and non-textile sensors to the very high level by using several 
techniques like ultrasonic welding, lamination, and laser cutting / welding in addition to the 
traditional textile technologies. Naturally, textile properties like softness, washable, and bending 
of the product have to be maintained. Sensor integration has to fill the normal expectations for 
the apparel product e.g. easy to wear and durability of use, but health care application gives 
also high reliability requirements. Integration of sensors includes also work related to the wiring 
between the sensors and interconnections between sensors and wires. The following figure 
presents the integration development (HeartCycle, 2008). 

            

Figure 17 Integration of sensors in HeartCycle (HeartCycle, 2008) 

2.2.4.3 PROTOCOLS AND SENSOR NETWORKS 
 

A wireless sensor network (WSN) is a wireless network consisting of autonomous devices using 
sensors to monitor physical or environmental conditions at different locations. Each node in a 
sensor network is typically equipped with a radio transceiver or other wireless communications 
device, a small microcontroller, and an energy source, usually a battery. The envisaged size of 
a single sensor node can vary from shoebox-sized nodes down to devices the size of grain of 
dust although functioning 'motes' of genuine microscopic dimensions have yet to be created. 
The cost of sensor nodes is similarly variable, ranging from hundreds of dollars to a few cents, 
depending on the size of the sensor network and the complexity required of individual sensor 
nodes. Size and cost constraints on sensor nodes result in corresponding constraints on 
resources such as energy, memory, computational speed and bandwidth (METABO, 2007).  
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Sensor networks permit data gathering and computation to be deeply embedded in the physical 
environment. This technology has the potential to impact the delivery and study of resuscitative 
care by allowing vital signs to be automatically collected and fully integrated into the patient care 
record and used for real-time triage, correlation with hospital records, and long-term 
observation. Independently from the kind of sensor (biosignals, environmental), WSN are 
feasible for each of the scenario of METABO and should be seriously taken into account. 

There are several projects that research on sensors and sensors networks. Some examples are 
listed in the coming paragraphs.  

Sun SPOT (Sun Small Programmable Object Technology) is a wireless sensor network (WSN) 
mote developed by Sun Microsystems. The device is built upon the IEEE 802.15.4 standard. 
Unlike other available mote systems, the Sun SPOT is built on the Squawk Java Virtual 
Machine. Its interoperability due to the Java programmability is implicit. The first limited-
production run of Sun SPOT development kits were released April 2, 2007 which included: 2 
Sun SPOT demo sensor boards, 1 Sun SPOT base station, the software development tools, 
and 1 USB cable. The software is compatible with Win XP, Mac OS X 10.4, and most common 
Linux distributions. It is unknown if any ZigBee-compliant stack code has been made available 
or if any useful demo code is provided. 

Ubimon is a research project aimed at the development of a Ubiquitous Monitoring Environment 
for Wearable and Implantable Sensors. This project has developed a Body Sensor Network 
(BSN) including ECG, SPO2, accelerometer, temperature and humidity sensors. In this research 
a RF-module has been developed based on IEEE 802.15.4 technology (CC2420 RF 
transceiver), the TinyOS and the transceiver CC2420. A Compact Flash-802.15.4 has been 
developed for PDAs and also software for Data Mining. 

The PRIMA project of the University of Galway in Ireland is focused on the research, design, 
and evaluation of a prototype intelligent agent based system for portable/remote monitoring and 
management of at cardiac risk patients. In this project a WBAN with an ECG smart sensor, with 
Neural Networks, and RF localization using Bluetooth has been developed. At the end of the 
PRIMA project, a spin-off called Syncrophi has started the project Biosense. In this project a 
WBAN using Zigbee will be developed. 

Healthy Aims is an IP project aimed at the development of intelligent medical implants sensors, 
functional electrical stimulation, human body motion sensors, etc. In this project a body area 
network has been developed enabling communication from implants on the body devices to a 
base unit which may be up to 3 m. away using implantable power sources, biomaterials and RF 
technologies for implantable devices.  

2.2.4.4 MIDDLEWARE AND ABSTRACTIONS 
 

Sensor networks have some unique characteristics, including dynamic availability of data 
sources, quality of service requirements, limited energy and bandwidth resources, that are not 
common to other types of applications. These unique features raise the need for network 
functionality and the individual sensors to be controlled to best serve the application 
requirements. 
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There has been considerable research on the development of low-level protocols to support 
sensor networks as well as high-level middleware systems to support the development of 
distributed computing applications by hiding environmental complexities. A recent trend includes 
the combination of these into middleware designed for sensor networks (Heinzelman, 2004). 

A sensor network middleware must be considered as a software infrastructure that glues 
together the network hardware, operating systems, network stacks, and applications. A 
complete middleware solution should contain a runtime environment that supports and 
coordinates multiple applications, and standardized system services such as data aggregation, 
control and management policies adapting to target applications, and mechanisms to achieve 
adaptive and efficient system resources use to prolong the sensor network’s life. 

Programming sensor networks raises issues that generally fall into two broad classes: 
programming support and programming abstractions. The first is concerned with providing 
systems, services, and runtime mechanisms such as reliable code distribution, safe code 
execution, and application-specific services. The second refers to the way we view a sensor 
network and provides concepts and abstractions of sensor nodes and sensor data. 

There are various research efforts in developing middleware for wireless sensor networks. 
Nonetheless, in (Hadim, 2006) the authors conclude that “the design of a middleware layer for 
sensor networks that fully meets the challenges is now open to discussion.” 

 

2.2.5 COMPUTER AND CONTROL SCIENCE 
 

Many innovations and research occurred in the latest years in Computer and Control Science. A 
complete revision of them is not the intention of this section. Therefore next paragraphs draw 
just an overview on Artificial Intelligent, Workflows and Distributed Systems.  

2.2.5.1 ARTIFICIAL INTELLIGENCE 
 

Artificial intelligence (AI) is both the intelligence of machines and the branch of computer 
science which aims to create it. 

Major AI textbooks define artificial intelligence as "the study and design of intelligent agents," 
(Poole, 1998) where an intelligent agent is a system that perceives its environment and takes 
actions which maximize its chances of success (Russell, 2003). AI can be seen as a realization 
of an abstract intelligent agent (AIA) which exhibits the functional essence of intelligence 
(Gadomski, 1995). John McCarthy, who coined the term in 1956, defines it as "the science and 
engineering of making intelligent machines." (Crevier, 1993).  

Among the traits that researchers hope machines will exhibit are reasoning, knowledge, 
planning, learning, communication, perception and the ability to move and manipulate objects. 
General intelligence (or "strong AI") has not yet been achieved and is a long-term goal of AI 
research (Kurzweil, 1999).  
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Artificial Intelligence (AI) is the key technology in many of today's novel applications, ranging 
from banking systems that detect attempted credit card fraud, to telephone systems that 
understand speech, to software systems that notice when you're having problems and offer 
appropriate advice. These technologies would not exist today without the sustained federal 
support of fundamental AI research over the past three decades. 

Although there are some fairly pure applications of AI -- such as industrial robots, or the 
IntellipathTM pathology diagnosis system recently approved by the American Medical 
Association and deployed in hundreds of hospitals worldwide -- for the most part, AI does not 
produce stand-alone systems, but instead adds knowledge and reasoning to existing 
applications, databases, and environments, to make them friendlier, smarter, and more sensitive 
to user behavior and changes in their environments. The AI portion of an application (e.g., a 
logical inference or learning module) is generally a large system, dependent on a substantial 
infrastructure. Industrial R&D, with its relatively short time-horizons, could not have justified work 
of the type and scale that has been required to build the foundation for the civilian and military 
successes that AI enjoys today. And beyond the myriad of currently deployed applications, 
ongoing efforts that draw upon these decades of federally-sponsored fundamental research 
point towards even more impressive future capabilities. 

In a 1977 article, the late AI pioneer Allen Newell foresaw a time when the entire man-made 
world would be permeated by systems that cushioned us from dangers and increased our 
abilities: smart vehicles, roads, bridges, homes, offices, appliances, even clothes. Systems built 
around AI components will increasingly monitor financial transactions, predict physical 
phenomena and economic trends, control regional transportation systems, and plan military and 
industrial operations. Basic research on common sense reasoning, representing knowledge, 
perception, learning, and planning is advancing rapidly, and will lead to smarter versions of 
current applications and to entirely new applications. As computers become ever cheaper, 
smaller, and more powerful, AI capabilities will spread into nearly all industrial, governmental, 
and consumer applications. 

Moreover, AI has a long history of producing valuable spin-off technologies. AI researchers tend 
to look very far ahead, crafting powerful tools to help achieve the daunting tasks of building 
intelligent systems. Laboratories whose focus was AI first conceived and demonstrated such 
well-known technologies as the mouse, time-sharing, high-level symbolic programming 
languages (Lisp, Prolog, Scheme), computer graphics, the graphical user interface (GUI), 
computer games, the laser printer, object-oriented programming, the personal computer, email, 
hypertext, symbolic mathematics systems (Macsyma, Mathematica, Maple, Derive), and, most 
recently, the software agents which are now popular on the World Wide Web. There is every 
reason to believe that AI will continue to produce such spin-off technologies. 
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Intellectually, AI depends on a broad intercourse with computing disciplines and with fields 
outside computer science, including logic, psychology, linguistics, philosophy, neuroscience, 
mechanical engineering, and statistics, economics, and control theory, among others. This 
breadth has been necessitated by the grandness of the dual challenges facing AI: creating 
mechanical intelligence and understanding the information basis of its human counterpart. AI 
problems are extremely difficult, far more difficult than was imagined when the field was 
founded. However, as much as AI has borrowed from many fields, it has returned the favor: 
through its interdisciplinary relationships, AI functions as a channel of ideas between computing 
and other fields, ideas that have profoundly changed those fields. For example, basic notions of 
computation such as memory and computational complexity play a critical role in cognitive 
psychology, and AI theories of knowledge representation and search have reshaped portions of 
philosophy, linguistics, mechanical engineering and, control theory. 

Early work in AI focused on using cognitive and biological models to simulate and explain 
human information processing skills, on "logical" systems that perform common-sense and 
expert reasoning, and on robots that perceive and interact with their environment. This early 
work was spurred by visionary funding from the Defense Advanced Research Projects Agency 
(DARPA) and Office of Naval Research (ONR), which began on a large scale in the early 1960's 
and continues to this day. Basic AI research support from DARPA and ONR -- as well as 
support from NSF, NIH, AFOSR, NASA, and the U.S. Army beginning in the 1970's -- led to 
theoretical advances and to practical technologies for solving military, scientific, medical, and 
industrial information processing problems. 

By the early 1980's an "expert systems" industry had emerged, and Japan and Europe 
dramatically increased their funding of AI research. In some cases, early expert systems 
success led to inflated claims and unrealistic expectations: while the technology produced many 
highly effective systems, it proved very difficult to identify and encode the necessary expertise. 
The field did not grow as rapidly as investors had been led to expect, and this translated into 
some temporary disillusionment. AI researchers responded by developing new technologies, 
including streamlined methods for eliciting expert knowledge, automatic methods for learning 
and refining knowledge, and common sense knowledge to cover the gaps in expert information. 
These technologies have given rise to a new generation of expert systems that are easier to 
develop, maintain, and adapt to changing needs. 

Today developers can build systems that meet the advanced information processing needs of 
government and industry by choosing from a broad palette of mature technologies. 
Sophisticated methods for reasoning about uncertainty and for coping with incomplete 
knowledge have led to more robust diagnostic and planning systems. Hybrid technologies that 
combine symbolic representations of knowledge with more quantitative representations inspired 
by biological information processing systems have resulted in more flexible, human-like 
behavior. AI ideas also have been adopted by other computer scientists -- for example, "data 
mining," which combines ideas from databases, AI learning, and statistics to yield systems that 
find interesting patterns in large databases, given only very broad guidelines. 

AI began as an attempt to answer some of the most fundamental questions about human 
existence by understanding the nature of intelligence, but it has grown into a scientific and 
technological field affecting many aspects of commerce and society. 



48 | Holistic Interaction Model for people living with a chronic disease 

 

Even as AI technology becomes integrated into the fabric of everyday life, AI researchers 
remain focused on the grand challenges of automating intelligence. Work is progressing on 
developing systems that converse in natural language, those perceive and respond to their 
surroundings, and those encode and provide useful access to all of human knowledge and 
expertise. The pursuit of the ultimate goals of AI -- the design of intelligent artifacts; 
understanding of human intelligence; abstract understanding of intelligence (possibly 
superhuman) -- continues to have practical consequences in the form of new industries, 
enhanced functionality for existing systems, increased productivity in general, and 
improvements in the quality of life. But the ultimate promises of AI are still decades away, and 
the necessary advances in knowledge and technology will require a sustained fundamental 
research effort. 

Regarding AI applied to health systems, fields that can be highlighted: the decision support 
systems, expert systems and data mining.  

2.2.5.2 WORKFLOWS 
 

A workflow is a reliably repeatable pattern of activity enabled by a systematic organization of 
resources, defined roles and mass, energy and information flows, into a work process that can 
be documented and learned. Workflows are always designed to achieve processing intents of 
some sort, such as physical transformation, service provision, or information processing. 

Workflows are closely related to other concepts used to describe organizational structure, such 
as silos, functions, teams, projects, policies and hierarchies. Workflows may be viewed as one 
primitive building block of organizations. The relationships among these concepts are described 
later in this entry. 

The term is used in computer programming to capture and develop human to machine 
interaction. Workflow software aims to provide end users with an easier way to orchestrate or 
describe complex processing of data in a visual form, much like flow charts but without the need 
to understand computers or programming. 

In former times, information systems were designed to support the execution of individual tasks. 
Today’s information systems need to support the business processes at hand. It no longer 
suffices to focus on just the tasks. The information system also needs to control, monitor and 
support the logistical aspects of a business process. In other words, the information system also 
has to manage the flow of work through the organization. Many organizations with complex 
business processes have identified the need for concepts, techniques, and tools to support the 
management of workflows. Based on this need the term workflow management was born 
(Hayes, 1991). 

Until recently there were no generic tools to support workflow management. As a result, parts of 
the business process were hard-coded in the applications. For example, an application to 
support task X triggers another application to support task Y. This means that one application 
knows about the existence of another application. 
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This is undesirable, because every time the underlying business process is changed, 
applications need to be modified. Moreover, similar constructs need to be implemented in 
several applications and it is not possible to monitor and control the entire workflow. Therefore, 
several software vendors recognized the need for workflow management systems. A workflow 
management system (WFMS) is a generic software tool which allows for the definition, 
execution, registration and control of workflows (Lawrence, 1997). At the moment many vendors 
are offering a workflow management system. This shows that the software industry recognizes 
the potential of workflow management tools. 

2.2.5.3 DISTRIBUTED SYSTEMS 
 

In the AmI’s wave it is desirable and even mandatory that both the intelligent and the 
components are distributed. Thus, we can share knowledge even on the move achieving 
ubiquitous access to information; and we are not platform or device dependent.  

Some technologies arise to facilitate this distribution. This section focus on two of them: Jini and 
Web Services.  

Jini network technology, which includes JavaSpaces Technology and Jini extensible remote 
invocation (Jini ERI), is an open architecture that enables developers to create network-centric 
services -- whether implemented in hardware or software -- that are highly adaptive to change. 
Jini technology can be used to build adaptive networks that are scalable, evolvable and flexible 
as typically required in dynamic computing environments (Kumaran, 2001). 

Web services (sometimes called application services) are services (usually including some 
combination of programming and data, but possibly including human resources as well) that are 
made available from a business's Web server for Web users or other Web-connected programs 
(Cerami, 2002). Providers of Web services are generally known as application service providers. 
Web services range from such major services as storage management and customer 
relationship management (CRM) down to much more limited services such as the furnishing of a 
stock quote and the checking of bids for an auction item. The accelerating creation and 
availability of these services is a major Web trend. 

Users can access some Web services through a peer-to-peer arrangement rather than by going 
to a central server. Some services can communicate with other services and this exchange of 
procedures and data is generally enabled by a class of software known as middleware. Services 
previously possible only with the older standardized service known as Electronic Data 
Interchange (EDI) increasingly are likely to become Web services. Besides the standardization 
and wide availability to users and businesses of the Internet itself, Web services are also 
increasingly enabled by the use of the Extensible Markup Language (XML) as a means of 
standardizing data formats and exchanging data. XML is the foundation for the Web Services 
Description Language (WSDL). 

As Web services proliferate, concerns include the overall demands on network bandwidth and, 
for any particular service, the effect on performance as demands for that service rise. A number 
of new products have emerged that enable software developers to create or modify existing 
applications that can be "published" (made known and potentially accessible) as Web services.  



50 | Holistic Interaction Model for people living with a chronic disease 

 

2.3 HUMAN-COMPUTER INTERACTION 
 

People have interacted with computers from the start, but it took time for human–computer 
interaction (HCI) to become a recognized field of research. Related journals, conferences, and 
professional associations appeared in the 1970s and 1980s. HCI is in the curricula of research 
universities, primarily in computer science, yet it has not coalesced into a single discipline. 
Fields with researchers who identify with HCI include human factors and ergonomics, 
information systems, cognitive science, information science, organizational psychology, 
industrial engineering, and computer engineering. (Grudin, 2005)  

In the remit of the thesis, human-computer interaction is identified with user interaction. This last 
name is coming more and more used today, since in the current technological and paradigm the 
users interact not only with computers but also with context, other users and their own artifacts 
that are indeed computers; and in general with the ambient.  

A fundamental objective of human-computer interaction (HCI) research is to make systems 
more usable, more useful, and to provide users with experiences fitting their specific 
background knowledge and objectives The challenge in an information-rich world is not only to 
make information available to people at any time, at any place, and in any form, but specially to 
say the “right” thing at the “right” time in the “right” way. (Fischer, 2001) 

Human-computer interaction studies the interactions and the relationships between humans and 
computers. HCI is more than user interfaces; it is a multidisciplinary field covering many areas 
(Hewett, 1996). In the first ten to fifteen years of its history, HCI has focused on interfaces 
(particularly on the possibilities and design criteria for graphical user interfaces (GUIs) using 
windows, icons, menus, and pointing devices to create more usable systems. As interface 
problems were better understood, the primary HCI concerns started to shift beyond the interface 
(to respond to observations as articulated by D. Engelbart: “If ease of use was the only valid 
criterion, people would stick to tricycles and never try bicycles”). More recent HCI research 
objectives are concerned with tasks, with shared understanding, and with explanations, 
justifications, and argumentation about actions, and not just with interfaces. The new essential 
challenges are improving the way people use computers to work, think, communicate, learn, 
critique, explain, argue, debate, observe, decide, calculate, simulate, and design. (Fischer, 
2001) 

 

2.3.1 THE EVOLUTION OF HUMAN-COMPUTER INTERACTION 
 

Jonathan Grudin (Grudin, 2005) identifies three faces of human-computer interaction. First one 
extended human factors or engineering psychology to computing. Another developed when 
mainframes spawned business computing in the 1960s. The third, focused on individual use, 
arose with minicomputers and home computers and burgeoned with personal computing in the 
1980s. 
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The first thread is the Human Factors and Ergonomics (HF&E). The second focuses on 
information systems (IS) management. The third one arose in the 1980s with personal 
computing, it is known as computer-human interaction (CHI) within this chapter.  

Although they share some issues and methods, these research efforts have not converged. 
They emerged within different parent disciplines, at different times, and comprised different 
generations of researchers. Approaches, attitudes, and terminology differed. Two—computer 
operation and information systems (IS) management— embraced the journal-oriented scholarly 
tradition of the sciences; the third—comprising cognitive and computer scientists— has placed 
greater emphasis on conference publication. In addition, each thread initially emphasized a 
different aspect of computer use: mandatory hands-on use, hands-off managerial use, and 
discretionary hands-on use. Designing for a use that is a job requirement and designing for a 
use is discretionary can be very different activities. 

2.3.1.1 1945-1965: EARLY APPROACHES 
 

Early approaches to improving work and what at the time were called man–machine interfaces 
focused on nondiscretionary use. Assembly line workers were hired to use a system; pilots were 
given planes—neither had a choice in the matter. If training was necessary, the workers and 
pilots were trained. Research goals included reducing training time, but most important was 
eliminating errors and increasing the pace of skilled performance. 

ENIAC, arguably the first general-purpose electronic computer in 1946, was 10 feet tall, covered 
1,000 square feet, and consumed as much energy as a small town. Once a program was 
written, several people loaded it by setting switches, dials, and cable connections. Despite a 
design innovation that boosted vacuum tube reliability by enabling them to be operated at 25 
percent normal power, 50 spent tubes had to be found and replaced on an average day (Grudin, 
2005). Early computer projects employed people in three roles: operation, management, and 
programming. A small army of operators was needed. Managers oversaw design, development, 
and operation, including the specification of programs to be written and the distribution of 
results. Each role eventually became a focus of HCI research, and despite the continual 
evolution of computers and the activities around them, we still find that these roles reflect 
aspects of this early division of labor. 

Reducing operator burden was a key focus of early innovation: eliminating the need to reset 
vacuum tubes, facilitating replacement of burned-out tubes, and developing stored-program 
computers that could be loaded by tape rather than manually with cables and switches. These 
endeavors were consistent with the “knobs and dials” human factors tradition. By the late 1950s, 
one computer operator could do the work that previously required a team. The first engineers to 
design and build computers chose their vocations. They delegated routine tasks to human 
operators. As computers became more reliable and capable, programming became a central 
activity. To improve programmers’ interfaces to computers meant to develop languages, 
compilers, and constructs such as subroutines. Grace Hopper, a pioneer in these areas in the 
1950s, described her goal as “freeing mathematicians to do mathematics.” (Hopper, 1987) This 
is echoed in today’s usability goal of freeing users to do their work.  
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The arrival of commercial solid-state computers in 1958 led to dramatic change. As computers 
were deployed more widely, attention to the operators’ job increased. Even more significantly, 
people could envision possibilities that were unimaginable for barn-sized machines of limited 
capability.  

Low-paid computer operators set switches, pushed buttons, read lights, loaded and burst printer 
paper; they loaded and unloaded cards, magnetic tapes, and paper tapes, and so on. Teletypes 
were the first versatile mode of direct interaction. Operators typed commands and read printed 
computer responses and status messages on paper that scrolled up one line at a time. The first 
displays (called VDUs or VDTs for visual display units or terminals, or CRTs for cathode ray 
tubes) were nicknamed glass ttys—glass teletypes—because they too scrolled up operator 
commands and computer-generated messages. Most displays were monochrome and restricted 
to alphanumeric characters. Early terminals cost around $50,000 in today’s dollars: expensive, 
but a small fraction of the cost of a computer. A large computer might have one console, used 
only by the operator. Improving the design of console buttons, switches, and displays was a 
natural extension of human factors. Experts in this field authored the first human−computer 
interaction papers, capturing the attention of some who were developing and acquiring systems 
in industry and government. In 1959, Brian Shackel published the article, “Ergonomics for a 
Computer,” (Shackel, 1959) followed by “Ergonomics in the Design of a Large Digital Computer 
Console.” (Shackel, 1962) Sid Smith published “Man–Computer Information Transfer” in 1963. 
(Smith, 1963)  

In 1963, Ivan Sutherland’s Sketchpad demonstrated constraints, iconic representations, 
copying, moving, and deleting of hierarchically organized objects, and object-oriented 
programming concepts (Sutherland, 1963). Douglas Engelbart’s broad vision included the 
foundations of word processing, invention of the mouse and other input devices, and an 
astonishing public demonstration of distributed computing that integrated text, graphics, and 
video (Engelbart, 1963) (Engelbart, 1968). Ted Nelson anticipated a highly interconnected 
network of digital objects, foreshadowing aspects of Web, blog, and wiki technologies (Nelson, 
1973). Rounding out this period were Alan Kay’s descriptions of personal computing based on 
versatile digital notebooks (Kay, 1977). 

At that computing era, most users were people hired. Today, more used is discretionary, with 
more emphasis on marketing to costumers and stressing user-friendliness.  Several observers 
have remarked on the shift toward greater discretion. A quarter century ago, John Bennett 
predicted that discretionary use would lead to more concern for usability (Bennett, 1979). 

2.3.1.2 1965-1980: HCI BEFORE PERSONAL COMPUTING 
 

In 1964, Control Data Corp. launched the transistor-based 6000 series. In 1965, integrated 
circuits arrived with the IBM System/360. These powerful computers, later christened 
mainframes to distinguish them from minicomputers, brought computing into the business realm. 
At that point, each of the three roles in computing operation, management, and programming 
became a significant profession. 
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In 1970, Brian Shackel founded the Human Sciences and Advanced Technology (HUSAT) 
center at Loughborough University in the UK, devoted to ergonomics research emphasizing 
HCI. Sid Smith and other human factors engineers published through this period (Smith, 1970). 
In 1972, the Computer Systems Technical Group (CSTG) of the Human Factors Society formed, 
and soon it was the largest technical group in the society. Leading publications were the general 
journal Human Factors and the computer-focused International Journal of Man-Machine Studies 
(IJMMS), first published in 1969. The first influential HCI book was James Martin’s 1973 Design 
of Man−Computer Dialogues (Martin, 1973). A comprehensive survey of interfaces for operation 
and data entry, it began with an arresting opening chapter describing a world in transition. 

In 1980, two major HCI books on visual displays terminals (VDT) design and one on general 
ergonomic guidelines were published (Cakir, 1980) (Grandjean, 1980). German work on VDT 
standards, first published in 1981, provided an economic incentive to design for human 
capabilities by threatening to prohibit noncompliant products.  

Beginning in 1967, the journal Management Science published a column titled “Information 
Systems in Management Science.” Early definitions of IS included “an integrated man/machine 
system for providing information to support the operation, management, and decision-making 
functions in an organization” and “the effective design, delivery and use of information systems 
in organizations.” A historical survey of IS research identifies HCI as one of five major research 
streams, initiated by Russell Ackoff’s 1967 paper on challenges in dealing with computer-
generated information (Zhang, 2004) (Banker, 2004) (Ackoff, 1967) 

In the 1960s and 1970s, more than 1,000 research papers on variables affecting programming 
performance were published. Most viewed programming in isolation, independent of 
organizational context. Gerald Weinberg’s landmark The Psychology of Computer Programming 
appeared in 1971. In 1980, Ben Shneiderman published Software Psychology (Shneiderman, 
1980), and Beau Sheil reviewed studies of programming notation (conditionals, control flow, 
data types), practices (flowcharting, indenting, variable naming, commenting), and tasks 
(learning, coding, debugging) (Sheil, 1981). Programmers changed their own field through 
invention.  

In 1970, Xerox Palo Alto Research Center (PARC) was founded to advance computer 
technology by developing new hardware, programming languages, and programming 
environments. It drew researchers and system builders from the labs of Engelbart and 
Sutherland. In 1971, Allen Newell of Carnegie Mellon University proposed a project to PARC, 
launched three years later: “Central to the activities of computing—programming, debugging, 
etc.—are tasks that appear to be within the scope of this emerging theory (a psychology of 
cognitive behavior).” (Card, 1986). The launched the first computer “Alto Computer”.  

Like HUSAT, also launched in 1970, PARC had a broad research charter. HUSAT focused on 
ergonomics, anchored in the tradition of nondiscretionary use, one component of which was the 
human factors of computing. PARC focused on computing, anchored in visions of discretionary 
use, one component of which was also the human factors of computing. Researchers at PARC 
and a few other places extended human factors to higher-level cognition. HUSAT, influenced by 
socio-technical design, extended human factors by considering organizational factors. 
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2.3.1.3 1980-1985: DISCRETIONARY USE 
 

In 1980, Human Factors and Ergonomics (HF&E) and IS were focused more on improving 
efficiency than on augmenting human intellect. In contrast, many programmers were captivated 
by this promise of computation. Growing numbers of students and hobbyists used 
minicomputers and microprocessor-based home computers, creating a population of hands-on 
discretionary users. 

Human Interaction with Computers, a 1980 book by Harold Smith and Thomas Green, perched 
on the cusp. It briefly addressed “the human as a systems component” (the nondiscretionary 
perspective). One-third covered research on programming. The remainder addressed “non-
specialist people,” discretionary users who were not computer specialists. Smith and Green 
wrote: “It’s not enough just to establish what people can and cannot do; we need to spend just 
as much effort establishing what people can and want to do.” (Smith, 1980) 

The Star workstation, officially known as the 8010 Star Information System (see Figure 18), was 
introduced by Xerox Corporation in 1981. It was the first commercial system to incorporate 
various technologies that today have become commonplace in personal computers, including a 
bitmapped display, a window-based graphical user interface, icons, folders, mouse, Ethernet 
networking, file servers, print servers and e-mail. 

                   

Figure 18 Xerox Start (Xerox Parc, 1981) 

In 1980, as IBM prepared to launch the personal computer (PC), a groundswell of attention to 
computer user behavior was building. IBM had recently added software to hardware as a 
product focus (Pew, 2003). Several cognitive psychologists joined an IBM research group that 
included John Gould, who had engaged in human factors research since the late 1960s. They 
initiated empirical studies of programming and software design and use.  

Other psychologists who led recently formed HCI groups included Phil Barnard at the Medical 
Research Council Applied Psychology Unit (APU); Tom Landauer at Bell Labs; Donald Norman 
at the University of California, San Diego; and John Whiteside at Digital Equipment Corp.  
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PARC and CMU were particularly influential. In 1980, Stuart Card, Thomas Moran, and Allen 
Newell published “Keystroke-Level Model for User Performance Time with Interactive Systems” 
and introduced cognitive elements as components of the goals, operators, methods, selection 
rules (GOMS) model that was the basis for their landmark 1983 book, The Psychology of 
Human−Computer Interaction (Card, 1983). A GOMS model is composed of METHODS that are 
used to achieve specific GOALS. The METHODS are then composed of OPERATORS at the 
lowest level. The OPERATORS are specific steps that a user performs and are assigned a 
specific execution time. If a GOAL can be achieved by more than one METHOD, then 
SELECTION RULES are used to determine the proper METHOD.  

Since 1983, with the publication of the Card, Moran, and Newell book, GOMS has provided a 
framework for analyzing routine human computer interactions. GOMS has its scientific 
foundation in cognitive psychology and is an improvement on earlier human factors modeling. 
There are basically four different GOMS models. The four models are the Keystroke-Level 
Model (KLM), CMN-GOMS, NGOMSL, and CPM-GOMS. These four models vary in complexity 
and are used to model different activities.  

Communications of the ACM initiated the “Human Aspects of Computing” department in 1980. 
Computing Surveys published a special issue on “The Psychology of the Computer User” the 
next year, edited by Tom Moran. The Association for Computing Machinery (ACM) Special 
Interest Group on Social and Behavioral Science Computing (SIGSOC) extended its 1981 
workshop to cover interactive software design and use; the group shifted to the latter focus and 
adopted the name Computer−Human Interaction (SIGCHI) in 1982. 

In 1983, the first CHI conference drew more than 1,000 people. Cognitive psychologists in 
industry dominated the program. The 1983 Computer− Human Interaction Conference (CHI 83) 
was cosponsored by the Human Factors Society. Human factors contributors included program 
chair Richard Pew, committee members Sid Smith, H. Rudy Ramsay, and Paul Green, and 
several presenters. Brian Shackel and society president Robert Williges gave tutorials the first 
day. “Human Factors in Computing Systems” was and remains the conference subtitle. 

Despite the initial interdisciplinary cooperation with human factors specialists, most cognitive 
psychologists were familiar with interactive software but not the human factors research 
literature. Many had turned to HCI after earning their degrees, when academic psychology 
positions became scarce. The Human Factors Society did not again cosponsor CHI, and its 
researchers disappeared from the CHI program committee (Grudin, 2005). 

Reservations about human factors were evident in The Psychology of Human−Computer 
Interaction: Human factors specialists, ergonomists, and human engineers will find that we have 
synthesized ideas from modern cognitive psychology and artificial intelligence with the old 
methods of task analysis … The user is not an operator. He does not operate the computer, he 
communicates with it (Card, 1983).  

Two years later, Newell and Card noted that human factors had a role in design but classical 
human factors have all the earmarks of second-class status. (Our approach) avoids continuation 
of the classical human-factors role (by transforming) the psychology of the interface into a hard 
science (Newell, 1985). 
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“Hard science, in the form of engineering, drives out soft science, in the form of human factors,” 
wrote Newell and Card (Newell, 1985). “Cognitive engineering” and “usability engineering” 
appeared; human factors disappeared. Most CHI researchers who had published in the annual 
human factors conference and Human Factors shifted to CHI, Communications of the ACM, and 
the journal Human−Computer Interaction established in 1985 by Tom Moran. In the first paper 
presented at CHI 83, “Design Principles for Human–Computer Interfaces,” Donald Norman 
experimented with applying engineering techniques to discretionary use, creating “user 
satisfaction functions” based on technical parameters (Norman, 1983). Only slowly would CHI 
stop identifying so strongly with engineering. 

Although highly respected, human performance modeling did not draw a large CHI following. 
Key goals of the modelers differed from those of practitioners and other researchers. “The 
central idea behind the model is that the time for an expert to do a task on an interactive system 
is determined by the time it takes to do the keystrokes.” (Card, 1980). This helps design for 
nondiscretionary users, such as telephone operators engaged in repetitive tasks (Grey, 1990). 
But CHI focused instead more on the first experiences of new discretionary users:  

CHI focused on novice use for several reasons. Initial experience is particularly important for 
discretionary users, and thus for the many vendors who sprang up to develop software for PCs, 
workstations, and minicomputers. Novices are a natural focus when studying new technologies 
that have few experts. And initial use is critical when more people take up computing each year 
than did the year before. 

With fewer European companies producing mass-market software, research remained more 
focused on less discretionary in-house development and use. At Loughborough University, 
HUSAT focused on job design (the division of labor between people and systems) and 
collaborated with the Institute for Consumer Ergonomics, particularly on product safety. In 1984, 
Loughborough initiated an HCI graduate program drawing on human factors, industrial 
engineering, and computer science. The International Conference on Human−Computer 
Interaction (INTERACT) conference, first held in London in 1984 and chaired by Shackel, drew 
HF&E and CHI researchers (Grudin, 2005). 

2.3.1.4 1985–2005: NEW INTERFACES, INTERNET, AND THE WEB 
 

Human–computer interaction in the personal computing era has been marked by the spread of 
Internet and intranet use, graphical user interfaces, and the World Wide Web.  Although Internet 
users doubled annually with remarkable regularity, it required decades to become a significant 
fraction of the population.  

Graphics made hard-earned progress through the 1960s and 1970s. In 1981, the Xerox Star 
was the first product with a full GUI. The Star, the Apple Lisa (see Figure 19), and other early 
GUIs did not do well. When the 1984 Macintosh failed with corporate buyers, Apple’s survival 
was uncertain (see Figure 20). Late in 1985, positive consumer response and niche use for 
graphics and desktop publishing validated the Mac and the GUI (Johnson, 1989). When the 
Web linked the nodes of a steadily expanding Internet, graphics were there to provide 
compelling content.  
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Figure 19 Apple Lisa (1983) 

             

Figure 20 Macintosh PC (1984) 

These breakthroughs played out differently in the three HCI research domains. The Macintosh 
appeal to discretionary users had an immediate, sweeping impact on CHI research. GUIs did 
not attract significant corporate attention until Windows 3.0 succeeded in 1990, delaying the 
impact on HF&E and IS until the technology was better understood. CHI took the discretionary 
early Web activity in stride, although it raised new issues. Initially a return to a form-based 
interaction style, the Web interface had less impact on HF&E. For IS, the Web’s discretionary 
appeal and economic significance brought opportunities and challenges. 

HF&E research has responded to military, aviation, and telecommunications interests, with 
government often leading the way. Bureaucratic needs—census, tax, social security, health and 
welfare, power plant operation, air traffic control, ground control for space missions, military 
logistics, processing text and voice data for intelligence—contribute to government’s being the 
largest consumer of computing. 
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In 1989, Fred Davis introduced the influential Technology Acceptance Model (TAM). Influenced 
by early CHI research, TAM identifies perceived usefulness and perceived utility as key factors 
in improving “white collar performance … often obstructed by users’ unwillingness to accept and 
use available systems.” (Davis, 1989). This managerial view is reflected in the term acceptance, 
reflecting a lack of choice. In contrast, CHI authors speak only of adoption.  

The Web had a seismic effect in IS when ecommerce took off in the late 1990s. When the 
Internet bubble popped, organizations continued building portals: The Web had become an 
essential business tool. 

In 1992 the Association for Computing Machinery, Inc. created the Special Interest Group in 
Human–Computer Interaction (SIGCHI) Curricula for Human-Computer Interaction.  

In 2001, the Association for Information Systems (AIS) established the Special Interest Group in 
Human–Computer Interaction (SIGHCI). The founders defined HCI by citing 12 works by CHI 
researchers and made it a priority to bridge to CHI. In contrast, HF&E is not among five key 
disciplines that are considered; it is the last of seven “related” fields. 

CHI immediately took up issues raised by GUIs, such as mouse manipulation, visual display of 
information, and user interface management systems (UIMSs). 

More powerful networking and processing led to collaboration support, hypertext and 
hypermedia, and then mobile and ubiquitous computing. As each moved from research to 
discretionary use, CHI increased coverage and sponsored relevant conference series: 
Computer Supported Cooperative Work (CSCW, first in 1986), Hypertext (1987), and Ubicomp 
(1999). CSCW represented a particularly significant shift, adding social theory and methods, 
including ethnography, to the previously cognitive orientation. 

Color, animation, and sound added engagement and seduction to interface design in the 
competitive software industry. Interface design as a wholly scientific endeavor became 
untenable. CHI has sponsored the Designing Interactive Systems (DIS) conference series since 
1995 and cosponsored Designing User Experience (DUX) since 2003. DIS attracts both 
systems and visual designers; DUX focuses on the latter. 

Psychologists, who shaped CHI, like those who formed HF&E 30 years earlier, were trained to 
test hypotheses about behavior in laboratory experiments. Experimental subjects agree to follow 
instructions for an extrinsic reward. This is a good model for nondiscretionary use, but not for 
discretionary use. CHI researchers relabelled them “participants,” which sounds volitional, but 
lab findings require confirmation in real-world settings more often than is true for ergonomics 
studies. 

Traditional ergonomic goals apply—fewer errors, faster performance, quicker learning, greater 
memorability, and being enjoyable— but the emphasis differs. For power plant operation, error 
reduction is crucial, performance enhancement is good. Other goals are less critical. In contrast, 
consumers often respond to visceral appeal at the expense of usability and utility. CHI slowly 
abandoned its roots in science and engineering, although the adoption of the term funology 
suggests a wistful reluctance to do so (Grudin, 2005) (Blythe, 2003). 
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Unlike HF&E, CHI embraced quick-and-dirty lab studies and time-consuming qualitative 
approaches. The former can guide real-world studies or help select among alternatives when 
the optimal solution is not needed. The latter can provide deeper understanding of user 
behaviors; challenges communicating such understandings led to methodological innovations 
such as contextual design and personas (Beyer, 1998) (Pruitt, 2005).  

Some early CHI researchers worked on theoretical foundations for design based on command 
naming and line editing as reference tasks (Barnard, 1991) (Newell, 1985). GUIs curtailed 
interest in these topics. As the design space expanded, hope of establishing an overarching 
theory contracted. Application of modern cognitive theory is today more often found in cognitive 
science, HF&E, and IS. A recent compilation of HCI theory and modeling approaches includes 
several with a cognitive orientation and a few social science or cognitive-social hybrids (Carroll, 
2003).  

Moore’s law exempts software invention from the usual tangled dance of engineering and 
science. Faster, smaller, and cheaper hardware ensures a steady flow of new devices and 
features, and more complex and layered architectures. Mobile devices, remote sensors and 
actuators, higher resolution, color, animation, voice over IP, application program interfaces 
(APIs), user interface libraries, and communication protocols spawn new choices. Research 
opportunities arise from indirect effects of spreading use on privacy, security, work-life balance, 
and so on (Grudin, 2005). 

The evolution of CHI is reflected in the influential contributions of Donald Norman. A cognitive 
scientist who coined the term cognitive engineering, he presented the first CHI 83 paper. It 
defined “User Satisfaction Functions” based on speed of use, ease of learning, required 
knowledge, and errors. His influential 1988 Psychology of Everyday Things focused on 
pragmatic usability. Its 1990 reissue as Design of Everyday Things reflected the broad 
refocusing on invention. Fourteen years later he published Emotional Design: Why We Love (or 
Hate) Everyday Things, stressing the role of aesthetics in our response to objects (Norman, 
1988) (Norman, 2004).  

 

2.3.2 BRIDGES AMONG THE THREE THREADS OF HCI 
 

Despite a common focus, there has been limited interaction among the three threads of 
human−computer interaction research (Grudin, 2005).  

The first two HCI disciplines to emerge, HF&E and IS, arose before discretionary hands-on use 
was widespread. Researchers in each considered both organizational and technical issues. 
HF&E and IS also share the traditional academic culture of the sciences: Conferences are 
venues for work in progress, journals are repositories for polished work. In contrast, for CHI and 
other US computer science disciplines, conference proceedings are the final destination for 
most work. Journals are secondary. Outside the US, computer science retains more of a journal 
focus, perhaps due to the absence of professional societies that archive proceedings (Grudin, 
2004). This circumstance impedes communication across disciplines and continents. 
Researchers in journal cultures chafe at CHI’s rejection rates; CHI researchers are dismayed by 
the relatively unpolished work at other conferences.  
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A linguistic divide also set CHI apart. HF&E and IS used the term operator; in IS, user could be 
a manager who used printed computer output, not a hands-on end user. Within CHI, operator 
was demeaning, user was always hands-on, and end user seemed a superfluous affectation. 
(Grudin, 2005) 

In HF&E and IS, task analysis referred to an organizational decomposition of work; in CHI it was 
a cognitive decomposition, such as breaking a text editing move operation into select, cut, 
select, paste. In IS, implementation meant deployment of a system in an organization; in CHI it 
was a synonym for development. System, application, and evaluation also had markedly 
different connotations or denotations. Significant misunderstandings and rejections resulted 
from failure to recognize these distinctions (Grudin, 2005).  

Different perspectives and priorities were reflected in attitudes toward standards. Many HF&E 
researchers contributed to standards development and argued that standards contribute to 
efficiency and innovation. Widespread in CHI was the view that standards inhibit innovation. 

A generational divide also existed. Many CHI researchers grew up in the 1960s and 1970s, and 
did not appreciate the HF&E orientation toward military and government systems, or the 
fondness of HF&E and IS for male generics (for example, “man−machine” interaction). This 
reduced enthusiasm for building bridges and exploring literatures. (Grudin, 2005) 

The Human Factors Society was deeply involved with the first CHI conference, but as CHI 
leaders wrote of human factors’ “second class” status and embraced computer science, human 
factors professionals abandoned CHI. In interviews around 2005, some recalled feeling that CHI 
researchers believed incorrectly that they had discovered the topic, ignored human factors 
contributions, employed usability study methods that were insufficiently rigorous, and seemed 
more interested in “describing their experiences.” Some CHI papers were indeed descriptive, 
and the widely used “thinking aloud” verbal protocols, introduced to interface design by Clayton 
Lewis based on the theories of Allen Newell and Herb Simon, were not widely accepted in 
experimental psychology (Lewis, 1982). 

The Computer Supported Cooperative Work conference series tried to bridge IS and CHI and 
met a similar fate. IS participation on the program committee and program, initially one-third, 
steadily declined. By 2002 no one on the program committee had a primary IS affiliation. In the 
early 1990s, IS papers were routinely rejected. In interviews, IS researchers said that CSCW 
reviewers “were not interested in IS contributions” or expected unrealistic effort for conference 
publications that count little in a field that regards conference papers as work in progress. 

IS participation in CSCW was disproportionately represented by Scandinavian cooperative or 
participatory design, which appealed to many in CHI. This situation might seem odd on the 
surface. Participatory design shared the traditional IS focus in internal development and 
operation, not product design. It was overtly political, whereas CHI was scrupulously apolitical. 
However, both focused on discretion: The key Scandinavian goal was to let workers control 
technology choices. In addition, most Scandinavian and CHI researchers were of the same 
generation, influenced by the culture of the 1960s and 1970s. This alliance faded as differences 
became more apparent, albeit more slowly than the management IS tie. 
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Nowadays, AIS SIGHCI seeks a cognitive bridge between IS and CHI, but the cultural forces 
must be reckoned with. Although SIGHCI does not mention HFES, it has organized sessions 
and special issues for the human factors-oriented HCII conference and journals Behaviour and 
Information Technology, International Journal of Human−Computer Studies, and International 
Journal of Human−Computer Interaction. High-acceptance, work-in-progress conference 
sessions that yield human factors and IS journal special issues will draw few CHI researchers. 

Another thread of human–computer interaction research is coalescing as information science, 
with conferences, journals, and societies that address database use, information retrieval, and 
the digital evolution of library science. One component of information science research can be 
traced to office automation efforts that sprang up around minicomputers in the 1970s, between 
the mainframes that spawned information systems and the PCs of CHI. The Web-based shift to 
information repositories returned this thread to prominence. More could be said about the 
telecommunications industry. It had the most external customers and internal employees, and 
influenced every facet of HCI research (Israelski, 2003). 

Software engineering and artificial intelligence are relevant disciplines passed over here. Finally, 
with the new social and technological paradigm known as Ambient Intelligence, new tendencies 
appear with on new interactive graphics, adaptive interfaces, and the arising natural interaction. 
. 

There is more choice at home than at work; a lot when buying online, none when confronted by 
a telephone answering system; considerable when young and healthy, less when constrained 
by injury or aging. Alternatives disappear: Software that was discretionary yesterday is 
indispensable today, and the need to collaborate forces us to adopt common systems and 
conventions.  

As familiar applications become essential, and as security concerns curtail openness, one might 
expect discretion to recede, but Moore’s law, greater competition, and more efficient distribution 
guarantee that a steady flow of unproven technologies will find their way to us. 

In 1988, Norman wrote of “the invisible computer of the future.” (Norman, 1988). Like motors, he 
speculated, computers would be present everywhere and visible nowhere. We interact with 
clocks, refrigerators, and cars. Each has a motor, but there is no human–motor interaction 
specialization. A decade later, at the height of the Y2K crisis and the Internet bubble, computers 
were more visible than ever. We may always want a multipurpose display or two, but part of 
Norman’s vision is materializing. With computers embedded everywhere, concern with our 
interaction with them is everywhere. 

Today, as interaction with digital technology is becoming part of everyone’s research, the three 
HCI fields are blurring into a common user interaction that comprises all application fields 
around people in their daily lives.  
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2.3.3 ACM SIGCHI CURRICULA FOR HUMAN-COMPUTER INTERACTION 
 

The Association for Computing Machinery and the IEEE Computer Society, as the primary 
scientific/professional computer societies, have taken a leading role in the development of 
model curricula for computer science (ACM 1968, 1977, 1979; Denning, et al., 1988; IEEE 
Computer Society, 1976, 1983; ACM/IEEE-CS Joint Curriculum Task Force, 1991). Carnegie-
Mellon University has also published a curriculum and its rationale (Shaw, 1985). As computer 
science curricula have developed, human-computer interaction (HCI) has, with other topics, 
gradually become a part of many of the curricula. For example, the Carnegie-Mellon curriculum 
report cited has a course in interface design, a collateral psychology course in human factors, 
and integrates human-computer interaction topics as appropriate in several courses (e.g., 
Languages, Interfaces, and their Processors). The recent ACM report on the core of computer 
science (Denning, et al., 1988), includes human-computer communication as one of nine 
subareas comprising computer science. Human-computer interaction topics are a part of this 
area as are topics in computer graphics. Human-computer interaction itself has over the last 20 
years emerged as a focus research area with specialist organizations, such as The ACM 
Special Interest Group on Computer Human Interaction, the British Computer Society Specialist 
Group on HCI, the IFIP Technical Committee (TC 13) on Human-Computer Interaction, the 
Human Factors Society Computer Systems Technical Group and the European Association for 
Cognitive Ergonomics.  

There are specialist journals in the field such as Human-Computer Interaction, International 
Journal of Man-Machine Studies, Behavior and Information Technology, International Journal of 
Human-Computer Interaction; and Interacting with Computers. Besides, there are several 
specialist conferences as ACM CHI Human Factors in Computing Systems Conference, ACM 
User Interface Software Technology Conference, IFIP INTERACT Human Factors in Computing 
Conference; and the International Conference on Human-Computer Interaction.  

New research results have been generated from this focus. There has, however, been a 
shortage of educational materials for preparing courses in human-computer interaction. An ACM 
workshop on curricula in human-computer interaction was held in 1985 (Mantei, 1985) and 
several instructors have published descriptions of their courses (e.g., Green, 1984; Hewett, 
1987a; Hix, 1990; Perlman, 1989; Strong, 1989; Verplank & Kim, 1987). The current level of 
activities and the development of studies in human-computer interaction is far enough along that 
the next step in developing educational programs is now possible. The time is appropriate to 
attempt initial inventories of the field and to make recommendations for education in human-
computer interaction. To attempt such an exercise, the ACM Special Interest Group in 
Computer-Human Interaction (SIGCHI) created a Curriculum Development Group in August, 
1988. The task of the committee was to produce a set of recommendations for education in 
human-computer interaction. 

According to the ACM SIGCHI, the following inventory of topics contains representative entries 
related to all of the aspects of the design and analysis of human-computer interaction systems.  
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Figure 21 Human-Computer Interaction (Hewett, 1992) 

The topics related to HCI derive from a consideration of five interrelated aspects of human-
computer interaction: (N) the nature of human-computer interaction, (U) the use and context of 
computers, (H) human characteristics, (C) computer system and interface architecture, and (D) 
the development process.  

The nature of HCI (N) comprises the different points of view: HCI as communication, agent 
paradigm, tool paradigm, the work-centered point of view, human/system/tasks division, 
supervisory control. Besides, the objectives (e.g. productivity, user empowerment); history and 
intellectual roots and HCI as an academic topic: journals, literature, relation to other fields, and 
science vs. engineering vs. design aspects. 

U1. Social Organization and Work This heading relates to the human as an 
interacting social being. It includes a concern 
with the nature of work, and with the notion 
that human systems and technical systems 
mutually adapt to each other and must be 
considered as a whole. 

 Some of them are:  

Points of view (e.g., industrial engineering, 
operations research, Rasmussen's cognitive 
engineering, the Aarhus participatory design 
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approach, Hewitt's open systems).  

Models of human activity (e.g., opportunistic 
planning, open procedures).  

Models of small-groups, organizations.  

Models of work, workflow, cooperative activity, 
office work.  

Socio-technical systems, human organizations 
as adaptive open systems, mutual impact of 
computer systems on work and vice versa, 
computer systems for group tasks, case 
studies.  

Quality of work life and job satisfaction. 

U2. Application Area The focus of this section is on classes of 
application domains and particular application 
areas where characteristic interfaces have 
developed. 

 Characterization of application areas (e.g., 
individual vs. group, paced vs. unpaced). 

Document-oriented interfaces: Text-editing, 
document formatting, illustrators, 
spreadsheets, hypertext. 

Communications-oriented interfaces: 
Electronic mail, computer conferencing, 
telephone and voice messaging systems. 

Design environments: programming 
environments, CAD/CAM. 

On-line tutorial systems and help systems 

Multimedia information kiosks. 

Continuous control systems: process control 
systems, virtual reality systems, simulators, 
cockpits, video games. 

Embedded systems: Copier controls, elevator 
controls, consumer electronics and home 
appliance controllers (e.g., TVs, VCRs, 
microwave ovens, etc.) 
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U3. Human-Machine Fit and Adaptation Part of the purpose of design is to arrange a fit 
between the designed object and its use. 
There are several dimensions to this fit and it 
is possible to place the burden of adjustment 
in different places: Adjustments can be made 
(1) either at design time or at time of use (2) 
by either changing the system or the user and 
(3) the changes can be made by either the 
users themselves or, sometimes, by the 
system. Topics under this heading all relate to 
changing some component of a socio-
technical system so as to improve its fit. 

 Alternate techniques for achieving fit. 

Nature of adaptive systems, adaptations of 
human systems that cancel reliability 
improvements, the nature of error in adaptive 
redundant systems, empirical findings on user 
improvisation with routine systems, 
determinants of successful systems 
introduction. 

System selection: theories of system 
adoption. 

System adaptation: customization and 
tailorability techniques. 

User selection: compatibilities of user and 
system characteristics. 

User adaptation: ease of learning, training 
methods (e.g., on-line tutorials), relation to 
system design. 

User guidance: help techniques, 
documentation, error-handling techniques. 

Table 11 Use and context of computers components in HCI (Hewett, 1992) 

Regarding the human characteristics it is important to understand something about human 
information-processing characteristics, how human action is structured, the nature of human 
communication, and human physical and physiological requirements.  
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H1. Human Information Processing Characteristics of the human as a processor 
of information. 

 Models of cognitive architecture: symbol-
system models, connectionist models, 
engineering models. 

Phenomena and theories of memory. 

Phenomena and theories of perception. 

Phenomena and theories of motor skills. 

Phenomena and theories of attention and 
vigilance. 

Phenomena and theories of problem solving. 

Phenomena and theories of learning and skill 
acquisition. 

Phenomena and theories of motivation. 

Users' conceptual models. 

Models of human action. 

Human diversity, including disabled 
populations. 

H2. Language, Communication and 
Interaction 

Language as a communication and interface 
medium. Communication phenomena. 

 Aspects of language: syntax, semantics, 
pragmatics. 

Formal models of language. 

Pragmatic phenomena of conversational 
interaction (e.g., turn-taking, repair). 

Language phenomena. 

Specialized languages (e.g., graphical 
interaction, query, command, production 
systems, editors). 

Interaction reuse (e.g., history lists). 

H3. Ergonomics Anthropometric and physiological 
characteristics of people and their relationship 
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to workspace and environmental parameters. 

 Human anthropometry in relation to 
workspace design. 

Arrangement of displays and controls, link 
analysis. 

Human cognitive and sensory limits. 

Sensory and perceptual effects of CRT and 
other display technologies, legibility, display 
design. 

Control design. 

Fatigue and health issues. 

Furniture and lighting design. 

Temperature and environmental noise issues. 

Design for stressful or hazardous 
environments. 

Design for the disabled. 

Table 12 Human characteristics components in HCI (Hewett, 1992) 

The Computer System and Interface Architecture (C) components comprise the specialized 
components for interacting with humans. Some of these components are basically transducers 
for moving information physically between human and machine. Other components have to do 
with the control structure and representation of aspects of the interaction. These specialized 
components are covered in the following table. 

C1. Input and Output Devices The technical construction of devices for 
mediating between humans and machines. 

 Input devices: survey, mechanics of particular 
devices, performance characteristics (human 
and system), devices for the disabled, 
handwriting and gestures, speech input, eye 
tracking, exotic devices (e.g., EEG and other 
biological signals). 

Output devices: survey, mechanics of 
particular devices, vector devices, raster 
devices, frame buffers and image stores, 
canvases, event handling, performance 
characteristics, devices for the disabled, 
sound and speech output, 3D displays, motion 
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(e.g., flight simulators), exotic devices. 

Characteristics of input/output devices (e.g., 
weight, portability, bandwidth, sensory 
modality). 

Virtual devices. 

C2. Dialogue Techniques The basic software architecture and 
techniques for interacting with humans. 

 Dialogue Inputs: 

        Types of input purposes (e.g., selection, 
discrete parameter specification, continuous 
control). 

        Input techniques: keyboard techniques 
(e.g, commands, menus), mouse-based 
techniques (e.g., picking, rubber-band lines), 
pen-based techniques (e.g., character 
recognition, gesture), voice-based techniques. 

Dialogue Outputs: 

        Types of output purposes (e.g., convey 
precise information, summary information, 
illustrate processes, create visualizations of 
information). 

        Output techniques (e.g., scrolling display, 
windows, animation, sprites, fish-eye 
displays). 

        Screen layout issues (e.g., focus, clutter, 
visual logic). 

Dialogue Interaction Techniques: 

        Dialogue type and techniques (e.g., 
alphanumeric techniques, form filling, menu 
selection, icons and direct manipulation, 
generic functions, natural language). 

        Navigation and orientation in dialogues, 
error management. 

        Multimedia and non-graphical dialogues: 
speech input, speech output, voice mail, video 
mail, active documents, videodisc, CD-ROM. 
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        Agents and AI techniques. 

        Multi-person dialogues. 

Dialogue Issues: 

        Real-time response issues. 

        Manual control theory. 

        Supervisory control, automatic systems, 
embedded systems. 

        Standards. 

        "Look and feel," intellectual property 
protection. 

C3. Dialogue Genre The conceptual uses to which the technical 
means are put. Such concepts arise in any 
media discipline (e.g., film, graphic design, 
etc.). 

 Interaction metaphors (e.g., tool metaphor, 
agent metaphor). 

Content metaphors (e.g., desktop metaphor, 
paper document metaphor). 

Persona, personality, point of view. 

Workspace models. 

Transition management (e.g., fades, pans). 

Relevant techniques from other media (e.g., 
film, theater, graphic design). 

Style and aesthetics. 

C4. Computer Graphics Basic concepts from computer graphics that 
are especially useful to know for HCI. 

 Geometry in 2- and 3- space, linear 
transformations 

Graphics primitives and attributes: bitmap and 
voxel representations, raster-op, 2-D 
primitives, text primitives, polygon 
representation, 3-D primitives, quadtrees and 
octtrees, device independent images, page 
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definition languages. 

Solid modeling, splines, surface modeling, 
hidden surface removal, animation, rendering 
algorithms, lighting models. 

Color representation, color maps, color ranges 
of devices. 

C5. Dialogue Architecture Software architectures and standards for user 
interfaces. 

 Layers model of the architecture of dialogues 
and windowing systems, dialogue system 
reference models. 

Screen imaging models (e.g., RasterOp, 
Postscript, Quickdraw). 

Window manager models (e.g., Shared 
address-space, client-server), analysis of 
major window systems (e.g., X, New Wave, 
Windows, Open Look, Presentation Manager, 
Macintosh). 

Models of application-to-dialogue manager 
connection. 

Models for specifying dialogues. 

Multi-user interface architectures "Look and 
feel". 

Standardization and interoperability. 

Table 13 Computer System and Interface Architecture components in HCI (Hewett, 1992) 

Development Process (D) components are concerned with the methodology and practice of 
interface design. Other aspects of the development process include the relationship of interface 
development to the engineering (both software and hardware) of the rest of the system. 

D1. Design Approaches The process of design. Relevant topics from 
other design disciplines. 

 Graphic design basics (e.g., design 
languages, typography, use of color, 2D & 3D 
spatial organization, temporal sequencing, 
etc.). 

Alternative system development processes 
(e.g., waterfall model, participatory design), 
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lifecycle model, iterative design, choice of 
method under time/resource constraint. 

Task analysis techniques (e.g., field studies, 
analytical methods), task allocation, market 
analysis. 

Design specification techniques. 

Design analysis techniques (e.g., objects and 
actions). 

Industrial design basics. 

Design case studies and empirical analyses of 
design. 

D2. Implementation Techniques and Tools Tactics and tools for implementation. 

 Relationships among design, evaluation, and 
implementation. 

Independence and reusability, application 
independence, device independence. 

Prototyping techniques (e.g., storyboarding, 
video, "Wizard of Oz", HyperCard, rapid 
prototype implementations). 

Dialogue toolkits (e.g., MacApp, NextStep, 
UIMS's, HyperCard). 

Object-oriented methods. 

Data representation and algorithms. 

D3. Evaluation Techniques Philosophy and specific methods for 
evaluations. 

 Productivity. 

Figures of merit (e.g., time, errors, learnability, 
design for guessing, preference, etc.). 

Usability testing techniques, linking testing to 
specifications. 

Formative and summative evaluation 
techniques for empirical evaluation, including, 
field observation methods, participant 
observation, interviewing techniques, 
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questionnaire design, psychometric methods, 
video protocols, system logging, experiment 
design (e.g, concern with sample bias, etc.), 
methods from psychological and sociological 
evaluation fields, ethics of working with 
participants. 

D4. Example Systems and Case Studies Classic designs to serve as extended 
examples of human interface design. 

 Command-oriented: 

        OS/360 JCL (batch-oriented command 
style, baseline for seeing later improvements). 

        PC DOS (command style interface 
learned by millions). 

        Airline check-in system (time pressure, 
ambiguous input, distributed system). 

Graphics-oriented: 

        Xerox Star (icon-window interface, 
generic commands). 

        Apple Macintosh (similar interface over 
many applications). 

        MacPaint (widely known and available 
graphics program). 

Frame-based: 

        Promis (Rapid response to large set of 
frames, touch-panel oriented). 

        Zog (User-tailorable, rapid-response 
system, large number of frames, first 
commercial frame-based system). 

        HyperCard (Graphically-oriented frame-
based system with user programming 
language, first mass market frame-oriented 
system).  

User-defined combinatorics: 

        Unix operating system (strong 
combinatoric architecture paired with weak 
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human factors). 

        Emacs (language-oriented, large 
combinatoric command set). 

        Visicalc (a "home-run" application with 
strong conceptual model that succeeded 
despite weak human factors). 

        DBaseIII (simple, but successful, user 
applications generator). 

        Nintendo Super Mario Brothers 
(learnable without a manual by grade school 
children). 

Table 14 Development Process components in HCI (Hewett, 1992) 

 

2.3.4 USER MODELING IN HCI 
 

Some of the beginnings of user modeling were derived from the need and desire to provide 
better support for human-computer collaboration. Collaboration in this context is defined as “a 
process in which two or more agents work together to achieve shared goals'' (Terveen, 1995, 
Fischer, 2001). Some fundamental issues (such as shared goals, shared context, control, (co)-
adaptation, (co)-evolution, and learning) can be derived from this definition. Human-computer 
collaboration can be approached from two different perspectives: an emulation approach and a 
complementing approach. The emulation approach is based on the metaphor that to improve 
human-computer collaboration is to endow computers with ``human-like abilities''. The 
complementing approach is based on the fact that computers are not human and that human-
centered design should exploit the asymmetry of human and computer by developing new 
interaction and collaboration possibilities. 

Historically, the major emphasis in user modeling has focused on the human emulation 
approach (see Fischer, 2001). However, based on the limited success of the emulating 
approach, the interest has shifted more and more to the complementing approach. There is 
growing evidence that the problems of user modeling in the complementing approach are more 
tractable, more feasible, and more desirable, as evidenced by their increasing influence in the 
design of commercial high-functionality applications. A similar shift taking place in the Intelligent 
Tutoring Systems (ITS) community is described in the contribution by Kay (Kay, 2001). 
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2.3.4.1 FROM NOVICE TO SKILLED DOMAIN WORKER 
 

The original HCI approaches, by being focused on making systems more usable, have often 
reduced the expressive power of the systems and of interfaces to accommodate novices and 
casual users who are assumed to be using the system for the first time, for only a few times, 
and for simple activities. Walk-up-and-use systems, such as ATMs (Automated Teller 
Machines), are examples of low-threshold, low-ceiling systems; they should be easy to 
understand and use without prior experience. Complex systems for professional use need to be 
useful; they must allow their users to do the tasks they have to do to get their jobs done. These 
professional worlds are complex, leading to high-functionality applications (HFA). These 
systems are often difficult to use at first, but over time users are able to perform a wide range of 
tasks with the system. Generic assumptions about users may be adequate in systems for 
novices (the design criteria being based on generic cognitive functions, as, for example, defined 
by the Model Human Processors (Card et al., 1983)), but only if we ignore the requirements to 
provide universal access for people with different disabilities (Stephanidis, 2001). Generic 
assumptions about skilled domain workers being the primary users of HFAs are definitely 
limiting the learnability and usability of these systems.  

2.3.4.2 KNOWLEDGE-BASED HCI 
 

Traditionally, computer usage was modeled as a human-computer dyad (see Figure 22) in 
which the two were connected by a narrow explicit communication channel, such as text-based 
terminals in a time-sharing environment. The advent of more sophisticated interface techniques, 
such as windows, menus, pointing devices, color, sound, and touch-screens have widened this 
explicit communication channel. In addition to exploring the possibilities of new design 
possibilities for the explicit communication channel, knowledge-based architectures for HCI 
have explored the possibility of an implicit communication channel (see Figure 23). The implicit 
communication channel supports communication processes which require the computer to be 
provided with a considerable body of knowledge about problem domains, about communication 
processes, and about the agents involved.  

                     

Figure 22 The human-computer dyad (adapted from Fischer, 2001) 
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Figure 23 Knowledge-based HCI (Adapted from Fischer, 2001) 

As stated in Figure 23 the knowledge comprises three different types of knowledge (Fischer, 
2001) (see Table 15).  

Knowledge about the 
problem domain 

Shared knowledge builds upon large amounts of knowledge 
about specific domains. This knowledge constrains the 
number of possible actions and describes reasonable goals 
and operations in the domain of specific users, thereby 
supporting human problem-domain interaction and not just 
human-computer interaction. 

Knowledge about 
communication processes 

The information structures that control communication should 
be accessible and changeable by the user. A knowledge-
based HCI system should have knowledge about when and 
whether to assist the user, interrupt the user and volunteer 
information to the user contextualized to the task at hand. 

Knowledge about the 
communication agent 

The “typical” user of a system does not exist; there are many 
different kinds of users, and the requirements of an individual 
user usually change with experience. Simple classification 
schemes based on stereotypes such as novice, intermediate, 
or expert users, are inadequate for complex knowledge-
based systems because these attributes become dependent 
on a particular context rather than applying to users globally. 
One of the central objectives of user modeling in HCI is to 
address the problem that systems will be unable to interact 
with users cooperatively unless they have some means of 
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finding out what the user really knows and does. Techniques 
to achieve this include: 1) being told by the users (e.g. by 
questionnaires, setting preferences, or specification 
components); 2) being able to infer it from the user's actions 
or usage data; and 3) communicating information about 
external events to the system. 

Table 15 Knowledge's types in HCI (Fischer, 2001) 

2.3.5 HCI MODELS 
 

This section describes the most relevant HCI models that served as inspiration for this research.  

2.3.5.1 THE BASIC MODEL FOR HUMAN-COMPUTER INTERACTION 
 

First of all, the basic model for human interaction described by Schomaker et al. in 1995 defined 
a taxonomy and stated many important components of an interaction model. (Schomaker, 1995) 

        

“Cognition”

Cognition

Computer

Human

Interface

Interaction information flow

Computer Input 
Modalities 

(CIM)

Human Output 
Channels 

(HOC)

Human Input 
Channels

(HIC)

Computer Output 
Modalities 

(COM)

Intrinsic Perception/action loop  

Figure 24 Model for the identification of the basic processes in human-computer interaction. Note that in fact 
two loops exists: the intrinsic feedback as in eye-hand coordination, and the extrinsic loop, imposed by the 

computer. (Schomaker et al., 1995) 
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In order to depict a taxonomy of multimodal human-computer interaction they clarified a number 
of concepts and issues. The first assumption is that there are minimally two separate agents 
involved, one human and one machine. They are physically separated, but are able to exchange 
information through a number of information channels. As schematically shown in Figure 24, 
they proposed the following definitions. There are two basic processes involved on the side of 
the human user: Perception and Control. With respect to the Perceptive process, we can make 
a distinction between: Human Input Channels (HIC) and Computer Output Media (COM). Within 
the Control process, we can make a distinction between: Human Output Channels (HOC) and 
Computer Input Modalities (CIM). 

Then, within both of the agents, a cognitive or computational component can be identified, which 
processes the incoming input information and prepares the output. Also, at this intermediate 
cognitive level, intentional parameters will influence the processing, either implicitly, such as by 
design, in the case of non-intelligent agents, or explicitly, as in humans or in more sophisticated 
agents containing an explicit representation of goals and ``beliefs''. With respect to the machine, 
it should be noted that here the design is known, whereas for the human cognitive apparatus, 
the architecture must be inferred and cannot be observed directly.  

Instead of the word modality at the human input side, and the word media at the human output 
side, they have chosen for the word channel, which also allows for a more clear distinction 
between the abbreviations (HOC CIM COM HIC HOC) which can also be pronounced 
as: HOC: human output to computer, CIM: computer input from man, COM: computer output to 
man and HIC: human input from computer. 

2.3.5.2 THE FAA’S HUMAN FACTORS MODEL 
 

The model presented by the Human Factors Research and Engineering Group from the Federal 
Aviation Administration (FAA, 2007) is adapted from David Meister's, Human Factors: Theory 
and Practice, 1971, and is one depiction of how humans and systems interact. Environmental 
influences on that interaction have been added. The model illustrates a typical information flow 
between the "human" and "machine" components of a system (see Figure 25).  
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Figure 25 Human Factors Interaction model by FAA – HF (FAA, 2007) 

Each component has its particular variables that affect the interaction. Table 16, Table 17 and 
Table 18 list all variables. 

Human component Variables 

Cognitive Attention 

Memory (short & long term) 

Information processing 

Decision making 

Action initiation 

Sensory Vision 

Hearing 

Smell 

Touch 

Taste 

Musculoskeletal Motor co-ordination 

Action performance 
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Object manipulation 

Table 16 Human variables from FAA's model (FAA, 2007) 

Automated/Machine System component Characteristics 

Machine input device Receives data via: 

Sensors 

Controls, switches, levers 

Keyboard, trackball, mouse 

Touch screen 

Voice 

Machine CPU Process data 

Performs programmed procedures 

Stores data 

Retrieves data 

Transmits response 

Machine display Displays response: visual, auditory, tactile 

Initiates queries 

Table 17 System variables from FAA's model (FAA, 2007) 

 

Environment Variables 

 Illumination 

Noise level 

Air quality 

Vibration 

Climate 

Table 18 Enviromental variables from FAA's model (FAA, 2007) 
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2.3.5.3 THE IMPLICIT HUMAN COMPUTER INTERACTION (IHCI) 
 

Interactive systems have been the dominant computing paradigm over recent years. This 
paradigm is characterized by the fact that human user and the system communicate and 
interact explicitly using different modalities. However to come closer to visions of Ambient 
Intelligence, Calm Computing, Disappearing Computing, and Ubiquitous Computing new forms 
of interaction are required. Observing humans interacting with each other and new possibilities 
given by emerging technologies indicate that a new interaction model is needed. The implicit 
human computer interaction (iHCI) takes the users context into account when creating new user 
interfaces for ambient intelligence (Schmidt 2005). 

Context and context-awareness are central issues to ambient intelligence. The availability of 
context and the use of context in interactive applications offer new possibilities to tailor 
applications and systems "on-the-fly" to the current situation. However, context influences and 
often fundamentally changes interactive systems.  

Human computer interaction is not restricted to conventional desktop systems. As processing 
devices (e.g. logic circuits, DSPs, and microcontrollers) are included in many other interactive 
devices, such as VCRs, cameras, and mobile phones, human-device interaction becomes an 
important design criterion. Designing interaction and user interfaces for such systems has its 
distinctive challenges depending on the type of device. 

Design, development and implementation of interactive systems are extensively researched and 
for most modalities guidelines, approaches, methods, and tools are widely described and 
available. Commonly used approaches are graphical user interfaces (GUIs) that are build on 
event based interaction. The basic concept is to assign events to interactions carried out by the 
user (e.g. pressing a button, dragging an icon). In the applications these events are linked to 
actions (e.g. calls of certain functions). For the development of applications using GUIs and user 
generated events development support is widely available at different levels in most current 
programming languages and development environments. Interactive applications are not 
restricted to a single application, they can also be distributed. Here a standard method is to 
separate the UI from the processing component. Applications implemented based on Web 
infrastructure are a typical example of this type of interactive applications. The visualization of 
the content and the immediate interaction is at the users system. However the response time of 
the server influences the interactive user experience. 

A key criterion of interactive applications is that they are used explicitly by the user. The basic 
procedure of a user initiated explicit interaction can be summarized by the following steps: 1) the 
user requests the system to carry out a certain action. 2) The action is carried out by the 
computer, in modern interfaces providing feedback on this process. 3) The system responds 
with an appropriate reply, which in some cases may be empty. 

Consider the example of moving a file from one folder to another folder using a GUI. The user 
drags the file from the source folder to the destination folder requesting by these means 
explicitly the move action (1). The system moves the file from one folder to the other providing 
progress visualization (2). After the interaction the GUI is presented with the file in the 
destination folder (3). 
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When observing an interaction that is initiated by the system, then the steps are preceded by a 
step where the system provides notification to the user. In certain cases reaction from the user 
is enforced (e.g. a system modal dialog box). In other cases it is up to the user whether or not to 
take action (e.g. ringing of a phone, email audio cue). The interaction model “the execution-
evaluation cycle” discussed by Norman (Norman, 1998) reflects a similar pattern, however 1) 
and 3) are subdivided into more detail. 

Explicit interaction requires always a kind of dialog between the user and a particular system or 
computer the user is currently interacting with. This dialog brings the computer inevitably to the 
centre of the activity and the users focus is on the interface or on the interaction activity. This 
form of interaction is obviously in contrast to the visions of calm and Ubiquitous Computing. Also 
the idea of a disappearing computer [9] and ambient intelligence is hard to imagine with explicit 
interaction only. The realization of these visions can only be achieved when parts of the 
interaction between the computer and the human are transparent and not explicit, as stated 
above (Schmidt, 2005). 

There are many things that influence the interaction between humans that are not contained in 
traditional “human computer interaction”. The influence of situation, context, and environment 
offers a key to new ways of HCI. To come closer to the aim of creating interaction between 
humans and systems that is closer to natural interaction it becomes crucial to included implicit 
elements into the communication in addition to the explicit dialog that already used. 

The following definition (see Table 19) characterizes the new paradigm of implicit human 
computer interaction (iHCI).  

Implicit Human-Computer Interaction (iHCI) iHCI is the interaction of a human with the 
environment and with artifacts which is aimed 
to accomplish a goal. Within this process the 
system acquires implicit input from the user 
and may present implicit output to the user. 

Implicit Input Implicit input are actions and behavior of 
humans, which are done to achieve a goal 
and are not primarily regarded as interaction 
with a computer, but captured, recognized and 
interpret by a computer system as input. 

Implicit Output Output of a computer that is not directly 
related to an explicit input and which is 
seamlessly integrated with the environment 
and the task of the user. 

Table 19 Definitions of iHCI (Schmidt, 2005) 
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The basic idea of implicit input is that the system can perceive the users interaction with the 
physical environment and also the overall situation in which an action takes place. Based on the 
perception the system can anticipate the goals of the user to some extent and hence it may 
become possible to provide better support for the task the user is doing. The basic claim is that 
Implicit Human Computer Interaction (iHCI) allows transparent usage of computer systems. This 
enables the user to concentrate on the task and allows centering the interaction in the physical 
environment rather than with the computer system.  

To support the creation of systems that use implicit interaction it is important to provide a simple 
model that reflects this interaction paradigm. In Figure 26 an abstract model of implicit 
interaction is shown. 

                   

Figure 26 Implicit Human Computer Interaction Model (Schmidt, 2005) 

All actions carried out by a human are taking place in context – in a certain situation. Usually 
interaction with our immediate environment is very intense (e.g. sitting on a chair, feet on the 
ground, garment on the body, moving books on the table, drinking from a glass, etc.) even if we 
don’t recognized it to a great extent.  

All contexts and situations are embedded in the world, but the perception of the world is dictated 
by the immediate context someone is in. Explicit user interaction with an application is 
embedded into the context of the user and is also a way of extending the context of the user, 
e.g. by having access to the network. 

Applications that make use of iHCI take the context into account as implicit input and also have 
an influence on the environment by implicit output. The proposed model is centered on the 
standard model in HCI where the user is engaged with an application by a recurrent process of 
input and output. In the iHCI model the user’s centre of attention is the context – the physical 
environment where the task is performed. The interaction with the physical environment is also 
used to acquire implicit input. The environment of the user can be changed and influenced by 
the iHCI application. 

The system and also the network are to some extent part of the context but are also accessible 
by the application directly. 
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2.3.6 USABILITY 
 

Usability has been recognized as one of the most important quality characteristics of software 
intensive products. Usability gives many benefits that can include "increased productivity, 
enhanced quality of work, improved user satisfaction, reductions in support and training costs 
and improved user satisfaction" (ISO, 1999).  

There are different definitions of usability. We use the one from ISO 9241-11 (ISO, 1998): “The 
extent to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use”. This definition is used 
also in the standard ISO 13407 (ISO, 1999). This definition represents a wide scope of usability, 
emphasizing how the usability of a product relates to its context of use. 

When specifying or measuring usability, the following information is needed (see Table 20): 

A description of the intended goals. 

A description of the components of the context of use including users, tasks, equipment, and 
environments. This may be a description of an existing context, or a specification of intended 
contexts. The relevant aspects of the context and the level of detail required will depend on the 
scope of the issues being addressed. The description of the context needs to be sufficiently 
detailed so that those aspects of the context which may have a significant influence on usability 
could be reproduced. 

Target or actual values of effectiveness, efficiency, and satisfaction for the intended 
contexts 

Table 20 Information needed to measure usability 

Figure 27 sketches all parts involved in the usability and the relationship among them. The 
picture is adapted from draft international standard ISO/DIS 9241-11 1994-10-17.  
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Figure 27 Usability framework (ISO, 1998) 
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2.4 PATIENT CENTERED HEALTHCARE 
 

According to WHO in Preparing a health care workforce for the 21st century: the challenge of 
chronic conditions (2005) first, the workforce needs to organize care around the patient or in 
other words, to adopt a patient-centered approach. Second, providers need communication 
skills that enable them to collaborate with others. They need to collaborate not only to partner 
with patients, but to work closely with other providers, and to join with communities to improve 
outcomes for patients with chronic conditions. Third, the workforce needs skills to ensure that 
the safety and quality of patient care is continuously improved. Fourth, the workforce needs 
competencies in information and communication technology which can assist them in monitoring 
patients across time, in using and sharing information. Finally, the workforce needs to adopt a 
public health perspective in their daily work, including the provision of population-based care 
that is centered on primary health care systems. 

It is widely believed that healthcare systems are facing nowadays numerous challenges. On one 
side, at present, the quality of care is treatment oriented; there are increased expectations and 
demand for quality, as there are higher income and education levels, as well as higher mobility 
and information available. 

There are sickness care models which try to enumerate the variables and components needed 
to better support and manage the care. For instance, one model with high repercussion is The 
Chronic Care Model (CCM) (Wagner et al., 1999) (see Figure 28). According to the CCM, 
improved functional and clinical outcomes for disease management are the result of productive 
interaction between informed, activated patients and the prepared, proactive team of clinicians 
and healthcare professionals. Figure 28 illustrates these two spheres that interact and influence 
change for chronic disease management. The components of this effort are sketched in the top 
half of the model. Quality improvement teams working with this model focus their efforts and 
interventions on the four areas contained in the health system oval: 1) self-management 
support, 2) delivery system design, 3) decision support and 4) clinical information systems.   
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Figure 28 The Chronic Care Model (Wagner et al. 1999) 

However, the CCM is geared to clinically oriented systems, and it is difficult to use for prevention 
and health promotion practitioners. To better integrate these prevention and health promotion 
aspects into the CCM, an enhance version called the Expanded Chronic Care Model is 
presented in (Barr et at. 2003). The Expanded CCM supports the intrinsic role that the social 
determinants of health play in influencing individual, community and population health.  

                     

Figure 29 The expanded CCM ( Barr et al. 2003) 
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Furthermore, the management of huge amounts of health information that need to be available 
securely, accessibly, and in a timely manner at the point of need, processed efficiently for 
administrative purposes, and the need to provide the best possible health care under limited 
budgetary conditions are major challenges. Besides, these challenges are also reinforced by 
chronic diseases, demographic changes, rising costs due to enhanced demands for quality, 
professional shortages, medical accidents and other. The proportion of people over 65 is 
expected to almost double by 2050 (OECD, 2006a). Chronic diseases are on the rise, and so 
are their management costs. Furthermore, more elderly people will require prolonged medical 
care and assistance to ensure they live independently. All these factors are starting to place 
additional strain on European healthcare systems (EC, 2006). By 2050, average public 
spending for health and long-term care in countries of the Organization for Economic 
Cooperation and Development (OECD) may rise to 10-13% of the Gross Domestic Product 
(OECD, 2006b). The emerging situation will not be sustainable unless action is taken at all 
levels to change the way healthcare is delivered.  

Traditional healthcare institutions offer treatment mainly on the basis of disease symptoms 
instead of being based on prevention mechanisms. The drawback of this approach is that it is 
associated with high costs and a reduced quality of life for patients. Again as the OECD reckons 
(OECD, 2006), although the advantages and benefits of preventive healthcare are widely 
recognized, current health systems in OECD countries invest only a fraction of their expenditure 
(merely 3% on average) in disease prevention.  

Therefore, there is the need of a restructuring within the delivery of healthcare and the structure 
of healthcare systems. This reorganization entails a two-fold paradigm shift (see Figure 30) 

                              

Figure 30 Two-fold paradigm shift in Healthcare (del Hoyo, 2007) 

Most health policies, both in the EU and in the Member States, stress the increasing importance 
of continuous health promotion and prevention as a determinant for the health condition and the 
quality of life of European citizens. Therefore, the drivers of the healthcare models of the 
following decades are shown in Table 21:  
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Prevention The main goal is to maximize and maintain 
the health potential of the individual. 

Continuity of care The healthcare treatment is part of the patient 
lifecycle without time and space constraints. 
Care is proactively driving the patient into a 
prevention circuit package and is not provided 
only following an occasional acute event. 

Compliance Once a healthcare treatment-therapy or even 
just an advice has been provided, it is key to 
motivate individuals follow and comply with it. 

Personalization Shift from the current healthcare approach, 
focused on diseases and pathologies, to a 
new approach based on the binomial specific 
patient (clinical history, healthcare habits, 
healthcare professionals to deliver just-in-time 
personalized and prevention-focused services 
compliant with the Citizen's personal health 
state, preferences and ambient conditions: 
Citizens to make informed decisions about 
therapies and nutrition at any time/place 
according to the real-time evaluation of their 
health state 

Healthcare authorities To improve risk management of systems. 

Actors in the healthcare delivery value chain To get access to and generate valuable 
information, assuring the global sustainability 
of the system. 

Table 21 Drivers of the healthcare model of the coming decades (adapted from del Hoyo, 2007) 

Healthcare is one of the most information-intensive sectors of European economies and can 
greatly profit from recent advances in information and communications technology. Given that 
the health sector currently lags behind other sectors in the use of this technology - eHealth - 
there is great potential for rapid, sustained growth (Stroetmann, 2006).  

Patient-centered healthcare is a term that is now commonly used but rarely defined by those 
using it. As Stewart (2001) states, it is often understood by what it is not: ‘technology centered, 
doctor centered, hospital centered, disease centered’. The traditional biomedical management 
model of healthcare involved ‘paternalistic’ treatment where the health professional decided the 
appropriate course of treatment, often without significant patient involvement in the decision. 
This situation has been changing as, over the years, many people have become more 
interested in and informed about health issues and in taking more responsibility for their 
personal healthcare. The significance of patient-centered healthcare is that it moves the 
healthcare focus from the disease to the patient.  
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2.4.1 PRINCIPLES OF PATIENT CENTERED HEALTHCARE 
 

Extrapolating from the definitions, key principles of patient-centered healthcare can be identified 
which resonate with patients around the world, regardless of the healthcare system, resources 
available or culture (see Table 22): 

Respect and support for the individual patient Respect and support for the individual patient, 
their wants, preferences, values, needs and 
rights. 

Access to the healthcare services This must be warranted by their condition. 
This includes access to appropriate, quality 
and safe treatment to make an informed 
choice. 

Information that is appropriate, relevant and 
timely 

Information that is appropriate, relevant and 
timely and information exchange between 
patients and others involved in healthcare to 
enable patients to make informed decisions 
and take effective action to improve or 
manage their health. Information should be 
presented in a format appropriate to the needs 
of individual patients, according to health 
literacy principles considering their condition, 
language, age, understanding, abilities, and 
culture. 

Empowerment / motivation To take responsibility for their healthcare and 
be as independent as possible and for 
patients’ organizations to be recognized, 
involved and encouraged to take leadership 
roles. 

Involvement of patients Involvement in healthcare at their level of 
choice and the involvement of patients and 
patient representatives in a meaningful way in 
all decision making processes which will have 
an impact on patients’ lives. 

Table 22 Key principles of patient-centered healthcare (from del Hoyo, 2007) 

Many research projects are currently being held to create personalized patient centered 
systems. Some examples are Heartcycle, METABO, PERFORM, among others. 
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2.5 JUSTIFICATION FOR THIS RESEARCH 
 

There is growing evidence that designing health systems with the patient at the centre is an 
appropriate and cost-effective way to address the needs of people with chronic conditions. A 
number of research studies have concluded that there is a positive link between the practice of 
patient-centered healthcare in clinical settings and outcomes (including Bauman et al (2003), 
Little et al (2001), and Henbest et al (1992)). Collectively, these studies indicate that the patient-
centered approach can lead to a variety of positive outcomes including patient satisfaction, 
emotional health, symptom resolution, function, physiologic measures (i.e. blood pressure and 
blood sugar level), pain control, engagement and task orientation, reduction in anxiety, quality of 
life, satisfaction and an increase in efficiency resulting in fewer diagnostic tests and 
unnecessary referrals. 

Once again, elements of a patient-centered approach such as effective communication, patient-
tailored interventions, patient support and a holistic approach have been shown to be essential 
to encourage patients to adhere to their treatments (WHO, 2003). 

It is widely believed that designing healthcare systems around patients, addressing their needs 
such as providing access to appropriate treatment, relevant information and support, will 
empower people to take responsibility for managing their health, leading to better patient 
outcomes, health outcomes and economic outcomes which will help to relieve the major burden 
on health services. 

Healthcare information needs to become increasingly personalized, with medical information 
and technology tailored to the specific needs and characteristics of each individual; so that 
patients can get involved with their care and feel that this healthcare is relevant to their 
distinctiveness. A deeper focus on the patient is needed.  

Healthcare is the system of services from professionals to patients; the purpose of healthcare as 
a service is to fulfill the expectations of the patient. This means a deep change from healthcare 
systems with a paternal approach in which the patient was healed with practically no 
involvement. 

The patient of today is increasingly well-informed and motivated. Designing healthcare systems 
around patients will empower people to take responsibility for managing their health, leading to 
better patient outcomes, health outcomes and economic outcomes which will help to relieve the 
major burden on health services. Furthermore, clinicians are not the only individuals who need 
greater access to patient information. Well-informed patients are better equipped to actively 
participate in their own care and decision-making.  

The strengthening of health systems through e-Health may contribute to the enjoyment of 
fundamental human rights by improving access to information, equity, solidarity, quality of life 
and quality of care (WHO, 2005). 
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As stated by Grudin, 2005 there is a lack of modeling in human computer interaction. Besides, 
with the aging population, more and more elderly with chronic condition will need to self-mange 
their chronic condition. For all this, there is a high need of creating models which assure the 
efficient interaction of interactive systems in Patient Centered Healthcare solutions.   

Furthermore, including social aspects, informal caregivers and self-management will prepare the 
health systems and society to better face the chronic management and the health promotion of 
the future (Wagner et al. 1999) (Barr et al. 2003).  

 





 

 

3 HYPOTHESES AND OBJECTIVES 

 

 

 

 

After revising all background in the three related areas: cardiology and heart failure, Ambient 
Intelligence and Human Computer Interaction, this chapter presents the hypotheses that lead 
the research. Moreover, the objectives extracted from these hypotheses are then explained.  
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3.1 HYPOTHESES 
 

An emerging paradigm of chronic disease management empowers the patient in their 
healthcare. The wearable, mobile and information technologies can provide new ways of 
managing diseases. User interaction is crucial to assure the patients correctly use these 
systems.  

This research’s principal hypothesis is: 

A user system interaction model which includes personal context, medical, social and 
business aspects and wearable mobile systems will enable the self-management of chronic 
diseases out of medical centers by people who live with a chronic disease. 

These systems are rare at home to efficiently manage chronic diseases. User and system 
interaction is crucial. The patient is an elderly person unfamiliar with technological devices. 
Thus, the interaction must be carefully designed taking into account this target group’s 
particularities. These particularities comprise cognitive, physical, medical and social needs. 
Adequate design equates combining these particularities to provide the needed interaction. 
Surrounding aspects such as medical treatment, social and political context determine the way 
people live their chronic disease. For that reason, a patient interaction model must unify all this 
inputs in a holistic way.   

The following hypotheses represent the basis to the elaboration of this research:  

1. The use of wearable sensors enables the patient to self-care their health status and 
disease in an implicit way.  

Patients may use wearable and portable devices to monitor their health status when the devices 
are adequate to them. Thus, they participate in their care. One crucial decision during the 
interaction consists of the most suitable device for the patients. Different devices will be studied 
to determine whether they can be used or not. Standard commercial mobile phones need 
adaptation to be used by chronic patients.  

2. The use of mobile technologies (e.g. mobile phones or personal assistant devices (PDAs) 
will give the user freedom.  

The solution may be used anywhere and at anytime; that is, in a ubiquitous way. Thus, 
technology respect the way of living of retired people, who are can be at different places 
depending on the period of time during the year. 

3. The self care of patients at home or on the move must be linked to the professional care 
platform.  

Patients need supervision by professionals. The self-care is always an extra way of empowering 
patients to have an active role on their healthcare. 
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4. The user interaction in chronic disease management systems must include health status 
monitoring, disease needs, and treatments. 

The user interaction’s needs depend on many variables. These variables may be grouped into 
medical, psychological and technical issues. For instance, depending on the type of chronic 
disease there is a need of monitoring different vital signs. The treatment also varies from one 
patient to other. Besides, different sensors or devices require different interaction methods. All 
these variables must be used together to provide an adequate interaction.  

Chronic patients must strictly follow treatments prescribed by their physicians. These are often 
complicated treatment protocols. An adequate guide provided to the patient indicating which 
drugs must be taken or the list of measurements that should be under control (e.g. weight) will 
help patient’s compliance and adherence to routines and medication. 

5. The participation of stakeholders in the process cycle benefits the interaction model. 

Participation of stakeholders, such as patients, relatives, nurses, cardiologists, or therapists, 
benefits the modeling and design of the application. Participatory design gives the opportunity to 
the designer of better understand the real needs like in ethnographic research. Moreover, 
patients and stakeholders, when they take part in the process they learn and they feel involved 
so their motivation and attitude to the technology improves.  

6. The user interaction in chronic disease management systems must be adapted to personal 
daily routines to provide the personal feedback and guiding respecting patients way of living. 

Chronic patients previously had more than one disease and their needs varied. Designing the 
interaction for all of them or even for a group may not respect their personal daily routines and 
necessities. Hence, systems must be flexible and adapted to patients both statically and 
dynamically. Adaptation comprises both static and dynamic adaptation. Static adaptation may 
be provided via variable profiling and parameterization. A dynamic adaptation must adapt the 
system to the patient’s context.  

Context in the remit of the thesis refers to all data defining the current patient status. For 
example, date and time information since treatment vary depending of date and time. 
Furthermore, the current health status and mood must be taken into account within the 
contextual information. This information may be inferred from both wearable and ambient 
sensors.  

7. A natural interaction would boost the use of wearable mobile systems by patients to 
manage chronic diseases.  

The interaction must be natural (adapted to human body physiology) and necessities. It has no 
controls or extra devices; it can be used manually or vocally.  
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8. An intuitive interaction, adapted to user mental model, would boost the use of wearable 
mobile systems by patients to manage chronic diseases.  

Chronic patients form a target group with the technology’s specific mental models. Self-care is 
their main goal. Thus, the interaction must be adapted to their mental processing model. 

9. The interaction must be comfortable & esthetical and respect the patient. It must follow the 
design principles and be minimalist. 

Esthetic nowadays plays an important role in technology. Disease management systems must 
be coherent with the general design principles. Patients will react more positively to the 
technological gadgets if they feel these are comfortable and esthetical.  

It should respect personal privacy (e.g. with wearable sensors that are hidden). No one should 
notice it, giving the user the feeling that he/she is an “ordinary” person. Wearable technologies 
must respect the patient’s privacy and is less intrusive to patients’ space.  
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3.2 OBJECTIVES 
 

As already stated, user experience and acceptance are the critical points for successful ICT 
systems managing chronic diseases. This is especially true for Ambient Intelligence, where the 
technology surrounds the user, but the interaction must be “invisible” and natural. The user 
(chronic patient) must adhere to medical protocols to improve their personal condition.  

Moreover, interaction among different actors: users, professionals (i.e. stakeholders); and also 
the context are crucial.  

This research work aims to model the patient’s interaction with a chronic disease. This 
interaction is modeled holistically since the reality is complex in the AmI paradigm. Many actors 
are involved and many services, networks and devices should interact transparently to the user.  

Models containing user interaction in mobile environments are rare, especially with elderly and 
from chronic disease patients. Such modeling, considering sensors and wearable devices, is 
even more crucial.   

Modeling attempts to predict the interaction, and defines its elements and their relations. This 
model should be holistic. Besides Human-Computer Interaction (HCI) it should also include 
medical, business and technological aspects to face the coming society.  

Therefore, the thesis’ principal objective is: 

This research aims to model the user interaction of people living at home with chronic 
diseases linking health status monitoring, motivation and treatment assistance at home with 
the professional platform.  

To achieve the main objective, partial objectives are broken down below as secondary 
objectives:  

1. To study the state of the art and analyze the existing models of user interaction and 
management systems for e-health.  

Firstly, to understand e-health’s current practice and remote patients monitoring and 
management, the advanced search is focused on solutions currently used in telemedicine and 
patient healthcare. Besides the administrative viewpoint, the technological viewpoint focuses on 
sensor and information technologies alike. 
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2. To study and understand the necessities of real patients, by adopting the solution to their 
daily lives and improve their quality of life and well-being.  

In order to better understand the necessities and particularities of chronic patients, they will be 
involved in different stages of the life cycle process. In the early stages of the process, they will 
be observed in their daily routines and lives and interviewed. Thus, the solution is adapted to 
patients’ real needs since the beginning. To assure that the directions of the design are the 
correct, chronic patients will take part in the validation of several prototypes. Finally, they will 
use the system in their homes once the system is implemented.  

3. To adapt or use a methodology which comprising all necessary steps to address the 
design, implementation and validation in an iterative lifecycle. This methodology will focus on 
systems to manage patients out of hospital.  

First of all, a state of the art on existing methodologies to model and design patient-centered 
systems must be done. Afterwards, methodologies for commercial products and software 
systems are adapted to the new mobile and wearable systems to manage patients out of 
hospital. The resulting methodology will constitute the first outcome of the research thesis. 

4. To model the user interaction of people living with a chronic disease. This model will take 
into account all variables that affect this interaction: medical, business, technical and personal 
variables.  

It is important to define all variables that affect user interaction in wearable and mobile systems 
to manage chronic diseases. The model will define not only these variables but also the 
dependencies among them creating a holistic model.  

5. To implement the model in people with heart failure, by developing a close-loop 
assessment system supporting them to have a better self-care of their health.  

Since the main incidence of chronic diseases occurs in people aged more than 65 and 
cardiovascular diseases are the principal decease cause in western world, heart failure is used 
as a paradigm to apply the model in a use case.  

6. To validate both the model and the implementation with heart failure patients in all stages, 
from the modeling to the deployment.  

In order to validate a holistic model, all stakeholders will take part in the validation. Thus, not 
only patients participate in the validation, but also cardiologists and head of units and managers 
of hospitals.  

 

 





 

 

4 METHODS AND MATERIALS 

 

 

The main methodologies applied to the thesis modeling, implementation and validation are the 
user centered design, goal oriented design and agile software. The global process is divided 
into three iterative phases. Each phase consisted on a modeling phase, the implementation of a 
prototype or a system and the validation of the subsequence versions. This way, the 
approximation to the final solution is done by involving users and other stakeholders in all the 
phases. This methodological approach assures a better match between the system and the 
stakeholders’ needs. 
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4.1 USER-CENTERED DESIGN 
 

User-centered design (UCD) is an approach to design that grounds the process in information 
about the people who will use the product. In broad terms, user-centered design (UCD) is a 
design philosophy and a process in which the needs, wants, and limitations of the end user of 
an interface or document are given extensive attention at each stage of the design process. 
User-centered design can be characterized as a multi-stage problem solving process that not 
only requires designers to analyze and foresee how users are likely to use an interface, but to 
test the validity of their assumptions with regards to user behavior in real world tests with actual 
users. Such testing is necessary as it is often very difficult for the designers of an interface to 
understand intuitively what a first-time user of their design experiences, and what each user's 
learning curve may look like. 

UCD processes focus on users through the planning, design and development of a product. 
There is an international standard that is the basis for many UCD methodologies. This standard 
(ISO 13407: Human-centred design process) defines a general process for including human-
centered activities throughout a development life-cycle, but does not specify exact methods. The 
ISO 13407 standard concentrates on the process of development.  

UCD is the prevailing paradigm of developing usable product. Literature exists on UCD, e.g. 
books such as (Nielsen 1993), (Hix and Hartson 1993), (Beyer and Holtzblatt 1998), (Mayhew 
1999), and the standard ISO 13407 (ISO, 1999). All of them incorporate the same basic 
principles of UCD, such as user involvement, iterative design and multi-disciplinary teamwork.  

The term ‘user-centered design’ originated in Donald Norman’s research laboratory at the 
University of California San Diego (UCSD) in the 1980s and became widely used after the 
publication of a co-authored book entitled: User-Centered System Design: New Perspectives on 
Human-Computer Interaction (Norman & Draper, 1986). Norman built further on the UCD 
concept in his seminal book The Psychology Of Everyday Things (POET) (Norman, 1988). In 
POET, Norman recognizes the needs and the interests of the user and focuses on the usability 
of the design. He offers four basic suggestions on how a design should be in Table 23 (Norman, 
1988, p.188). 

Make it easy to determine what actions are possible at any moment. 

Make things visible, including the conceptual model of the system, the alternative actions, and 
the results of actions.  

Make it easy to evaluate the current state of the system. 

Follow natural mappings between intentions and the required actions; between actions and the 
resulting effect; and between the information that is visible and the interpretation of the system 
state.  

Table 23 Four basic suggestions on design by Norman 
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These recommendations place the user at the center of the design. The role of the designer is 
to facilitate the task for the user and to make sure that the user is able to make use of the 
product as intended and with a minimum effort to learn how to use it. Norman noted that the 
long cumbersome, unintelligible manuals that accompany products are not user-centered. He 
suggests that the products should be accompanied by a small pamphlet that can be read very 
quickly and draws on the user’s knowledge of the world. 

In 1987 Ben Shniederman articulated a similar set of principles in the form of eight golden rules 
(Shneiderman, 1987). Later Jakob Nielsen adapted and popularized these same basic concepts 
to produce heuristics for usability engineering (Nielsen, 1993, 2001). 

It is necessary to think carefully about who is a user and how to involve users in the design 
process. Obviously users are the people who will use the final product or artifact to accomplish a 
taskor goal. But there are other users as well. The people who manage the users have needs 
and expectations too. What about those persons who are affected in some way by the use of 
the artifact or use the products and/or services of the artifact? Shouldn’t their needs and 
expectations be taken into consideration in the design process? Eason (1987) identified three 
types of users: primary, secondary, and tertiary. Primary users are those persons who actually 
use the artifact; secondary users are those who will occasionally use the artifact or those who 
use it through an intermediary; and tertiary users are persons who will be affected by the use of 
the artifact or make decisions about its purchase. The successful design of a product must take 
into account the wide range of stakeholders of the artifact. Not everyone who is a stakeholder 
needs to be represented on a design team, but the effect of the artifact on them must be 
considered (Preece, et. al, 2002).  

The UCD process is shown in Figure 31. 

 

Figure 31 UCD process (Adapted from ISO 13407) 
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Firstly, the organization must identify the need of User Centered Design to start the process. 
Then, there are iterative phases till the complete between the requirements and the system. In 
this iterative process, first designer must understand and specify the context of use. This 
comprises to know the user, the environment of use, and what the tasks are that the product is 
used for. 

After this analysis, the team must specify the requirements, both organizational and users. For 
the user many methods exist, including the definition of personas. The team then determines 
the success criteria of usability for the product in terms of user tasks, e.g., how quickly a typical 
user should be able to complete a task with the product. Moreover, they determine the design 
guidelines and constraints.  

Afterwards, it is time to produce design solutions and to incorporate HCI knowledge (of visual 
design, interaction design, usability) into design solutions. These solutions are then evaluated 
against requirements and user tasks. If the system satisfies al requirements, the process is 
complete. Otherwise, a new loop begins.  

 

4.2 USAGE-CENTERED DESIGN 
 

The distinction between usage-centered design and user-centered methods is, as the terms 
themselves suggest, a matter of emphasis rather than an absolute difference (Constantine, 
2004a). Whereas user-centered design makes users per se the center of attention and seeks to 
promote user satisfaction with the entire user experience, usage-centered design is more 
narrowly focused on user performance and on the creation of tools to enhance the efficiency 
and dependability of user performance. Although both approaches combine field study and user 
involvement with modeling, in usage-centered design the models are in the foreground with user 
studies and user involvement in the background. This difference in emphasis can lead to 
differences in outcomes. Indeed, it has been argued that over-dependence on user feedback 
and involvement in user-centered approaches can discourage innovation and contribute to 
unnecessarily conservative designs (Constantine, 2004a). 

To do effective design it is crucial to understand the users and their needs. While no credible 
school of thought in design would take serious exception, opinions vary considerably on how 
best to gain that understanding and how to record and communicate it once you do. Models of 
one form or another are the medium for the message in most design methods. Models function 
as intermediaries between the often ambiguous, overwhelmingly complex reality of actual users 
and the more narrowly focused and specific needs of designers.  

Personas (see section 4.3.2) are figurative models rather than abstract models, that is, they are 
constructed to resemble real users, even down to photos, background information, and personal 
history. Verisimilitude most likely contributes to the popularity of personas. They sound like 
people you could know, and over the course of a project can take on a reality that encourages 
empathy and facilitates thinking from the user perspective (Constantine, 2006).  
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In usage-centered design, user roles capture and carry the essential understanding about users. 
User roles, one of the three core models of usage-centered design, are close cousins of 
personas but differ in a number of ways of potential significance to designers. Compared to 
typical personas user roles are a more compact and concise representation that is more finely 
focused on issues with direct relevance for visual and interaction design. For these reasons, 
user role models can also be simpler and faster to develop. Although roles and personas can 
complement each other, user role models may also, under some circumstances and for some 
purposes, offer distinct advantages for designers. 

 

4.3 GOAL-DIRECTED DESIGN 
 

Goal-oriented design is a combination of ethnographic techniques, interviews with stakeholders, 
comprehensive user models, scenario-based design and a core set of interaction principles and 
patterns. One of the main objectives of goal-oriented design is to translate the knowledge 
gathered in the research phase into a fully detailed design specification. This methodology aims 
at fulfilling user’s needs and goals while satisfying business requirements.  

This process can be divided into six phases: Research, Modeling, Requirements, Framework, 
Refinement and Support. These stages follow the five activities in the interaction design model 
stated by Crampton Smith and Philip Tabor – understanding, abstracting, structuring, 
representing and detailing -, making a special emphasis on modeling user’s behavior and 
defining system behaviors.  

Figure 32 shows the six stages of goal-oriented design. 

                                                  

Figure 32 Cooper's Goal Oriented Design 
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4.3.1 RESEARCH PHASE 
 

The Research phase employs ethnographic field study techniques (observation and contextual 
interviews), intended to gather qualitative data about potential and/or actual users of the 
product. It comprises market research, technology state of the art and interviews with 
stakeholders, manufacturers, subject matter experts and technology experts. 

One of the most relevant outcomes of field observation and interviews with the users is the 
development of a set of behavior patterns, easily identifiable behaviors that help categorize the 
different modes of use of a potential or existing product. These patterns suggest goals and 
motivations. Behavior patterns and the goals associated drive the creation of personas in the 
Modeling phase.  

4.3.1.1 GOALS 
 

Personas provide the context for a set of observed behaviors, while objectives rule those 
behaviors. Designers have to use user’s goals to define the functionality of a product. This 
functionality and the behavior of the product should fulfill user’s goals by means of tasks. The 
main conceptual difference between this methodology and other usability engineering 
methodologies lies in the role of tasks in the whole process. In goal-oriented design, tasks are 
just a mean, while goals are the ultimate objective.  

Goals should be inferred from qualitative data: it is hard to ask a person about her goals. In 
most cases, the user will find hard to express his/her goals, his/her answers will be vague and 
even he/she may not be honest. Therefore, it is necessary to build goals from observed 
behaviors, questionnaires, non verbal cues and environmental clues. 

4.3.1.1.1 TYPES OF GOALS 
 

Goals can be roughly divided into two categories: user goals, that are a primary priority in 
design, and non-user goals, strongly relevant in business environments. 

4.3.1.1.1.1 USER GOALS 
 

User goals can be divided into three main categories: vital goals, experience goals and final 
goals. 

4.3.1.1.1.1.1 Vital goals 
 

Vital objectives represent personal expectations that go far beyond the context of the product 
being designed. They represent deep beliefs and motivations that can explain why a user is 
trying to fulfill a set of objectives. Thus, they can be useful to achieve a broader vision of the 
relation of the user and other products and the expectations our product should raise.  
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4.3.1.1.1.1.2 Experience goals 
 

They are simple, universal and personal. Experience goals focus on what the user wants to feel 
when using the product or the quality of her interaction with the product. They represent a set of 
goals the user wants to fulfill in an unconscious but obvious way, such us not feeling stupid 
when using the product, not making too many mistakes, feeling competent or having fun (or, at 
least, not getting bored) during the interaction. 

4.3.1.1.1.1.3 Final goals 
 

They represent the user’s expectations on the tangible outcomes of using a specific product. 
They have to be fulfilled so the users have the feeling that it is worthy to spend time and money 
in the product. 

4.3.1.1.1.2 NON-USER GOALS 
 

This category comprises client goals (different from user goals), corporative goals and technical 
goals. These goals are usually considered, but their priority level is quite low within the design 
phases.  

 

4.3.2 MODELING PHASE 
 

In this phase, two models are defined: the domain model and the user model. The domain 
model may comprise the information flow and workflow diagrams. 

User models, or personas, are a precise descriptive model of the user, of what he wishes to 
accomplish and why he wants to accomplish it.  Personas are archetypes based on behavior 
data, as gathered from a wide number of actual users within the Research phase. They are 
represented as specific individuals, intending to represent a class or type of user of a particular 
interactive product. Personas encapsulate a unique set of use patterns, behavior patterns 
regarding the use of a particular product. 

4.3.2.1 BUILDING PERSONAS 
 

Personas are defined from a set of patterns, identified during the interviews and the observation 
of actual and potential users of a product. Additional data can be added from subject matter 
experts, project stakeholders and available publication. In order to build a set of personas, the 
usage space is segmented into a set of observed behavior variables (also known as axis or 
ranges). A well developed persona comprises information about goals, attitudes, activity or 
workflow, environment, skills and frustrations.  
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Developing credible and useful personas require detailed analysis skills and creative synthesis 
abilities. A standardized process significantly eases this task. One of the most used processes 
has been proposed by Robert Reiman, Kim Goodwin and Lane Hally: 
 

4.3.2.1.1 REVIEW THE PERSONA HYPOTHESIS 
 

Once the Research phase is complete, list all observed behavior variables. Demographic 
variables, such as age or technical skills, have some influence on behavior. Nevertheless, pure 
behavior variables have a much greater impact on design. Although the number of variables 
depends on the project and the designer, it is recommended to define 15 or 30 variables per 
role. Some of these variables will represent a continuous range, while others will have discrete 
values.  

4.3.2.1.2 MAPPING INTERVIEWEES TO BEHAVIOR VARIABLES 
 

Once behavior variables are identified, every interviewee is mapped against each variable. 
Accuracy of the mapping is not as important as the relative distance of interviewees in relation 
with other interviewees. Thus, it is not important to map interviewees to an exact position in the 
variable axis, but to identify clusters of multiple users along the variable’s range. 

4.3.2.1.3 IDENTIFY SIGNIFICANT BEHAVIOR PATTERNS 
 

Once the users have been mapped against the behavior variable ranges, we should have 
clusters of users or spare users along the multiple axis or variables. A set of users who cluster 
in six to eight different variables will likely represent a significant behavior pattern that may be 
used to form the basis of a persona. 

4.3.2.1.4 SYNTHESIZE CHARACTERISTICS AND RELEVANT GOALS 
 

For each significant behavior pattern, details will be defined from gathered data. There is no 
need for a comprehensive description of the characteristics: one or two descriptions that help 
sharpens the user may be enough to sketch the persona. It is mandatory to adjust as much as 
possible to observed behaviors, as too much fiction or a too detailed biography may act as a 
distraction and make personas less credible. Only specific data can help in design and business 
decisions.  

To get more empathic, some designers complete the description with personal data, such as a 
name and surname, as well as demographic data, such as place of residence or job. 

Goals are harder to define from interviews and observations. It is recommended to infer them 
from the set of behaviors established in the previous phases. It is easier to define goals once we 
have been able to establish logical connections between the different behaviors. This is 
achieved by observing each individual’s actions and analyzing their answers to the questions 
related to their goals. 
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To be completely useful as a design tool, goals have to be related to the product being 
designed. Usually, end goals are the most useful goals, and it is typical to define three to five 
end goals per persona. Experience goals are mainly used in consumer-oriented products, while 
life goals are supposed to be implicit to any product. A maximum of two experience objects are 
defined per persona. 

4.3.2.1.5 CHECK FOR REDUNDANCY AND COMPLETENESS 
 

In this point, it is recommended to check for any significant gaps in the definition of personas, 
resting assured that the proposed models are distinct enough to each other. 

4.3.2.1.6 DEVELOPMENT OF SCENARIOS 
 

Scenarios must comprise some fiction facts and reactions, and they should not be longer than 
one or two pages. Their main objective is to make a brief presentation of persona in terms of job 
or lifestyle, making an outline of a day in its life, including expectations and interests that may 
have a direct influence on the product. Details should be an expansion of the list of 
characteristics, with additional data extracted from observation and interviews. The scenario 
should expose the persona’s expectations on the product. 

4.3.2.1.7 DESIGNATE PERSONA TYPES 
 

Every design needs a target – the audience to whom the product is intended for. The personas 
developed so far are a representation of the plausible candidates. The interface must be 
designed for a unique persona. Therefore, it is mandatory to define a priority, resting assured 
the interface satisfies the targeted persona’s goals without compromising the rest of persona’s 
satisfaction. Six types of personas are defined: 

4.3.2.1.7.1 PRIMARY PERSONA 
 

The primary persona represents the primary target for the design of an interface. There can only 
be one primary persona per interface for a product. Nevertheless, it is possible that some 
products have several interfaces, each one of them intended to a different primary persona. 

Choosing the primary persona is a process of elimination: each persona needs to be tested by 
comparing its goals against the goals of the rest of personas. If the designer is not able to find 
an obvious primary persona, it may mean two things: whether the product needs multiple 
interfaces or the product tries to serve a too general purpose.  

4.3.2.1.7.2 SECONDARY PERSONA 
 

A secondary persona is mostly satisfied with the interface designed for the primary persona, but 
has specific and additional needs that can be accommodated without upsetting the product’s 
ability to serve the primary persona. Usually, an actual interface has zero to two secondary 
personas. 
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4.3.2.1.7.3 SUPPLEMENTAL PERSONA 
 

User personas that are not primary or secondary persons are considered to be supplemental 
personas.  

4.3.2.1.7.4 CUSTOMER PERSONA 
  

Customer personas describe customer needs, not user needs. They are usually considered as 
secondary personas. 

4.3.2.1.7.5 SERVED PERSONAS 
 

Served personas are not users of the product. Nevertheless, they are directly affected by the 
use of the product. They provide means to track second-order social and physical ramifications 
of the products. They are considered as secondary personas. 

4.3.2.1.7.6 NEGATIVE PERSONA   
 

Negative personas are used to communicate to stakeholders and product team members that 
there are specific types of users that the product is not being built to serve.  

 

4.3.3 REQUIREMENT PHASE 
 

The Requirement phase employs scenario-based design methodologies. Within goal-oriented 
design, scenarios serve the purpose of satisfying the goals and needs of specific persona users. 
Personas help us imagine which tasks are really important and why. Thus, the objective is to 
develop an interface that minimizes necessary tasks while maintaining results. The starting point 
is a Context Scenario derived from the iterative refinement of the aforementioned “day in the 
life” scenario. The outcome of this process is a Requirements Definition, comprising user 
aspects and business and technical requirements.  

4.3.3.1 SCENARIOS 
 

Scenarios are well-known to usability professionals. Usually, they describe a method to solve 
design problems through concretization (Carroll, 2001): developing a specific story to build and 
illustrate design solutions. Scenarios are quite concrete, but they also permit some freedom.  

Carroll’s Scenario-based design is focused on describing how users perform their tasks. It 
comprises environmental scenery and a set of agents or actors. These are abstract 
representations of the users, named after the role they play, for example Programmer or 
Accountant.  



112 | Holistic Interaction Model for people living with a chronic disease 

 

Persona-based scenarios are concise narrative scripts that describe the sequence of actions of 
one or more personas when using a product in order to achieve some specific goal. The content 
of the scenario and the context are derived from the information gathered during the Research 
phase and analyzed during the Modeling phase. This process involves a real-time behavioral 
and structural synthesis. 

This process comprises 5 steps which are explained below.  

4.3.3.1.1 STEP 1: CREATING PROBLEM AND VISION STATEMENTS 
 

At a high level, the problem statement defines the purpose of the design. A design problem 
statement should concisely reflect a situation that needs to change, for both the personas and 
the business that provides the product to the personas. 

The vision statement is opposite to the problem statement, as it is conceived as a high-level 
vision of the design. It starts by stating the user’s needs, then stating how the design’s vision fits 
the business’ goals. 

The contents of both statements should derive directly from research and user models. User’s 
goals and needs should be derived from primary and secondary personas, while business goals 
should be derived from interviews with the stakeholders. 

4.3.3.1.2 STEP 2: BRAINSTORMING 
 

The purpose of making a brainstorming this far in the process is to dispose any preconceived 
idea before starting to develop scenarios. Therefore, designers are ready to adopt the primary 
persona’s goals within the scenarios development process.  

4.3.3.1.3 STEP 3: IDENTIFY PERSONA EXPECTATIONS 
 

The mental model that the persona has about the product is based on its expectations on the 
product and its context of use. It is important that the represented model of the interface – how it 
behaves and displays – fits precisely the user’s mental model. 
 

It is necessary to define for each persona: 1) what general expectations and wishes the users 
may have on the experience of using the product. 2) Expected behaviors of the product. 3) 
Attitudes, past experiences, expectations and other social issues, cultural, environmental and 
cognitive that may have an influence on those wishes. And 4) the descriptions of personas 
should contain enough information to answer the aforementioned questions. Otherwise, it would 
be necessary to go back to the Research phase to gather more data. 
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4.3.3.1.4 STEP 4: CONSTRUCTION CONTEXT SCENARIOS 
 

Scenarios tell stories of people and their activities. Indeed, context scenarios are very similar to 
scripts, as they are focused on the persona, its mental models, goals and activities. They 
provide a broad description of the context, including use patterns and environmental and 
organizational-like consideration. Scenarios state the touch points between each primary and 
secondary personas and a system, along one day or any timeframe that reflects the frequent or 
regular use of the system.  

It is fundamental to abstract from implementation details, offering a broad perspective. 
Scenarios should not represent system behaviors, focusing on goals at least on the early stages 
of the process. Context scenarios are completely textual. 

4.3.3.1.5 STEP 5: IDENTIFYING REQUIREMENTS 
 

Requirements comprise goals, actions and contexts. It implies that some objects are meant to 
exist, and some actions are meant to happen in specific contexts. 

 

4.3.4 FRAMEWORK 
 

Within the framework phase, two additional design methodologies are combined with context 
scenarios to build the Interaction Framework. The first methodology is a set of interaction design 
patterns that encode general solutions to previously addressed problems. The interaction design 
patterns are hierarchically structured, constantly evolving as new contexts arise.  

Once we have described the data and functional needs in this level, these are transformed into 
design elements according to interaction principles. Eventually, those design elements are 
organized into design blueprints and behavior descriptions. The outcome of this process is an 
interaction framework definition, a stable design concept that provides the formal and logical 
structure for the forthcoming more detailed design. This level of detail will be achieved through 
successive interactions in more detailed scenarios. 

This phase defines not only the interaction framework, but also the flow and the behavior of the 
product. The next six steps define the interaction framework: 

4.3.4.1 STEP 1: DEFINE FORM FACTOR AND INPUT METHODS  
 

It states the valid input methods to the system: keyboard, mouse, tactile screens, etc. 

 

 

4.3.4.2 STEP 2: DEFINITION OF VIEWS 
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Within this step, the different states or primary screens are considered. If a user is known to 
have different end goals and not related needs in terms of data overlapping, it would seem 
reasonable to define different views to present the data. On the other hand, if a group of related 
needs is found, it would be recommended to display them in a sole view.  

4.3.4.3 STEP 3: DEFINE FUNCTIONAL AND DATA ELEMENTS  
 

Functional and data elements are visible representations of the interface data and functions. 
They are concrete representations of the functions and needs identified in the Requirements 
Definition phase. They are described in terms of user interface displaying language. 

Data elements are the basic subjects of interactive products. These objects, such as photos, e-
mail messages and orders are the fundamental units that will allow the user to bring up its 
mental model. It is mandatory to consider the relationships between data elements. Sometimes 
a data object can contain other data objects. Functional elements define the operations that can 
be done to the data elements and the representation of such operation in the interface.  

During the first interactions, the focus is on the specification of the primary containers.  These 
containers group related functional and data elements. Later in the process, as the design of 
individual containers is refined, more detailed interface elements are added.  

4.3.4.4 STEP 4: DETERMINE FUNCTIONAL GROUPS AND HIERARCHY 
 

Once we have built a proper list of functional element and high-level data, it is convenient to 
group them into functional units and to determine their hierarchy. As these elements are built to 
ease some specific tasks, the goal of grouping the interface elements is to optimize the workflow 
of our persona within a task or between related tasks. 

4.3.4.5 STEP 5: SKETCH THE INTERACTION FRAMEWORK 
 

In these phase, the visualization of the interface must be extremely simple: boxes that represent 
all functional groups and/or container labeled with names, and descriptions of the relationships 
between the different areas. 

4.3.4.6 STEP 6: CONSTRUCT KEY PATH SCENARIOS 
 

Key path scenarios are a description of the primary actions and the pathways through the 
interface that the persona takes with a greater frequency. Key path scenarios are task oriented, 
focusing on task details, describing in detail the precise behavior of each major interaction and 
providing a walkthrough of each major pathway.  

 

4.3.5 REFINEMENT PHASE 
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It is very similar to the Framework Definition, making a special emphasis in task coherence, 
using key paths and path-centered validation scenarios, similar to storyboards of the interface in 
high-level detail. The outcome of this phase is a detailed design documentation, a 
comprehensive specification of both form and behavior.  

Once a solid and stable framework is achieved, the Refinement phase starts: the description of 
the interactions in the key path scenarios provides a concrete vision of the general coherence 
and the flow of the product. This phase can be sub-divided into three steps: 

4.3.5.1 STEP 1: DEFINITION OF THE LOOK AND FEEL 
 

After the definition of the key path scenarios, it is time to develop the general aspect and the 
functional components of visual design, developing all primary views and dialogs. Graphic 
designers should provide style guides, so the developers can apply all the elements of visual 
design in a coherent form. 

The look is related to the graphical aspect of the different elements of the interface. It includes 
definitions of several characteristics of the different elements that form the interface, such as 
shape, color, font, etc. The feel is related to the dynamic behavior of the interface elements, e.g. 
the behavior of a button after being pushed, the behavior of menus, etc. 

4.3.5.2 STEP 2: CHECK DESIGN WITH VALIDATION SCENARIOS 
 

If a user performs a task frequently, the interaction of the task needs to be planned carefully. On 
the other hand, if a task is critical but is rarely performed, its interaction, although having 
different objectives, has also to be designed very thoroughly. It is now time to focus on the less 
travelled paths within the interface. These scenarios are developed like the key path scenarios, 
and they have the next priorities: 

4.3.5.2.1 KEY PATH VARIANTS 
 

These are less frequent interactions, detours that split off from the key paths at some point 
along the persona’s decision tree. They have the same requirements as the key paths. 

4.3.5.2.2 NECESSARY USE SCENARIOS 
 

They include those actions that must be performed, but only infrequently. Necessary use 
interactions demand pedagogy because they are seldom encountered: users may forget how to 
access the function or how to perform tasks related to it.  

4.3.5.2.3 EDGE CASE USE SCENARIOS 
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As the name implies, edge case use scenarios describe situations that the product must 
nevertheless be able to handle, albeit infrequently. Designers cannot ignore edge case functions 
and situations, but the interaction needed for them is of much lower priority and is usually buried 
deep in the interface.  

4.3.5.3 STEP 3: COMPLETING THE DESIGN 
 

Once the design has been checked against the validation scenarios, the proposed look and feel 
is applied to the screens. From here, various kinds of outputs can be designed, including 
behavior specifications and printed sketches, trying to provide the programmers with the 
necessary information to start the development process.  

 

4.3.6 SUPPORT PHASE  
 

Even a well-conceived and validated design solution can’t possibly anticipate every 
development challenge and technical question. Therefore, the interaction design team should be 
available to answer developer’s questions as they arise during the construction process. 
Otherwise, developers are forced to adjust the design themselves, compromising the integrity of 
the product’s design.  

 

4.4 SOFTWARE ENGINEERING AND AGILE MODELING 
 

From the software engineering point of view, the work performed within this PhD thesis follows 
Agile Software and Iterative SW design. Agile Modeling (AM) is a practice-based methodology 
for effective modeling and documentation of software-based systems (Ambler, 2005). Agile 
Modeling (AM) is a collection of values, principles, and practices for modeling software that can 
be applied on a software development project in an effective and light-weight manner. As shown 
in Figure 33 AM is meant to be tailored into other, full-fledged development methodologies 
enabling to develop a software process which truly meets your needs. The techniques of AM, in 
particular Agile Model Driven Development (AMDD), the lifecycle for which is depicted in Figure 
34, enable you to scale agile software development to very complex situations. 
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Figure 33 AM enhances other software processes (Ambler, 2005) 

 

Figure 34 The AMDD lifecycle: Modeling activities throughout the lifecycle of a project (Ambler, 2005) 
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4.5 VALIDATION TECHNIQUES 
 

Once the stakeholders have been identified and a thorough investigation of their needs has 
been conducted by performing tasks and needs analyses, designers can develop alternative 
design solutions to be evaluated by the users. These design solutions can be simple paper and 
pencil drawings in the beginning phase of the process. Listening to users discuss the alternative 
designs can amplify designers understanding of the intended purpose(s) of the artifact and may 
provide information that does not come out of initial interviews, observations, and needs 
analysis. As the design cycle progresses, prototypes (limited versions of the product/artifact) 
can be produced and user tested. At this point, designers should pay close attention to the 
evaluations by the users as they will help identify measurable usability criteria.  Measurable 
usability criteria address issues related to the effectiveness, efficiency, safety, utility, learnability 
and memorability (how long it takes to remember to perform the most common tasks) of the 
product/artifact and users’ subjective satisfaction with it. You can see how difficult it would be for 
designers to know or imagine all the usability criteria that are important to the users. It is only 
through feedback collected in an interactive iterative process involving users that products can 
be refined.  Table 24 suggests ways to involve users in the design and development of a 
product/artifact (Preece, et. al, 2002). 

Technique  Purpose Stage of the design cycle 

Background Interviews and 
questionnaires. 

Collecting data related to the 
needs and expectations of 
users; evaluation of design 
alternatives, prototypes and 
the final artifact. 

At the beginning of the design 
project. 

Sequence of work interviews 
and questionnaires. 

Collecting data related to the 
sequence of work to be 
performed within the artifact. 

Early in the design cycle. 

Focus groups. Include a wide range of 
stakeholders to discuss issues 
and requirements. 

Early in the design cycle. 

On site observation. Collecting information 
concerning the environment in 
which the artifact will be used. 

Early in the design cycle. 

Role Playing, walkthroughs, 
and simulations. 

Evaluation of alternative 
designs and gaining additional 
information about users’ 
needs and expectations; 
prototype evaluation. 

Early and mid-point in the 
design cycle. 

Usability testing. Collecting quantities data Final stage of the design 
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related to measurable 
usability criteria.  

cycle. 

Interviews and questionnaires.  Collecting qualitative data 
related to user satisfaction 
with the artifact.  

Final stage of the design 
cycle. 

Table 24 Involving users in the design process (from Preece et a., 2002) 

 

4.5.1 HEURISTICS EVALUATION 
 

Jakob Nielsen originally developed the heuristics for heuristic evaluation in collaboration with 
Rolf Molich in 1990 (Nielsen, 1990). Table 25 lists the heuristics used in the validation of the 
model and the implementation. 

Visibility of system status  

The system should always keep users informed about what is going on, through appropriate 
feedback within reasonable time. 

Match between system and the real world 

The system should speak the users' language, with words, phrases and concepts familiar to the 
user, rather than system-oriented terms. Follow real-world conventions, making information 
appear in a natural and logical order. 

User control and freedom 

Users often choose system functions by mistake and will need a clearly marked "emergency 
exit" to leave the unwanted state without having to go through an extended dialogue. Support 
undo and redo. 

Consistency and standards 

Users should not have to wonder whether different words, situations, or actions mean the same 
thing. Follow platform conventions. 

Error prevention 

Even better than good error messages is a careful design which prevents a problem from 
occurring in the first place. Either eliminate error-prone conditions or check for them and 
present users with a confirmation option before they commit to the action. 

Recognition rather than recall 

Minimize the user's memory load by making objects, actions, and options visible. The user 
should not have to remember information from one part of the dialogue to another. Instructions 
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for use of the system should be visible or easily retrievable whenever appropriate. 

Flexibility and efficiency of use 

Accelerators -- unseen by the novice user -- may often speed up the interaction for the expert 
user such that the system can cater to both inexperienced and experienced users. Allow users 
to tailor frequent actions. 

Aesthetic and minimalist design 

Dialogues should not contain information which is irrelevant or rarely needed. Every extra unit 
of information in a dialogue competes with the relevant units of information and diminishes their 
relative visibility. 

Help users recognize, diagnose, and recover from errors 

Error messages should be expressed in plain language (no codes), precisely indicate the 
problem, and constructively suggest a solution. 

Help and documentation 

Even though it is better if the system can be used without documentation, it may be necessary 
to provide help and documentation. Any such information should be easy to search, focused on 
the user's task, list concrete steps to be carried out, and not be too large. 

Table 25 Nielsen's heuristics (Nielsen 1990) 

The heuristic evaluation was used within this PhD thesis in the Implementation Phase. 

 

4.5.2 USABILITY TESTING 
 

Usability testing, according to Dumas & Redish (1993), aims to achieve the following five goals, 
to: 1) improve the product’s usability, 2) involve real users in the testing, 3) give the users real 
tasks to accomplish, 4) enable testers to observe and record the actions of the participants; and 
5) enable testers analyze the data obtained and make changes accordingly.  

Usability testing focuses on user needs, uses empirical measurement, and iterative design 
(Nielsen, 1994). Dumas & Reddish (1993) stress that interactive-systems designers are now 
aware that many pilot tests should be conducted before releasing any product to the public.  An 
interactive system is like a play, where extensive rehearsals are expected especially close to 
opening night (Shneiderman, 1998).  Historically usability tests are conducted in usability 
laboratories that are staffed by people who are experts in user-interface design and testing and 
his is still the practice in large companies such as Microsoft and IBM.  These laboratories are 
equipped with an area that allows the designers to observe the testers unnoticed. However, due 
to the cost of running such laboratories and the distributed nature of many systems it is 
increasingly common to use mobile usability testing kits that are a fraction of the cost.  
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Before product implementation, paper mock-ups of screen displays can be tested in order to 
assess the wording and layout. Many techniques are employed in usability testing, including: 

Think aloud Think aloud techniques in which the user is 
asked to articulate all the steps of his / her 
actions. 

Videotaping Videotaping is valuable to review what the 
participants did, and to show designers where 
the problems are in their designs 
(Shneiderman, 1998, p. 131). 

Interviews and user satisfaction questionnaires They enable designers to evaluate the users 
likes and dislikes about the design and to gain 
a deeper understanding of any problems. 

Table 26 Techniques of usability testing 

Typically the tests require typical users to perform typical standardized tasks in a typical task 
environment so that the following data can be collected (see Table 27):  

Time for users to learn a specific function 

Speed of task performance 

Type and rate of errors by users 

User retention of commands over time 

Subjective user satisfaction (Shneiderman, 1998, p. 135). 

Table 27 Data collected in a typical usability test 

After the product is released, it is also recommended that evaluation be continued. The most 
frequent method of evaluation is interviews and focus groups. Both provide valuable information 
about user satisfaction and any problems with the functionality that might need rethinking. Data 
logging may also be performed. 

One problem of usability testing is that it is expensive, which has prompted development of 
alternative testing techniques, the most well-known of which are heuristic and discount usability 
testing (Nielsen, 1993). In heuristic evaluation experts inspect the application or website guided 
by high-level heuristics such as ‘reduce load on short-term memory’, and based on their 
knowledge of the target user population they identify problems with the design. Discount 
usability evaluation provides a variation on this theme in which the claim is that 3-5 reviewers 
identify around 80% of the usability problems. 
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4.5.3 PARTICIPATORY DESIGN 
 

In participatory design the users are involved in development of the products, in essence they 
are co-designers. The participatory design approach emerged in Scandinavia. It was born out of 
the labor unions push for workers to have more democratic control in their work environment 
(Ehn, 1989). Because cultural differences can often arise between users and designers, 
sometimes the users are unable to understand the language of the designers, it is 
recommended that the team uses prototypes, such as mockups (three dimensional paper-based 
representation), or a paper-based outline of the screen of a webpage, or a product (Ehn & Kyng, 
1991). Other types of prototyping techniques are PICTIVE (Plastic Interface for Collaborative 
Technology Initiatives through Video Exploration) (Muller, 1991) and CARD (Collaborative 
Analysis of Requirements and Design) (Tudor, 1993). The PICTIVE prototyping method uses 
low-fidelity office products, such as pens, papers, and sticky notes. The actions of the users are 
videotaped. CARD uses playing cards with pictures of specific items on them.  PICTIVE 
concentrates on the detailed aspects of the system while CARD looks at the flow of the task, 
just as storyboarding (Preece et al., 2002).  

In recent years the participatory design approach has gained momentum for designing novel 
systems. For example, Druin and her team have developed their own version of participatory 
design in which children are design partners for developing software for children (Druin, 200?). 
Preece (2000) has also developed a form of participatory design, known as participatory, 
community-centered design for developing online communities. 

The European Commission also promotes the participatory design in their user experience for 
AmI Solutions (ISTAG, 2004).  
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4.6 METHODOLOGICAL FRAMEWORK WITHIN THIS RESEARCH THESIS 
 

Since there were no previous documented work on this topic, the methodology used needed to 
be really user-centered. Besides, stakeholders were involved in all stages, from the early 
conceptualization till the final validation. 

 

Figure 35 Applied Methodology 

 

The whole process is divided into three iterative phases: Conceptualization Phase, 
Implementation Phase and Deployment Phase. 

Each phase follows the design principles of User Centered Design and Goal Directed Design 
(GOD) (Cooper, 2007). This last design is divided into Research, Modeling, Requirements, 
Framework and Design and is based on ethnographic techniques to people research.  

The requirements, the definition of persona, scenarios and key paths are based on GOD 
techniques. 
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4.6.1 VALIDATION ALONG THE LIFE CYCLE 
 

Table 28 summarizes all testing along this research thesis: 

Process phase Validation 

Conceptualization Conceptual validation 

Implementation Experts – Heuristics evaluation 

Usability tests with final users 

Field tests with final users 

Deployment Field tests with final users 

Table 28 Testing along this research thesis 

The conceptual validation consisted of a set of personal interviews to respondents of identified 
stakeholders. These interviews lasted between one hour and two hours and had several 
sections. This evaluation was done during first half of 2005. It is further explained in chapter 7. 

During the Implementation Phase, firstly a Heuristic evaluation with experts was performed in 
October 2006. Direct afterwards, the interfaces were confronted to real old patients, in total 5. 
Both testing were done in Eindhoven, The Netherlands.  

The interaction was then revised and re-implemented in the next prototype. The new system 
was then validated with 4 patients in a field test, where the patients used the solution at their 
own homes during one week. This validation occurred in July 2007 in Basel, Switzerland.  

In the Deployment Phase, the system was one more validated with patients and non-patients 
users. This last validation phase took place in Aachen, Germany and Madrid, Spain from 
January to March 2008.  
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4.7 HUMAN RESOURCES  
 

This section presents all Degree Projects related to the thesis and collaboration with Hospitals 
and other institutions. 

This work has been performed from middle 2005 till end of March 2008 at Life Supporting 
Technologies Group which belong to the Universidad Politécnica de Madrid. María Teresa 
Arredondo, co-director of the PhD together with Mili Docampo Rama is director of Life 
Supporting Technologies. During these years many people took place in the whole project.  

Under my supervision, several final degree students did their degree projects. Table 29 lists 
them and explains the contribution to the thesis. 

Student Degree Project Name Contribution to the thesis 

David Corral Morgadez Diseño y desarrollo de 
interfaces de usuario de alta 
usabilidad para la 
optimización del proceso de 
entrenamiento de deportistas. 

This Project studies and 
applied the User Centered 
Design (UCD), usability and 
usability testing. The 
graphical user interface 
implemented was used in the 
first prototype of a product 
within MyHeart: the Activity 
Coach Bike during 2005. 

Manuel Lozano Ruiz  Servicio Web para la 
evaluación continuada, 
basada en el conocimiento 
del síndrome de insuficiencia 
cardiaca. 

This Project developed the 
Web Service to the provision 
the continuous risk 
stratification during the 
prototype implementation for 
the conceptualization phase.  

Eduardo Gómez Fernández Diseño en implementación de 
una herramienta de definición 
de flujos de trabajo e 
integración en una plataforma 
para la provisión de servicios 
médicos basados en ropa 
biomédica inteligente.  

This Project developed the 
workflows’ engine definition 
for the professional back-end 
during the implementation 
phase. 

Manuel Ottaviano MyHeart Platform: Integration 
of the heart failure 
management application.  

This project developed the 
professional platform for the 
Heart Failure Management 
during the implementation 
phase. 
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Alberto Moreno Jiménez Creación de un sistema de 
información basado en XML 
para la gestión de pacientes 
con enfermedades 
cardiovasculares crónicas 

This Project focuses on the 
professional back-end system 
to assure the data 
synchronization and 
coherency during the 
implementation phase. 

Ignacio Peinado Martínez Diseño e implementación de 
interfaces de alta usabilidad 
para la prevención de 
enfermedades 
cardiovasculares 

This Project applied the goal 
oriented design and defined 
persona, scenarios and key 
paths in an integrated product 
within MyHeart: Activity 
Coach.  

Table 29 Degree projects related to this PhD thesis 

Alberto Moreno, after the finalization of his degree Project contributed to the design of the 
context engine and the workflows which form the basis of the user interaction system 
implemented within the aim of this PhD thesis. Besides, Dario Salvi contributed to the user 
interaction system till the end of this research. Manuel Ottaviano continued after his final project 
with the upgrade of the professional back-end system in the deployment phase.  

In the elaboration of the model during the conceptualization phase, I worked together with two 
stakeholders: business experts in the Healthcare and medical experts, most concretely, 
cardiologist. The healthcare experts were members of Medtronic Iberica, Madrid, Spain. They 
played a crucial role in the early phases, both in the design and definition of the initial model and 
also in the conceptual validation. Main contributors were Germán Gutierrez in the definition and 
Isabel Mené and María Martín in the validation. Eva del Hoyo Barbolla, from Technical 
University of Madrid also participated in the conceptual validation.  

Medtronic Iberica also took part in the latest stage, with the validation in field tests in the 
deployment phase. People involved, among others, were Elvira Ramos, María Martín, Gema 
Monzón and Isabel Mené. 

Hospital Clínico de Madrid (HCM) took part in all phases of the thesis. During the 
conceptualization phase, they serve as medical experts in the definition of the initial model. 
Then, they took part in the validation. In the latest phase of the thesis, they played a crucial role 
in the validation with heart failure patients at the Hospital Clínico de Madrid during first months 
of 2008. Main collaborators were Julián Villacastin and Ramón Bover. In deployment phase, 
also Ángel Ramos participated in the field testing at HCM.  

During the implementation phase, Mili Docampo Rama, Marco Van Leeuwen and Paul Schots 
from Philips Design Eindhoven, The Netherlands took part in the heuristic evaluation and 
usability testing with patients. The field test of this phase was performed in July 2007 at 
Medgate in Basel, Switzerland. Timo Rimmer and Mascha Bethke were the medical team.  

ITACA, Valencia, Spain contributed mainly during the conceptualization phase. Most concretely 
Sergio Guillen, Pilar Sala, Vicente Traver and Alvaro Martínez. 
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From Philips Reseach Laboratories Aachen, Germany, many people took part during the 
implementation and deployment phase. Among others, Joerg Habetha, Harald Reiter, Anke 
Schmeink, Ralf Schmidt, Cristina Bescos, Matthew Harris and Tim Hamacher participated 
mainly in the validation during these two final phases. 

 

4.8 MATERIALS 
 

Along the three phases of the thesis, many materials were used to model, to implement and to 
validate.  

To design and to model, graphical tools as Photoshop and Flash were used. The models were 
defined using UML 2.0 as modeling language. The tool used was Microsoft Visio. For 
prototyping and development Java, XML, Hibernate, HTML and C# under .Net were used.  





 

 

5 HOLISTIC PATIENT INTERACTION 

MODEL 

 

“Innovators do not change the world. The users of their innovations do”. Michael Schrage. 

 

 

This chapter represents the core of the research. Firstly, the holistic conceptual patient 
interaction model is presented, with all the variables and interaction among them. Secondly, the 
dynamic interaction flow based in context’s activation is explained. To better understand the 
model, it is applied to a particular use case: patients with heart failure. With this paradigm, all 
different models are elucidated and explained. Since this research Thesis has been done 
following participatory design principles, the model is created in three iterations. Each iteration is 
validated with stakeholders.   
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5.1 HOLISTIC PATIENT SYSTEM INTERACTION MODEL 
 

To assure the success of solutions to self-manage the healthcare by chronic patients at their own 
homes, we need to understand all actors and interactions that occur in a holistic framework. The 
Holistic Interaction Model (hPIM) presented within this thesis comprises three contexts that round the 
patient. Figure 36 illustrates the model.  

     

Figure 36 Holistic Patient Interaction Model (hPIM) 

In a generic scope, the interaction is modeled as several contexts and several interaction loops. The 
holistic Patient Interaction Model is organized in three contexts, the Patient Context which defines the 
human factors or the patient personal routine. Sensors around the patient play important role in their 
interaction since allows implicit interaction without specific patient input. Around this first context, the 
Medical Context comprises also the services which provide the patients with a remote monitoring 
assessment. This context groups all medical professionals. Social and Business Context appears 
around all. This context states the social and clinical rules that must be taken into account. With this 
holistic approach all actors are studied enhancing also the human-human interaction. 

Adaptation to personal routines is the most important user requirement. Specifically, each user will 
have a different daily health schedule according to particular health status, preferences, mental status 
and recommended medical protocol.  



Holistic Interaction Model |131 

 

Adaptability to user preferences and routines is achieved via dynamic workflow execution (which 
depends on the context information). First, we defined taxonomy: a session is a day using the 
system; a day is divided in contexts (e.g. morning, exercise, evening, and night). Each context 
comprises a set of activities requiring user participation at the same temporary term (i.e. a task or 
activity is the measurement of blood pressure). It is done while measuring the subject’s weight and the 
morning questionnaire. Thus, we have the morning context. Each context is defined by a beginning 
and ending time that sets the validity period, restricts the context execution, sets activity 
performances, and describes the current context state. The state can be inactive, active, performed, 
aborted and incomplete. Following this scheme, after the application is turned off, all contexts are 
inactive. Figure 2 shows the flow interaction model based on contexts.  

 

                                              

User decides whether to 
perform the context or not

Context 
activation

End context

If context still active?

Start context

Perform activity 1
N activities
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NO

NO
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List of activities

 

Figure 37 hPIM flow view 
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In order to complete the Holistic Interaction Model, Personas and scenarios are defined following 
GOD principles explained in section 4.3.  

To conclude, the interaction is modeled as key-paths and variations of key-paths or workflows. They 
represent all interaction flows that occur in a real situation based on context activation. All this is 
shown in the application to a particular case: people who suffer heart failure.  

 

5.2 INTERACTION MODEL FOR PEOPLE LIVING WITH HEART FAILURE 
 

The Holistic Patient Interaction Model is applied to a use case: people who suffer from Heart Failure.  

The modeled is applied to heart failure patients. The proposed solution (that is called The Heart 
Failure Management (HFM) system) allows to monitor heart condition, both with wearable garments 
(to measure ECG and Respiration); and portable devices (such as Weight Scale and Blood Pressure 
Cuff) with Bluetooth capabilities (Villalba, 2007). 

HFM aims to decrease the mortality and morbidity of the HF population. The system intends to 
improve the efficiency of the healthcare resources, maximizing the cost-benefit rate of the heart failure 
management.  

The system consists of a user interaction platform and a professional interaction platform. The sensor 
used are a blood pressure, a weight scale, bed garments to monitor during night and wearable 
garment such a vest or bra to monitor electrocardiogram, respiration and activity during exercising and 
resting daily. 

The user platform groups all sensors and a personal digital assistant device (PDA) which receives 
data from the monitoring devices, processes it and encourages the patients in their daily healthcare. 
The professional platform includes the processing server to analyze all data, databases and a portal 
which provides ubiquitous access of the professionals. 

The daily routine data are processed and evaluated for the detection of functional capacity, heart 
failure worsening and other complications. Motivation strategies must be taken into account in order to 
provide patients with relevant information, according to their physical and psychological status. 

 

5.2.1 INITIAL MODELED SOLUTION TO MANAGE HEART FAILURE 
 

Taking as initial input the need of improvement the management, specially the self-care, of patients 
with heart failure and the technical state of art the initial model is created, then implemented and 
validated with patients and professionals (see Figure 38). Since this was the initial model, not all steps 
recommended by Cooper (see 4.3) were done. For instance, there is no functional groups definition 
on the interface. The persona, scenarios, functionalities and key-paths are modeled.  
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Figure 38 Process cycle in the initial model 

 

This phase aims to define the system goals by reviewing existing similar solutions and evaluating with 
stakeholders. Thusly, the stakeholders are involved in the process since the beginning. Indeed, during 
this early phase, the interaction with stakeholders was intensive to define the right direction to follow.  

Together with business stakeholders and cardiologist the 5 Ws where answer creating the initial 
model (Bielderman, 2007) (Kersten, 2007). 

The initial proposed solution was called ‘My HF-WEB Risk Monitor’. Following subsections explained 
the proposal. 

‘My HF-WEB Risk Monitor’ is a Heart Failure (HF) Disease Management System that makes use of 
innovative approaches, based on Information Technologies (IT) and wearable technologies, for the 
continuous assessment of HF progression and cardiovascular risk stratification.  The system valuates 
the cardiac condition integrating patient data from different sources with special emphasis in the 
information obtained from extensive ECG processing. Rather than just evaluate the cardiovascular 
status, ‘My HF-WEB Risk Monitor’ is designed to motivate patients to have an active role in their 
health management and helping to improve their cardiac condition by promotion of physical exercise. 
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The main objective of the concept is making use of system’s technology and procedures to improve 
the outcome (mortality and morbidity) of HF population. It is also a goal of the concept to do so 
improving the efficiency of the healthcare resources maximizing the cost-benefit of the heart failure 
management.  

The concept proposes regular short walks as a suitable scenario for the provision of key patients’ 
motivation and the monitoring of HF related biomedical parameters (e.g. ECG, respiration and 
impedance cardiography). The collected data are processed and used in the detection of functional 
capacity worsening and ischemia complications. Data time evolution is automatically assessed in 
order to enable: 1) Early detection of possible clinical decompensations (clinical destabilization 
warning signs); 2) Continuous out of hospital arrhythmia risk stratification. And 3) valuation of HF 
progression. 

The value proposition of “My HF-WEB Risk Monitor” is increasing the efficiency of existing HF 
management programs. The concept is a new out-of-hospital management solution that contributes to 
the continuity of care of HF patients and the improvement of the efficiency and the clinical output of 
the follow-up process. The use of new monitoring technologies and specialized processing provides 
professionals with selected information that improves the valuation of symptoms progression and 
arrhythmic and ischemic risk with the aim of preventing possible re-hospitalizations due to clinical 
destabilizations. Moreover, the system enables patients to take a more active role in the management 
of their disease in an easy way, facilitating data collection by the realization of simple guided activities. 

In this way, different benefits have been identified among the main stakeholders involved within the 
concept. The patient is better controlled by the HF specialist and the contact among them is improved. 
Moreover, the user feels more secure knowing that the information that he/she contributes to collect 
for his/her doctor is extremely useful in the adjustment and definition of his/her treatment. 

The HF specialist involved in the follow-up service receives punctual and relevant information on 
his/her patient evolution out of the hospital and prognosis. This fact together with the availability of a 
specialized tool, make patient’s management much more easy and efficient. 

The hospital cardiologist or medical doctor that treats the patient, and periodically receives him for 
routine visits, is aware that the clinical outcome of the patient is improved. The follow-up process 
considered by the concept enables the early detection of a condition worsening and the subsequent 
adjustment of the treatment avoiding a likely patient re-hospitalization. 

Finally, the Heart Failure Management Service Provider is able to provide professionals with more 
complete information about patients’ evolution. This fact contributes to an increase in the efficiency of 
prescribed treatments and the prevention of possible re-hospitalizations, minimizing the need of 
dedicated staff. The availability of professional management tools increases productivity and 
contributes to the minimization of the costs derived from the patients’ follow-up processes. 

The proposed value proposition for the end-user (patients) is a continuous assessment of your 
cardiovascular condition with close personalized follow up by a highly specialized medical team that 
will tailor your therapy and will provide guidance to improve your cardiac condition.   



Holistic Interaction Model |135 

 

The proposed value proposition for HF Chronic Disease Management Service Providers is an efficient 
continuous assessment of HF patient cardiovascular condition highly improving risk stratification and 
early identification of patient deterioration enabling preventive and early intervention strategies to 
improve the cost-benefit of the HF patient management.  

 

5.2.1.1 STAKEHOLDERS INVOLVED IN THE MODEL 
 

The model for the patient interaction in people with heart failure involves two basic stakeholders 
according to a model based on chronic disease management: 1) HF chronic disease management 
service providers as the target customer; and 2) Heart Failure patients as users  

 

5.2.1.1.1 HF CHRONIC DISEASE MANAGEMENT SERVICE PROVIDERS 
 

HF chronic disease management service providers is understood as an structured organization 
specialized in the ambulatory follow up of HF patients in order to improve their outcome and to  
minimize  the  utilization of expensive medical resources triggered by inadequate follow up.  These 
organizations are sustained by two different profiles of health professionals: cardiologists and 
specialized nurses; they are both users of ‘My HF-WEB Risk Monitor’ as a solution for their chronic 
HF patients monitoring needs. Their basic role is to educate patients for their HF self management, to 
train them in the use of My HF-WEB Risk Monitor, to manage their HF chronic status, to tune 
treatment and to be able to offer support in case of troubleshooting. 

HF chronic disease management service providers can be a private organization or a public 
organization.  

Private organizations are usually known as DMO (Disease Management Organizations). They 
contract with Health Insurance Companies in order to provide a service to the affiliated patients. The 
modelled solution is a platform to provide a differentiated service and a cost effective HF 
management.  The driver for system use in a private organization is the efficiency in HF management.  

An example of Public organization can be the so called “Heart Failure Clinic” or a heart failure unit 
integrated in a public hospital. They receive funds from the health authorities to manage the heart 
failure population in the geographic areas of their responsibility. The modelled solution is then a 
platform to provide high quality HF management with favourable cost-benefit ratio. The driver for 
system use in a public organization is the health benefit for attended population with an acceptable 
cost structure.  
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Cardiologists working in the HF chronic disease management service provider will receive periodical 
standard reports informing of any changes in measured parameters: heart rate, S-T segment 
deviation, heart rate variability, etc; in order to take decisions related to medication, daily activities 
level, diet, etc. In case of changes in parameters that may suggest worsening in heart failure 
progression, cardiologists can check patient status and confirm the risk of arrhythmias or HF 
progression in order to recommend further actions. Specialized nurses will be in charge of patient and 
family education and will act as Front-end in case of troubleshooting (batteries replacement, user-
interface menus, etc.) with ‘My HF-WEB Risk Monitor’. 

 

5.2.1.1.2 HEART FAILURE PATIENTS 
 

The people who may benefit from ‘My HF-WEB Risk Monitor’ are patients with heart failure or severe 
systolic dysfunction and at least 1 hospitalization. They may have NYHA class I/II/III. It is important 
that they are concerned about his/her health and well-being and they are able to use simple 
technology devices. They should be willing to self managing their HF condition and being able to 
comply with ‘My HF-WEB Risk Monitor’ procedures  

Patients and their families need education on ‘My HF-WEB Risk Monitor’ handling and management. 
Family support may be in some cases necessary due to the special characteristics of these patients: 
elderly patients, oversized, etc. 

Typical Congestive Heart Failure (CHF) or left ventricular systolic dysfunction patients are in general 
older than 60 years old, in most of the cases retired and concerned about their health. This implies 
that they are under the right conditions to handle and care about their disease with help of their 
families. These patients are very often re-hospitalized and are at risk from suffering cardiac 
arrhythmias and HF progression. Patients with CHF have to follow strict medication treatments, diet 
and in most of the cases make some exercise as regular daily walks. 

5.2.1.2 INITIAL PERSONA AND SCENARIO 
 

The proposed scenario for the monitoring process is the “regular short walk”. Regular short walks are 
a suitable scenario for the monitoring of HF related biomedical parameters, in order to detect 
functional capacity worsening, ischemia complications and arrhythmic events, as well as, the provision 
of key patients’ motivation. Patient is monitored according to a simple procedure before, during and 
after the walk.   

The patient will be provided with a ‘virtual doctor’ that will support him before, during and after the 
walks. The virtual doctor will request the patient to answer a symptoms questionnaire if needed. 

The monitor will measure concrete functional, physiological and electrical variables and process them 
in real time (see table below) 

The collected data will be locally analyzed, pre-processed, packaged and transmitted to a remote care 
center for further processing and evaluation by the medical staff. The HF care team will have a daily 
update of the patient status. 
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Professionals will receive valuable information from monitored biomedical parameters, not considered 
until now by other HF management programs  

The time evolution of the obtained data will be automatically assessed in order to enable the detection 
in advance of possible clinical decompensations (clinical destabilization warning signs) as well as 
arrhythmia risk stratification.  

A third end-user who assumes an indirect but essential function within the concept is the medical 
doctor following the patient. This is the health professional that treats the patient and recommends 
him/her to enroll in a HF follow up program. In this way, the role of this kind of professional is 
evaluating the opportunity for his/her patients to take advantage of the concept. At the same time, 
he/she will make use of part of the information generated by the follow-up service in order to optimize 
the treatment decision. 

Table 30 summarizes medical goals, extracted biomedical characteristic and the analyzed biomedical 
signal.  

Operative goal Biomedical characteristic Biomedical signal 

Functional capacity valuation Heart rate ECG 

Ejection fraction Impedance Cardiography 

Heart rate recovery ECG 

Respiration rate Respiration 

Respiration volume Respiration 

Ischemic risk valuation S-T segment ECG 

Arrhythmic risk stratification  Heart rate variability ECG 

Ejection fraction Impedance Cardiography 

QRS complex ECG 

Arrhythmia detection Non-sustained ventricular 
tachycardia 

ECG 

Atrial fibrillation ECG 

Bradyarrhythmia ECG 

Table 30 Medical goals extracted from the signals included in the solution 
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The scenario proposed is: Mark is a 65 year old man with severe heart failure. He was hospitalized 
last month because a deterioration of his cardiac condition and his doctor recommended him to join 
the MyHeart program for out of hospital follow up of his HF status.  Every morning Mark wears his 
monitoring T-shirt just before going for a walk and switches on his handheld device (MyDevice). 
MyDevice asks some questions to Mark, provides some recommendations and reminders and guides 
Mark through the monitoring process.  The system collects ECG and respiration information during 
five minutes in order to have basal information of Mark status. This information is transmitted to a 
remote server, processed, analyzed and compared with the data obtained in previous sessions in 
order to asses the progression of Mark’s cardiovascular condition. After basal data collection and if 
everything seems to be Ok, MyDevice engages Mark to go for a walk. During this walk, heart rate, 
respiration, time and distance is monitored  to valuate functional status an MyDevice provides 
feedback to Mark about his progress. It also alerts Mark if something is wrong (i.e. heart rate too 
high). Just after the walk, the system measures recovery parameters and the information is 
transmitted to the remote server.  MyDevice informs Mark that all the monitoring process is concluded 
and he can take off his T-shirt.  At the remote side, all the information is processed and a notification 
is generated to the follow up personnel if something is noticed to be relevant for paying special 
attention. The medical staff can generate special remarks to be notified to Mark and also contact other 
medical professionals if additional testing or treatment change is needed.  Mark also receives regular 
updated informs that he can use to show to other physicians he could contact. 

5.2.1.3 FUNCTIONAL MODEL FOR THE INITIAL CONCEPTUAL VALIDATION 
 

This section explains the domain model of the functionalities, how the system will perform the 
objectives.  

Table 31 lists all components that form the application. 

A wearable set of sensors integrated in a T-shirt that will monitor patients’ HF-related 
biomedical variables. 

A patient interface for monitoring procedures guidance, patient data collection and feedback 
visualization. 

All system components to enable easy transmission and convenient processing of the 
information collected as well as patient feedback provision. 

Table 31 Components of the initial model applied to heart failure patients 

The functional description of ‘My HF-WEB Risk Monitor’ is divided into three phases around the 
exercise, a preparation one, the exercise or walk and the relaxation one. Figure 39 summarizes the 
data obtained in each phase that will be later on analyzed in the server.   
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Figure 39 Functional description of ‘My HF-WEB Risk Monitor’ 

Figure 40 represents the functional model which describes the patient interaction during the 
conceptualization phase.  
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Figure 40 Functional model for the conceptualization phase 
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Figure 41 y Figure 42 show the user interface for Homepage and Secondary Functionality. 

•                                          

Figure 41 Patient Station Homepage for Conceptualization Phase 

                                    

                                    

Figure 42 Secondary functionality of Patient station for Conceptualization Phase 

The program section will schedule a calendar with the events that the patient should follow, like days 
for walking or a visit to his/her physician. Messages sent from his/her physician will be stored in a 
messages-section. In Treatment patients can check what drugs he/she must take, when and how. 

The multimodal walk-guide will provide the patient with complete guidelines for the adequate 
realization of the scheduled physical activities (i.e. walks). 
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The monitoring guide will distinguish three different time frames along a whole session: 1) re-walk or 
basal phase, 2) walk phase and 3) post-walk phase. 

The basal phase is the main monitoring one and will be carried out at home. First of all, the patient will 
enter the station and the system will alert him/her if there is any message from his/her Physician. After 
reading the messages, the patient should answer a Questionnaire defined by the medical team. The 
questions shown in Table 32 have been identified: 

Question Answer 

Do you feel well? Yes, I feel well 

No, I feel shortness of breath 

No, another cause 

Insert your weight in kilograms? (a number) 

Are you urinating less than previous days? Yes 

No 

Have you got more ankle or leg swelling than 
previous days? 

Yes 

No 

Have you woken up breathless last night? Yes 

No 

Did you take your medication? Yes 

No 

Table 32 Questions identify for the basal phase, before the walk for the Conceptualization Phase 
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Figure 43 Basal questionnaire keypath 

The following diagram states the flow diagram for pre-walk questionnaire: 
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Figure 44 Flow diagram for pre-questionnaire for Conceptualization Phase 

After answering this questionnaire, the patient will be asked to put the T-shirt on in order to begin with 
the monitoring. In order to have the adequate ECG sign, the measurement should be taken in 
controlled respiration condition. Because of this, the patient should follow the respiration exercise that 
is being controlled by the system. When this respiration is stable, the recording of the ECG and 
Impedance Cardiography occurs. 

To be correctly completed, this exercise will required at least 5 minutes. During this period, the 
assistive device will provide the patient with an adequate assistance and guiding (see Figure 45). 
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Figure 45 Key-path of the respiration exercise for the Conceptualization Phase 

During respiration exercise the patient station will check the heart rate in order to detect 
Tachyarrhythmia and Bradyarrhythmia. The answers given in the questionnaire will be also processed 
and with all this information following a protocol defined by the medical team, the system would advice 
the patient whether go for a walk or have a rest. 

The exercise is not recommended by the patient station if 1) Professional has sent a notification flag 
cause he/she has detected some disorder; 2) Brady or Tachy is detected during the respiration 
exercise; and 3) One of the YES/NO question was affirmative 

The walk phase will consider the follow-up of the physical activity. For this purpose, the patient station 
will monitors the heart rate in order to detect Tachy or Brady; and will motivate the patient with an 
assistant. The following diagram illustrated the activities in walk phase: 

          

Figure 46 Flow diagram during the walk phase 
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During the walk, the system will show to the patient useful information: 1) respiration rate, 2) heart 
rate, 3) remaining walk time and 4) motivation and informative message like “you are doing well!” (see 
Figure 47).  

The device will ask the patient to stop in the following cases: 1) the time walk has finished (walk phase 
was successfully completed), 2) Brady or Tachy is detected and 3) Respiration rate thershold is 
reached. The respiration and heart rate thresholds should been stated by the medical team, and can 
be changed in the Professional Station. 

                                                         

Figure 47 Graphical user interface during walk phase 

Once the patient has finished the walk exercise, the assistive device will indicate him/her to stop, sit 
down as soon as possible. Then, the post-walk phase begins.  

The post walk phase will consider 2 steps: 1) the recording of signal from the t-shirt to compare with 
pre-walk, this action should be done with controlled respiration as in basal phase. And 2) the 
evaluation of the patient symptoms after the realization of the walk. In case a notification flag for 
Questionnaire occurs, the user is asked for answer the questions states in the following diagram: 
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Figure 48 Flow diagram for the launch of the questionnaire in post-walk phase 

The prototype that was implemented to be used in the conceptual validation is further explained in 6.2 
(Prototype implementation for Modeling Phase). 

 

5.2.2 REVIEWED INTERACTION MODEL FOR PEOPLE LIVING WITH HEART FAILURE 
 

Once the analysis of the conceptual validation is completed, the modeling phase generates reviewed 
models (both domain such as scenarios and user models), taking as input the results from the 
previous phase.  

 

 

 



148 | Holistic Interaction Model for people living with a chronic disease 

 

5.2.2.1 HFM PERSONA 
 

The generic user (persona) of HFMS is Carlos Gómez, 72 years old. He is retired. He is aware of his 
heart condition and he is proactive to take a better care. Furthermore, he is able to handle an 
electronic device, following a very intuitive system. He does not have any special need in terms of 
accessibility (e.g. blind people).  

                             

Figure 49 e-Persona for heart Failure Management 

Within his main goals, the most important one is the reassurance and confidence when performing his 
daily routine. He really needs to feel under control and to loss his fear to die because of a sudden 
death.  

He also aims to be in control of his own health evolution, by self managing of his health care whereas 
being independent.  

But he does not want to be remained every day he is a chronic patient, so it is of vital importance to 
give him a system that is not intrusive and no-one notices that he is under treatment. That is to say, 
the system should adapt to their daily routine, not the opposite way. 

 

5.2.2.2 SCENARIOS: @HOME AND @MOVE 
 

Domain models included workflow diagrams among multiple people, environments and artifacts as 
well as scenarios. At this stage the team creates stories about ideal user experiences, describing how 
the system fits into the personas’ life and their environment and helps them to achieve their goals. The 
method is based on the description of scenarios or contexts of use in daily lives.   
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In Heart Failure Management context, end users are prompted to follow a daily routine consisted on a 
set of activities such as symptoms questionnaires, and a set of measurements using wearable 
garments and portable devices.  Most concretely, the vital signs assessed are electrocardiogram 
(ECG), heart rate and respiration. The portable devices are a blood pressure cuff for systolic and 
diastolic blood pressure and a weight scale. All devices and garments have communication 
capabilities (i.e. Bluetooth). Moreover, user can perform a light exercise of 5-6 minutes several times a 
week to improve a healthy lifestyle. This routine is not fixed in time or order for all patients but must 
follow some rules for medical reasons. For instance, the blood pressure should be taken in the 
morning. Apart from this light constrains, the routine can be personalized to be adapted to each 
patient.   

The scenarios detected within this system were two: indoors and outdoors. The first one comprised 
the set of measurements, making use of the wearable garments and portable devices at home. 
Besides, the user answers two questionnaires defined by the medical team. These activities form the 
indoors scenario. The exercise scenario proposes a short walk to promote a healthy lifestyle and to 
improve cardiovascular capacity, which composes the outdoors scenario. The professional will check 
the status of all patient though the portal. For the aim of this user design, only the scenarios for the 
final user are developed. 

5.2.2.3 FUNCTIONAL MODEL 
 

The main difference in this new model is the need to achieve personalization to patients’ routines that 
was one of the main conclusions from the conceptual validation. 

Thus, the previous functional model was not sufficient; there was a need to adaptation to context. We 
applied then the context based interaction model. A day within the system is called “session”. A 
session is composed of contexts that share the same characteristics in time, user location and user 
medical treatment.  

The contexts identified within heart failure patients are: morning context, exercise context and evening 
context.  

Activities are individual tasks to be performed by the patients. They can be group up in contexts.  

Session: daily routine 

Morning context Morning questionnaire 

Reminder for medication 

BP measurement 

Weight measurement 

Chest measurements  

Exercise context Preparation for Exercise 



150 | Holistic Interaction Model for people living with a chronic disease 

 

Exercise 

Relaxation 

Evening context Evening Questionnaire 

Going to bed (for the night monitoring) 

Table 33 Contexts and activities definition for Implementation Phase 

One graphical way to model the interaction is to create a temporal line and to fill all points of 
interaction among the system and the patient (see Figure 50).   

 

Figure 50 Functional model of daily routine for Implementation Phase 

The final model created to define the interaction is the set of key-paths with all the variants. Firstly, a 
look and feel is defined. 

The Common Look and Feel guidelines states that: a) Verdana Font is selected with 36 pt minimum 
for the PDA for HFM, the selected colors are different shades of greens, reds and grays as shown 
Figure 51. 
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Figure 51 Buttons defined by the look and feel to be applied in the Implementation Phase 

For Heart Failure, the design to be user-friendly, the guide for performing daily routine is close and no 
configuration has to be done by the user. The UI are as follows: 

 

                                         

Figure 52 UI examples for HFM 

5.2.2.4 COMPLETE KEY-PATH OF THE REVIEWED INTERACTION MODEL 
 

The interaction model of the HFM patient station application will slightly change from the previous 
version. The new version will rely on the new Session-Context-Activity data model. 
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Each HFM patient will be provided with a daily follow up program organized in sessions, contexts and 
activities. The PDA should notice the user when a context has to be executed, but the PDA cannot be 
aware of when the context has to be executed for every kind of contexts. The idea behind this 
affirmation is that the PDA does not know, for instance, when the user goes to sleep (for the night 
context), or when he wants to do the exercise (for the exercise context). In these cases it must be the 
patient the one who has to directly signal the PDA when a context must be executed. As regards the 
morning context, the PDA can give the patient a help by implementing an alarm clock. The alarm 
clock will give the application a signal of when the user is getting up because the user will switch it off 
when he/she actually gets up. The post-morning context is the only one which has a precise time of 
execution (one hour after morning context), so in this case the PDA can notice the user of  

In order to generalize this interaction model, and provide a more synthetic overview of the problem, 
the following model is provided:  

A Context is defined as a set of activities that have to be done when a certain Event occurs. Events 
can be based on a user signal, or on a time basis. Some contexts, like the exercise or the night ones, 
can be started only by the user, because the PDA does not have any idea of what the user is doing or 
wants to do during the day. For instance an exercise context event can be defined as “whenever the 
user feels like doing exercise, after the post-morning context”. This kind of context can be only 
triggered by a user explicit action (like pressing a button: “I want to do the exercise now”). 

Other context events, like the morning or the post-morning ones, can be triggered, in a deterministic 
way, by the PDA clock. For instance, regarding the post-morning context, the event occurs an hour 
after the morning has been executed. When such event occurs, the PDA will notice the user with an 
Alarm. If the user agrees, the context will be executed and the activities will be performed. 

 

                            

Figure 53 Interaction Model for HFM 

The previous figure shows the state diagram of this interaction model. 
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The initial state is a common clock screen. If a deterministic event occurs a notice that a context has 
to be executed is shown. On a user’s confirmation the context will be put in execution. 

As regards the user signaled events, when the user touches the clock screen, a list of possible, to be 
executed contexts is shown. From that list a user can signal to the PDA when it is time to execute a 
context and put the application in context execution model. 

Besides the user interaction, there was foreseen a special area in the application to be used by 
technical people, this is the “Administration zone” and it is used to configure the Patient Station. All 
Key-paths are shown in the following schemas: 
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Figure 54 General complete key-path for reviewed model 
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Figure 55 Morning context Complete key-path for the reviewed model 
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Figure 56 Post- morning Complete Key-path for reviewed model 
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Figure 57 Exercise complete key-path for reviewed model 
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Figure 58 Evening complete key-path for reviewed model 
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Figure 59 Administration area complete Key-path for the reviwed model 
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This reviewed interaction model was validated in a Heuristic Evaluation with expert and usability test 
with real users (see section 7.3). 

After this validation the Final Interaction Model was defined and used during the second sub-phase of 
the Implementation Phase and then in the Deployment Phase. Version 1.3.2 and version 2 
implemented this final model.   

 

5.2.3 FINAL INTERACTION MODEL FOR PEOPLE LIVING WITH HEART FAILURE 
 

According to the results of the interviews during the validation phase in Eindhoven, using metaphors 
such as arrows to represent backwards and forward or “X” to skip was generally confusing. The users 
suggested that buttons had to be button-shaped and labeled with the action that would take place 
when pushed. It was decided to implement a color code that makes use of the average user mental 
model.  

                        

Figure 60 Functional block defined in the patient GUI after the validation in Eindhoven 

Table 34 describes the aim of each functional block in the graphical user interface. 

Header area The header area includes information about the current context and 
activity, the application logo and a “Skip” button that will let the users 
exit the fore mentioned activity. 

Information Area The most important portion of the screen, the “Information Area” 
supports the interaction through messages and instructions. 

Navigation area The navigation area comprises the navigation buttons that will help 
the user navigate through the screens. 

Table 34 Functinal groups of the user interface 

Table 35 describes the three types of buttons that are used. 
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Green buttons The green buttons are associated to the key path. 

Gray buttons Gray buttons represent variants of the key path. 

Red buttons Red buttons are intended for exceptional situations, such as stopping 
the application. 

Table 35 Buttons' types of the graphical user interface 

All changes were applied as to the interaction flows for subsequences versions of Heart Failure 
Management. Once the look and feel defined in the previous phase was applied: 

               

Figure 61 Functional blocks for the user interface after usability validation 

 

Following figures show the final complete key-paths. 
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Figure 62 Final complete key-path for questionnaire 
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Figure 63 Final complete key-path for vest measurement 
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Figure 64 Final complete key-path for exercise 
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Figure 65 Final complete key-path for Blood pressure measurement 
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Figure 66 Final complete key-path for weight measurement 



 

 

 

6 IMPLEMENTATION FOR HEART 

FAILURE PATIENTS 

 

 

 

 

This section explains the implementation for Heart Failure patients to validate the model. The 
model is designed for people living with chronic diseases. For the remit of this doctoral thesis, 
the model is applied to the interaction of patients with heart failure. The implementation 
comprises three different versions of the solution, showing the evolution of the technical solution 
along the participatory design.  
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6.1 INTRODUCTION 
 

The Heart Failure Management solution has been developed in several approaches. Each 
version was confronted to real users and experts.  

Process Phase Version Main comments 

Conceptualization Phase 0.9 Used in the conceptual 
validation. Only a wearable 
garment was used, no other 
sensors were taken into 
account. 

No context session engine. 

Implementation Phase 1 Version sensors: wearable 
garment, blood pressure cuff, 
and weight scale 

No context session engine. 

Used in the heuristic 
evaluation and first usability 
evaluation with patients. 

1.3.2 Re-design of the interaction 
after usability evaluation. 

Context session engine 
integrated. 

Used in the Functional 
Validation in a field test. 

Deployment Phase 2 Final version with all problems 
found in field test fixed. 

Used in the usability testing 
with young population and 
field test in Madrid.  

 

Following subsections explain the most significant specifications of each version.  
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6.2 PROTOTYPE IMPLEMENTATION FOR MODELING PHASE 
 

First prototype developed to validate the conceptualization was called My HF-WEB Risk 
Monitor. This system considered only  

‘My HF-WEB Risk Monitor’ requires the consideration of 4 architectural elements depicted in the 
Figure 67: 

             

Figure 67 My HF-WEB Risk Monitor architecture 

The Front-end is compound of the different garment, textile sensors and electronics which have 
been identified to be required for the recording of the signals demanded by the application (e.g. 
ECG, respiration and impedance cardiography). As this recording process takes place both in 
rest and walk situations considered along a walk session, an adjusted t-shirt has come to be the 
required sensors carrier for an adequate monitoring process. 

The patient station (i.e. MyDevice) is an assistive mobile device which is used by the patient for 
the realization of walk sessions. The device provides important user interfacing and 
communication capabilities and acts as a virtual assistant for the patient as well as an 
intermediary among the Front-end and the server. It merges all the data related to a walk 
session in a walk report and transmits it to the server after the session. 

The server is the core processing element in ‘My HF-WEB risk monitor’ application. All the 
patients’ data gathered during walk sessions and sent regularly by patient stations must be 
processed. These reports include all the monitoring and performance data registered during pre-
walk, walk and post-walk phases. The received walk reports and their processing results are 
stored in personalized patients’ records in a dedicated database. Moreover, the server provides 
a web-based interface through which health care professionals are able to access application 
configuration and patients’ data visualization functionality. 
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The professional’s workstation provides direct access to ‘My HF-WEB Risk Monitor’ professional 
interaction capabilities through the web-based interface provided by the server. 

6.2.1 PATIENT STATION VERSION 0.9 
 

The patient station will be an assistive mobile device, named MyDevice, which will be used by 
the patient for the realization of walk sessions. The device will provide with: 1) user interfacing, 
2) processing and c) communication capabilities. Patient Station version 0.9 was implemented 
in C# for .NET in a HP IPAQ with mobile capabilities. The connection to the T-shirt was done 
through Bluetooth. The communication towards the server was done thought Web Services in 
HTTPS.  

The main modules and functionalities provided by the patient station v0.9 are: 

Data processing and storage module 

Communication module 

Front-end comm. 

Server comm. 

User application  with 2 
functionality: 

Main functionality  Monitoring Session (Exercise) 
guide 

Secondary functionalities Program 

Treatment 

Messages 

Table 36 Patient station v0.9: Main modules and functionalities 

Figure 68 sketches the different components: 
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•  

Figure 68 Patient Station v0.9: components 

 

6.3 IMPLEMENTATION PHASE 
 

Version 1 and version 1.3.2 implemented the Reviewed Interaction Model described in section 
5.2.2. The different in these versions appears only at the Graphical User Interface, internally, the 
Patient Station did not suffer major changes. 

6.3.1 PATIENT STATION ARCHITECTURE 
 

Figure 69 sketches all modules that form the Patient Station of the Implementation Phase.  
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Figure 69 Patient Station architecture for version 1 and 1.3.2 

The architecture is divided into 4 main areas: a) the data management module, b) the 
middleware, c) the wp4comm libraries which comprise Front-end and Back-end modules; and d) 
the user interaction support. They are all explained below. 

6.3.1.1 DATA MANAGEMENT MODULE 
 

The data management module covers the application data management, processing and 
storage. This module comprises a Context Management Framework and an algorithm manager. 

The Context Management Framework (CMF) implements and manages the 
Session/Context/Activity model. The application runtime information is stored on a data structure 
called Tabloid, inspired on the Airport Information Screens. A tabloid implements the table 
containing the list of actions performed and to be performed during the day by the application. 
More information about the engine is given in section 6.4.  

This data structure is shared all over the application so that each module can be easily aware of 
the application execution status. The tabloid is continuously updated by a Scheduler. The 
scheduler checks the system clock and decides the actions to be performed by the user. It 
manages contexts and alarms information and launches events whenever the user must be 
warned of some pending action. 

The middleware toolset implements three functionalities: a) a singleton register, b) a debugging 
library and c) an inactivity watchdog. 

The singleton register provides a class to store unique system elements, such as the system 
clock. Only one instance of these elements should exist at execution time. Therefore the 
singleton register is a tool for storing, allocating and de-allocating class instances. 
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The debugging library provides a tool for programming traces management. This helps 
debugging the application in case of error or fault situations and provides support to the 
technicians in order to resolve malfunctioning situations. 

 

The inactivity watchdog tool is used to check user inactivity. It is necessary when some form of 
the GUI needs to hide or change status when the user is not interacting with the device.  

 

6.3.1.2 FRONT-END 
 

The Front End module provides a standard interface to the sensors. This module isolates the 
complexity of the communication protocols towards the different sensors. 

The protocol towards wearable sensors allows multiple data channels, with different data types 
and data rates to be multiplexed on a single Bluetooth connection. The protocol is structured in 
layers (i.e. Transmission, Framing, Multiplexing and Channel layers) in order to allow modularity 
and flexibility. Each layer has its own packet which encapsulates lower layer packets. 

The lower layer is called the Transmission Layer. This layer just provides a bit channel over a 
Bluetooth serial port emulation channel. The serial port must be set on the operating system as 
an outbound port paired to the Patient Station’s sensor Bluetooth module. The following layer is 
called the Framing layer and is responsible for grouping data in frames, synchronizing frames 
using a zero byte and making some basic error control by means of a CRC. In order to prevent 
zero bytes to be sent to the parts of the packet not dedicated to synchronization, COBS [COBS] 
encoding is applied on these parts. The Multiplexing layer multiplexes different data channels on 
a single physical channel. The protocol can transport up to 255 data channels plus one control 
channel. The Channel layer builds up the packets containing the data and commands.  

The protocol operates by means of a Master/Slave communication paradigm where the PDA, as 
the master, controls the sensor electronic, which acts as the slave. 

Off the shelf sensors used in MyHeart’s HFMS are developed by A&D instruments ltd. Firm. 
These devices use a proprietary protocol that runs over Bluetooth serial port emulation protocol. 
The messaging sequence is originated from the medical devices. Once the devices are paired 
the data is sent with a single data packet and the receiver answers with an acknowledgement 
packet. 

The following figure sketches the layers’ structure and it isolation: 
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Figure 70 Front-end Communication Framework 

 

6.3.1.3 BACK-END MODULE 
 

The Back-end module deals with the communication between the User Interaction System and 
the Back-end. The communication has been developed using Web Services [WS] over HTTPS 
as the transport protocol. The module also implements security facilities like an encrypted 
channel and authentication.  

The Back-end communication module deals with two kinds of data: a) data collected from the 
daily routine performance, such as biomedical signals and questionnaires; and b) system 
configuration. 

The module tries to send the data when a context has been completed. When the connection 
fails, the module keeps on sending the data. When a communication problem occurs, it is 
notified to the Back-end. 

The protocol uses Web Services to interchange objects in a direct and easy way. All the 
exchanged data is structured in terms of XML schema types which are automatically converted 
to the platform specific types by the SOAP libraries of the .NET CF.  
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6.3.1.4 USER INTERACTION MODULE 
 

The User Interaction module manages all the interaction between the application and the user. It 
is responsible for generating flows of graphical formularies depending on the state of the 
application and on external events. The module is made up of three main libraries: a set of 
workflows, a graphical user interface (GUI) and a localization tool.  

The user interaction application flow is defined by means of workflows, in order to avoid 
complexity and enhance reusability. Workflows serve as a mediator between the graphical user 
interface and the application data model.  

The execution path is followed according to three kinds of variables: 

User interactions e.g. a user decides to start a context execution 

System information e.g. it is time to launch an alarm 

external events e.g. the blood cuff has sent the data 

Table 37 Patient station v1.3.2: Variables included in the execution path 

The users’ application executes three kinds of workflows: a) a general application workflow 
which defines the main execution path, b) a context execution workflow which runs the 
execution of a context and c) a set of activity workflows, each one dedicated to a single activity. 

The user interaction module is heavily based on event-oriented programming, each event 
happening either into the activity managers or at the graphical user interface launches an event 
which is managed by the workflow. This kind of implementation requires that each formulary 
defines some output events, which eventually ends up closing the windows forms, and other 
commonly used events for skipping an activity or interrupting a context execution. 

User interfaces formularies are developed using the support of windows forms provided by the 
Microsoft .Net Compact Framework. The graphical user interface follows common look & feel for 
the entire MyHeart project. It is user-friendly and intuitive, with clear indications of the necessary 
steps to follow during the monitoring sessions. 

 

6.3.2 ADMINISTRATION AREA 
 

The Patient Station software for user interaction will provide an administration area for 
configuring the application. In order to enter the area the user will need to provide a password, 
only known by the technical staff. The administration zone will provide capabilities to set the 
basic configuration parameters like the user name or alias, the language, the alarm capability. 

The configuration process for hardware devices can manifest several problems and failures 
before everything is correctly setup. Two debug tools are available: the ECGViewer and the 
OTSViewer.  
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The ECGViewer is the debug tool designed to be used with the MyHeart hardware devices, 
such as the commercial ASB sensor used during Implementation Phase. This devices use a 
layer based protocol to create a multi-channel communication path, where each channel send 
sensor data, results of computed algorithms or specific metadata information about the device 
itself.   

ECGViewer allows developers to visualize the information flows that travel through each layer of 
the inner protocol. This helps in the detection of possible interpretational errors, and allows 
checking whether the desired information is sent or not. Aside from the information flow, the 
ECGViewer provides access to all the commands that can be sent to the hardware sensors: 

Common initialization, stop and reset functions. 

Access to the channel meta-information, where the name of the channel, the sampling rate, 
maximum and minimum values among other parameters can be obtained. Some of these 
values can also be sent back to the sensor to configure it properly 

Graphic Visualization of continuous data, such as the ECG or the activity. 

Table 38 ECG Viewer functionalities 

 

                                            

Figure 71 ECGViewer 

OTSViewer is the tool developed to test A&D hardware sensors, such as the weight scale and 
the pressure cuff. A&D defines its own proprietary communication protocol, based on fixed 
frames of information. Whenever an A&D device gathers a new measurement, it automatically 
connects to the user station and sends data in the frame, including more information about the 
device status and the used data format. 
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OTSViewer provides a Bluetooth connection listener that waits for connections coming from 
A&D devices. Whenever the application receives a new frame, it presents all the retrieved data 
in the user interface, as shown in the previous figure. The following list resumes the information 
sent by A&D devices:  

Date and Time when the measurement was performed 

Date and Time when the measurement was sent 

Measurement format 

Battery Status 

Table 39 Information from A&D devices 

                                             

Figure 72 OTSViewer 

 

6.3.3 INTERNATIONALIZATION 
 

MyHeart products are oriented towards users from different countries such as Spain and 
Germany. Aside from the language itself, different countries have different conventions about 
certain issues: i.e. date, time and number formats. It is very important to comply these 
conventions during the development of a international application, in order to provide the best 
user experience. Thus, it is necessary to define the internationalization needs of the products 
within MyHeart, and research the possibilities of the .NET Framework to provide them. 
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The Patient Station must provide an extensible framework, where languages can be managed 
independently and dynamically added to the system. It should provide means to translate all 
fixed texts in formularies, as wells as static images. It also has to deal with the communication of 
the current language to the backend systems, to download questionnaires and session 
information in the correct language. 

Figure 73 shows the Internationalization solution, where static information, sensible to language 
configuration, will be stored in Visual Studio resource files, so they can be managed 
independently by different countries. Dynamic information will be managed by a language 
manager that will take care after the server information retrieval. This module will try to 
download information from the server in the proper language. 

 

             

Figure 73 WP4 Internationalization 

 

6.3.4 PERSISTENCE 
 

“Persistence refers to describe the characteristic of data that outlives the execution of the 
program that created it: which is achieved in practice by storing the data in non-volatile storage 
such as a file system or a relational database. Without this capability data structures only exist 
in memory, and will be lost when a program exits. Persistence allows, for example, a program to 
be restarted and reloaded with the data structures from a previous invocation of the program.” 

In PDAs persistence is a concern as they do not usually have an internal Hard Disk. In particular 
when dealing with PDAs with a Microsoft Windows Compact Edition it has to be noticed that in 
many PDAs using Windows CE data is stored in a RAM because of speed problems. For this 
reason, if the device runs out of power or, on hardware reset, all user data and programs get 
lost and a new copy of the OS is installed. 
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Usually a little flash ROM is present but is mostly used for storing a copy of the OS, only a small 
part is available to the user (the /storage directory). 

The need arises to find a solution to prevent the deletion of the Patient Station software, as well, 
as the user data when the battery of a PDA completely loses its power. 

 

6.4 DEPLOYMENT PHASE 
 

After the Conceptualization Phase, Heart Failure Management (HFM) system was designed. 

HFM (see Figure 74) allows to monitor heart condition, both with wearable garments (to 
measure ECG and Respiration); and portable devices (such as Weight Scale and Blood 
Pressure Cuff) with Bluetooth capabilities (Villalba, 2007). 

HFM aims to decrease the mortality and morbidity of the HF population. The system intends to 
improve the efficiency of the healthcare resources, maximizing the cost-benefit rate of the heart 
failure management.  

 

Figure 74 Heart Failure Management holistic solution 

The system consists of a user interaction platform and a professional interaction platform. The 
sensor used are a blood pressure, a weight scale, bed garments to monitor during night and 
wearable garment such a vest or bra to monitor electrocardiogram, respiration and activity 
during exercising and resting daily.   

The user platform groups all sensors and a personal digital assistant device (PDA) which 
receives data from the monitoring devices, processes it and encourages the patients in their 
daily healthcare. The professional platform includes the processing server to analyze all data, 
databases and a portal which provides ubiquitous access of the professionals. 
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The daily routine data are processed and evaluated for the detection of functional capacity, 
heart failure worsening and other complications. Motivation strategies must be taken into 
account in order to provide patients with relevant information, according to their physical and 
psychological status. 

This implementation represents the final one after all validation and previous experiences.  

 

6.4.1 USER REQUIREMENTS AND FUNCTIONALITIES REQUIREMENTS 
 

Once the scenarios were addressed, the main user requirements were detected. The most 
stressed one is the need to adaptation to personal routines. That is to say, each user will have a 
different schedule in the execution of activities along a day according to the particular health 
status, preferences, mental status and recommended medical protocol. Furthermore, the user 
application must be intuitive, easy to use and must allow the interaction in a natural way. All this 
requirements are covered by a PDA with touch screen. 

Within HFM, adaptability to the user preferences and routine is achieved by means of dynamic 
workflow execution depending on the context information, especially health status and user 
preferences. First, we defined taxonomy: a session is a day using HFM. The day is divided in 
contexts, which are morning context, exercise context, evening context and night context. Each 
context comprises a set of activities to be performed together by the user at the same temporary 
term. For instance, a task or activity is the measurement of the blood pressure. And it can be 
done together with the weight measurement and the morning questionnaire during the morning. 
Thus, they all together can form up the morning context. Each one is defined by a starting and 
an ending time which sets the validity period, a set of restrictions that constrains the context 
execution, a set of activities to be performed, and a variable that describes the current context 
state. The state can be inactive, active, performed, aborted and uncompleted. Following this 
scheme, when the users’ application sets off, all contexts are inactive.  

Contexts activation follows different rules, i.e.: They are only performed between starting and 
ending time. Besides, they may have restrictions in the medical protocol i.e. exercise has to be 
done two hours after medication.  

Once a context is activated, the alarm can be launched and executed with the user 
acknowledgement. The execution of a context means the execution of the activities of the list. 
Each activity is controlled by its own manager to allow modularity. The manager invokes all 
necessary SW and HW modules (e.g. sensors).  

Restrictions are events-based that occur in real time. They are triggered to the user by means of 
direct interaction (user stops an activity voluntary) or by the system. System launches events 
related to the health status from the study of the vital information gathered or the environmental 
status (patient location, at home or outdoors, etc).   

Thus, the activities execution occurs dynamically according to the current context, which is the 
period status, the user dialogue and the health status together with other contextual information 
(time, user is in bed, etc).  



182 | Holistic Interaction Model for people living with a chronic disease 

 

All gathered data, processed raw signals and notifications are sent to the Back-end, for further 
processing and management. 

The professional accesses all data through the portal. The first information that can be seen is 
an outline of every user emphasizing the most important events. The professionals can also 
consult and edit the information related to a particular user; and the timing evolution of the 
different symptoms. 

6.4.2 SYSTEM SPECIFICATIONS 
 

Figure 75 sketches all the modules that form the global system. This section presents the main 
requirements and specifications for each of them. 

         
Figure 75 Global system´s modules 

6.4.2.1  MONITORING SENSORS AND DEVICES SPECIFICATIONS 
 

The vital data needed by the system are electrocardiogram (EGC), respiration, activity, weight 
and blood pressure.  

In order to record the vital signals, wearable sensors are used. The ECG and respiration during 
the day are measured with a textile garment, which can be a vest or a T-shirt. The measure of 
the ECG is one lead with a sample rate of 256 samples/sec. The information is used to obtain 
heart rate (HR), heart rate variability (HRV), among others. The respiration is also measured 
with a rate of 25 samples/sec. It is used for obtaining the amplitude and respiration rate. 

The activity is obtained with a three dimension accelerometer placed in the on-body electronics 
box. This box also takes the signals from the garment, filters them and amplifies them. They 
also extract the heart rate from the ECG and the respiration rate and amplitude from the 
respiration. Such electronics also enables the Bluetooth transmission.  
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For the night measurement, there is a piezo foil under the sheets. The raw data obtained goes 
into the stationary electronics obtaining the heart rat, respiration frequency and amplitude; and 
activity level as outputs.  

Besides the wearable and wearable sensors and electronics (both wearable and stationary) 
there are two other additional off-the-shelf electronics: a blood pressure cuff and a weight scale. 
To measure the blood pressure the IEM’s StabilOGraph Blood Pressure monitor is used. As 
weight scale, the Philips’ Motiva one was selected. Both are validated in accordance with 
organizations such as the Association of the Advancement of Medical Instrumentation (AAMI) 
and certified.  

6.4.2.2 COMMUNICATION REQUIREMENTS 
 

The communication among sensors and electronic is wired based. From the electronics and 
devices, it enables a Bluetooth link with a serial port profile.  

The blood pressure cuff and the weight scale follow proprietary protocols. In the case of the 
MyHeart electronics the protocol is defined within the remit of the project. 

For communicating with the Back-end, the User device should have GPRS or UMTS connection 
to enable a client for a web service in the server side, through secure channels (e.g. HTTPS, 
SSL). 

6.4.2.3  USER INTERACTION METHODS AND USER DEVICE 
 

The selected input method for end users is a touch screen, since it is more intuitive. The 
professionals will interact through a web-based application that allows ubiquity. For both users 
and professional, the feedback methods addressed are text, images, graphs and audio.  

The user interaction device should be light weighted. However, it must have enough memory 
capacity to store the data gathered (at least 512 MB). Furthermore, a mobile connection is 
needed to communicate with the server through the Internet (i.e. GPRS or UMTS). Likewise, 
Bluetooth is necessary to connect to sensors. 

Taking into account these requirements, a comparative analysis amongst different available 
devices in the market was performed. The selected PDA belongs to the HTC series with mobile 
capabilities and touch screen.  

6.4.2.4  APPLICATION REQUIREMENTS 
 

The user application needs to be highly user-friendly, intuitive and easy to use. Besides, it 
needs to implement different use cases workflows in runtime, such as: daily vital signals 
monitoring and feedback, questionnaires filling, reminders, checking and displaying results, and 
automatic data transfer among others.  

Moreover, the whole system must support multilingualism: English by default, German and 
Spanish. 
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Furthermore, the application should validate all raw data received, together with the 
questionnaires and user behavior data. It should also be able to prevent errors and to recover 
from them.  

It should generate notifications, which are events with certain information three different levels. 
The first level is the communication notifications, which are problems with the Bluetooth or 
GPRS communication. The second one deals with the behavior of the user, that is, it notifies 
whether users comply or not with their personalized routine. It also gives out information about 
the schedule to perform each activity. The last level of notification is related to the health status, 
for instance a high hypertension, or a bad quality of rest during sleep.  

6.4.2.5  BACK-END REQUIREMENTS 
All data gathered should be stored in a robust system with high level security and remote 
access from the server.  

The server supports all business logic, workflows and error handling. Moreover it delivers all 
information as notifications. The notifications are sent to different modules depending on the 
source and the addressed actor. The professional should be able to check all data, analyze 
trends and edit the daily routine, adjusting the thresholds, or questionnaires.  

 

6.4.3 SYSTEM IMPLEMENTATION 
 

The resulted system has 2 main subsystems, the user platform and the professional platform. 
Both are explained below. 

6.4.3.1 USER PLATFORM 
 

The resulted user platform is a modular architecture which runs on Microsoft’s .NET Framework. 
The core element is the Session Context Engine to provide flexibility in the protocol followed by 
the users. It is based on a workflow engine which invokes the tasks or activities to be performed 
by the user according to a workflow that varies from one user to another. This workflow can be 
downloaded from the professional platform. The different tasks can be organized in contexts to 
be performed at the same period of time.  

Figure 76 illustrates the architecture of the user platform, whose modules are further explained 
below. 
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Figure 76 Final Modular architecture of the user platform 

 
The architecture is divided into 4 main areas: a) the Front-end module, b) the Workflows, c) the 
Engine and d) the Back-end module. Besides, the PDA comprises also the Post-processing 
Algorithms, a set of programming Tools and the GUI Forms to allow user interaction.  

6.4.3.1.1 FRONT-END MODULE 
 

The Front-end module provides a standard interface to the sensors. This module isolates the 
complexity of the communication protocols towards the different sensors. 

The module is fairly complex as it has to: 1) Discover available sensors; 2) Open and close the 
connection to the sensors; 3) Gather and interpret the data from the sensors using their specific 
protocols, 4) Abstract the flow of commands to be sent to the sensors during the execution of an 
activity; and 5) Manage errors during the connection. This represents an evolution of the Fron-
end communication framework described within section 6.3.  

The module is structured into the following sub units: a Bluetooth manager, a set of device 
drivers, a Sensor Manager, a set of Device Managers.  

The Bluetooth manager discovers Bluetooth devices, connects to them with the serial port 
emulation profile and sends and receives raw data. Two modes of operation are considered, 
according to the mode of operation of Bluetooth devices:  
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Passive devices Devices where the PDA initiates the 
connection. This is the most common mode of 
operation. 

Active devices In this case the device initiates the connection 
to the PDA. Therefore the PDA needs to wait 
for connection requests, originated from the 
Bluetooth device. 

Table 40 Bluetooth devices's operation modes 

The module has been developed in .Net for the Windows CE operating system. It provides an 
abstraction layer for the basic functionalities offered by the Bluetooth stack implementation of 
the operating system. 

The protocol towards wearable sensors allows multiple data channels, with different data types 
and data rates to be multiplexed on a single Bluetooth connection. The protocol is structured in 
layers (i.e. Transmission, Framing, Multiplexing and Channel layers) in order to allow modularity 
and flexibility. Each layer has its own packet which encapsulates lower layer packets. 

The lower layer is called the Transmission Layer. This layer just provides a bit channel over a 
Bluetooth serial port emulation channel. The serial port must be set on the operating system as 
an outbound port paired to the MyHeart’s sensor Bluetooth module. The following layer is called 
the Framing layer and is responsible for grouping data in frames, synchronizing frames using a 
zero byte and making some basic error control by means of a CRC. In order to prevent zero 
bytes to be sent to the parts of the packet not dedicated to synchronization, COBS encoding is 
applied on these parts. The Multiplexing layer multiplexes different data channels on a single 
physical channel. The protocol can transport up to 255 data channels plus one control channel. 
The Channel layer builds up the packets containing the data and commands.  

The protocol operates by means of a Master/Slave communication paradigm where the PDA, as 
the master, controls the sensor electronic, which acts as the slave. 

Off the shelf sensors implements a proprietary protocol that runs over Bluetooth serial port 
emulation protocol. The messaging sequence is originated from the medical devices. Once the 
devices are paired the data are sent with a single data packet and the receiver answers with an 
acknowledgement packet. 

The sensor manager module is responsible for storing the information about which sensors are 
available at the system during its operation. The module stores the connection details of the 
sensors like the Bluetooth address and the pin number in order to use them when a sensor must 
be used. 

The module abstracts the discovery and the connection to the sensors by hiding the details 
related to the Bluetooth connection and offers a comfortable interface for the upper application. 

The module is used particularly during the first setup of the application, when all sensors must 
be paired to the device. 
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The device managers implement the flow of commands to be sent to the devices when an 
activity has to be performed. They abstract all the communication by providing directly the 
measurement data and launching events when some critical step of the activity is reached. 

These functionalities are: 1) to configure and activate the sensors; 2) To save the measurement 
data into data types understandable by the application; 3) To manage errors and timeouts; and 
4) To activate the post-processing algorithms. 

Device managers are used by the workflows in order to separate the user interaction from the 
management of the sensors during the activities. They implement the basic steps of an activity 
using the lower modules of the Front end area and they call the algorithm. 

6.4.3.1.2 WORKFLOWS 
 

Workflows define the user interaction in terms of messages to be shown and actions to be taken 
when the user presses the buttons. Workflows are triggered by events coming from the 
scheduler, when a context has to be performed; the related workflow is started showing the right 
user interface. During the execution of an activity, its workflow communicates with the device 
manager and receives the measured data, as well as events relating the status of the activity 
(like the remaining time or connection errors). From the other side, workflows use the graphical 
user interface by opening and closing formularies, and setting their text fields. In order to 
provide internationalization into the application, the workflows use a Localization module which 
is responsible for gathering textual information for the local language from an xml file. 

All workflows that have been implemented are described in section 5.2.3.  

6.4.3.1.3 SESSION CONTEXT ENGINE 
 

The engine module covers a) the application data definition and storage, b) a scheduler; c) 
some modules for the configuration of the application and d) an error management module. This 
engine implements and manages the Session/Context/Activity model. The application runtime 
information is stored on a data structure called Tabloid, inspired on the Airport Information 
Screens. A tabloid implements the table containing the list of actions performed and to be 
performed during the day by the application. 

The tabloid is continuously updated by a Scheduler. The scheduler checks the system clock and 
decides the actions to be performed by the user. It manages contexts and alarms information 
and launches events whenever the user must be warned of some pending action. Figure 77 
sketches the scheduler.  

Hence, two programming threads work within the scheduler: A scheduler thread, which updates 
tabloids, and the main forms thread which handles the events that activate the GUI. 

Contexts execution is managed on the tabloid. Each context is defined by a starting and an 
ending time which sets the validity period, a set of restrictions that constrains the context 
execution, a set of activities to be performed, and a variable that describes the current context 
state. 
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Figure 77 Scheduler updates the Tabloid and launches events  

Once a context is activated, an alarm can be launched and can be executed with the user 
acknowledgement. The execution of a context means the execution of the activities included in 
the list. Each activity is controlled by the activity managers. For instance, a questionnaire activity 
manager takes care of the extraction of questionnaires from a configuration file, fills in the 
questionnaire data structure and manages the answers. 

The Data Model (see Table 41) comprises a set of structures that describe all the possible data 
treated in the application and a module able to map this data into a database for the 
persistence. The data model is divided in the following areas: 

Area  Description 

SessionPlan data These data represent the current daily activity routine planning. 
This data must be set by the WP5, or on a local file, in order for 
the application to be operative. 

Done data These data represent the set of measurements taken by the user 
according to the daily routine planning: this data are stored in 
order to be sent to the Back-end to be interpreted. 

Tabloid data These are the data used to manage real-time information about 
which activities must be executed or has been executed. 

Common data Common data contains a set of types that are shared among all 
the application. 

Table 41 Data model structure 

All this data are mapped on a local Database by a persistence module that implements basic 
insertion/updates/ retrievals/deletion functionalities. 
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The Configuration modules are responsible for getting the general configuration of the 
application from an xml-formatted file and for generating the tabloid information starting from the 
session plan data. These modules are called each time the application is restarted, or at each 
daily update of the runtime information (this event is called turn-around). 

All the error events encountered during the execution of the application are stored by an Error 
Management module. The focus of this module is to log adverse events in order to send this 
information to the professional platform for further tracking and analysis.  

6.4.3.1.4 BACK-END MODULE 
 

The Back-end module deals with the communication between the user interaction platform and 
the Back-end. The communication has been developed using Web Services over HTTPS as the 
transport protocol. The module also implements security facilities like an encrypted channel and 
authentication.  

The Back-end communication module deals with two kinds of data: a) data collected from the 
daily routine performance, such as biomedical signals and questionnaires; and b) system 
configuration. 

The module tries to send the data when a context has been completed. When the connection 
fails, the module keeps on sending the data. The module comprises: 1) A Comm Manager 
which abstracts the protocols used to send data to back-end servers. And 2) a Protocols’ set 
which translates application’s data to the model defined in the web service, more than one 
version of the protocols can be handled. 

The protocol uses Web Services to interchange objects in a direct and easy way. All the 
exchanged data are structured in terms of XML schema types which are automatically 
converted to the platform specific types by the SOAP libraries of the .NET CF. 

6.4.3.1.5 POST-PROCESSING ALGORITHMS 
 

The user application allows the computation of additional algorithms used for the post 
processing of the measurements. These algorithms can demand high computational and 
memory requirements because of the large amount of data to be processed. In order to improve 
the system performance, these algorithms have been developed in low level programming 
languages such as C++ or C. Thus, the algorithms module provides a layer that supplies 
compatibility among algorithms libraries and the rest of the application. The algorithms 
integrated are: 

HRV algorithm It generates a set of parameters that calculate variables of the 
Heart Rate Variability. 

Arrhythmias’ detection Detection of an atria fibrillation, ventricular tachycardia, ventricular 
fibrillation and Premature Ventricular Complexes. 

ECG quality It gives a measurement of the quality of the ECG. It is used to 
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advice the user if the sensors have been wrongly adjusted. 

Motion Detector It is used during the exercise activity in order to detect if the user is 
walking or at rest 

Table 42 Integrated algorithms in version 2 

The algorithms are provided as pre-compiled libraries and have to be integrated into the PDA 
software by means of a wrapper that provides the library functionalities to the .Net environment.  

6.4.3.1.6 TOOLSET 
 

The toolset implements functionalities which are useful for the programming environment. They 
provide the following functionalities: a) a singleton register, b) a logging library, c) an inactivity 
watchdog and a d) time definition tool.  

The singleton register provides a class to store unique system elements, such as the system 
clock. Only one instance of these elements should exist at execution time. Therefore the 
singleton register is a tool for storing, allocating and de-allocating class instances. 

The logging library provides a tool for programming traces management. This helps debugging 
the application in case of error or fault situations and provides support to the technicians in order 
to resolve malfunctioning situations.  

The inactivity watchdog tool is used to check user inactivity. It is necessary when some form of 
the GUI needs to hide or change status when the user is not interacting with the device, or to 
detect whether the user has abandoned the application during the execution of some activity. 

.Net framework provides a DateTime type that manages timestamps, in terms of dates and 
times. The time definition tool provides means to manage only times with methods to compare, 
add, subtract and cast times. 

6.4.3.1.7 GRAPHICAL USER INTERFACES FORMS 
 

Graphical user interaction is provided as .Net formularies (forms). Each form represents a 
screen of the application, with static, graphical elements like pictures or texts and dynamic and 
interactive elements like buttons or slides. Forms are managed by the workflows and the user 
interaction by means of launching events. 

The GUIs have been designed following Heuristics rules to make them usable. Since the final 
users are patients with heart failure aged 65 or more, this design was carefully performed and 
validated, both for experts and final users in various stages of the development.  

Figure 78 illustrates some of these interfaces. 
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Figure 78 Different screens of the application running on the pda 

6.4.3.2 PROFESSIONAL PLATFORM 
 

Since this is the final implementation of the solution, the professional platform is also described; 
all the evolution along the three phases was not included in the PhD thesis since this is not the 
scope of this research. However, since the professional close the loop around the patient, this 
section explains this latest platform implementation. 

The professional platform has been developed on JBoss AS v. 4.2.1 with a J2EE 6 Java virtual 
machine.  

The database runs on MySQL Server v.5. Hibernate abstracts from the lower level service of 
database [16]. The platform complies with all the requirements of security of the European 
legislation on privacy protection must be taken into account. European Commission gave the 
general guidelines in the Directive 95/46/EC “on the protection of individuals with regard to the 
processing of personal data and on the free movement of such data” [7] and in Directive 
97/66/EC “concerning the processing of personal data and the protection of privacy in the 
telecommunications sector”. 

Figure 79 sketches all components on the 3 tiers of JBoss. 
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Figure 79 Architectural components for the Back-end 

 

6.4.3.2.1 INTEGRATION TIER 
 

The web service enables the communication with the user platform. Two interfaces are defined: 
one that receives session data from the patient’s device and the other that uploads the session 
plan into the PDA. In order to grant confidentiality and security, the Authentication module 
provides the full access control to the system. Different security policies have been applied for 
the two interfaces of the Web Service. A further security layer has been added by using 
encrypted channels of communication into this module. 

Besides, there is a service of automatic hardware configuration of the sensors and devices of 
the patient. The session data includes also hardware information. In this way the system can 
detect any change of sensor or patient device.  

Notification service module receives information generated from the system and it stores it in the 
data model or sends it to another service. The Notification Handler is the entity that manages 
the notifications and possibly reacts to a significant event. It distinguishes notifications 
depending on three categories (communication, behavior and medical), the source that 
generated them and the causes. The notification service is accessed from 3 intelligent units:  

The Web Service which communicates with the Patient Station and sends a notification 
message if something wrong occurs.  



Implementation |193 

 

The context analysis service, which analyses the session data sent from the PDA. It evaluates 
the quality of the bio-signals and the medical coherence of the data (e.g. checks whether the 
weight is coherent with previous measurements). Any anomaly will generate a notification by 
invoking the Notification service 

The Evolution Analysis, which analyze evolution through time. 

The Scheduler executes periodically the Evolution Analysis service. This module will also able 
to invoke new scheduled job for it in order to finish pending analysis. 

The Data Access Object (DAO) is the specific data model of the system. The data model is 
divided into 7 main areas summarizes in Table 43. 

Professional data It comprises the information needed for the professional access and 
management 

Patient data It includes all the patients’ personal data, their clinical record or their 
treatment history 

Session Planning It contains the planned sessions with the contexts and activities 
specifications 

Session Data It includes all data related to the acquired sessions (times of start and 
end, status of each activity, etc.). It does not contain the bio-signals 

Medical Data It comprises all the bio-signals acquired during the session 
performances 

Algorithms data It processes data from different algorithms 

Questionnaire 
Model 

It stores all the questionnaires 

Table 43 Areas in the data model 

6.4.3.2.2 BUSINESS TIER 
 

The Context Analysis Service is the first level of analysis of the patient’s data sent from the 
Patient Station. It evaluates the quality of the bio-signals and the medical coherence of the data 
(e.g. checks whether the weight is coherent with previous measurements or a basal data). This 
service is executed whenever a patient’s device sends the session data. Data are then, 
analyzed and finally stored in the Back-end Model. If something goes wrong a notification is 
generated. 

The Evolution Analysis Service analyses the entire data periodically in order to extract 
information. It accesses the entire data model in order to further analyze data along time. This 
module executes complex algorithms to estimate: 
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Patient’s adherence to the session protocol. 

The patient’s behavior relating to the usage (time per task, errors, etc.) 

Changes in patient’s health status, worsening of symptoms 

Device and sensors status in order to detect problems such as low batteries, persistent 
communication problems, software bugs, etc. 

Table 44 Evolution analysis service 

The Analysis Unit is implemented as a daemon that checks the data periodically on the entire 
Back-end’s Model system. Its periodic functionality is provided by the Scheduler service. 

6.4.3.2.3 PRESENTATION TIER 
 

The presentation is done through portlets which use Web module (JSR168 specification). This 
provides the specific GUI for the professionals (cardiologists, nurses, technicians). They have 
different roles within the system (administrators, cardiologists, nurses and technicians). Thus, 
the portal is divided into three areas (nurse is considered as a cardiologist with limited 
functionality), as shown in following list: 

Admin Portal It allows management of the users of the system, the devices, and the 
system logs 

Technical Portal It access all information related to communication problems, errors, etc 
for the technical service 

Medical Portal It represents the core of the visualization of HFM application 

Table 45 Portal’s Views by rol 

The Medical Portal manages patients, devices and visualize the evolution of patients’ health 
conditions It represents the core of the visualization of HFM application. Cardiologists access all 
information. Nurses can use a limited version.  

Figure 80 shows two screenshots of the portal.  
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Figure 80 Patient record in the medical portal 

 

 





 

 

7 VALIDATION 

 

 

 

 

 

This chapter explains the validation carried out in the different phases, both with experts and 
final users. This validation flows from the conceptual validation in the initial stages to the 
validation of a running system with final users in a real environment. Along the process it is 
clearly shown how the results are getting better and better thanks to the active participation of 
stakeholders. 
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7.1 INTRODUCTION 
 

The research has been carefully carried out with the involvement of stakeholders in the process. 
Thus, along the three phases, depending on the needs, different actors have taken part in the 
validation.  

The conceptualization phase was the critical one since a good model as a basis for the 
implementation is crucial to assure the success of such complex solutions. Thus, three 
stakeholders were involved in the model validation: heart failure patients, medical specialists, 
such as cardiologists and nurses; and hospital business managers, who are involved in the 
administrative “chronic disease treatment” related tasks. 

With all this information, the model was refined and a solution was implemented. During the 
implementation phase, the framework was tested by experts in user interaction and final users. 
At the beginning of the implementation, usability test was performed. At the end, a field test was 
carried out. In this pilot, 4 users tested the system at their places during one week in Basel, 
Switzerland. Afterwards, all bugs detected during the field test, a complete system was 
deployed and testing in another field test in Madrid, Spain.  

The following table summarizes the validation along the process and the number of subjects 
involved in such evaluation.  

Process phase Validation N of 
patients

N of non-
patients 

Place 

Conceptualization Conceptual validation 10 16 Spain 

Implementation Experts – Heuristics 
evaluation 

- 4 Eindhoven, The 
Netherlands 

Usability tests with 
final users 

5  Eindhoven, The 
Netherlands 

Field tests with final 
users 

4  Basel, Switzerland 

Deployment Field tests with final 
patients 

37 (31 
+ 6) 

 Madrid, Spain 

 Field tests with final 
non- patients users 

 6 Aachen, Germany 

TOTAL per group 56 26  

TOTAL 82  

Table 46 Validation summary along the whole process 
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7.2 CONCEPTUAL VALIDATION  
 

This validation refers mainly to the model evaluation, the viability of the ideas. This validation 
took place during first half of 2005 in Madrid, Spain. Afterwards, the system was implemented 
according to the results of this preliminary validation.  

The method used was a confrontation with stakeholders in order to understand their vision and 
constrains, through interviews and observations with users to capture their needs, goals and 
behavior, involving them in the whole process. In order to determinate the right direction to 
design and develop the user interaction for Heart Failure Management, a preliminary prototype 
was used in a set of interviews to the main stakeholders. Three groups were tailored: heart 
failure patients, medical specialists, such as cardiologists and nurses; as well as the hospital 
business managers involved in the administrative “chronic disease treatment” related tasks. 

All stakeholders involved in the conceptual validation where prompted to sign an agreement that 
the session was audio and/or video recorded and used for MyHeart external purposes. Finally, 
they need to sign a confidentiality agreement.  

The validation was based on open and close-ended questions followed by a system 
demonstration in order to allow the users to assess the usability and comfort of the preliminary 
mock-up.  

Ideally the number of respondents is 30 per each stakeholder group. It is important to assure 
that the subjects are representative of the overall population of interest. So a large enough 
sample is required to cover variations within that population. In the context of MyHeart, the 
target groups were specific. Besides, the interviews are intensive evaluation method; therefore 
the number of subjects was smaller. In total 26 people were interviewed: 10 end users (9 men 
and 1 woman, 80% of them above 60 years), 6 business managers and 10 cardiologists. These 
interviews were designed by Philips Design Eindhoven in the scope of the MyHeart Project and 
led by Medtronic Ibérica. 

Each interview consisted of 5 sections: introduction, storyboard, tangible, conclusion and 
closure. During the introduction, the interviewer explained the purpose of the interview, offering 
the interviewee a confidential agreement to sign. Some general questions about the position 
towards technology and health status were posed at that stage. 

Within the storyboard section the interviewer presented the global system and asked the 
interviewees open questions about their impressions and doubts. Once the basics of the system 
were grasped, the tangible section started, in which wearable garments, electronics, different 
user devices and the portal was presented. The user was also welcome to play with the different 
application early prototypes developed within a PDA. Thus, the users were able to determine 
whether the PDA was suitable for them, or they preferred other interaction devices such as 
smart phones and TVs. 
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During the conclusion section, the interviewer asked for the overall impression. In addition, the 
interviewee filled up a scoring sheet with 10 closed questions rated from 1 to 5, which provides 
a quantitative result. In the closure section, the interviewer thanked the participant and took 
some last notes about the experiences during the whole interview. 

The time for each interview varied from 60 minutes for the professionals to about 120 minutes 
for the end users. The roles participating in the interviews were the interviewer and the note 
taker. The note taker was in charge of keeping notes and recording the interview. The note taker 
was also in charge of keeping a right timing during the interview process.  

7.2.1 INTERVIEWS WITH END-USERS  
 

The end-users were all heart failure patients. Ten subjects were interviewed.  

Figure 81 Age and gender distribution of the sample of the end-users 

shows the gender and age distribution of the sample. 

                   

Figure 81 Age and gender distribution of the sample of the end-users 

Table 47 Interview planning for end users, the process and the timetable. 

Section Subject Time 

Introduction Setting the scene – 5 min 

General questions – 10 min 

15 min 

Storyboard Reading – 10 min 

Questionnaire – 15 min 

25 min 

Tangible Garment aspects – 15 min 

Demonstrator and questions – 25 min 

40 – 50 min 

Conclusion Questions – 28 min 

Scoring – 2 min 

30 min 
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Closure  5 – 10 min 

Total time 115–130 min 

Table 47 Interview planning for end users 

Table 48 displays an example of the scoring questionnaire for the final user: 

I like this concept 

I will use this concept 

This concept will reduce my quality of life 

This concept will motivate me to a healthier lifestyle 

This concept will make me feel neglected 

This concept will be a burden to my lifestyle 

This concept will help me stay in control of my health 

I will never trust this concept to look after my health  

This concept will invade my privacy 

This concept will offer me a pleasant experience 

Table 48 Scoring questionnaire used with final users 

The final users answered these questions from 1 (totally disagree) to 5 (totally agree). Figure 82 
shows the quantitative results out of the interviews. 
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Questions 
Number of 

Respondents 

1. I like this concept. 10 

2. I will use this concept. 10 

3. This concept will reduce my 
quality of life. 10 

4. This concept will motivate me 
towards a healthier lifestyle. 10 

5. This concept will make me feel 
neglected. 10 

6. This concept will be a burden 
to my lifestyle. 10 

7. This concept will help me stay 
in control of my health. 10 

8. I will never trust this concept to 
look after my health. 10 

9. This concept will invade my 
privacy. 10 

10. This concept will offer me a 
pleasant experience. 10 

0%

0%

0%

10%

10%

90%

100%

10%

10%

0%

10%

0%

0%

20%

0%

0%

0%

0%

0%

20%

90%

100%

100%

70%

90%

10%

0%

90%

90%

80%

0% 50% 100%

Unfavorable (1&2) Neutral (3) Favorable (4&5)

  

Figure 82 End users´scoring results 

From the open questions, qualitative knowledge is extracted. Some examples of the open 
questions are: How is your health care insured? Do you regularly use technical or other devices 
in your health care at home? What do you think are the benefits of being able to monitor your 
health this way? Etc.  

Regarding the main conclusions, the respondents’ highlights are shown in Table 49. 

Key Quote(s):  

LIKE: 

Prevention. 

Patient motivation to continue treatment and to do daily exercise. 

Psychological help: security, comfortable feeling, freedom. 

Cost savings. 

Hospital visits reduction. 

Critical events reduction. 

DISLIKE: 

May be costs. 
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Too hotter shirt for summer 

Shirt design 

Payment by Public or Private Insurance. 

To business model:  

Only preventive, (FIRST EVENT) 

Patients to prevent new crisis (SECOND EVENT) 

Table 49 End-users Respondents highlight in overall conclusions 

Regarding their final impression and overall opinion of the concept, Table 50 summarizes the 
answers: 

Key Quote(s): “Like most, that it gives prevision data” 

“I am worried about electrodes transmission.” 

“I see it as a very practical shirt” 

“The shirt passes unnoticed.” 

“More helps we had for heart, better” 

“It’s ideal, not only gives freedom to patient that it gives opportunity to 
doctor to see data every moment he/she want.” 

OVERALL OPINION: system is a good solution, useful 

LIKE MOST: 

Remote monitoring: doctor could have patients’ biological information remotely. 

Prevention: System could help to prevent critical events. 

Security: patients feel security with this system. 

Comfortable feeling. 

Saving cost: “What they have to pay it would be a saving in hospital bed”. 

Easiness of use. 

To be controlled by their doctor.  

To avoid annoyances to everybody and a lot of costs. 

LIKE LEAST:  

Shirt color  white tissue changes to colored.  
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Textile design, shirt more opened on neck. 

To do exercise doesn’t seem to them a solution to be under control, they would like longer 
monitorization per day. 

“We have to know about price.” 

IMPROVEMENTS: 

Shirt should be closefitting and not warm for summer time. 

Sweeter tissue, low-necked. 

Tissue and design. 

Video to learn and book to extend.  

DEVELOPMENT COMPANIES: 

Medical sector companies. 

Technology companies 

Initiative must arrive from private companies but supporting by Public Insurance 

Table 50 End-users final impression and overall opinion 

Regarding the current health situation and the vision of the future health care: 

Key Quote(s): “I am thankful for this invention, for this little device (ICD)” 

“People are in the habit of things.” (About new technologies introduced in 
society). 

“As more advances better” 

“One must have to much will-power” 

“ICD has given me tranquility because I think It is going to jump if my 
heart stops beating.” 

“Some American executives get an ICD to prevent myocardial infarction” 

TREATMENT FOLLOWING: strictly or moderate   

PEOPLE INVOLUCRED IN PATIENT’S HEALTHCARE: wife/husband, family, cardiologist, 
family doctor, nurses, health trainer, nursemaid 

HEALTHCARE ELECTRONIC DEVICES USED: glucometer, electronic thermometer, 
electronic blood pressure meter 
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PUBLIC INSURANCE (8) vs PRIVATE INSURANCE (2) 

HOME ELECTRONIC DEVICES USED: TV (all), radio (all), telephone (all), mobile, 
microwaves, etc. 

Oldest people could have difficulties to use technological systems or need help to use it. 

Table 51 End-users current health situation and vision of the future health care 

First impression of the concept is summarizes in Table 52. 

Key Quote(s): “I see well that, but it seems to me that the shirt this in summer must be 
a bit...warm” 

“Benefits could be quite good, important. Because than to be in the 
street or wherever you be, how could I tell you, wildly, without knowing 
how is your heart, if it responds or not, if you must do this or you mustn’t, 
to be prepared with that, that is a quite good advance, quite good.” 

“As it is thing for heath, all is good” 

“This is what I have had in January when I felt ill” 

“With this device you are controlled. Using it you can walk on the street 
and nothing can happen to you (husband: well, it could happen but 
doctor could see it)”. 

“Wherever you go, you are controlled by your doctor.” 

“Without doubt this system would help on their healthcare.” 

BENEFITS: 

Remote monitoring provides security to patients and their families against uncertainty. 

To prevent grave states of illness. 

To motive patient to take care of his/her health. 

It gives objective (not patient-subjective) and daily information. 

INCONVENIENTS: 

Thick tissue could make feel too hot in summer. 

Patients have good predisposition to use the system to help managing their health. 

They doesn’t mind to spend any time to learn to use it or on using it daily. 

PLACE FOR KEEPING SHIRT AND PDA: wardrobe, away from children. 

Table 52 End-users results on first impression of the concept 
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Table 53 points out the impact of this concept as seen by the respondents: 

Key Quote(s):  

This system would help his doctor to manage his health. 

Doctor would be more informed about patient illness and its evolution. 

The system would give more work to doctors, but it permits healthcare improvement. 

A system like this could help doctors to follow their patients because it would give them 
more information. 

He thinks this system would proportionate more data to doctors and that is good for 
patients. 

Professionals would be, in general, agree and happy to use this system. 

This system would be a help to their doctor; doctors would have less annoyances and for 
patients. 

No problems with their family. 

Table 53 Impact of the concept according to end-users 

Regarding the willingness to use this concept: 

Key Quote(s): • “I’m glad to see how it (technology) advances” 

• “Will electrodes have enough contact?” 

• “(At washing) Do electrodes damage, go out? Do they go sewn? 

• “Are electrodes connected?” 

• “I always think in invent something like this, It is marvelous” 

• “If this system was developed I would have the shirt.” 

• “This system gives you security once you leave hospital” 

• “System price is incalculable if you begin to count all the hours 
you lose in hospital waiting, in leaving for an urgency, it is incalculable 
that, to avoid an urgency travel is incalculable because they have to 
move people, ambulances…” 

PAYMENT: Public insurance. 

COSTS: no much idea (10), patient doesn’t consider expensive 150 €/month, 150 €/month 
could be a little expensive for some social classes, system could save a lot of money 
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PRESENTING SYSTEM: patient’s cardiologist (10), communication media (1), TV (2), 
mouth to mouth (2) 

FINDING SITES: hospital (10), specialized shops in medical products (4) 

LEARNING MATERIALS: little book with drawings like “ICD’s book”, informative 
brochures, in paper and in video 

SHIRTS NEEDED: At least 2 shirts. 

PDA exclusive dedicated. Better an independent device preserves privacy. 

SHIRT COMMENTS:  

• strong textile, difficult to wear a long time or with hot weather;  

• textile design:   

- shirt without sleeves for summer, 

- shirt with long sleeves for winter. 

- Less tissue, lower in pectoral band 

• Sport design, T-shirt for summer 

PDA COMMENTS: better big fonts. 

To business model:  

• Only preventive, (FIRST EVENT) 

• Patients to prevent new crisis (SECOND EVENT) 

Table 54 Willingness to use according to end-users 

Following tables summarizes the conceptual strengths and weakness according to the sample.   

 Concept Strengths Quotes 

1. Remote monitoring “Benefits could be quite good, important. 
Because than to be in the street or wherever 
you be, how could I tell you, wildly, without 
knowing how is your heart, if it responds or not, 
if you must do this or you mustn’t, to be 
prepared with that, that is a quite good advance, 
quite good.” 

“I see it as a very practical shirt” 

2. Prevention “Like most, that it gives prevision data” 

“Prevention is fabulous, it should be 
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generalized” 

3. Patient motivation to follow 
medical treatment 

“This system could help me to control my 
weight, to motivate to do exercise.“ 

“When you are in a program you are more 
motivated and always help” 

4. Comfortable feeling “To use system would make me feels 
comfortable.” 

5. Security “Some American executives get an ICD to 
prevent myocardial infarction” 

“With this device you are controlled. Using it you 
can walk on the street an nothing can happen to 
you (husband: well, it could happen but doctor 
could see it)”. 

“Wherever you go, you are controlled by your 
doctor.” 

6. System provides objective 
information 

 

7. Saving hospital costs “What they have to pay it would be a saving in 
hospital bed” 

“System price is incalculable if you begin to 
count all the hours you lose in hospital waiting, 
in leaving for an urgency, it is incalculable that, 
to avoid an urgency travel is incalculable 
because they have to move people, 
ambulances…” 

8. Good for patients, good for 
doctors 

“It’s ideal, not only gives freedom to patient that 
it gives opportunity to doctor to see data every 
moment he/she want.” 

9. With this system patient earns 
security, tranquility and 
freedom 

 

“I always think in invent something like this, It is 
marvelous” 

“All that is watching is liked” 

“This system gives you security once you leave 
hospital” 

Table 55 Concept strengths according to end-users 

 



210 | Holistic Interaction Model for people living with a chronic disease 

 

 Concept Weaknesses Quotes 

1. Textile seems to be too warm 
for summer time. 

“I see well that, but it seems to me that the shirt 
this, in summer must be a bit...warm” 

2. Textile design: 

Shirt without sleeves for 
summer, 

Shirt with long sleeves for 
winter. 

Less tissue, lower in pectoral 
band 

 

3. Intimacy. “Aren’t you going to monitor other things, are 
you?” 

4. Quite small fonts in PDA “Information shown on PDA must be adapted to 
older people” 

5. Time of system use “He would like to use more times in a day the 
system” 

6. May be costs “I feel shame of the expenses I do to healthcare” 

Table 56 Concept weakness according to end-users 

 

7.2.2 INTERVIEWS WITH MEDICAL-HEALTH PROFESSIONALS 
 

The health professional stakeholder is represented by 10 cardiologists. All of them work in 
Spain. Table 57 describes their hospital or department. 

Department/Hospital Position Place 

Hospital Gregorio Marañón Cardiologist of Cardiology 
Service 

Madrid, Spain 

Public Specialists Centre of 
Moratalaz  

Cardiologist Madrid, Spain 

Public Specialists Centre of 
Moratalaz  

Cardiologist Madrid, Spain 

Public Specialists Centre of 
Moratalaz  

Cardiologist Madrid, Spain 
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Specialists Area 1 of Madrid Cardiologist Madrid, Spain 

Hospital Virgen de la Torre Cardiologist Madrid, Spain 

Hospital Virgen de la Torre Cardiologist Madrid, Spain 

Hospital Universitario Miguel 
Servet  

 Cardiologist Zaragoza, Spain 

Hospital Clínico de Madrid Urgencies Service Manager 
(Internal Medicine) 

Madrid, Spain 

Private Cardiologist Clinic Cardiologist Madrid, Spain 

Table 57 Respondents characteristics of the medical-health professionals 

In the same way as end-users, they were prompted to answer open questions and a final 
scoring sheet. 

Questions 
Number of 

Respondents 

10%

0%

20%

90%

60%

40%

40%

100%

50%

0%

10%

10%

0%

10%

30%

10%

10%

0%

10%

10%

80%

90%

80%

0%

10%

50%

50%

0%

40%

90%

0% 50% 100%

Unfavorable (1&2) Neutral (3) Favorable (4&5)

1. This concept is a good solution for 
this health condition. 10 

2. This concept will improve the 
quality of care. 

10 

3. This concept will reduce the 
effectiveness of care. 

10 

4. This concept will damage my 
relationship with the patient/client. 

10 

5. This concept will improve 
communication in the professional 
team

10 

6. This concept will increase my 
workload. 

10 

7. This concept will complicate my 
way of working. 

10 

8. This concept will provide me with 
reliable information. 

10 

9. I think professionals in this area 
would not easily adopt this concept. 

10 

10. I will recommend/prescribe this 
concept. 

10 

  

Figure 83 Medical-health professionals' scoring 

There are more remarks to the concept in comparison to the end-users’ results. They do not rely 
on the knowledge created by the solution. They would like to have clinical evidence beforehand. 
However, they think that the concept is a good solution and they would recommend it to their 
patients. 

Regarding the main conclusions, the respondents’ highlights are shown in Table 58. 
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Key Quote(s): • “The sensation that stays on oneself is that one would like to 
have this system now.” 

LIKE: 

System: 

• Simple, comfortable, easiness of use. 

• Patients’ motivation on following their treatment. 

• Prevention and anticipation to critical events: reduction of mortality and morbidity,  
reduction of hospitalization; and reduction of hospital costs. 

• Promoting HF Units creation. 

• Psychological adding for patients: security. 

DISLIKE: 

• Needing of patient’s interaction � reduces the number of patients that could use it 

• Thick textile for warm weather 

• Textile design: too closed, too  

• First phase cost 

• To have to convince administrators and doctors for prescribing the system 

BUSINESS MODEL: product must be at hospital, be prescribed by cardiologist and taught 
its use by nurses or technicals. HF Units must be services owners. 

NEXT STEPS: to give clinical evidence of this system  

IMPROVEMENT: 

• Garment: textile to use in hot weather and design no so closed or tight. 

• PDA: bigger fonts. 

• To develop a method to correlate.  

• Add more clinical information: arterial pressure. 

Table 58 Medical-health professionals respondents highlight in overall conclusions 

Regarding their final impression and overall opinion of the concept, Table 59 summarizes the 
answers: 
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Key Quote(s): • “The sensation that stays on oneself is that one would like to 
have this system now.” 

• “Products like this makes his future vision of healthcare still more 
optimistic”. 

• “This kind of technologies are the future” 

• “Old treatments of hypertension have done hypertense patients 
old. 

GLOBAL OPINION:  

• very positive, interesting 

• it would difficult to integrate this system in the healthcare organization 

• promising and exclusive of Heart Failure Units, useful and interesting. 

• a new telemedicine service that have to be probed 

• System has a lot of possibilities 

• this system could be useful for a selected group of patients 

• it could be applied to adjust treatment quickly by means of symptoms-evidences 
relation 

• Only to force patient to follow a protocol could help. 

LIKE MOST: 

• system seems simple in using 

• comfortable,  

• ease of using 

• to have patients controlled when they do exercise 

• to provide more clinical information 

• a great deal of possibilities of been applied in for other pathologies 

LIKE LEAST: 

• patient interaction with the system would be an inconvenient for some of them 

• it will not be easy to implant in the healthcare organization. 

• shirt design 



214 | Holistic Interaction Model for people living with a chronic disease 

 

• system remembers the patient that he/she is ill 

• permit that shirt could be used when patient feels bad to get signal registry and do 
the relation between symptoms and clinical evidences 

• data capturing,  

• legal problems derivated if a patient dies 

IMPROVEMENTS: 

• system could deliver therapies as well as monitor 

• to use it 24 hours, as a Holter. 24 hours of real monitoring. 

• “HRV is little, I need more evidences.” 

• add openings to shirt design 

• add comments to help next follow up (add manager tools) 

• introduce ejection fraction on data recompilation 

• add arterial pressure  

• increase font size of PDA 

• He would like that patient could to activate a flag that permit make relations 
between symptoms and clinical predictors. 

• As more simple was system for the patient, better. 

Table 59 Medical-health professionanls’ final impression and overall opinion 

Regarding the vision of the future health care: 
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Key Quote(s): • “All these technologies, mainly in the ambulatory environment, 
are very interesting for us because, besides they connect you much with 
hospital in what you work and with other colleagues, I think is a way that 
we haven’t had till now.” 

• “Patients, in general, are very receptive.” 

• “Responsibility of patients in their treatment is very important, 
but not all patients can. But we ask for patients that cannot, the figure of 
the nursemaid.” 

• “New technologies in medicine are tremendously expensive” 

• “We always have to be opened to new technology” 

• “New technologies are always well accepted, but we have to 
create demand of them.” 

• “Companies offer technology, professionals can accepted and 
then you have to sell it to the State that has to recognize technology as 
necessary, if not a conflict can appear.” 

• “Companies must convince the State that technology is 
necessary.” 

• “All could be interesting but not necessary, and State accepts 
technology only if it is necessary” 

• “When initial frighten was overcome to all new things, it 
(telemedicine) will be accepted as for physician as for patients.” 

• “As all things that are worth, it will save time and work.” 

FUTURE OF HEALTHCARE: 

• Pessimistic 

• Expectant and enthusiasm 

• He thinks that future of Public Healthcare is complicated because number of 
patients is increasing but not medical resources. 

ATTITUDE TO NEW TECHNOLOGIES: 

• Open 

• Telemedicine is the future 

• Technology permits communications between professionals 

• All media that improve helping patients with their illness should be accepted 
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• As a help of conventional medicine, because contact with patient is always 
necessary. 

• New technologies applied to medicine positive and necessary 

• Telemedicine is science-fiction, although is the future. 

• New technologies are contributing a lot to actual healthcare system 

• Great advances come with the application of new technologies, pharmacological 
treatment is been excelling 

• Practical application of telemedicine still has to arrive. 

PROFESSIONALS’ ATTITUDE: 

• Some of them well, other not. 

• Stakeholders accept technology for different causes: 

• Professionals: because is interesting for their job, 

• Administration: when society demands it as necessary. 

PATIENTS’ ACEPTATION OF NEW TECHNOLOGIES IN MEDICINE: 

• depends on age; young people usually accept better new technologies. 

• “Some patients, because his age or cognitive circumstances, could be reticent.” 

• Patients’ acceptation of telemedicine depends of their cultural level. In general, 
now people are opened to new technologies. 

ADVANTAGES OF TELEMEDICINE: 

• To avoid patient’s displaces  

• To get clinical information of the patient in the moment. 

• To permit communication that could help to make consultation between 
physicians. 

• Expert consultation 

• Telemedicine solutions are quite useful in rural environment. 

• Saving, security, sharing responsibility with experts 

• We can anticipate to clinical situation 

DISADVANTAGES: 

• Cannot make a physical exam 
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• Signal can have artifacts and difficulties could happened during transmission 

• High cost of new technologies applied to medicine, so they are restricted in Public 
Healthcare 

• Telemedicine solutions must be operative, maintain and be effective in 
communication quality. Signal of high quality that permit image analyzing. 

• Needed economic resources and technical infrastructure 

• False alarms 

Table 60 Medical-health professionals’ current vision of the future health care 

Table 61 summarizes the first impression of the concept. 

Key Quote(s): • “Patient needs to know how to care of him/herself, but to 
disconnect that he/she is ill. ” 

• “This system isn’t essential for me, but if I had it…” 

• “(My Heart system) not only controls patient, but train”. 

• “In arrhythmias telemedicine could help a lot, in arterial 
pressure”. 

FIRST IMPRESSION: 

• A very favorable impression of the concept, because simply wearing a shirt 
permits electrocardiographic remote monitoring is very useful. 

• This system would be interesting in Heart Failure Unit in the Hospital, but not in 
the ambulatory. In Ambulatories this concept is unrealistic because they haven’t enough 
time 

• There would be a high percentage of HF patients that could beneficiate of this 
system. 

• The system is for heart failure specialist, not for cardiologist because they haven’t 
enough time. 

• Business Model is realistic and viable. 

• This system could be useful, doctors could anticipate to patient hospitalization for 
critical events. 

• Medical value of the concept is a good solution to detect illness worsening 

• Clinical value of transthoratic impedance is very interesting. 

SYSTEM BENEFITS: 
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• To motivate patients to do their exercise and to do it in the optimal cardiac 
condition (cardiac frequency). 

• System could motivate patients to follow their treatment 

• system could help to detect a worsening of patient illness, and we can respond 
changing this/her treatment to compensate that situation 

• Medical controlled exercise is very important for HF patients 

• A high volume of patients could be beneficiated with this system 

• The system would help patients even though because of placebo effect. 

• System could be useful for patients with several hospitalizations 

• System protocol is a good tool to get patient information to prevent a 
decompensation. 

• System could not only be a preventive tool, but it could detect tachyarrhythmias.  

• System would permit with trained patients to reduce visits, which would be very 
important. 

• This system might be introduced in the health organization according to its 
benefits could be demonstrated, this is, that help to dismiss hospitalizations. 

• We would have fewer admissions. 

SYSTEM INCONVENIENTS: 

• Problems for patients: to put on shirt, if it is closefitting 

• Patient has to fill in and interact with the system. 

• Problems of system for patients: some of them, because his age or cognitive 
circumstances, could be reticent 

• This kind of systems could obsess the patient. 

• Patient interactions with the system: put on shirt, use of PDA 

• Signal transmission 

• Main problem of this system is learning how to use it. 

• Patients would appreciate and accept to use this system. 

• This system would stimulate patients to care themselves. 

PRODUCT PRESENTATION: in the moment to be prescribed, by the doctor or nurses that 
are in charge of it. 
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DATA:  

• by internet or e-mail 

• printed reports 

HEART RATE VARIABILITY: 

• HRV has too much value to detect HF worsening. 

• “HRV is little, I need more evidences.” 

CLINICAL INFORMATION: 

• Arterial pressure  

• Cardiac frequency, 

• Respiratory frequency, 

• Heart rate variability, 

• Weight… 

• Complete software tool that process clinical information and manage clinical 
information. 

Table 61 Medical-health professionals’ results on first impression of the concept 

Table 62 points out the impact of this concept as seen by the respondents: 

Key Quote(s):  

System impacts: 

• Less visits 

• More patients attended 

• To help in adjusting pharmacological treatment  

• To improve quality of assistance 

• would give physicians more workload. 

• would generate a closer contact between doctor and patient. 

• Would help patients to wear a better follow up of his/her illness. 

• She would need more time and a PC to use this system in her job. 

• This system wouldn’t increase workload. 
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• System would not make worse physician-patient relationship. 

• This system would be applied for selected patients in Heart Failure Units. 

• A physician must supervise product. 

• The system would be managed by a Health Failure Unit at hospital, not in 
ambulatory follow up. 

• No problem to integrate the system in her way of working, but the obstacle could 
be payment. 

• May be, at first, you could have more workload, but when you learn to use system 
better, it could avoid some visits. 

• This system would not impact negatively in his way of attending his patients 

• He will need more time to process and work with data. 

• This system will allow to change therapeutic methods doing some never done: 

• Daily patient follow up, 

• Treatment improvement 

• Forward to events � anticipate worsening 

• This system would help physicians to do their job. 

• System must decrease patients’ visits, because it’s the reason to sell it to 
Administrations. 

• Physicians must have enough time to control patient data daily. 

• System must permit date access everywhere 

• Price doesn’t influence him in prescribing this system. 

• This will not affect healthcare economics. 

• Quality of treatment of patients would improve by using My Heart system because 
it would permit to anticipate. 

• There would be a group of patients that could not use the system, but most of 
them are liked to have it. 

• System could modify therapeutic habits, because it would help to adjust 
pharmacological doses. 

• System would be accepted by people, but physicians would need time to dedicate 
to it, that is the reason that it could be indicated for HF Units. It would not be a system to 
bring to general cardiology. 
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• If it is something useful and that saves money, its utilization falls for itself. 

• First of all you have to probe its benefit. 

• Creating a need would help to sell the concept. 

• Not completely automatic, the last decision might be of physician 

Table 62 Impact of the concept according to medical-health professionals 

Regarding the willingness to prescribe this concept: 

Key Quote(s): • “At least 50 % patients with HF could benefit with this system.” 

PAYMENT: 

• Public insurance (in Spain) should pay for this concept. 

• Public and private insurances might support payment, never should be paid by 
patients. 

• Initially, companies must be in charge of the cost to present some studies that can 
convince administration to buy this technology. Afterwards, Public Healthcare must pay for 
it. 

• System could be hire to patients. 

COST: 

150 €/month:  

• a reasonable and acceptable cost in comparison with other pharmacological 
therapies (2) 

• Patient could buy shirt, but circuitry case could be lended, like Holter. 

• isn’t expensive because pharmacological treatment is over that amount 

• seems expensive 

• if we bear in mind that it reduces hospitalizations, is obviously amortized. 

• Only 1 day of hospitalization costs 300 €, so 150 €/months is not expensive if you 
avoid patient ingress by using that system. 

• reasonable 

The system will create more expenses 

SYSTEM PRESENTATION: 

• This product should be presented to patient by the cardiologist at Hospital HF 
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Unit. 

• Physicians must present this concept to their patients 

• The concept might be promoted in communication media. 

FINDING THE SYSTEM: 

• Product must be found in a reference hospital in an HF Unit. 

PEOPLE THAT COULD TEACH TO USE THE SYSTEM: 

• Cardiologist or nurse join with technical consultant should teach patients to 
manage the system. 

• Also is possible to habilitate a special consulting room for learning to use this 
system 

• Technical people 

• Nurses could be implicated in system training. 

GARMENT: 

• It seems normal clothing. 

• He sees closefitting as a problem for aged people. 

• problems with sweat 

• Design as an underwear shirt. 

• roomy clothes, with openings 

• For older people the shirt is a bit difficult to put on. 

TRANSMISSION DEVICE (PDA): 

• Better integrate the patient platform in a home device as TV 

• Device application must be simple, with drawings 

PATIENTS: 

• There are enough patients that could use this system. 

• Patients should be selected; this system might be used with a group of HF 
patients. Number of patients that could beneficiate of this system: much, but he will select 
them to get a better use of the service. 

• All patients cannot use it; they have to know how to manage with it. 

• Patients with II-IV functional class. 
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• Patients with heart failure that could be candidates to use this system: mainly 
class NYHA III, patients that have had some admission and are on risk of readmission. 
Also patients must manage the system, the PDA. 

DOUBTS ABOUT SYSTEM: 

• Problems with sweat 

• Textile washing 

• Signal transmission 

• Signal quality 

Two business propositions: 

• First hospitalary visit of patient in decompensation 

• Illness evolution 

Data processing could be given done to doctors 

Table 63 Willingness to use according to medical-health professionals 

Table 64 and Table 65 describe the concept strengths and weaknesses as seen by the medical 
and health professionals. 

 Concept Strengths Quotes 

1. System could be applied to a high 
and growing number of patients 

“At least 50 % patients with HF could benefit with 
this system.” 

2. Simplicity “…the simple that seems the system, like a 
normal shirt” 

3. Creates a need. “The sensation that stays on oneself is that one 
would like to have this system now.” 

4. Comfortable, ease of using  

5. Used in HF Units  

6. System brings clinical data  

7. Motivate patients to continuous 
treatment 

“This system would motivate the patient to follow 
clinical treatment including doing exercise.” 

8. System has a lot of possibilities, 
system could be applied to different 
diseases 
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9. Prevention of critical events  
reduce hospitalization and visits 

 

Table 64 Concept’s strengths by Medical-health professionals 

 Concept Weaknesses Quotes 

1. Textile design “I am worried about the closefitting of the clothes, 
especially for older patients.”   

“The T-shirt is oppressive” 

2. Patient interaction with the system  

3. Difficulties of payment to introduce 
in healthcare organization 

 

4. Problems with sweat.  

5. Low cost for poor results, improve 
its functionality, add new values 

 

6. Not valid system for all patients  
patient selection needed 

“Some patients, because his age or cognitive 
circumstances, could be reticent.” 

7. It could induce patient’s obsession  

8. System brings clinical data but not 
symptoms 

 

9. Convincing Administration and 
Politician of system necessity 

 

10. Needed economic resources and 
technical infrastructure 

 

11 Patient inconstancy  

12 Patient difficulties on utilization  

13. Convince political and 
administration managers 

 

Table 65 Concept's weaknesses by medical-health professionals 

7.2.3 INTERVIEWS WITH BUSINESS MANAGERS 
 

The business manager stakeholder is represented by 6 managers. All of them work in Spain. 
Table 66 describes their hospital and position. 
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Department/Hospital Position Place 

Hospital Clínico de Madrid Heart Institute Manager of 
Area 1 of Madrid & 

Cardiology Service Manager 

Madrid, Spain 

Hospital Reina Sofia Hospital 
of Cordoba 

Filial Societies Representative 
in Spanish Society of 
Cardiology & 

Health Council Member of 
Andalusia Board 

Cardiology Service Manager 

Cordoba, Spain 

Hospital Virgen de la Victoria Spanish Society of Cardiology 
President &  

Cardiology Service Manager 

Seville, Spain 

Puerta de Hierro Hospital of 
Madrid 

Spanish Society of Cardiology 
Elected President & 

Cardiology Service Manager 

Madrid, Spain 

Hospital Clínico of Madrid Arrhythmias Unit Manager Madrid, Spain 

La Paz Hospital of Madrid Cardiology Service Manager Madrid, Spain 

Table 66 Respondents characteristics of the medical-health professionals 

In the same way as the other stakeholders, they were prompted to answer open questions and 
a final scoring sheet. 
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Questions 
Number of 

Respondents 

0%

83%

0%

0%

0%

17%

33%

17%

100%

0%

0%

17%

0%

0%

0%

33%

50%

0%

0%

0%

100%

0%

100%

100%

100%

50%

17%

83%

0%

100%

0% 50% 100%

Unf avorable (1&2) Neutral (3) Favorable (4&5)

1. This concept is a good solution for this 
health condition. 6 

2. This concept will negatively affect my 
business position. 

6 

3. This concept is a step backward in 
service provision. 

6 

4. This concept will improve the quality of 
services provided by my company. 

6 

5. This concept will reduce the effectiveness 
of services provided by my company. 

6 

6. This concept will increase the costs of 
conducting our business. 

6 

7. This concept will fit within my 
organization’s strategy. 

6 

8. This concept will discourage people from 
being actively engaged in their own 
healthcare

6 

9. I believe in the business model of this 
concept. 

6 

10. I will recommend/reimburse this concept. 6 

  

Figure 84 Business managers’ scoring 

Regarding the main conclusions, the respondents’ highlights are shown in Table 67. 

Key Quote(s):  

LIKE: Yes, without doubt, their opinion was absolutely positive and we can see it in their 
scores. 

DISLIKE: they are skeptical to get a signal quality  

BUSINESS MODEL: 

They define 2 Business Models: 

• Based on clinical benefit: Public Healthcare. 

• Based on interest: Private Healthcare. 

GAPS: chronic patients’ management and HF Units. 

OPPORTUNITIES: My Heart System can be a tool that permits Heart Failure Units 
creation. 

REQUIRED NEXT STEPS: 

1) To obtain clinical evidence of the system. 

2) To demonstrate that technologically the system works correctly, specially a good 
signal quality. 
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IMPROVEMENT AREAS: 

My Heart System could improve Healthcare System organization that permits chronic 
patients management. 

Table 67 Business managers’ respondents highlight in overall conclusions 

Regarding their final impression and overall opinion of the concept, Table 68 summarizes the 
answers: 

Key Quote(s):  

Their final opinion was very positive. 

Actually, HF Units are not developed and along the meeting, doctors were realized that My 
Heart System could be the tool HF Units were needing to begin the construction of their 
organization and to structure their protocols around it. 

According to their knowing of benefits that My Heart System could bring to their 
organizations, Business Experts were becoming less skeptical. 

They talked about compared benefit that this system could contribute against nurses’ care 
of HF patients, and that it was necessary to probe real improvement with this new system. 

Table 68 Business managers’ final impression and overall opinion 

Regarding the current vision of the future health care: 

Key Quote(s):  

Business Experts described actual Spanish Healthcare System as divided in 3 different 
modes: 

1) Public Healthcare that provides 100% covering, 

2) Private Insurances that have some people, and 

3) Private Healthcare, only for few people with high acquisitive level. 

Table 69 Business managers’ current vision of the future health care 

First impression of the concept is summarizes in Table 70. 

Key Quote(s):  

First of all, discussion was centered having account the 2next premises: 

• Thinking on 10 years sight, 
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• Supposing that European Sanitary Systems tend to converge. 

Their first impression was positive, although some of them were a bit skeptic. 

Technology could help hugely to management of a higher volume of patients using the 
same sanitary resources. 

This system could be a good tool to manage better chronic HF patients. 

It would be a specific tool for Specialized HF Units. 

The most skeptic experts said that Public Healthcare could not assume these systems 
costs. 

Table 70 Business managers’ results on first impression of the concept 

Table 71 points out the impact of this concept as seen by the respondents: 

Key Quote(s):  

In actual Sanitary System, we could find two different kinds of patients that could 
beneficiate of My Heart System: 

1) In Public System framework, we could have patients that could access this 
product because of clinical evidence. 

2) In Private System: there would be some patients that, by his/her own interest, 
could get that system to feel monitored by his/her doctor or treated in a special way. 

In the coming years, we are waiting for a time with less sanitary professionals, that is why 
there is a pressing worry in sanitary managers given the growing increase of chronic 
patients number. 

MyHeart system tool could bring a solution that permits them to manage a higher number 
of chronic patients with less sanitary resources. 

Without a clinical study that proves evidence of using this system in chronic HF patients, 
Healthcare Managers would not accept this system. 

Table 71 Impact of the concept according to business managers 

Regarding the willingness to invest in this concept: 

Key Quote(s):  

Healthcare Experts defined 2 possible Business models: 

• Based on clinical benefit: financed by public payment. 

• Based on interest: private financing. 
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Table 72 Willingness to use according to business managers 

Table 73 and Table 74 sketch the strengths and weaknesses of the concept seen by business 
managers. 

 Concept Strengths Quotes 

1. It is a concept that permits to develop two different business 
models: 

A model would be developed in base to the clinical benefit 
demonstrated with a high level of scientific evidence, which would 
make feasible that could be adopted as for Public Insurance as for 
Privates Insurance. 

It is the business model generated by:  

Interest that can generate in physicians a program that could make 
them different from their colleagues, 

Interest created in patients that not only receive a better attention, 
but they have the perception to be closely monitorized, even though 
it was by an electronic system. 

 

2. Actually, HF Units are been created at Hospitals, with the lack of 
protocols. This system will force these organizations to generate 
programs structured around chronic patients follow up. 

 

3. This system produces an increasing of productivity for the 
Healthcare System as it is a system that let us manage a bigger 
number of patients with the same level of attention, but using lower 
human resources, that according to Healthcare System are those 
that will be scarce in the future. That improving of productivity will 
happen in a higher proportion when we integrate decision algorithms 
to the system, which will be able to advice the patient if they must do 
any change in his treatment. 

 

Table 73 Concept's strenghts by business managers 

 Concept Weaknesses Quotes 

1. Physicians have a low level of trust on deliver signal quality.  

2. System might be more modular, offering different kinds of patients, 
different services in function of each one necessity. 

 

Table 74 Concept’s weaknesses by business managers 
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7.2.4 CONCLUSIONS 
 

Once all feedback and answers from the three stakeholders were analyzed, general conclusions 
can be extracted. Figure 85 shows the first question of the scoring sheet per stakeholder. The 
graph shows only three categories. These three categories originated from the original 5 
categories: unfavorable (number 1 & 2), neutral (number 3) and favorable (number 4 & 5). 

Questions 
Number of

Respondents 

0%

0%

10%

10%

0%

10%

90%

100%

80%

0% 50% 100%

Unfavorable (1&2) Neutral (3) Favorable (4&5)

  

End-user: 
1. I like this concept. 10 

Business: 
1. This concept is a good solution for 

this health condition. 
6 

Medical/Health: 
1. This concept is a good solution for 

this health condition. 
10 

  

Figure 85 Main results per stakeholder 

Table 75 summarizes the overall impression of all stakeholders. 

Key Quote(s):  

OVERALL ATTITUDE: Very positive, good solution, useful 

CONCEPT-USAGE: Yes, only could be problems if it was too expensive. For 
administrators, clinical evidence is necessary. 

INTENTION TO USE/BUY: clear. 

VALUE PROPOSITIONS/BUSINESS MODELS: 2 business models: 

1) Public Healthcare: by clinical evidence, public payment; 

2) Private Healthcare: by interest, private financing. 

IMPACT OF THE CONCEPT: HF Units creation, chronic patients management protocols 

VISION OF FUTURE HEALTHCARE: technological tools applied to medicine to manage 
more patients with less resources 

OVERALL FEEDBACK OF CONCEPT: My Heart System could be a great tool, used by 
physicians in HF Units that permits to manage more patients with the same resources, and 
to provide them security associated to a preventive style of life as well as motivation to 
follow their treatment. 

Table 75 Overall summary with the impressions of all stakeholders 
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Table 76 and Table 77 summarize the strengths and weaknesses of the conceptual modeling 
grouping the results of the three stakeholders.  

 Concept Strengths 

1. The system generates security and confidence in patients in that way that some of 
them would be disposed to pay for it. 

2. It is a concept that permits to develop two different business models: 

A model would be developed in base to the clinical benefit demonstrated with a high 
level of scientific evidence, which would make feasible that could be adopted as for 
Public Insurance as for Privates Insurance. 

It is the business model generated by:  

interest that can generate in physicians a program that could make them different 
from their colleagues, 

interest created in patients that not only receive a better attention, but they have the 
perception to be closely monitorized, even though it was by an electronic system. 

3. This system produces an increasing of productivity for the Healthcare System as it is 
a system that let us manage a bigger number of patients with the same level of 
attention, but using lower human resources, that according to Healthcare System are 
those that will be scarce in the future. That improving of productivity will happen in a 
higher proportion when we integrate decision algorithms to the system, which will be 
able to advice the patient if they must do any change in his treatment. 

4. This system motivates patients to do moderated controlled exercise, which improves 
their quality of life and makes them conscious of the importance of his healthcare. 
There is a clinical evidence of daily exercise has a therapeutic effect in these patients 
because it leads to a morbidity improvement. 

5. Actually, HF Units are been created at Hospitals, with the lack of protocols. This 
system will force these organizations to generate programs structured around chronic 
patients follow up. 

Table 76 Concept's strengths by all stakeholders 

 Concept Weaknesses 

1. The concept presents a system that needs patient interaction with a technical device, 
which reduces the number of patients that could be incorporated to the follow up 
program. 

2. Physicians have a low level of trust on deliver signal quality. 

3. The system could create in patients higher expectations of 24 hours of monitoring and 
attention for their physicians.  
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4. Shirt tissue should be adequate to different types of climates. Actual design makes 
difficult its using in hot weather. Moreover, some patients have certain hindrance to put 
on too closed and tight clothes. 

5. System might be more modular, offering different kinds of patients, different services in 
function of each one necessity. 

Table 77 concept's weaknesses by all stakeholders 

To conclude, the overall attitude towards the system was very positive. Most interviewees found 
it useful and adequate as solution for the long term treatment of chronic disease. They 
addressed the need of mobility so the system has to be implemented in a PDA that is both 
mobile and can be used in an intuitive way through a touch screen. 

The system provides a sense of security and confidence in people with heart failure. 
Nevertheless some issues where addressed as weakness, i.e.: the system needs the user 
interaction with a technical device, which reduces the amount of people who could be 
incorporated to the program.  

Besides it forces the users to follow a fixed routine considered as a burden to their lifestyles. 
Hence, the system should be designed to incorporate a higher modularity, being able to offer 
different solutions to a diverse range of users, in function of their necessity and capabilities. 
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7.3 SOLUTION VALIDATION 
 

The validation of the solution was done in two stages, in the implementation phase and in the 
deployment phase. During the implementation phase, the first focus was on the usability of the 
system. For that, the interaction was validated by experts in a heuristic validation and in a 
usability test with five final users at their homes in Eindhoven, The Netherlands. 

Once the usability was assured, a field test with four patients at their home using the system for 
four days took place in Basel, Switzerland.  

7.3.1 EXPERIMENTED USERS: HEURISTIC VALIDATION 
 

In the early stages of the Implementation Phase, the interaction was firstly evaluated in a 
Heuristic Validation (see 4.6.1) by four experts in people research and user interaction. This 
validation was performed in Eindhoven, The Netherlands in 2006. 

HFM user interface has been reviewed using Jakob Nielsen’s heuristic principles. These 
heuristics are more rules of thumb than specific usability guidelines. Nevertheless, it has proven 
to be an excellent methodology to correct the most visible usability problems.  

An in-depth analysis of the user interface was performed, reviewing every screen to check their 
compliance with each one of the aforementioned heuristics. In the next tables, a screen-to-
screen heuristic evaluation is shown. These tables hold the screen layout in the left cell and the 
results obtained for each heuristic in the right column.  

To remind, the list of heuristics to be evaluated is: 

1 Visibility of system status. 

2 Match between system and the real world. 

3 User control and freedom. 

4 Consistency and standards. 

5 Error prevention. 

6 Recognition rather than recall. 

7 Flexibility and efficiency of use. 

8 Aesthetic and minimalist design. 

9 Help users recognize, diagnose, and recover from errors. 

10 Help and documentation. 

Table 78 Nielsen's heuristics 
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The interface tested was version 1 described in section 6.3. The interfaces were: the screen 
saver, the context home screen, the 3 types of questions and the exercise.  

The screensaver screen indicates the idle operation. It is a flat screen with a clock on it, which is 
synchronized with the device’s internal clock. It is also used for demonstrations, adding controls 
to increase and decrease the time in order to access any context in spite of the real time. When 
the user touches the screen, the actual context home screen starts. 

Screensaver screen 

 

1 The user can easily infer the device is in an idle 
state 

2 The clock looks like a real clock 

3 When the user wants, the user can touch the 
screen and start the context. It also guarantees the 
freedom of choice to start the context. However, 
there is no warning impelling the user to touch the 
screen, and that may be confusing for non-
technologically advised users. 

4 The concerns are the same as in heuristic 2. The 
screensaver can also be used as the user clock. 

5 It is necessary to give support if the batteries run 
out or an unexpected error arises. If the user starts 
the context without willing to, the PDA will come 
back to the idle state after a predefined amount of 
time. 

6 The same as in point 1. 

7 Whenever the user wants, he/she can touch the 
screen and see which activities are pending. There 
are no alarms. 

8 The numbers are as big as possible, and look like a 
classic alarm clock. 

9 There is no error management in this screen 

10 There is neither help nor documentation 
implemented. 

Table 79 Heuristic evaluation for screen saver 

After the heuristic evaluation this screen was removed, since it is not necessary and does not 
add any value. When the PDA is not being used, it is just off. 
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When the user touches the screen, a context is triggered depending on factors such as the 
current time. The context home screen gives access to the available activities related to the 
active context. There are always some visible buttons, like messages. 

Context home screen 

 

1 There is no information about the context. The 
background image does not represent the context 
properly. 

However, depending on the context, some buttons 
appear or not, giving information about the system 
status. 

2 The phrases labeling the buttons indicate the user 
which activities he/she can perform in an easy and 
understandable way. The language is quite natural.  

3 The user can decide whether to do exercise, 
questionnaire, etc. depending on what the system 
proposes or the treatment prescribed by the doctor. 
If the user does not choose any activity, the system 
will go back to idle state. The user has not any 
chance to skip the context, nor any of the activities. 

4 n. a.  

5 If the user makes a mistake when choosing an 
option, the activity home screen must handle the 
mistake, giving the possibility to go back to the 
context home. This version does not support it. 

6 Easy to recognize home screen. This is different 
from the others. It was valued the difference layout 
between the context’s home screen and the 
activities’ home screens using different colors or 
background images. 

7 There exists flexibility, as the user can decide what 
to do within the contexts; but only with the active 
context. 

8 The background with the woman is not clean. The 
background image may be too highlighted, making it 
hard for some people to notice the “new message” 
warning. It is possible also that the patient does not 
know what the drawing of the woman means. 
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9 The user can recognize this screen as a home 
screen. User can know exactly which activities are 
available at the moment. Otherwise, the option does 
not appear. Error recovery is not considered. 

10 There is no help support in the screen. A written 
manual is not done, but must be. 

Table 80 Heuristic evaluation for screen saver 

Regarding the questionnaire, there are three types of questions: yes/no questions, a scoring 
ranging from 1 to 5 and a numeric entry followed by a confirmation. Figure 86 shows the layouts 
for each one of the question types: 

 

Figure 86 Different types of questions 

Table 81,Table 82 and Table 83 list the heuristics applied to the questionnaire’s screens. 

Question type 1 screen 

 

1 The user can clearly notice he/she is inside the 
questionnaire, as it is written in the header. 
However, the user has no way to know how many 
questions are left or whether the questionnaire has 
3 or 30 questions. 

2 The language and questions are as similar as 
possible to the ones used during a visit to the 
doctor. 

3 The user has no control, he/she is not always able 
to flow, go back and decide which question he/she 
wants to answer. The user does not know if a 
button is selected and whether it is mandatory to 
press the “Next” button or the application moves to 
the next screen automatically. 
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4 The “Back” and “Forward” buttons adjust to 
conventional models. However, there is a lack of 
coherence as the arrows, being buttons, do not 
have the same shape as the rest of the buttons in 
the application. 

5 If the user presses forward before choosing an 
answer nothing happens. Having to press the 
forward button after selecting an option works as an 
error prevention mechanism, as the user has to 
confirm the answer. However, once a user chooses 
an answer, the corresponding button should be 
highlighted using a different colour or a button 
clicked effect. 

6 The same as in point 1. 

7 The user is not able to go directly to another 
question or skip the questionnaire. 

8 The users may not identify the avatar as a doctor 
directing the questionnaire if no animated effects 
are added. Otherwise, it is unnecessary as it does 
not add any functionality to the application. 

9 There is no error recovery support. 

10 There is no help support. 

Table 81 Heuristic evaluation for question type 1. 

Question type 2 screen 

 

1 The same as in the previous screen. 

2 The same as in the previous screen. 

3 This screen may be confusing for the patient, as it is 
not clear that pushing +/- buttons the number is 
going to change. The rest of considerations are the 
same as in the previous screen. 

4 The same as in the previous screen. Besides, +/- 
buttons have not the same “look and feel” as the 
other buttons of the interface. 

5 The same as in the previous screen. 

6 The same as in the previous screen. 
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7 The same as in the previous screen. 

8 The same as in the previous screen. 

9 There is no error recovery support. 

10 There is no help support. 

Table 82 Heuristic evaluation for question type 2 

 

Question type 3 screen 

 

1 The same as in the previous screen. 

2 The same as in the previous screen. 

3 The users may find some difficulty trying to score 
one of their behaviors. Some of them may not 
understand the relationship between the numbers 
and the bar. 

4 The same as in the previous screen. 

5 The same as in the previous screen. 

6 The same as in the previous screen. 

7 The same as in the previous screen. 

8 The same as in the previous screen. 

9 There is no error recovery support. 

10 There is no help support. 

Table 83 Heuristic evaluation for question type 3 

Within these screens a lack of information about where is the user was detected. To solve it, 
numbers were added to the questions, as well as a different design for odd and even questions, 
to allow the user realizes that the question has changed.  

When the user starts the exercise, the application has to provide some indications and 
motivational advices depending on the data gathered by the harness. The screen used is shown 
in Table 84, as well as the heuristic analysis results.  
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Exercise screen 

 

1 The user can easily notice he/she is inside the 
exercise. The status of the exercise is represented 
using the bar, the arrow and a set of motivation 
messages used to give advice or encourage the 
user. 

2 The color bar adjusts to the average users’ mental 
model, identifying the green color as approval and 
the red color as danger. However, it is necessary to 
add labels to the end states to clarify their meaning, 
as well as text and/or audio messages. 

3 The user can stop the exercise whenever he/she 
wants pushing the “Stop” button. 

4 The same as in point 2. 

5 There is no error management if, for example, the 
user presses the “Stop” button by mistake. 

6 N. a. 

7 N. a. 

8 N. a. 

9 There is no error recovery support. 

10 There is no help support. 

Table 84 Heuristic evaluation for exercise screen 

From the results obtained during the heuristics evaluation, the need to change some conceptual 
and practical aspects of the user interface aroused.  

No error prevention or error recovery had been considered so far. There were lots of points 
where the users felt insecure and unsupported. It is necessary to implement a help support 
inside the device and to provide documentation, both written and online, to facilitate the user 
experience. 

When the user enters the questionnaire, he/she has no clue of how many questions are left 
before finishing the questionnaire. This may affect the user motivation and sensation of control. 

The language used to represent some actions has to be as neutral as possible. Metaphors may 
confuse some patients, not used to interact with computers. Every button has to be button-
shaped and labeled with the action it is going to trigger. 

The clock and IDLE status is not really necessary and it is an extra screen, as it does not work 
as a user’s alarm. 
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There was no help implemented in the Patient Station so far. Thus, it was designed and 
developed for the version 1.3.2. 

 

7.3.2 FINAL USERS 
 

The final users have been involved in the process in all stages. First, they took part in the 
conceptual validation and then in the prototype and system validation, both at a usability stage 
and at a pilot stage in real environment.  

7.3.2.1 USABILITY TESTING WITH FINAL USERS IN EINDHOVEN 
 

During November 2006, 5 users have been interviewed in Eindhoven, The Netherlands. This 
validation was performed in 2 rounds with 3 users, following a protocol similar to the one 
explained in the research phase. All users were over 65 and had some chronic illness related to 
cardiovascular pathologies or rheum. A woman was interviewed in both rounds, showing a great 
evolution in the understanding of the interaction. Although all users were able to handle the 
device, they had some problems in understanding the instructions, especially when there was a 
metaphor or symbol (see Figure 87). Thus, there are no metaphors or icons in the interface and 
all instructions are given in text in a very explicit way.   

                                  

Figure 87 Icons not understable for old people 

With all these results, some design principles were stated and the interfaces were re-
implemented (see section 5.2.3). The display is then divided into three main areas, each one of 
them representing a functional block.  

 

7.3.2.2 FUNCTIONAL VALIDATION AT MEDGATE 
 

This functional validation was hold together with Medgate in Basel, Switzerland during July 
2007. The system/application which was validated is part of the Heart Failure Management, 
product within Myheart project. The Functional Validation Design is included as Annex A. 

The purpose for such testing was to validate technically the integrated system in its early 
stages, since not all modules are definitive. Besides, the electronics which were used are not 
the final version. However, the platform is the same to be tested.  

In addition, the usability and user experience of the system is validated with real potential users 
with no previous contact with the solution.   
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The primary objective of the study is to validate the global system for the assessment of Heart 
Failure in a real environment with real users, who will use the system at their own homes in their 
daily routines. 

The secondary objectives are, on the one hand, to analyze the usability of all the devices and 
applications, special focus on the acceptance of real users, who will manage electronic devices 
and interfaces. On the other hand, the pilot aimed to detect main problems related the execution 
of protocols in order to solve them before the Validation Study which will take place with 
Myheart project.  

The system tested was the version 1.3.2 (see section 6.3) which comprises the activities: 

Blood pressure and weight measurement 

Morning and evening questionnaires 

Exercise 

Harness measurement (ECG) 

Table 85 Activities included in patient station version 1.3.2 

The electronics used for blood pressure cuff and weight scale were the A&D devices. The 
electronics for exercise and harness were ASB version 1.13 of communication protocol. 
However, due to the unavailability of wearable sensors they were not included within this 
validation. All system is described within the Annex A.  

The following figure shows the global system. The part used within the test appears rounded.  

 

Figure 88 Complete system. Parts which were used appear rounded. 

For the validation a default routine was defined as follows: 
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Session: daily routine 

Context: Morning 

4:00 – 10:00 

Activity 1: Morning Questionnaire 

Activity 2: Blood Pressure measurement 

Activity 3: Weight measurement 

Context: Evening 

21:00 – 23:00 

Activity 4: Night Questionnaire 

 

All subjects were asked to follow the same routine. There was a different with the weight 
measurement, which is explained in the following sub-sections. 

7.3.2.2.1 STUDY SIZE AND DURATION  
 

The validation was planned for 10 subjects in 2 iterations. Thus, there were planned 5 days of 
follow-up with 5 subjects, followed by other 5 days with new 5 patients. This is explained more in 
detail in Annex A. 

Finally, there was a delay of one week. Thusly, only 1 round was performed. 4 subjects 
participated during 6 days, one training day and 5 follow-up days. Following table states the 
population of 5 women within this validation: 

Patient  ID  PDA ID  Age  Routine  

QX356163869  1  37 Manual Weight  

QX889109876  2  71  Skip weight  

QX306755174  4  83  All  

QX774147103  5  76  All  

Table 86 Subjects involved and routines 

The average age was 66,75 years and the standard deviation 20,43. Figure 89 shows the 
sample distribution.  
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Figure 89 Sample for the Functional Validation at Medgate 

As stated in Table 86, there was a default routine with the exception of the weight 
measurement. Two women have automatic weight measurement. Another one had to skip it 
daily and the fourth had to introduce it manually. This was split into different ways to check the 
functionality of the notifications.  

The final dates of the study are presented in Table 87. 

Monday 9th 
July 

Tuesday 10th 
July 

Wednesday 
11th July 

Thursday 
12th July 

Friday 
13th July 

Saturday 
14th July 

Sunda
y 15th 
July 

Pilot set up 
@Medgate 

1st group 
training & 
experience 
interview. 

PIC. 

Pilot follow up 

Table 87 Fucntional Validation - Study duration 

7.3.2.2.2 PATIENT COMPLIANCE TO ROUTINE WITH ALL ACTIVITIES 
 

Table 88 shows the overall compliance to study activities per patient and day.  

Date/Activity 

Blood presusure 
 

Weight Morning 
questionnaire 

Night questionnaire 

Patient 1 

10/072007 x  x  

11/072007 x x x x 

12/072007 x x x x 
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13/072007 x x x x 

14/072007 x x x x 

15/072007     

Patient 2 

10/072007 x  x  

11/072007 x x x x 

12/072007     

13/072007     

14/072007     

15/072007     

Patient 4 

10/072007     

11/072007 x x x x 

12/072007 x x x x 

13/072007 x x x x 

14/072007 x x x x 

15/072007 x x x x 

Patient 5 

10/072007 x x x  

11/072007 x x x  

12/072007     

13/072007     

14/072007     

15/072007     

Table 88 Functional Validation - Compliance per patient and activity 

The subjects complied with the protocol until a technical problem appeared. Patient 1 and 4 did 
not have technical problems. Therefore the compliance is higher in patient 1 and 4. 
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Figure 90 Functional Validation - Patient overall compliance to study activities 

In the following figure the compliance over days is shown. The second day the compliance is 
very high because there was no technical problem. Day 3, 4 and 5 only 2 systems were working 
and sending data. Last day, one only kept on with the protocol, patient 1 thought study was 
over.  

               

Figure 91 Functional Validation - Compliance over time 

Next figure shows the compliance per activity. The activity night measurement has the lowest 
activity. Most probably because this is an isolate activity, and subjects do not have the feeling of 
no compliance.  
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Figure 92 Compliance over time per activity 

7.3.2.2.3 SENSORS ANALYSIS  
 

This section presents the results obtained with the sensors. The electronics sensors used were 
the blood pressure cuff and the weight scale, both from A&D.  

Many problems appeared when trying to pair the PDA and the measuring devices; especially, to 
pair the PDA and the weight scale.  

7.3.2.2.3.1 BP CUFF 
 

The BP cuff gave a good performance. Once it was paired, was working properly. This activity 
was not considered difficult to follow.  
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Figure 93 Blood pressure compliance 

7.3.2.2.3.2 WEIGHT SCALE 
 

These devices caused big problems to be paired to the PDA. In fact, only two subjects have 
weight scale within their system. Patient one had to enter manually the weight daily using her 
personal device. Subject 2 has to skip it to create a notification in the server.  
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Figure 94 Weight compliance 

In Figure 94, 0.5 represents the manual input. It can be seen that only the weight scale which 
belonged to patient 4 had worked properly. Patient 5 had to introduce manually the value 
because it was despaired.  

Therefore, these devices gave very bad performance. It is not recommend for this kind of 
systems.  

In HFM product version 2 (see 6.4) new Blood Pressure Cuff and Weight Scale are used. 

7.3.2.2.4 PATIENT APPLICATION ANALYSIS 
 

In general the application was fairly stable. It did not crash due to unhandled exceptions. One 
important budget detected during the execution is that when a context was not performed, there 
were inconsistent timestamps. This bug is already solved. 

Another bug was the repetition in sending data when an error occurs during the transmission. 
To solve it, a better communication protocol with acknowledgement capabilities has to be 
implemented.  

When a PDA crashed and it had to be hardly restarted, it is needed to reconfigure it with the 
user and re-download the patient routine. It was not done during the execution of the study, with 
the result of lost of patient 2 from day 2.  
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Kiosk was selected to convert the PDA in a dedicated device, so the users were not able to use 
any other functionality but HFM application. In the test performed in laboratory, kiosk worked 
properly, but in the real environment with all devices, the kiosk did not support the amount of 
memory needed to launch the application. Thus, the kiosk started several copies of it, causing a 
crash. Another problem appears when there is a need of change some parameter of 
configuration. Kiosk does not allow to exit the application and to enter the system.  

To conclude, it is not recommend its use. However, to restart the application whenever 
something happens, the subject were trained to use a “shortcut” (i.e. camera key). This solution 
worked unless it is not suitable for the observational study.  

7.3.2.2.5 USABILITY 
 

In general, the application was easily follow. They had no problems understanding how to 
proceed. There was only a problem with one patient and the weight activity due to a 
misunderstanding in the translation to German. Besides, the help functionality was not worth. 
They preferred written manual. Therefore, this functionality will be removed in version 2.  

For the aim of this validation a written manual in German was written and gave to them colorfully 
printed. They appreciated it and understand it. This manual is included as Annex C.  

In order to evaluate the usability of the application, the time needed to perform all activities was 
analyzed per patient to determinate the evolution in time. Since the size of the population and 
the duration of the study were not big enough there are not determinative results on the 
learning. As first impressions, they did better times second and subsequence times for all 
activities.  

7.3.2.2.6 USER EXPERIENCE 
 

The user experience questionnaires aim to study the acceptance of the users of the overall 
concept and each part. One of the partial parameters is to compare the insights before using the 
system and after, to measure whether the product satisfies its expectations or not. 

Thusly, the subjects were prompted to fill in 3 questionnaires: one the training day to check their 
expectations, one the first day of use, and one at the end (after 5 days). User questionnaires 
used are included as Annex B. Next table summarizes the questionnaires by patient. 

 Questionnaire 1 
@Medgate, 1st day 

Questionnaire 2      2nd 
day at home 

Questionnaire 3  
End of study 

Patient 1 x x x 

Patient 2 x  x 

Patient 3 x x  

Patient 4 x  x 

Table 89 Experience questionnaires per patient 
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The following figures show the impressions of the first day, before using the system at home. 

             

Figure 95 General impression for questionnaire on 1st day 

From the very beginning all expected the system to be interesting, pretty, and funny. However, 
they expected it to be also complex and difficult to use. Comparing with the second day, the 
patient 1 improves, but patient 4 not. Patient 4 is more similar to objective group.  

Comparing with the end of pilot, patient 2, who had technical problems, found it more complex. 
Graphs for second day and end of pilot are shown below. 

 

             

Figure 96 General impression for questionnaire on 2nd day 
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Figure 97 Impressions at the end of the pilot 

Looking into the different parts of the system (see Figure 98), which are the PDA, which 
represents also the questionnaires, the blood pressure cuff and the weight scale; the PDA 
presented more difficulties. This is normal because it is the new interaction device and the one 
with feedback. Besides, it comprises also the morning and night questionnaires.  
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Figure 98 Experience per device in the 2nd day of use 

The questionnaires used are included as Annex B. As in the usability report, these results are 
not enough conclusive. They just gave us a direction to follow to improve the user interaction. 

Regarding the perceived importance of the system and the easiness of use, see figures below. 
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Figure 99 Functional Validation - importance of the system 

             

Figure 100 Functional validation - ease of use at the end of pilot 

7.3.2.2.7 PDA – SERVER COMMUNICATION AND SYNCHRONIZATION 
 

The most important bug detected during the study was the Back-end module instability. PDA 
crashed when the GRPS connection failed. In version 2 this bug is solved. 

Regarding the data synchronization, unperformed contexts got lost due to timestamps 
inconsistencies. This is already solved as stated in previous section.  

PDA sent replicas of some contexts. A more detailed analysis is needed to determinate exactly 
where is the problem and how it can be solved.  
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To sum up, the system worked in general. Critical problems occurred were the crash of the PDA 
when the GPRS connection fails and the replica of contexts.  There was a big incident with 
patient 5 because her weight scale was despaired. Besides, one her application crashed, there 
was an external problem with the SIM. It was not working, so no data was sent.   

The following list illustrates some of the partial conclusions for this functional validation:  

1 Routine compliance when no errors occurred. 

2 No major problems related to usability. 

3 Application resulted fairly stable. 

4 Some detected bugs are being fixed: stability issues during the connection to the server 
and little inconsistencies in the data model. 

5 Dedicated device support (Kiosk) performed badly  need of another solution. 

6 AND sensors not suitable for the application. 

7 No other sensor was included within this validation  need of a new test with all sensors. 

8 More testing is needed. 

Table 90 Conclusions of the Funcional Validation at Medgate 

7.3.2.2.8 LESSONS LEARNT AND OPEN ISSUES 
 

During these years within MyHeart Project, many lessons were learnt to achieve a better user 
interaction. All design has to be focus on users when the objective group is not professional. 
Especially acceptability and usability problems appear with old people and patients.  

Regarding the interaction devices, PDAs are suitable for old people when they are carefully 
design and stable and robust enough. When technical errors occur, users do not trust any 
longer on the system, losing the adherence. For that reason, in order to upgrade the prototypes 
to real products, robustness is one of the crucial requirements.  

 The main problem detected in the use of PDA lied in how to make it a dedicate device. The first 
solution was the use of kiosk mode. During the realization of the functional validation this not 
resulted as planned so, a new solution was needed for the Deployment Phase. 

However, for people staying at home, a device with bigger screen is more suitable. For instance 
a TV based one. In the future, adaptive interfaces to different devices must be incorporated to 
the solution. 

To resume, the most important lesson learnt about user interaction devices is that they need to 
be ubiquitous, that is to say, adaptive interfaces must be developed to separate the interaction 
from the device.  
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Focusing on the communication issues, Bluetooth is good enough for the signals and data 
interchanged within MyHeart. The most important advantage resides in the fact that most 
commercial devices support it. Nevertheless, for medical application, other communication 
protocols are more appropriate like Zigbee or proprietary solutions. The problem with proprietary 
solutions is the future interconnectivity of several solutions.  

For real applications more attention had to be put on the context awareness in order to adapt as 
much as possible the interaction to the person, taking into account the current context for each 
particular user. 

7.3.2.3 USABILITY TEST IN AACHEN 
 

Once version 2 was finalized, an extra usability test was done in laboratory. Before a validation 
with heart failure patients, this validation occurred in Aachen, at the research laboratories with 
internships students with no connection or previous knowledge on HFM product. The version 
tested was version 2 (see 6.4) with all new sensors integrated and the new interfaces. 

The main objective is to validate the global system for the assessment of Heart Failure in a 
demo environment with a young IT population, who will use the system in the laboratory. 
Secondary objectives are: a) to complement the results from the functional validation at 
Medgate and at University Hospital in Madrid, b) to analyze the usability of the devices and 
applications, special focus on IT users, who are used to electronic devices and interfaces; and 
c) to compare usability studies between focus groups.  

The system that was used was version 2 with all sensors and devices (see Figure 101). More 
concretely, the functionalities and devices that have been evaluated are listed in Table 91. 

1 PDA configured in English and German with Morning and Evening questionnaires and all 
activities for measurements and exercise routine. 

2 BP cuff. 

3 Weight scale. 

4 Vest and electronics 

5 Bed sensors and electronics 

Table 91 Functionalities included in the test in Aachen 
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Figure 101 System validated in Aachen 

7.3.2.3.1 STUDY SIZE AND DURATION  
 

Six researchers and students from Philips Research Laboratories in Aachen, Germany 
participated within this study. Each interview consisted of 55 minutes session. This test was 
done at the beginning of year 2008 during one week.  

The average age of the sample was 27,17 years and the standard deviation 3,97 years. See 
Figure 102 for sample description.  

                   

Figure 102 Sample for the test in Aachen 

The tests consisted of a set of interviews as shown in Table 92 

Section  Timing 

Introduction from investigator 2 minutes 

Introduction about the HFM concept 10 minutes 
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Show of all devices and functionalities 8 minutes 

Training of the user into the routine including checking the vest and 
answering first questionnaire 

5 minutes 

User does the routine 15 minutes 

Questions, suggestions and doubts 5 minutes 

Final questionnaire by the user on his own 10 minutes 

TOTAL 55 minutes 

Table 92 Protocol of the test done in Aachen 

The users were asked to fill in a questionnaire similar to the ones answered by the patients in 
order to compare their results in so different target groups. 

The validation took place in the experience lab that is located at Philips Research Laboratories, 
Aachen, Germany during March 2008 (see Figure 103). 

                           

Figure 103 Experience Lab, Philips Research Laboratories, Aachen, Germany 

7.3.2.3.2 STUDY RESULTS  
 

In this case, the questionnaires provided also information relative to: 1) acceptance of technical 
young users, 2) acceptance of international users and 3) integration of the complete system. 
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Figure 104 summarizes the overall impression for the complete solution and per each gadget 
and sensor. We can clearly see that in general, the impression is pretty good. However, there is 
one big problem, the vest. They did not see a good design in the vest. They also have doubts 
regarding the blood pressure cuff and weight scale. In fact, they have more problems that the 
older population with chronic disease. Nevertheless, they found the PDA very nice, easy to use 
and interesting.  

 

Figure 104 Test in Aachen: Overall impression 
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Figure 105 Testing in Aachen: general impression 
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Figure 106 Test in Aachen: general impression PDA 

As shown in Figure 105 and Figure 106 the acceptability results were pretty good, specially of 
the PDA.  
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Figure 107 Test in Aachen: general impression BP 

                   

General Impres s ion  Weig ht

1

2

3

4

5

Interes s ant

Not s cary

P retty

F un

S imple

E as y
Us er 3

Us er 4

Us er 5

Us er 6

 

Figure 108 Test in Aachen: general impression weight scale 
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Figure 109 Test in Aachen: general impression vest 
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Figure 110 Test in Aachen: general impression bed 

As shown in Figure 107, Figure 108, Figure 109 and Figure 110, commercial devices have 
better acceptance than the new devices. Specially, there are many concerns with the vest.  

Regarding the ease of use (see Figure 111), there are few concerns about the “self-
explanatory”. During the interviews, they explained that they thought that for elderly, maybe it 
was not enough explained.  

If we compare these results with the same done at Medgate, we can observe that at the 
beginning, old population have more concerns about the ease of use, but after the use, the 
results are similar in both age groups. However, there is a significant difference, young 
population present more concerns about the sensors and less about the PDA, on the contrary, 
old population do not have big problems with blood pressure and weight scale but, they find the 
PDA complex. They are used to medical sensors but not to PDAs. 
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Figure 111 Test in Aachen: ease of use 

To conclude, the young population did not have problems with the usability and we assured that 
the system was used to validate with patients. They did not see the need of using the system, 
since they have no chronic condition. 

7.3.2.4 USABILITY AND ACCEPTABILITY TEST IN MADRID 
 

Once the version 2 was generated by fixing all problems found during the Functional Validation, 
an intensive evaluation took place in Madrid to validate the usability, the user experience, and 
acceptability of the final solution.  

The main goal of the validation was to assure that the new version (see 6.4) fixed all problems 
related to acceptance of use and usability. That is to say, to validate the global system for the 
assessment of Heart Failure in a real environment with HF patients, who will use the system in a 
hospital. 

The secondary objectives of the test were: to validate the MyHeart routine at the hospital, to 
complement the results from the functional validation at Medgate and to analyze the usability of 
the devices and applications, special focus on the acceptance of real users, who will manage 
electronic devices and interfaces. Besides, this test aimed to detect main problems related the 
execution of treatment protocols. 

For the aim of this validation, the patient platform which will support the complete MyHeart 
solution is tested.  

The system that was used was version 2 with all sensors and devices (see Figure 112). More 
concretely, the functionalities and devices that have been evaluated are listed in Table 93. 

1 PDA configured in Spanish with Morning and Evening questionnaires and all activities for 
measurements and exercise routine. 
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2 BP cuff. 

3 Vest and electronics 

Table 93 Functionalities included in the test in Madrid 

 

Figure 112 System tested in Madrid with patients 

7.3.2.4.1 STUDY SIZE AND DURATION  
 

In total 37 people were interviewed, 31 at the Hospital Clínico de Madrid (HCM) and 6 in Getafe, 
Madrid at patients’ homes. All of them were cardiovascular patients. People in Getafe were 
post-event patients, both angina and myocardial infarction. Patients from HCM were heart 
failure patients. Tests at HCM were performed under the supervision of technical people, user 
interaction experts and medical professionals. The test occurred during January 2008.  

Figure 113 shows the distribution of the sample of population involved in the test of Getafe, 
Madrid The mean age is 60,3 years and the standard deviation is 5,75. 
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Figure 113 Population sample of the test in Getafe 

Figure 114 shows the distribution of the sample per age range and gender of the people 
interviewed at HCM The average age is 67,13 years and the standard deviation is 12,32.  

            

Figure 114 Sample of test in HCM 

The tests consisted of a set of interviews as shown in Table 92 

Section  Timing 

Introduction from investigator 5 minutes 

Introduction about the HFM concept 10 minutes 

Show of all devices and functionalities 10 minutes 

Training of the patient into the routine including checking the vest and 
answering first questionnaire 

5 minutes 

User does the routine 15 minutes 

Questions, suggestions and doubts 5 minutes 

Final questionnaire by the patient on his own 10 minutes 

TOTAL 60 minutes 

Table 94 Protocol of the test done at Hospital Clínico de Madrid 

The users were asked to fill in a questionnaire similar to the ones answered by the other target 
groups in order to compare their results. 

Figure 115 shows some pictures of the patients performing the test in Getafe and Hospital 
Clínico de Madrid. 
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Figure 115 Patient testing pics at the Hospital Clínico de Madrid and Getafe 

 

7.3.2.4.2 USABILITY AND ACCEPTABILITY RESULTS 
 

The results of this test, specially the 31 patients had very positive results. All usability and 
acceptability problems seem to be solved after all iterations with stakeholders and re-design.  

Overall Impression

1,00

2,00

3,00

4,00

5,00

General concept 4,59 4,93 4,04 4,44 4,12 4,15

Vest 4,09 4,82 3,45 4,36 4,14

PDA 4,60 4,80 4,44 4,28 4,60 4,44

BP 5,00 5,00 4,00 5,00 4,00 4,00

Interesting Scary Pretty Fun Simple Easy

 

Figure 116 Testing at HCM: overall impression 
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Figure 116 shows very high scoring in the overall impression, all variables are near 5, the 
maximum. We can observe that there are still some concerns about the vest, like in the previous 
testing. The acceptability of the PDA is excellent. They had no problems when using it. 

Figure 117 and Figure 118 show the general impression of the complete system and of the vest 
and PDA per age and per gender. We can observe that there are no major differences among 
groups. 

 

Figure 117 Testing at HCM: general impression per age group 
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Figure 118 Testing at HCM: general impression per gender 

Regarding the patient experience, the user experience questionnaires aim to study the 
acceptance of the users of the overall concept and each part. Besides, they intend to compare 
the insights before using the system and after, to measure whether the product satisfies its 
expectations or not. In this case, the questionnaires provided also information relative to: 1) 
acceptance of Spanish users, 2) acceptance of Heart Failure patients and 3) integration in the 
way of working of cardiology units in Spanish hospitals. 

Figure 119 and Figure 120 show the ease of use of the complete system, the vest, the 
questionnaires and the BP workflow. Questionnaire and BP had very good results. With the vest 
some minor problems appeared. However all are pretty positive results. No differences appear 
among age groups nor gender groups. 
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Figure 119 Test at HCM: ease of use per age 
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Figure 120 Test at HCM: ease of use per gender 

To conclude, the routine was understood and followed by the patients. This served to validated 
questionnaire workflow, the exercise workflow, and the BP workflow and devices. There were no 
problems related to usability and no significant differences in age or gender.  

With these latest results, the acceptability and usability of the system is proven. The solution 
shows increasing results as a result of testing in all stages and evolving stakeholders in the 
design. 

 





 

 

8 CONCLUSIONS 

 

 

 

 

 

This chapter presents the discussion to the hypothesis and the conclusions to which the 
research work leads to. Some future lines are proposed are proposed as continuation of this 
research, since this is just the beginning of a wide new way: the patient centered healthcare in 
Ambient Intelligence environments.  
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8.1 CONCLUSIONS 
 

The research presented within the PhD Thesis has modeled the patient interaction in an 
Ambient Intelligence environment. This interaction includes all actors, stakeholders and 
distributed systems that are needed to assess chronic conditions. In the current point of the 
way, the success of these systems relies mainly in the user acceptance. This acceptance will 
occur only when the technology, the systems and the interaction are design for and with the real 
patients and other stakeholders.   

The current work was focused on the improvement of the usability, minimizing the interaction 
requirements and increasing the contextual awareness.  

Development of user-friendly interfaces will help users get familiar with the latest technology 
available in the market. Ultimately the industry will benefit from this as well, as it will boost 
purchase and usage behavior. Development of user-friendly systems requires knowledge about 
factors that influence the user’s learning behavior while handling new systems. 

The results are promising in terms of the interaction modality implemented. A detailed analysis 
to enhance individuals experience incorporating this system into the daily routine is still lacking. 
For this reason, an “in depth” study regarding behavior components towards e-health to create a 
tailored communication framework, as well as to increase the patient´s interest to use such 
systems is being performed. A framework to be followed considers the analysis of different 
variables. 

Finally, these systems will play an important role on the daily life of chronic patients, supporting 
a better quality of life and helping to prevent and to treat chronic conditions in a more effective 
way. 

Moreover, there is also the need of involving public authorities in this new technological and 
social wave. Without their collaboration in the global policies, the success of theses systems will 
be reduced.  

8.1.1 DISCUSSION TO THE HYPOTHESES 
 

This research’s principal hypothesis was: 

A user system interaction model which includes personal context, medical, social and 
business aspects and wearable mobile systems will enable the self-management of chronic 
diseases out of medical centers by people who live with a chronic disease. 

The model included all personal contexts, medical, social and business aspects. This way, 
before the implementation of the system to assess the heart failure as paradigm, the model 
comprises all necessary information of the real situation. It was demonstrated with the validation 
that the system was widely appreciated and it represented an incomparable framework for the 
development of chronic disease units to face the coming aging society. This has been 
acknowledged by professionals in healthcare. 
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The following hypotheses represent the basis to the elaboration of this research:  

1. The use of wearable sensors enables the patient to self-care their health status and 
disease in an implicit way. 

The use of wearable sensors that are easy to self manage allows the patients to easily measure 
the vital signs and signals needed to assess remotely their health condition and evolution. 

However, there are still some minor issues in the design of such sensors that are still no 
commercial ones. This has been revealed in the interviews where there were some concerns 
about the wearability of the prototypes evaluated. Nevertheless, they are prototypes and they 
still need design to reach a commercial status. 

2. The use of mobile technologies (e.g. mobile phones or personal assistant devices (PDAs) 
will give the user freedom.  

The use of mobile technologies represents a perfect choice since the patients felt the sense of 
mobility and freedom. Smart phones like S-60 Nokia series and other commercial ones did not 
cover the needs of old population with chronic disease. However, the used of a dedicated 
device such a PDA, with touch screen and an intuitive interface was really appreciated.  

The results regarding the use of the PDA were excellent.  

3. The self care of patients at home or on the move must be linked to the professional care 
platform. 

This is demonstrated in the validation. All patients claim for a link to their professional. They rely 
on their own familiar medical doctor, their nurse and their cardiology. In a medical model based 
on public health the involvement of medical professional in the global system is crucial. In other 
business models, based on private health, the patient is a costumer, and the model should be 
revised.  

4. The user interaction in chronic disease management systems must include health status 
monitoring, disease needs, and treatments. 

The interaction includes all information and activities that are necessary for such patients, they 
normally have many co-morbidities and a personal treatment stated by their professional. All this 
information was included, achieving a personal application per each patient thanks to the 
session context engine and the Back-end, where the professional personalized the routines.  

The adaptation to current health status and changes in the treatment is crucial, and this is 
achieved in the Patient Station with the workflows. Thus, this hypothesis is widely validated. 
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5. The participation of stakeholders in the process cycle benefits the interaction model. 

Participation of stakeholders, such as patients, relatives, nurses, cardiologists, or therapists, has 
benefited enormously the modeling, design and implementation of the system. Participatory 
design has given the opportunity to the designer of better understood the real needs like in 
ethnographic research.  

Moreover, patients and stakeholders, they learnt and they felt involved so their motivation and 
attitude to the technology improved.  

6. The user interaction in chronic disease management systems must be adapted to personal 
daily routines to provide the personal feedback and guiding respecting patients way of living. 

During the realization of the first conceptual validation, this was stress. Both professional and 
patients emphasized the need of adaptation to personal routines. For this reason, the interaction 
is context-based to achieve dynamic personalization. 

During the solution validation this was also appreciated.  

7. A natural interaction would boost the use of wearable mobile systems by patients to 
manage chronic diseases.  

The interaction was natural, a touch input was applied. Patients appreciated not to have many 
devices to use, only sensors and all the interaction through a unique personal device, the PDA.  

8. An intuitive interaction, adapted to user mental model, would boost the use of wearable 
mobile systems by patients to manage chronic diseases.  

Chronic patients form a target group with the technology’s specific mental models. All the 
graphical information such as icons and metaphors were rejected. In the first usability tests with 
patients in Eindhoven it was stressed that they needed only tests and very basic interaction to 
adapt the interfaces to their mental model. Thus, all the interaction is text based and with very 
clear icons. 

9. The interaction must be comfortable & esthetical and respect the patient. It must follow the 
design principles and be minimalist. 

This was one hypothesis related to the fact that unless we need to use something, we want 
something that is esthetic. Thus, the minimalistic design was taken into account and then 
validated. They appreciated it. Moreover, the vest was criticized due their not “good” design.  
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8.1.2 ORIGINAL CONTRIBUTIONS 
 

The main original contributions of this Thesis are:  

The creation of a holistic patient interaction model which comprises all information needed to 
create solutions based on wearable sensors and information and mobile technologies.  

This model was applied to a use case: people who live with heart failure. The model fit perfectly 
with the use case and it was implemented in an iterative process with very positive results. 

All theories developed in the aim of this Thesis have been confronted with the research 
community in Europe. The use of the model in a European research project, MyHeart represent 
a huge success.  

The adaptation of an iterative methodology used to involve stakeholders in the project 
lifecycle. 

During the life cycle of this Thesis, the author had the opportunity to work together with a 
multidisciplinary team formed with experts in medical, technological and business areas. This 
way, the results represent a solid contribution endorsed by the leading research community in 
Europe.  

The utilization of Goal-oriented Design and Participatory design in a research project. 

This Thesis has applied methodologies that are traditionally used in commercial products 
design. They are based on Ethnographic techniques which observe users in their own 
environment. They were applied to this research, given the positive results exposed in chapter 
7. 

The quantitative and qualitative results extracted from the intensive validation will contributed 
to the coming researchers, designers and developers in this leading edge field.  

In the coming society, we all must face a social and technological new paradigm. There were 
not previous extended models or guidelines of adequate interaction among patients, 
technologies and professional. This Thesis represents an impressive start point to the success 
of remote self-monitoring systems for people living with chronic diseases.  
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8.2 FUTURE WORK 
 

The main future lines proposed within this Thesis can be group in four directions that are 
explained below: 

1. To incorporate motivation strategies into the holistic model. 

They will boost the adherence to protocols and improve the general healthy lifestyle. Studies of 
Behavior Change strategies will improve the motivation and feedback within these applications.  

Motivation, in psychology, refers to the initiation, direction, intensity and persistence of behavior. 
From a patient point of view all actions that help him to better manage his illnesses are 
welcome. However, in daily life, actions that take too much time, or are otherwise cumbersome 
or unpleasant, or don’t provide useful information will be dropped out in the long run. Thus, 
patient motivation is best maintained by automating the actions (measurements, medications, 
etc.) as much as possible and by giving useful feedback and information to the user.  

Cognitive Behavior Therapy (CBT) is a psychological method used to treat different kinds of 
behavioral problems. The idea behind CBT is that the patient should recognize the behavior that 
causes the problem. In CBT the user 1) does self-observations, 2) studies the self-observations 
and learns which of his actions are harmful behavior and 3) changes his behavior and monitors 
the effect of changes by studying the self-observations. Also, technological solutions have been 
built on this methodology. The key elements of CBT from the technology point of view are: 1) 
easy measurements (self-observations), 2) clear feedback, e.g., in form of graphs. Proper 
implementation of feedback to the user plays a critical role in CBT. Irritating feedback should be 
avoided. Instead, realistic graphs showing the current health status in the form of different 
indices are more suitable. Links to educational material can be provided, but such information 
needs to be frequently updated to become interesting and motivating. 

Motivation provides the user interaction design with guidelines to better stimulate the patient 
with a proper interface.  

 

2. To test the long-term acceptability of these chronic management integrated systems. 

Within this research the long-term acceptability has not been addressed since there is a need of 
a long-term study with many patients and many months or years using the system. In the 
coming months an observational study with more than 100 patients using the system for one 
year will be performed. This way we will model the behavior of patients in the long-term and we 
will include the motivation strategies in a better way to boost the use of information technologies 
and sensors in the chronic self-care.   
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3. To include more context information into the model. 

Context awareness refers to the idea that computers can both sense, and react based on their 
environment. Devices may have information about the circumstances under which they are able 
to operate and based on rules, or an intelligent stimulus, react accordingly. Human factors 
related context is structured into three categories: information on the user (knowledge of habits, 
emotional state, bio physiological conditions ...), the user’s social environment (co-location of 
others, social interaction, group dynamics ...), and the user’s tasks (spontaneous activity, 
engaged tasks, general goals...). Likewise, context related to physical environment is structured 
into three categories: location (absolute position, relative position, co-location...), infrastructure 
(surrounding resources for computation, communication, task performance...), and physical 
conditions (noise, light, pressure...). 

So far, this Thesis only considers reduce context information like current patient health status, 
date and time. Information about weather, holidays and social events can be taken into account.  

 

4. To include adaptive interfaces 

So far the interaction is limited to one dedicated device. In order to achieve ubiquity, the service 
must be platform-independent. A middleware can be developed mainly to address the issue of 
the heterogeneity of the different sensors technologies in terms of hardware, network 
topologies, protocols and operating modes. This middleware solution will be an essential part of 
a QoS aware, platform independent, and secure user interaction system for supporting 
healthcare applications in general.  

Besides, this will enable the transmission of the Graphical User Interface among different 
devices. This future line is foreseen to be included in HeartCycle Project (HeartCycle, 2008).  

5. To apply the model in other illnesses and co-morbidities  

 

In the remit of this research, the hPIM is applied to heart failure patients. As future work, the 
model will be used also in hypertension patients, patients with other cardiovascular chronic 
diseases or post event patients and patients who suffer from diabetes (HeartCycle, 2008) 
(Metabo, 2007).  

To apply the hPIM, a revision on sensors needed, clinical particularities and human factors of 
patients are a must to assure the success of the interaction among patients, clinicians, health 
professionals, relatives that are immerse in a ambient environment to better manage chronic 
conditions.  
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6. To integrate the model into the Public Health Authorities. 

The adoption of these initiatives should be proposed to Public Health Authorities in order for 
new personalized information sites to be available. Regarding this topic, there are some 
initiatives (i.e. NHS Direct, www.nhsdirect.org.uk) that provide controlled information although 
more tailored information should be provided. They are becoming a reference for citizens when 
searching for on-line information. An interesting analysis would be trying to understand how the 
personalization of these services improves the way citizens interact with the Healthcare System.  

In Spain, the Department of Health (Ministerio de Salud, www.msc.es) offers Public Health 
Information to the citizen; however, there is large room for improvement and for building a 
comprehensive on-line information service available for the citizen. Public Authorities, 
Healthcare Professionals, citizens, and other stakeholders (industry, research institutions, etc) 
should be actively engaged for pursuing the development of such systems to become a 
reference in on-line information searching. 

Such platform should be integrated with other Information Systems; at Public Health level 
(surveillance, campaigns, etc) and with other layers of the Healthcare System. Moreover, linking 
up such platforms with HIS (Hospital Information Systems) would be necessary. In order to 
achieve this, interoperability should be ensured.  

In order to ensure interoperability of services and coherence of the information provided the use 
of standards such as XML should be used in order to structure the information. Using XML in 
this kind of applications allows exchanging messages between the different information 
providers (by defining common name spaces). Besides, by using an XML Schema, it becomes 
possible to validate the messages created by other applications and integrate them with other 
web services. 
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10 ANNEXES 
 

A. FUNCTIONAL VALIDATION AT MEDGATE: STUDY PROTOCOL 
 

STUDY OBJECTIVES 

PRIMARY OBJECTIVE  

The primary objective of the study is to validate the global system for the assessment of Heart 
Failure in a real environment with real users, who will use the system at their own homes in their 
daily routines. 

SECONDARY OBJECTIVES 

To analyze the usability of the devices and applications, special focus on the acceptance of 
real users, who will manage electronic devices and interfaces. 

To detect main problems related the execution of protocols in order to solve them before the 
Validation Study. 

 

STUDY DESIGN 

STUDY DESCRIPTION 

HFM functional validation is a pilot for evaluating the technical feasibility of the HFM product as 
well as the user acceptance of the global system.  

The study intends to collect vital information daily such as blood pressure and weight. The user 
will answer questionnaires to assess their health and mood status. All data will be available 
through a web portal for professionals. These professional could contact the user or change 
their protocol remotely.  

Patients are considered enrolled in the pilot once informed consent has been obtained. Eligibility 
criteria will be confirmed during the baseline period. Pilot organizers will assign patients a study 
identification number once all eligibility criteria have been met.  

Eligible patient will be enrolled at Medgate and baseline evaluation form will be filled. 

At Medgate all devices needed will be tested and configured. 

The patients will receive the HFM components at Medgate. The patient received training 
session in MyHeart technology and daily routines. 
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After training the patient will be activated to be tracked by the pilot organizers. 

STUDY SIZE AND DURATION 

This clinical study is expected to begin enrolment in June 2007. It is estimated that 10 subjects 
will be enrolled at Medgate in Basel, Switzerland. The point of enrolment occurs at consent. 
Subjects will be followed up for 5 days.  The users will be enrolled two different phases, the first 
one with 5 users during 5 days, and the second round, with new 5 users during 5 days more. In 
total, 10 days monitoring. 

The following calendar shows the pilot schedule: 

Monday 
2nd July 

Tuesday 3rd 
July 

Wednesday 
4th July ,  

Thursday 
5th July 

Friday6th 
July 

Saturday 
7th July 

Sunday 
8th July 

  UPM team 
travel to 
Basel 

1st group 
training and 
experience 
interview 

1st group assessment round 

Monday 
9th July 

Tuesday 10th 
July 

Wednesday 
11th July  

Thursday 
12th July 

Friday 13th 
July 

Saturday 
14th July 

Sunday 
15th July 

 1st group 
devices 
gathering, 
and 
preparation 
for next 
round 

2nd group 
training and 
experience 
interview 

2nd group assessment round 

Monday 
16th July 

Tuesday,17th 
July 

Wednesday 
18th July  

Thursday 
19th July 

Friday 20th 
July 

Saturday 
21st July 

Sunday 
22nd July 

 2nd group 
devices 
gathering, 
and 
conclusions 
round 

    

 

INCLUSION CRITERIA 

These are part of the inclusion criteria for the observational study. For the aim of this study, 
they are not mandatory, only recommendation to be as close as possible to the real context. 

Patient (or patient’s legally authorized representative, if allowed by local law/regulations) has 
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signed and dated study informed consent. 

A hospital admission due to or complicated by worsening heart failure lasting >48 h within the 
last 12 month. 

Ejection fraction < 40 % or LVEDV > 30 mm/m (angiography, biplane echocardiography). 

To be receiving furosemide at a dose ≥40 mg/day or equivalent (e.g., ≥1 mg of bumetanide or 
≥10 mg of torasemide. 

Patients in NYHA functional class II, III or IV 

Patient is willing and able to comply with the pilot plan. In particular the patient should be able 
to handle the technical devices. 

 

EXCLUSION CRITERIA 

Patient with severe congestive obstructive pulmonary disease (COPD), GOLD Class > 2. 

Patient has primary pulmonary hypertension. 

Patient already requiring permanent pacing (pacemaker) or cardiac resynchronization therapy. 

Patient is awaiting heart transplantation in less than one year. 

Patient has renal insufficiency requiring dialysis. 

Patients post acute MI, CABG.(< 3 month). 

Patient with manifest psychiatric or neurological disorder of moderate to severe degree (e.g. 
dementia, schizophrenia, substance disorder, psychotic depression, suicidality). 

Patient is ≤ 18 years of age, or the patient is under a higher minimum age that is required as 
defined by local law. 

Women who are pregnant or women of childbearing age who are not on a reliable form of birth 
control. 
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STUDY DESIGN FLOW CHART 

                                      

Patient identification and recruitment 

Patient enrolment and informed consent 

HFM components installed and tested 

Baseline visit: training, interviews 

Daily routine execution and 
follow up by medical team (5 days)

End of testing, devices gathering, 
final interview and conclusion 

 

DATA COLLECTION OVERVIEW 

Data will be collected at the following time points: 

At screening (baseline) at Medgate 

Daily during 5 days 

Follow-up according to routine clinical practice 

Hospitalizations and Emergency Care Unit (ECU) 

At the end of pilot, with final questionnaire 

 

Data base(s) will need to store the following information: 

Daily recordings from patient side: Blood pressure  

Weight 

Morning questionnaire 

Evening questionnaire 

User experience interviews at the beginning and end of pilot 
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DESCRIPTION OF ASSESSMENTS 

BASELINE SCREENING AT MEDGATE 

The baseline screening at the hospital is according to standard of care and current guidelines.  

SUBJECT INFORMED CONSENT 

In accordance with the ethical principles that have their origin in the Declaration of Helsinki, 
each potential subject must be informed about the study and acknowledge that study 
participation is voluntary by signing and dating the approved informed consent form.  

The informed consent process will be conducted in a language the patient is able to read and 
understand.  The process of informed consent shall avoid any coercion of or undue influence of 
subjects to participate, not waive or appear to waive subject’s legal rights, use language that is 
non-technical and understandable to the subject or his/her legal representative, provide ample 
time for the subject to consider participation, and include dated signatures of the subject or the 
subject’s legal representative and of the clinical investigator acknowledging that participation in 
the study is voluntary. 

Patients will be required to provide written informed consent for enrolment.  When a patient 
signs an informed consent for the Functional Validation, he/she is considered enrolled in the 
pilot. In the event the patient cannot read and/or write, witnessed (impartial third party) informed 
consent will be allowed and requires detailed documentation in the medical record as well as 
signature of the witness on the consent document.  The patient informed consent form will be 
provided to the patient in a language he/she is able to read and understand, and a copy of the 
informed consent form shall be given to the patient.  The signed original informed consent form 
must be kept in the hospital/clinic patient chart or with the study documentation. 

PATIENT TRAINING IN DAILY ROUTINE ACTIVITIES 

Medgate team will assure that patients comply with the data collection protocol. The patient will 
perform the schedule follow-up at medical discretion. 

Training will be completed prior to participation. Medgate team will be trained in June and 
patients will be trained by them at Medgate prior to the pilot. The training will be on daily routine 
activities and in device usage.  

Training at Medgate 

 

Patient is trained by doctor on the use of the PDA, the 
BP cuff and the Weight scale. 

User experience questionnaire. 

Configuration by entering the language and patient ID to 
be linked with the Myheart server 

Pairing of the PDA with: 

Weight scale  
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Blood pressure cuff  

 

Configuration of the daily routine through the portal 
according to the patient’s preferences 

Local review of the data for ensuring the adequate 
functioning of the devices 

 

DAILY ROUTINE AFTER HOSPITAL DISCHARGE 

There will be different data sets to be collected daily.  

Diagnostic information collected Symptoms questionnaires: morning 
questionnaire and evening questionnaire 

 Weight 

 Blood Pressure 

 

Weight measurement should take place after defecation. Also, it is recommended that the 
patient be seated for at least 5 minutes before taking the blood pressure.  

The bed monitoring part is just for experience purpose, just to check how the users feel about it. 
So no data will be monitored or sent to the server. 

MONITORING QUESTIONNAIRE  

1 How would you rate your sleep quality of last night? (bad … very good, on a scale from 
1 to 5 ) 

2 Did you have to get up last night to use the bathroom? (3 choices: not at all, few times, 
many times) 

3 Did you have to get up last night when sleeping and sit up? (3 choices: not at all, few 
times, many times) 

4 Did you wake up breathless last night? YES/NO 

5 Did you experience light-headedness when getting up? YES/NO 

6 Did you take your medication? YES/NO 

 

 



Annexes | 299 

 

EVENING QUESTIONNAIRE 

1 How was your general well-being today? (bad … very good, on a scale from 1 to 5 ) 

2 Did you feel shortness of breath today at rest? (3 choices: not at all, few times, many 
times) 

3 Do you feel more ankles or legs swelling than yesterday? YES/NO 

4 Did you take your medication? YES/NO 

5 How was your mood during the day? (bad … very good, on a scale from 1 to 5) 

6 How was your energy during the day? (exhausted … energetic, on a scale from 1 to 5 ) 

7 How was your appetite during the day? (complete loss … good, on a scale from 1 to 5) 

8 Have you felt palpitations during the day? YES/NO 

 

 Enrolment Daily Final Examination 

Patient information X   

Patient informed consent X   

Inclusion & exclusion criteria X   

Demographics X   

weight X X  

height x   

Symptoms questionnaire   X  

Blood Pressure  X  

Usability Questionnaire 
 

X 1st day @HOME X 

 

ENDPOINTS 

The desired endpoint is the transmission of all sessions during the monitored days with no 
errors.  

Thus, the endpoints are listed below: 
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User understands the protocol and performs all daily activities complying with the medical 
protocol. 

User does not use the system due to technical or usability problems. 

 

DEVICE NAME, SYSTEM DESCRIPTION, AND INTENDED USE 

Safety and effectiveness for the market-released devices used in this clinical investigation have 
previously been established.  No additional bench testing, non-clinical, or clinical studies have 
been performed on the devices used in this clinical investigation, as the devices are identical to 
the currently marketed product.   

SYSTEM DESCRIPTION 

The “MyHeart System” enables monitoring of parameters that allegedly allow for an early 
detection of cardio-vascular decompensation of heart failure patients based on automated vital 
body signs trend analysis.  

For the aim of this validation, the platform which will support the complete MyHeart system is 
tested. More concretely, the functionalities and devices that will be evaluated are: 

The Patient Station, consisted of a PDA with the daily guidance for performing all 
measurements and questionnaires. 

A blood pressure cuff. 

A weight scale. 

A overlay mattress (including the foil) for the bed monitoring. 

 

SYSTEM ARCHITECTURE 
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The complete system consists of 3 subsystems: The Front-end, the User Interaction System 
and the Back-end. The Front-end is composed of the textile sensors and electronics for the 
recording of the vital signals and data that are required by the application (ECG, Respiration and 
Activity during night, blood pressure and weight).  

The User Interaction System (UIS), which is based on a personal digital assistant device that 
receives data from the monitoring devices, processes it and encourages the patients in the daily 
care of their heart. Besides, it enables the communication and synchronization with the 
Backend. The last element of the global System, the Back-end, which includes the processing 
server and the databases, manages all patients’ data daily gathered. Professionals can visualize 
and manage all data through a web access provided by a portal. 

All the daily routine data are processed and used in the detection of functional capacity, heart 
failure worsening and other complications. Besides, all notifications generated by the server 
about worsening are sent to the physicians by SMS. 

DEVICES 

The devices used for the functional validation are: 

User interaction device: 

 

Qtek s200 

Operating system : Microsoft WindowsTM 
Mobile 5.0 

CPU : Texas Instruments OMAP850 200 MHz 

Memory : 64 MB RAM, 128 MB ROM 

Communications : GSM quad-band 
850/900/1800/1900 MHz
GPRS Class B / Multi-slot Class 10
Bluetooth 2.0
WiFi IEEE802.11g  

Display : 2.83'', 65k colors, resolution of 240 x 
320 pixels 

Dimensions :108.8 x 59.3 x 18.4 mm (LxWxH) 

Weight :148 g 

 

Also the blood pressure and weight measurements are done with state-of-the-art commercial 
devices. The devices envisioned here are equipped with Bluetooth. Both are produced by A&D 
a medical device company. 
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A&D  UA-767PBT 

Bluetooth Class 1 

CE0700 compatible 

128bit encryption of data for 
protecting patients' privacy 

Higher compatibility with various 
Bluetooth receivers 

Built-in real time clock 

Irregular Heart Beat Indicator 

Extra large 3-line display for 
easier reading of results 

One-touch measurement 

SlimFit comfortable cuff 

 

A&D  UC-321PBT 

Bluetooth Class 1 CE0700 
compatible  

128bit encryption of data for 
protecting patients' privacy  

Higher compatibility with various 
Bluetooth receivers  

Built-in real time clock 

100g resolution up to 200kg 
capacity 

Very low profiles 

Rugged construction  

Motion tolerance kg / lb selection  

 

Both products are especially designed for telemedicine applications. 

Besides, during the night, there is a overlay mattresses which includes a foil for monitoring the 
activity while lying on bed, as well as an estimation of the respiration rate and heart rate. 

PROGRAMS AND SOFTWARE 

The software installed in the PDA is version 1.3.2 of the system.  
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TECHNICAL MANUAL 

All devices used are market released devices and copies of all labeling for the device and 
reference/technical manual(s) are available from MyHeart technical partners upon request. 

RESULTS ANALYSIS 

All received data will be used to extract information about: 

Ease of use. 

Detection of problems related to the 
interaction and usability: 

Errors related to transmission among devices 
and PDA, and PDA server. 

Problems when using the portal. 

User experience questionnaires will be treated and graphs with quantitative results will be given 
as result. 

 

This section will be completed once the pilot is performed.  

SAMPLE SIZE 

The sample size will be up to10 elderly, above 65, suffering from a chronic disease (e.g. heart 
failure, but not exclusively). No distinction among women or men.  

MONITORING PROCEDURES 

Daily the server analyses all data and sent notifications to the physicians. The data analyzed is: 

Blood pressure  Minimal value for systolic BP = 100 mmHg 

Maximal value for systolic BP = 150 mmHg 

Minimal value for diastolic BP = 60 mmHg 

Maximal value for diastolic BP = 90 mmHg 

Pulse (beats per minute) Minimal value = 50 BPM 

Maximal value = 100 BPM 

Weight is calculated with a tolerance of 2 kg (+/- 2 Kg) of the basal weight introduced by the 
physician the first day within the study. 

 

Besides, the symptoms questionnaire creates notifications when the answers are as follows:  

Morning questionnaire: 
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1 How would you rate your sleep quality of last night? 1 or 2 

2 Did you have to get up last night to use the bathroom? Many times 

3 Did you have to get up last night when sleeping and sit up? Many times 

4 Did you wake up breathless last night? YES 

5 Did you experience light-headedness when getting up? YES  

6 Did you take your medication? NO 

 

Night questionnaire:  

1 How was your general well-being today? 1 or 2 

2 Did you feel shortness of breath today at rest? Many times 

3 Do you feel more ankles or legs swelling than yesterday? YES 

4 Did you take your medication? NO 

5 How was your mood during the day? 1 or 2 

6 How was your energy during the day? 1 or 2 

7 How was your appetite during the day? 1 or 2 

8 Have you felt palpitations during the day? YES 
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B. USER EXPERIENCE QUESTIONNAIRES (ENGLISH VERSION) 
 

The questionnaires are to be filled out by the patient by hand. (Except the telephone interview 
questionnaire). The answers to the closed questions are to be entered into the database, and 
the answers to the open questions not (too time consuming). The main user impressions are 
obtainable by the closed questions. If there are non-understandable or unexpected results from 
the closed questions, the answers to the open questions can be used at a later date to gain 
deeper insight.  

FIRST QUESTIONNAIRE: @ THE HOSPITAL 

This questionnaire is to be distributed at the hospital when patients are invited for the general 
introduction. At the end of the introduction the questionnaires are to be collected again. It is a 
short questionnaire to catch the patient’s very first impressions and expectations of the HFM 
concept, which later may influence their experience of the concept at home. It is therefore very 
important to record these insights.  

1: General impression 

What is your general impression of the heart failure management (HFM) concept: what do you 
like or don’t you like about it? Why?  
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Do you consider the HFM concept to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

Do you think that the HFM concept would be easy to fit into your everyday life? 

very difficult to fit in my life 1 2 3 4 5 no problem to fit in my life 

 

Why do you think it is, or isn’t easy to fit into your everyday life? 
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SECOND QUESTIONNAIRE: @ HOME, FIRST DAY OF USE 

This second questionnaire is to be distributed the same day as when the HFM concept is 
installed in the patients’ home. It is developed to define the patient’s impressions and 
experiences as they have used the HFM concept for the very first time. Also this type of 
information can have a significant impact on the overall experience of using the HFM concept.  

1: Overall HFM concept: 

What is your general impression of the HFM concept now that you have tried it at home: what 
do you like or don’t you like about it? Why?  

 

 

 

 

 

 

 

 

 

 

 

 

Do you consider the HFM concept to be: 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 
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Do you think that the HFM concept would be easy to fit into your everyday life? 

 

very difficult to fit in my life 1 2 3 4 5 no problem to fit in my life 

 

Why do you think it is, or isn’t easy to fit into your everyday life? 

 

 

 

 

 

 

 

 

 

2: The Vest: 

What is your general impression of the vest of the HFM concept: what do you like or don’t you 
like about it? Why? 
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Do you consider the vest to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

2: The PDA: 

What is your general impression of the PDA of the HFM concept: what do you like or don’t you 
like about it? Why?  
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Do you consider the PDA to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

3: The weight scale 

What is your general impression of the weight scale in the HFM concept: what do you like or 
don’t you like about it? Why? 

 

 

 

 

 

 

 

 

 

 

 

 

Do you consider the weight scale to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 
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Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

 

4: Blood pressure cuff 

What is your general impression of the blood pressure cuff in the HFM concept: what do you like 
or don’t you like about it? Why?  

 

 

 

 

 

 

 

 

 

 

 

 

 

Do you consider the blood pressure cuff to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 
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Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

5: Bed measurement equipment 

What is your general impression of the bed measurement equipment in the HFM concept: what 
do you like or don’t you like about it? Why?  

 

 

 

 

 

 

 

 

 

 

 

 

Do you consider the bed measurement equipment to be: 

 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 
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Very difficult to use 1 2 3 4 5 Very easy to use 

 

 

6: Fit into your everyday life: 

Do you think that the HFM concept would be easy to fit into your everyday life? 

 

very difficult to fit in my life 1 2 3 4 5 no problem to fit in my life 

 

Why do you think it is, or isn’t easy to fit into your everyday life? 

 

 

 

 

 

 

 

 

 

THIRD QUESTIONNAIRE: @ HOME: ONE WEEK LATER (BY PHONE) 

This questionnaire is to be conducted by a telephone interview. It gives patients the opportunity 
to express their first experiences as they have started using the concept into their everyday life 
routines.  

 

1: General impression 

What is your general impression of the system now that you have been using the system for a 
week? 

Very negative 1 2 3 4 5 Very positive 

 

2: Ease of use 
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How easy is the system to use?  

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

3: Remarks 

Do you have any extra remarks, or maybe problems with the system? 

(The interviewer (technical person) summarises the remarks into a few bullet point remarks.) 
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FOURTH QUESTIONNAIRE: @ HOSPITAL: END OF THE TRIAL 

The fourth questionnaire is the overall evaluative questionnaire. It is used to define the patients’ 
overall experiences of using a concept like the HFM system in their everyday life. It focuses on 
the perceived added value from the patients’ point of view, the ease of use for the patient, and 
the fit in their daily life.  

 

1: Overall experiences 

What is your overall impression and experience with the HFM concept: what did you like or 
didn’t you like about it? Why?  

 

 

 

 

 

 

 

 

 

 

 

 

Overall, do you consider the HFM concept to be: 

Not interesting at all 1 2 3 4 5 Very interesting 

Very scary 1 2 3 4 5 Not scary at all 

Very ugly 1 2 3 4 5 Very pretty 

Very annoying 1 2 3 4 5 A lot of fun 

Very complex 1 2 3 4 5 Very simple 

Very difficult to use 1 2 3 4 5 Very easy to use 
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2: Other health devices 

Think of other health monitoring devices you have used in the past (e.g. heart rate monitor, 
thermometer). Do you find these devices  

Not useful at all 1 2 3 4 5 Very useful 

Very difficult to use 1 2 3 4 5 Very easy to use 

 

Which health monitoring devices have you used in the past? 

 

 

 

 

 

 

 

 

 

 

 

2: Comparison to the heart failure management system 

Compared with these other health monitoring devices, do you find the heart failure management 
system 

Much more difficult to use 1 2 3 4 5 Much easier to 
use 

Much less useful 1 2 3 4 5 Much more useful 

 

Other comments? 
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3: Importance for the user 

How important could this heart failure management system be for you? 

 

Not important at all 1 2 3 4 5 Very important 

 

Please explain why: 

 

It makes me more conscious of my own health: 

Don’t agree 1 2 3 4 5 Agree 

 

It gives me reassurance: 

Don’t agree 1 2 3 4 5 Agree 

 

It takes only little of my free time  

Don’t agree 1 2 3 4 5 Agree 

 

It has improved my health: 

Don’t agree 1 2 3 4 5 Agree 
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It has improved my general wellbeing (psychological): 

Don’t agree 1 2 3 4 5 Agree 

It has given me a lot of extra worry in my everyday life: 

Don’t agree 1 2 3 4 5 Agree 

 

Do you have any other remarks or comments related to the added value of the system? 

 

 

 

 

 

 

 

 

 

 

 

4: Are more features necessary? 

Were you happy with the functionality of the system, or were there necessary features missing, 
or aspects missing that would improve the system? 

Missing many functionalities 1 2 3 4 5 No missing functionalities 

 

 

Which functionalities or features should be added to the system? 
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5: Ease of use 

How easy was it to use the system? 

Very easy 1 2 3 4 5 Very difficult 

 

Please explain why: 

 

It was very difficult to remember the steps I had to take (the ritual): 

Don’t agree 1 2 3 4 5 Agree 

 

The system was very self-explanatory (no need for a manual): 

Don’t agree 1 2 3 4 5 Agree 

 

The vest was very difficult to dress properly: 

Don’t agree 1 2 3 4 5 Agree 

 

The PDA was very difficult to understand: 

Don’t agree 1 2 3 4 5 Agree 

 



320 | Holistic Interaction Model for people living with a chronic disease 

 

The PDA was very difficult to use: 

Don’t agree 1 2 3 4 5 Agree 

 

The bed measurement equipment caused a lot of problems/discomfort: 

Don’t agree 1 2 3 4 5 Agree 

 

I had problems with the weight scale: 

Don’t agree 1 2 3 4 5 Agree 

 

I had problems with the blood pressure cuff: 

Don’t agree 1 2 3 4 5 Agree 

 

Do you have any other remarks or comments related to the ease of using the system? 

 

 

 

 

 

 

 

 

 

 

 

6: Personalization 

To what extent did you feel the system was personalized for you? 

Not at all personalized 1 2 3 4 5 Very personalized 
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Do you have any other remarks or comments related to the personalization? 

 

 

 

 

 

 

 

 

 

 

 

7: Fit into daily life 

To what extent do you think the system fits into your daily life? 

Does not fit at all 1 2 3 4 5 Fits very well 

 

Do you have any other remarks or comments related to the fit into your daily life? 
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C. USER GERMAN USED AT MEDGATE STUDY (GERMAN VERSION) 
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D. PATIENT INFORMED CONSENT (ENGLISH VERSION OF THE ONE 

USED AT MEDGATE STUDY) 
 

INVITATION: 

You are being invited to participate in a functional validation for Heart Failure patients. The pilot 
is sponsored by Myheart consortium and investigates whether a new system could be used for 
the assessment and early detection of the worsening of the heart function. 

Before you decide to participate it is important for you to understand the purpose of the pilot and 
its implications. Please take time to read the following information carefully and to discuss it with 
your relatives and your physician. Should any point appear unclear or should any additional 
information be needed, please do not hesitate to ask your physician. Then, take the necessary 
time to decide whether you wish to participate or not. 

INTRODUCTION: 

Your doctor has determined that your heart is prone to fast heartbeats that (might) lead to 
dizziness, fainting and even sudden cardiac death.  

Your doctor also determined that the ability of your heart to pump is reduced, a condition that 
might be contributing to symptoms such as mild shortness of breath or limitations in the ability to 
perform daily life activities, such as walking or climbing stairs. The inability of the heart to 
efficiently pump is called “heart failure”. The symptoms are related to the heart’s inability to 
efficiently pump blood away from the lungs, leading to a fluid accumulation in the lung that can 
cause shortness of breath. 

Myheart consortium is conducting a functional validation on the features of Myheart system with 
advanced daily monitoring. The purpose of such test is to determine the technical robustness of 
all devices and the ease of use and convenience for the user.  

The system that you would use consists on a personal assistance device (PDA), a blood 
pressure cuff and a weight scale. 

User interaction device: 

 

Operating system : Microsoft WindowsTM 
Mobile 5.0 

CPU : Texas Instruments OMAP850 200 MHz 

Memory : 64 MB RAM, 128 MB ROM 

Communications : GSM quad-band 
850/900/1800/1900 MHz
GPRS Class B / Multi-slot Class 10
Bluetooth 2.0
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Qtek s200 WiFi IEEE802.11g  

Display : 2.83'', 65k colors, resolution of 240 x 
320 pixels 

Dimensions :108.8 x 59.3 x 18.4 mm (LxWxH) 

Weight :148 g 

Also the blood pressure and weight measurements are done with state-of-the-art commercial 
devices. The devices envisioned here are equipped with Bluetooth. Both are produced by A&D 
a medical device company. 

 

A&D  UA-767PBT 

Bluetooth Class 1 

CE0700 compatible 

128bit encryption of data for 
protecting patients' privacy 

Higher compatibility with various 
Bluetooth receivers 

Built-in real time clock 

Irregular Heart Beat Indicator 

Extra large 3-line display for 
easier reading of results 

One-touch measurement 

SlimFit comfortable cuff 

 

A&D  UC-321PBT 

Bluetooth Class 1 CE0700 
compatible  

128bit encryption of data for 
protecting patients' privacy  

Higher compatibility with various 
Bluetooth receivers  

Built-in real time clock 

100g resolution up to 200kg 
capacity 

Very low profiles 
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Rugged construction  

Motion tolerance kg / lb selection  

Both products are especially designed for telemedicine applications. 

STUDY DESIGN: 

During 5 days you would have these devices with you. You should follow a daily routine 
prescribed by your physician, which consists of answering two questionnaires about your health 
status and mood, measuring your blood pressure and weight. In order to facilitate it and to 
gather all information, you will use the personal assistance device (PDA), which contains a very 
easy to use application which will help you. 

The study will have 10 patients involved, each of them during 5 days. 

COMPENSATION AND ADDITIONAL COSTS:  

You will not receive any compensation for your participation in this pilot, nor will you be 
reimbursed for any costs associated with your participation, such as travel expenses).  

USE OF PERSONAL DATA/CONFIDENTIALITY: 

While participating in this study, personal information, including medical and health data, will be 
collected from your devices. These data will be used and processed manually and by computer 
by Myheart team.  

Your personal data are collected for medical research purposes, to gather information on the 
devices and its performance during and after this study and may be used for additional scientific 
research, educational purposes and publications as well as for future health studies or for 
obtaining current or future assessments for approvals for the devices.  

Your confidential personal information will be protected and key-coded. In all cases, your 
personal information will be handled at all times in accordance with appropriate confidentiality 
standards and all applicable data protection and privacy laws. Such us the Data Protection Act 
15/99**) 

You are entitled to access the personal information collected about you and to have 
inaccuracies corrected.  

VOLUNTARY PARTICIPATION: 

Your participation in this test is entirely voluntary. You are free to refuse participation and you 
are free to discontinue participation in the study at any time without fear of penalty or loss of 
medical care. 

In addition, you will be notified of any significant new findings that may develop about this 
Myheart technology during the course of the study, which may relate to your willingness to 
continue your participation. 
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Your physician or the sponsor may decide to terminate your participation at any time without 
your prior consent. If this happens you will be notified and the reasons explained to you. 

QUESTIONS: 

If you have further questions or want more information or explanations about the pilot and the 
rights of the participants in this study please contact: 

INVESTIGATOR NAME: ___________________ 

INVESTIGATOR TELEPHONE: ______________ 

SIGNATURE: 

 I have read and understood the patient information of this study, and my physician has 
answered all my questions regarding the study.  

 I had sufficient time to consider my participation in this study and I am aware that 
participation in this study is completely voluntary.  

 I realize that I may decide to stop participation at any time without affecting the quality of 
my health care.  

 I understand and agree that personal information about me will be collected from 
devices, used and processed (manually and by computer) by the Myheart team involved in the 
study (e.g. Universidad Politécnica de Madrid, Vodafone Foundation, physician).  

 I authorize and instruct my physician(s) and institution to release the necessary 
personal information about me. 

 I understand that I am entitled to access the personal information collected about me 
and to have inaccuracies corrected. 

I have received a copy of the Patient Information and I hereby agree to participate voluntarily in 
the Myheart Functional Validation study.  

_________________________________  _____________ 

Patient Signature                          Date 

    

OR (only if the patient is temporarily incompetent and unable to give his/her own informed 
consent) 

__________________________               _____________ 

Patient Legal                                              Date 

Representative’s Signature 
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