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Abstract. CUORE is a Heart Failure (HF) Disease Assessment System that 
uses Information Technologies (IT) and portable monitoring devices, for to as-
sess and to manage the HF progression. The system valuates the cardiac condi-
tion integrating patient data from different sources such as blood pressure cuff 
or questionnaires. Rather than just evaluate the cardiovascular status, the system 
also aims to motivate patients to have an active role in their health management 
and to improve their cardiac condition through an active lifestyle. This paper 
presents the CUORE validation with patients and professionals. 
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1   Introduction 

The proportion of elderly people (aged 65 or over) in the European Union is predicted 
to rise from 16.4% in 2004 to 29.9% in 2050 [1]. This will increase the number of 
elderly suffering from chronic diseases such as cardiovascular disease (e.g. heart 
failure). Besides, cardiovascular diseases (CVD) are the leading cause of death in 
Western World [2]. Solutions which allow patient self-management of their chronic 
condition such as COURE may help the whole society population to face this coming 
social context playing a role of major importance.  

CUORE provides cardiovascular patients with a usable and fluent channel of 
communication with health professionals in order to support them to manage co-
morbidities related to their condition. The proposed solution monitors at home vital 
info such as BP, oxygen saturation, weight and HR. Furthermore, it aims to motivate 
patients and to improve adherence to the technology and medical protocols. The pro-
fessionals will interact through a ubiquitous connection based on a secure web portal.  

2   Methods 

CUORE interacts with old people who suffer a cardiovascular disease. Thus, usability is 
crucial. The methodology focuses on patients [3] and follows Goal Directed Design [4].  

The global process is divided into 3 phases. The first phase is the conceptualization 
phase, in which the patients’ and functional requirements are elucidated and the  
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concept is created. Once the concept is defined, the implementation phase starts. The 
implementation phase is an iterative process, where increasingly complex implemen-
tations prototypes are tested and refined. Once the final version of the system is de-
veloped, the validation phase starts. 

The initial input in the conceptualization phase is the social and medical need of 
solutions to assist people living with a chronic disease, especially when they have 
special needs of interaction (i.e. elderly). Initially, similar solutions where studied and 
literature about interaction, heart failure and living with a chronic disease was revised 
to understand the context and needs [5]. The modeling focused on users, named per-
sonas; and scenarios [4]. Personas and scenarios are used to define the functional and 
non-functional requirements of the system. Once the requirements are defined, inter-
action design starts. The interaction design comprises the definition of the look and 
feel and all the key and secondary paths.  

In NUADU, one of the most important inputs when starting to design the CUORE 
application was our own expertise in the field of cardiovascular applications, and 
more specifically within the MyHeart project [5]. During the first half of 2005, a 
conceptual validation of the Heart Failure Management system within Myheart Pro-
ject took place in Madrid [6]. The results of this conceptual validation were the start-
ing point of the CUORE system. We performed a confrontation with stakeholders in 
order to understand their vision and constrains, through interviews and observations 
with users to capture their needs, goals and behaviors. Three target groups were in-
volved: heart failure patients, medical specialists, and hospital business managers.  In 
total, 26 people were interviewed: 10 end users, 6 business managers and 10 cardiolo-
gists. These interviews were designed by Philips Design Eindhoven in the scope of 
the MyHeart project [5].  

After reviewing all the interviews, the next conclusions were extracted. These con-
clusions were extrapolated for generic cardiovascular applications, and served as a 
starting point for designing CUORE:  

• Although most patients did not have any experience using electronic devices, the 
overall attitude towards the system was very positive.  

• Most patients addressed the need for mobility; therefore the chosen device should 
be a mobile phone or a PDA. 

• All design has to focus on users when the objective group is not professional. Es-
pecially, acceptability and usability problems appear with old people and patients. 
PDAs are suitable for old people when they are carefully designed. Nevertheless, 
when technical errors occur, users do not trust any longer on the system. PDAs are 
suitable for old people if they are stable and robust enough.  

• The main problem detected in the use of the PDA lied in how to make it a dedi-
cated device. 

• Assessment by health professionals increased the feeling of security and confi-
dence of patients. 

• Most patients did not very comfortable with the idea of intelligent garments, espe-
cially in terms of aesthetics and comfort. Some of them claimed that a fixed routine 
may be a burden to their lifestyles, and addressed the need for bigger modularity of 
the system and freedom.  
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• The medication regime of older patients and patients with co-morbidities can be 
extremely complex, including up to 10 or 15 pills a day. Therefore, medication 
management is one of the most important issues for these patients. 

• Some interviewed experts addressed the importance of education for this kind of 
patients. Education should cover aspects such as symptoms recognition, better un-
derstanding of medication and importance of a healthy lifestyle, among others.  

The previous results, together with an exhaustive literature review and the opinion 
of subject matter experts, were the basis for defining the target population, building 
personas and scenarios and defining the system’s functionalities.  

3   System Description 

3.1   System’s Design 

CUORE has three main actors that interact with the system. For each actor a persona 
(i.e. archetype that contains the main characteristics of the target group) is created. 

The patient persona is a 72 years old man named Carlos Gómez. He is retired and 
claims for a sense of independency. He is conscious of his heart status. His cardiolo-
gist is Dr. Casas, 52 years old, who aims to feel reassurance for his patients and the 
possibility of early diagnostic of a decompensation.  

Marta Besteiro is the nurse in charge of the assessment out of hospital. She is wor-
ried about the trend of all her patients and she asks for tools to give them a better 
support and understanding of their own situation and health status. 

We used scenarios [4] to elucidate the requirements and functionalities. The main 
user requirements are the easiness of use and high usability.  

The functionalities for the patient are listed below: 

• Medical data gathering from all sensors around the user. 
• Treatment consultation for drugs dosage and frequency/periodicity. 
• User guide for Weight, Blood Pressure and ECG/HR measurement, including help 

functionalities. 
• Questionnaires to report health status to the professionals. 
• Medical agenda with reminders, next visit to the hospitals, etc. 
• Message box for managing all messages received from professionals (e.g. 

read/unread or priorities). 
• Well-being practice and understanding your heart and its care functionality. 

The professionals access all data through a web portal with login and password. 
The portal’s main functionalities are: 

• All patients overview with main status and evolution, highlighting worsening. 
• Patient edition.  
• Patient record visualization. 
• Medical data consultation. 
• Treatment consultation and edition (only cardiologist). 
• Professionals community – information interchange among professionals, with 

annotations, “post-it”, etc. 
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• Messages to patients with filtering.  
• Tools for visualizing vital signals (e.g. ECG) or trends. 
• Besides, the system offers the following common functionalities: 
• Data synchronization among home stations and servers. 
• Data managing for extracting information about the status of all patients. This is 

considered not only in terms of health status, but also regarding their behavior, and 
technical status on the sensors and devices.  
The interaction design culminates with workflows for all functionalities [4][6][7].  

3.2   System Implementation 

CUORE is divided into three main areas: the user interaction system, the common 
platform which contains all services; and the professional interaction. Fig. 1 sketches 
the CUORE system.  

 

Fig. 1. COURE system consists of the User Interaction and the Professional Interaction. On the 
left side, we can see the User Interaction comprising necessary sensors and a personal assistant 
device (i.e. PDA) to be used by the patients to interact with the global CUORE. The right side 
represents the Professional Interaction thought a web portal to assure ubiquity. 

 
The user platform is a modular architecture running on Microsoft’s .NET Frame-

work [9][10]. 
The sensors and electronics to monitor patients in their daily routines are: 1) a 

blood pressure cuff, 2) a weight scale, 3) a ECG/HR monitor; and 4) an oxygen satu-
ration monitor. All devices except the weight scale are integrated in a Monitoring 
Device called MSV that is manufactured by TSB solutions in Valencia, Spain. 

All measured data are sent to the user interaction device via Bluetooth serial port. 
The user interaction device, the PDA, guides, educates, motivates and gives all neces-
sary feedback to the patient. Fig. 2 shows examples of the application’s interfaces.  

The common platform assures the connectivity and security. This platform enables 
communication and data synchronization among all modules in the global distributed 
system. 

Professionals interact in a ubiquitous way through a secure web portal to follow all 
patients’ trends and to manage their treatments. The professional portal is imple-
mented in HTML and CSS following WEB 2.0 principles [11]. Fig. 3 shows two 
examples. 
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Fig. 2. Examples of the patient’s PDA. First screen is the Home one. Secondly a example of the 
medication area is shown. Afterwards, the measurements’ page and finally some messages are 
shown.  

  
 
Fig. 3. Two views of the professional portal. In the left side, the patient summary is shown. An 
example of the creation of a new treatment is represented in the right side of the figure.  

5   Validation 

The validation firstly included a heuristic analysis made by experts and “think aloud” 
sessions with potential users and actual users of similar applications. During the 
“think aloud” sessions, users are asked to speak their thoughts while performing a 
task or navigating through the application [12]. These sessions were used to gather 
qualitative results regarding the patient’s expectations, needs and contextual  
condition.  

In November and December 2008, the final version of CUORE was validated in 
collaboration with the Hospital Clínico San Carlos de Madrid. The validation com-
prised two phases: first, the system was validated with patients; then, the system was 
validated with health professionals. In both cases, the methodology for validating was 
a guided personal interview with people in order to gather qualitative insights and 
constraints and quantitative results. All interviews had a similar structure, comprising 
5 sections: introduction, storyboard, tangible, conclusion, and closure.  

During the introduction, the interviewer explained the purpose of the interview, 
remarking its non-profit nature, and some general questions about the user’s position 
towards new technologies and health care were posed. Within the storyboard section, 
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the interviewer presented the whole system and asked the interviewees open questions 
about their insights and doubts.  

Once the basic system was grasped, the tangible section started, where the inter-
viewee was asked to perform a set of predefined tasks with as little intervention from 
the interviewers as possible. The tangible phase was different for patients and profes-
sionals. Patients were asked to use the PDA to perform a set of measurements and to 
freely navigate through the application. Professionals were shown different parts of 
the system, depending on their profile and expected role. For instance, cardiologists 
and hospital staff were only asked to use the web portal, while social workers were 
asked to use the PDA.   

During the conclusion section, the interviewer asked users for the overall impres-
sion, and patients were asked to fill two scoring sheets with closed questions rated 
from 1 to 5, which provide qualitative results. The first questionnaire comprises 10 
questions regarding the user’s attitude towards the system and acceptance. The second 
is a user experience questionnaire that aims to study the acceptance of the users of the 
overall concept and each part. One of the partial parameters of the user experience 
evaluation is to compare the patients’ insights before using the system and after, to 
measure whether the system satisfies their expectations or not. Thus, some of the 
patients took the system home for a couple of days, where they could perform all their 
measurements, receive messages from the system and educational tips and check their 
medication schedule.  

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.  

During patients’ validation, 10 actual and potential patients were interviewed. 7 of 
the patients were recruited at the Hospital Clínico San Carlos after visiting their Heart 
Failure specialist. 3 of them were recruited out of the Hospital. The selection criteria 
stated that the interviewees should have been diagnosed with heart failure or should 
have suffered a cardiovascular accident in the last two years, i.e. stroke or myocardial 
infarction. No distinction was made in terms of gender or age, with ages ranging from 
38 to 74 years old.  

At the end of the first encounter, patients were asked to fill two scoring sheets. The 
first questionnaire comprises 10 questions and focuses on the overall impression of 
system, the willingness to use the system and the patients’ expectations and concerns. 
The next list shows the 10 questions:  

1. I like this concept. 
2. I will use this concept. 
3. This concept will reduce my quality of life. 
4. This concept will motivate me to a healthier lifestyle. 
5. This concept will make me feel neglected. 
6. This concept will be a burden to my lifestyle. 
7. This concept will help me stay in control of my health. 
8. I will never trust this concept to look after my health. 
9. This concept will invade my privacy. 
10.This concept will offer me a pleasant experience. 
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Fig. 4. Results of the scoring sheet given to the 10 patients interviewed to validate the concept 
and system idea 

 

Fig. 4 shows the results of the initial questionnaire. The results are grouped into 
three clusters: positive answers (1-2) are displayed in green (right side in the graph), 
neutral answers (3) are displayed in green and negative answers (4-5) are displayed in 
red (left side in the graph). 

In general, the first impression of the system was largely positive. Most of the pa-
tients liked the concept and admitted they would use it, under the condition that it 
would not be too expensive. The majority of negative answers came from one of the 
older patients, who recognized herself as reluctant to any kind of technology.  

Regarding question 3, some patients – mostly younger than 55 – considered it 
would be a problem for them to integrate the system into their daily lives, as some of 
them still were working. Regarding question 4, some patients – specially the younger 
ones – valuated the system more as a tool for self-management than a tool for remote 
assessment. Moreover, most of the patients stated than an alarm should be included 
for the medication management.  

Regarding question 10, most patients valuated the usability and ease of use of the 
system, but some of them stated they do not want to be constantly reminded of their 
sickness. 

The second questionnaire was a user experience questionnaire. This questionnaire 
comprises open questions regarding the patients’ willingness to use the system, their 
impressions after using the system and their expectations. It also comprised scoring 
questionnaires to evaluate the patients’ general impressions about the system and its 
parts. In order to gather quantitative data, patients are asked to evaluate a set of adjec-
tives describing their experience (e.g. interesting vs. not interesting, scary vs. not 
scary, pretty vs. ugly, fun vs. boring, simple vs. complicated and easy vs. difficult) 
when using the system in a range from 1 (totally agree) to 5 (totally disagree).  

The open questions addressed the whole system and all individual devices, and aim 
to gather information on the strengths and weakness of the system and the patient’s 
willingness to use the system in a daily basis.  
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The answers to the open questions varied depending on the patient’s age. Most eld-
erly patients (>65) addressed the assessment from health professionals as CUORE’s 
main strength. Moreover, most patients stated that being remotely monitored in-
creased their feeling of security and comfort. Younger patients, on the other hand, 
valuated the system as a tool for self-managing their condition, enhancing their moti-
vation through self-assessment of vital signs such as weight and blood pressure. 
CUORE’s solution for medication management was highly appreciated by both 
groups, as most patients (7 out of 10) considered medication management as one of 
their main problems. Nevertheless, while most elderly patients considered that the 
medication management area would be useful for their informal caregivers and pro-
fessionals’ helpers, younger patients valuated the use of the system for automatic 
reminders and education on the medicines. Education on symptoms and medication 
was highly valuated by both groups, while younger patients had reservations about 
education on lifestyle, as they considered it may be intrusive and annoying.  Educa-
tion should be displayed by prompting messages and should not be compulsory. 
Prompted advices should give access to additional material in standard formats such 
as paper or video.  

The general impression of the system was positive. The only hesitations came from 
elderly patients who described themselves as reluctant to technology. Nevertheless, 
most of the patients who had recognized to be scared of new technologies later recog-
nized that, after the introductory explanations, it had been easy for them to interact 
with the system.  

The MSV-404 was considered as scary and difficult to use by most of the patients. 
Most patients already have measuring devices at home, such as weight scales, blood 
pressure cuffs, and considered it preferable to continue using devices they already 
know. Moreover, some of them stated the need to add new sensors to the system – i.e. 
glucometers – for patients with co-morbidities.  

Four patients took the system home and used it for one day or two, depending of 
the availability of the VSM. After this time, the interviewers went to the patient’s 
home, where the patient was asked to fill the same questionnaire they filed during the 
first encounter. The next figures show these 4 patients’ impressions before and after 
using the system in a real environment. The next figures show the patients’ impres-
sions about the PDA before and after taking the system home. 

The results show that three of the patients did not significantly changed their minds 
after using the system in a real environment. The only patient that changed his mind 
had connection problems between the PDA and then at the end of the first day, which 
made his impressions much worse after taking the system home. It is worth noting 
that health care systems have to be very carefully designed and implemented in order 
to guarantee the patient’s adherence and confidence.  

Interviews with professionals aim to explore the business opportunities, to identify 
all actors involved in the health care process of chronic patients and to identify the 
barriers and challenges that arise when designing a holistic approach to treatments 
and health care. The selected professionals include cardiologists, electrophysiologists, 
general practitioners, nurses, pharmacists and social workers. The format of the inter-
views is similar to the format that was used with patients. During the storyboard 
phase, all professionals were shown the whole system, including the patient side. The 
tangible phase was different for each professional, depending on their profile and 
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expected role. Thus, hospital professionals were asked to interact with the web portal, 
while pharmacists and social workers were asked to interact with the PDA and the 
web portal. After that, professionals were asked some open questions and they were 
prompted to fill a scoring sheet questionnaire in order to gather quantitative data on 
the impressions and insights about the system. The scoring sheet questionnaire com-
prises 10 questions. The questions are listed below:  

1. This concept is a good solution for this health condition. 
2. This concept will improve the quality of health. 
3. This concept will reduce the effectiveness of care. 
4. This concept will damage my relationship with the patient/client. 
5. This concept will improve communication in the professional team. 
6. This concept will increase my workload. 
7. This concept will complicate my way of working. 
8. This concept will provide me with reliable information. 
9. I think health professionals would not easily adopt this concept. 
10.I will recommend/prescribe this concept. 

The results showed that the response towards the system was mostly positive. Most 
professionals stated the importance of having quick access to all the information 
about the evolution of the patients’ vital signs between visits and their treatment. The 
web portal was highly appreciated, but most hospital professionals stated the need of 
having all information regarding the patient’s treatment and health record displayed in 
a unique screen. The medication section was also highly appreciated. Nevertheless, 
professionals of all profiles stated their concern regarding the difficulty of introducing 
a system like this in the actual health care system.  

9 out of 10 professionals stated that they would recommend or prescribe this sys-
tem to their patients or clients, as they considered the system as useful to enhance the 
patient’s motivation and adherence to the medication regime. Nevertheless, cardiolo-
gists had doubts on the reliability of the gathered data. 

6   Conclusions 

The final results were really promising. Patients and professional who took part in the 
process show a high interest on the system. We could learn how to go on with our 
research trying to find the best way to implement solutions for personal health systems. 

A detailed analysis to enhance individual experience incorporating this system into 
the daily routine in a long term basis requires further study. A study is underway on 
the behavior components towards e-health to create a communication framework plus 
increasing the patient’s interest in such systems. A future framework considers the 
analysis of different variables to assure the motivation in the long term use. Likewise, 
we must evaluate the long-term impact in the quality of life of heart patients and their 
health status.  

In the coming years we will face a social change in which these system may play 
an important role in chronic patients’ daily lives, supporting a quality of life that will 
prevent and treat chronic diseases. Besides, from the economical point of view, we 
also need new ways of facing the amount of people demanding care. 
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