biosignal data. At present we apply a procedural approach to
biosignal interpretation, however we are beginning to
investigate in what circumstances it is feasible and useful to
apply Al technology to the problem of analysis and
interpretation of BAN data. In this work-in-progress paper we
refer to the example of dynamic risk assessment for patients
undergoing cardiac rehabilitation, a new application being
investigated by the Australian team. The intention is to build on
current mobile monitoring systems for cardiac patients and
develop a more intelligent, evidence-based monitoring and
treatment application for home-based rehabilitation following
myocardial infarction. The idea is that the cardiology team
establishes the patient’s individual baseline risk profile and
equips the patient with a cardiac rehabilitation BAN. This
extension of the cardio-BAN incorporates a set of body worn
sensors and transmits the captured biosignals to a remote
healthcare location. Analysis of biosignals is performed locally
on the BAN and/or remotely. As well as providing continuous
cardiac monitoring, as the current systems do, the proposed
BAN application will also continually reassess the patient’s
current risk level, enabling the system and/or a remote clinician
to give appropriate personalized, timely advice, support and if
necessary, intervention. The intention is to support secondary
prevention by optimizing rehabilitation activities and
minimizing dynamic risk whilst maintaining vigilance in
respect of adverse events or trends (the latter being already
implemented in the existing cardio BANG).

In section II we introduce the two existing health BAN
systems, one from Sydney and one from Twente. Each has
been prototyped and successfully trialled on different patient
groups. In section III we outline the example application,
namely personalised BAN-based support for patients in home-
based cardiac rehabilitation. This application could be
implemented as an additional service running on either of the
BAN systems. In section IV we discuss exercise during cardiac
rehabilitation and in section V we raise some of the issues
which were encountered in the knowledge acquisition phase.

II.  MOBILE MONITORING AND TREATMENT SYSTEMS

First we describe the monitoring systems developed by two
research groups. The Telemedicine Group at the University of
Twente in The Netherlands and the Personal Health Monitor
Group at the University of Technology, Sydney, are both
researching the use of Body Area Networks to provide mobile
health services to patients and health professionals. Both
systems have been used successfully in trials with a number of
different patient groups, with clinical applications and user
requirements defined by the health professional users. Both the
European BAN and the Australian BAN incorporate a set of
body-worn devices including one or more sensors and a
processing and communication platform (a mobile phone or
PDA). Fig. 2 shows one variant of the European MobiHealth
BAN [1-4] incorporating electrodes and respiration sensor and
Fig. 3 shows the Australian PHM system [5-8] using in this
case a blood pressure monitor and ECG.

At Twente the emphasis has always been on telemedicine,
ie. using “extraBAN” communication between the patient BAN
and a remote healthcare organisation or clinician. A generic
architecture for Body Area Networks (BANs) and a supporting

m-health service platform have been developed, referred to
respectively as the MobiHealth BAN and MobiHealth MSP.
Based on the generic architecture, a series of specialised BANs
and applications have been developed for different patient
groups from a number of specialties including cardiology.

Fig. 2. Another variant of the European MobiHealth BAN

Biosignals measured by body worn sensors are transmitted
to a remote healthcare location where they can be viewed by
clinicians. Automated or clinician-initiated feedback and
treatment completes the (macro) loop for BAN-based m-health
services. Since 2002 several telemonitoring and teletreatment
applications for a variety of (chronic and acute) clinical
conditions have been trialled on different patient groups over
the course of a number of collaborative projects (IST
MobiHealth, IST XMotion, eTEN HealthService24, Freeband
Awareness). The system is currently further developed to
provide context aware teletreatment services in the eTEN
project Myotel.

The group at the University of Technology, Sydney, began
researching a contrasting approach where the original emphasis
was on local (micro-loop) processing, offering local monitoring

Fig. 3. Australian Personal Health Monitor

and personalised services to patients to support self-care. The
PHM has been trialled on 70 low-medium risk cardiac patients
at the Sydney Royal North Shore Hospital (Cardiology
Department) in Australia and is currently under commercial
development. An extensive description and comparison of the
two systems (European and Australian) can be found in [9].

Both the European and Australian systems can be classed
as health BANs according to the definition given in Section I.
In both systems captured biosignals undergo a series of
processes starting with low level signal processing and ending
with high level clinical analysis and interpretation to various
levels of abstraction in order, for example, to detect medical



emergencies or adverse trends. Both include detection of
cardiac arrhythmias as one of the offered clinical applications.

The sensors currently integrated into the Personal Health
Monitor are: ECG, weight scale, accelerometer, blood pressure
monitor, blood glucose meter, pulse oximeter and GPS. The
sensors that have been integrated into the MobiHealth BAN to
date are: electrodes for measuring 3, 4 and 9 channel ECG and
surface EMG, pulse oximeter, respiration sensor, temperature
sensor and activity sensors (step-counter, 3D accelerometer).

For certain clinical interpretation tasks, such as detecting
when certain pre-specified thresholds are exceeded, a
procedural approach suffices. Other interpretation tasks require
a more sophisticated approach, involving fusion and analysis of
data from multiple sensors. At a certain point procedural
approaches may not be the best solution and both research
groups have come to realize the necessity, in some
applications, of moving to a knowledge-based approach and
incorporating context awareness to the analysis and
interpretation of BAN data [10-12, 3]. In the next section we
describe the cardiac rehabilitation application; this is a new
application and we stress that we are currently only in the
knowledge acquisition phase. This new variant of the BAN has
not yet been developed.

III. EXAMPLE: CARDIAC REHABILITATION BAN

Participation in cardiac rehabilitation programmes post MI
(myocardial infarction) “has been shown to reduce all-cause
mortality and cardiac mortality when compared to usual care”
[13]. The vision of [14] was to implement continuous risk
assessment for this patient group by means of intelligent real-
time analysis and interpretation of BAN-captured biosignals
together with context data. As well as detecting clinical
emergencies and trends this extended cardiology BAN would
estimate the current risk level and give personalised feedback
and encouragement to support compliance (eg exercise and
medication reminders) to the patient. The advice would attempt
to minimize personal risk levels at any one time for example by
rescheduling exercise not to coincide with elevation of risk
levels caused by other factors such as stress.

The American Heart Association lists the major non-
modifiable risk factors for cardiovascular disease as: age,
gender and heredity (family history, race). These factors play a
major part in determining an individual patient’s baseline risk.
The major modifiable risk factors (cigarette smoking, obesity,
hypertension, high blood cholesterol, diabetes mellitus and
physical inactivity) can be influenced by life-style changes
and/or medication. However the impact of changes in lifestyle
will usually be gradual (over weeks or months). Risk of
mortality by myocardial infarction or coronary heart disease
can be estimated based on these modifiable and non-modifiable
risk factors. Risk is usually expressed in terms of percentage of
mortality over a 10 year time span [15]. Other so-called
“contributory factors” are stress, alcohol, diet and nutrition, but
“their significance and prevalence haven't yet been precisely
determined” [15]. In addition to the static or relatively slowly
changing factors, the literature also refers to factors elevating
risk in the short term. These ‘triggers’ include time of day,
physical exertion, weekly and seasonal variations, eating a
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heavy meal, smoking and “meteorological stress” (ie exposure
to extreme temperatures). All these triggers may lead to
ischaemia, which could be detected directly through ST
segment changes on the ECG. However we did not find an
algorithm for detecting ST segment changes that could be
implemented on the BAN at present.

The proposal was to extend the existing cardiology BAN
from Sydney (the PHM system) and its software in order to
monitor, where possible, these short term risk factors and
dynamically estimate the changing risk for an individual
patient. (The proposed application could similarly be
implemented by extension of the European MobiHealth cardio-
BAN.) The baseline risk would be set and regularly reviewed
by the cardiologist and the system would calculate the dynamic
risk on the basis of sensor data and context information and
give appropriate feedback. The cardiac rehabilitation BAN
proposed in [14] would consist of an extension of the PHM
system, consisting of a processing platform (a mobile phone)
which communicates wirelessly with sensors and context
sources to continuously update the current risk estimate. The
sensors would be electrodes (to measure ECG and derive heart
rate), accelerometer (to detect falls and to measure duration and
intensity of physical activity), temperature sensor and blood
pressure monitor. Context sources would include the internal
clock of the mobile phone (time of day) and calendar (for
seasonal variation in risk). For some factors the patient would
be required to enter data (eg. heavy meal, cigarette), since not
all dynamic risk factors identified can currently be measured
using existing sensors or external context sources.

At Sydney a first selection of static and dynamic risk
factors was established following a literature search and a first
attempt at formalisation of the knowledge was attempted,
resulting in a model for dynamic risk assessment and an
algorithm incorporating a scoring system [16]. The concept
was to define a personal baseline risk based on the
cardiologist’s assessment including the particular fixed and
voluntary characteristics of the individual patient, and then on a
moment-by-moment basis to dynamically increment or
decrement the current risk score according to changing factors
known to influence risk in the short term. SCORE risk
functions [17] were preferred over Framingham [18] since the
target group are already diagnosed with cardiac disease or have
suffered a cardiac event. The resulting model can be regarded
as a first approximation based on a literature search only, still
requiring validation by clinical experts. However even at this
early stage many issues emerged; here we discuss some points
arising from the evidence relating to the role of exercise during
rehabilitation.

Iv. EXERCISE DURING CARDIAC REHABILITATION

Exercise is a central component in cardiac rehabilitation.
The NICE clinical guideline on secondary prevention
following a myocardial infarction includes as a key priority that
“Patients should be advised to undertake regular physical
activity sufficient to increase exercise capacity” and that
“Patients should be advised to be physically active for 20-30
minutes a day to the point of slight breathlessness” [13]. Some
health authorities offer a hospital-based rehabilitation
programme including exercise sessions which are monitored
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closely by clinical staff. According to the definition of phases
of comprehensive cardiac rehabilitation found in the UK
National Service Framework for Coronary Heart Disease,
(Appendix F of the full guideline [13]), “structured exercise
sessions to meet the assessed needs of individual patients” are
introduced for eligible patients in Phase 3 of rehabilitation, four
weeks after the acute cardiac event. Since physical exertion
itself can be a trigger for further cardiac events, the exercise
prescription must be adapted to the individual patient and
carefully monitored. Phase 3 is usually implemented as a
hospital based outpatient programme. After this phase, exercise
and other lifestyle recommendations will be made for Phase 4:
“long-term maintenance of changed behaviour”. Long term
regular exercise has been “shown to reduce all-cause and
cardiac mortality in patients after an MI” [13]. However the
guideline notes that “Maintenance of these lifestyle changes in
patients after an MI has been shown to decline following the
end of the patient’s participation in coordinated comprehensive
cardiac rehabilitation” and identifies the key research question:
“What encourages the maintenance of regular exercise ...
beyond the period of comprehensive cardiac rehabilitation?”

We investigate whether a BAN-based monitoring
application could additionally provide patients in Phase 4 with
support in maintaining and optimizing their long term home-
based rehabilitation by tracking and helping to minimize
personal dynamic risk levels and by giving personalised
feedback, encouragement, reassurance and a sense of safety.

Currently we are examining the complex set of rules in [16]
to see if a Clinical Decision Support (CDS) approach could
offer a better solution than the procedural approach.

V.  DISCUSSION AND CONCLUSIONS

The preparatory work to date on the cardiac rehabilitation
application has been largely concerned with the knowledge
acquisition phase, involving searches of the medical literature
including relevant clinical guidelines to provide the base
clinical knowledge. Knowledge engineering was initially
attempted by expressing individual risk factors in rules and
procedures using flowcharts and a scoring system. The rules,
which are quite complex, can be found in [16]. Currently we
investigate expressing the knowledge in a suitable KR
formalism for processing using CDSS technology to analyse
and interpret BAN data and context data. Some issues we
encountered are outlined below.

Degrees of uncertainty. Probabilistic evidence on some of
the risk factors is sometimes expressed with large ranges,
variance or margins of error. An example is the estimation of
ventilatory threshold based on HR,,,,. The threshold is used in
one of the rules in [16]. At first sight this appears to be a simple
question of estimating and applying a threshold. Although both
ventilatory threshold and HR,,, can be measured directly by a
cardiac stress test, such tests are inadvisable in post-MI patients
(indeed this would violate the rules in which they are
referenced). Therefore an estimate is used in [16] where
ventilatory threshold is estimated on the basis of HR,,,, which
is in turn estimated by the formula commonly used in exercise
physiology of 220 minus age in years. However this HR .«
formula has been criticised (eg. in [18]) as being clinically
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unfounded: “Research since 1971 has revealed the error in
HR,,.x estimation, and there remains no formula that provides
acceptable accuracy of HR,.x prediction.” A number of
alternative formulae are reviewed in [18], but the conclusion is
that more research is required to establish a more accurate
method of estimation. Furthermore, the formula for estimating
ventilatory threshold in relation to HR, is itself expressed
with a wide margin of variability: “The ventilatory threshold
corresponds with approximately 85% of HR,,,x. But this may
vary between 50% and 90% of HR,,,” [16]. The concern is
that such high degrees of uncertainty or imprecision will
multiply up casting doubt on the likelihood of reaching useful
conclusions.

Another point is general lack of consensus over risk factors
“Risk factors for cardiovascular disease have been defined by
various groups and experts for decades. Unfortunately, the lack
of consensus among these groups and the periodic changes in
risk factor listings have led to confusion among health care
professionals” [19].

Finally separate items of clinical evidence, often expressed
probabilistically, were found in the literature but the issue of
finding evidence supporting how to combine, normalize and
weight these separate items however seems to us to be
problematic, and the weights assigned in [16] were in many
cases arbitrary first ‘guesstimates’. We feel the need for expert
opinion or further evidence in order to combine, normalize,
weight and tune the knowledge base relating to the different
risk factors.

To summarise this work-in-progress, we pose the general
question: in what circumstances it is feasible and useful to
incorporate knowledge based systems into BAN monitoring
and treatment applications? Further, in the particular case of
real-time cardiac risk assessment, we ask if the cardiac
rehabilitation BAN concept itself is clinically valid, useful and
achievable given present knowledge and technology. If the
concept is valid, we see potential for cost efficient delivery of
effective cardiac rehabilitation. NHS Lothian’s Heart Manual
programme has demonstrated that properly planned and
managed home-based cardiac rehabilitation can be as effective
as hospital-based rehabilitation programmes [21]. Augmenting
this with real-time monitoring and feedback systems for home
use by patients could further enhance such home-based
programmes, hence the proposed BAN-supported home-based
rehabilitation application might have the potential not only to
support Phase 4 cardiac rehabilitation, but possibly to replace
the hospital-based Phase 3 of current programmes. The
application also has potential for monitoring health under
extreme circumstances, eg. for deep sea divers repairing oil
pipe lines, or workers at high altitude, athletes in training or
military personnel on the battlefield. In Twente we also
investigate an application of CDSSs using Actor-Agent
Communities (AAC) based on Bayesian networks. That study
[22] focuses on rehabilitation for chronic pain patients.

If the concept is valid, but (in the cardiac rehabilitation
application or other applications) insufficient clinical evidence
is currently available to support the application, an alternative
contribution by our technology might be found in data
aggregation. Data routinely collected from patient health BANs
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can furnish large collections of clinical data with the potential
for data mining in order to yield more statistically powerful and
accurate clinical evidence. Such data aggregation -effort
however requires standards relating to representation of
biosignal data and the associated metadata needed to compare
and interpret them.
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ABSTRACT

The quality and the effectiveness of the communication between
patients and clinicians is a key aspect of an eHealth system.
Mobile communication technologies can help addressing this
problem providing ubiquitous and personalized information
access. In this paper we illustrate the architecture of a mobile
service, integrated in the hospital information system, aimed at
supporting the user task in a day hospital scenario. The mobile
device provides to the patient information messages related to her
disease or her current task. Message delivery time is personalised
using recommendation technologies that exploit contextual data
such as the patient’s position and current activity, and the history
of user’s previous message reading behaviour.

Keywords
Mobile Services, Recommender Systems, Personalization,
Message Push.

1. INTRODUCTION

Mobile phones are becoming a primary platform for information
access [4][13]. Hence, it is important to understand the
capabilities of this channel and the information access behavior of
mobile users, in different contexts of usage [5], and in particular
in eHealth applications in the hospital environment [10][5][15].
Moreover, as the amount and complexity of information services
increases, it becomes more and more difficult for users to
navigate their user interface, and find the right information or to
complete a particular task. For this reason, in the last years, many
Web-based information systems have been augmented with
Recommender Systems (RSs). RSs are information filtering and
decision support tools aimed at providing product, information,
and service recommendations personalized to the user's needs and
preferences at each particular request context [1] [16]. RSs have
been largely used in eCommerce applications supporting PC
clients, but are now emerging as useful techniques for improving
information services accessed by mobile devices (PDA, mobile
phones) [14]. In this scenario the main issues are related to the
limitations of the user interface, i.e., small screen and keyboard,
and limited computational power [9]. Moreover, other important
limitations and constraints come from the context of usage, i.e.,
the user is typically accessing the system when she is on the move
and several disturbances and interruptions make the interaction
more complex, intermittent and shorter [9].

At the same time, the evolution of mobile devices, e.g., personal
digital assistants (PDAs) and mobile phones, the ubiquitous
availability of wireless communication services (e.g., wireless
LAN and GPRS/UMTS) [17] and the development of position
detection techniques (e.g., RFID beacon-based and GPS [18][19])
have fostered the development and commercialization of new and
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sophisticated location-based services suited to the needs and
constraints of mobile users [4] [13].

In this short paper we illustrate the motivations and the state of
the development of MobiDay; a mobile and personalized
information service in the hospital, aimed at improving the quality
of the communication between the medical staff and the patients
in a day hospital scenario. MobiDay is using pervasive
technologies and contextual information in an oncology unit, to
provide up-to-date, context dependent information to the patients
and to let them to enter various information required by the
doctors to asses their state. The ultimate goal of this system is to
provide not only a valuable set of information to the patients (e.g.,
what to do next, or information about their status) but also to learn
from their actions (opening and reading messages) better and
better strategies for delivering personalized support. The practical
effect of the learning procedures is to increase the effectiveness of
the information and the user interface. We carried out our entire
project in close collaboration with clinicians. During the design of
MobiDay, we used feedback from the clinicians to iteratively
refine it and in the next future this new mobile service will be
fully integrated in the existing information system of the hospital
in Meran-Merano (South Tyrol, Italy).

The rest of this paper is organized as follow. Section 2 describes
the system functions and Section 3 illustrates a typical usage
scenario to give a better overview of MobiDay functions. Section
4 describes the system architecture and Section 5 illustrates the
key technical issues and solutions that we faced. We conclude this
short paper by describing the experimental evaluation that we
plan to run in the next months (Section 6) and providing some
concluding remarks (Section 7).

2. SYSTEM FUNCTIONS

MobyDay system is aimed at supporting the patient in a typical
day hospital scenario of an oncology unit. Its main function is the
personalization of the messages sent to the patients, and the
support for filling user questionnaires (e.g., on quality of life).
Messages sent to the patients can provide tips about how to
improve the quality of life on certain circumstances, or simply
instruct them about what to do next. This information flow is
ultimately aimed at supporting the user task execution (analysis,
treatment, and doctor’s interviews) with the help of a mobile
device (a mobile phone with Wi-Fi connectivity) used by the
patients during the full day hospital process. The main functions
of MobiDay are listed below:

- Personalized instant messages: information that is of
interest for a patient, in a specific step of the day hospital
workflow, is generated by MobiDay and forwarded to the
patient on a time identified by the system. MobiDay is aware
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of the user context (location and current activity) and can
decide whether this context is appropriate for the user to
receive the message.

- Questionnaire and form filling: questionnaires about the
quality of life, which are provided and analyzed by CHES,
are converted into a format that is suited for the mobile
device. CHES is a system developed at Innsbruck Hospital
enabling questionnaire filling on a tablet PC, and data
analysis [12]. We aim at providing an additional input
channel, which could be as usable as the standard paper-
based and PC-based versions. The questionnaires are
displayed and filled on the patient’s personal mobile device.
The filled questionnaires are sent back to CHES for data
analysis and reporting.

- Workflow support: the day hospital’s workflow is
integrated and exploited by MobiDay. This means that the
mobile component is aware of the status of all the patients in
the workflow: it is informed when a task is finishing and
when a new task is starting. The patients, by means of the
mobile system, may get a better overview of their therapy’s
status and see when the next steps should be executed (see
[6] for a similar functionality).

- Identify the user-context with active RFID tags: an
important aspect of the user-context, in addition to the user’s
activity, is the user location (e.g., the waiting room or the
doctor office). In our day hospital environment MobiDay
exploits an indoor localization technique based on active
RFID transponders. The user position is checked to decide
the best time for the user to receive such messages.

- Web interface for the medical staff: in addition to the
information delivered to the patient (mobile device) the
medical staff can operate the system by providing additional
information and by sending instant messages to the patients.
Similarly to the automatically generated messages, the
decision about when to send the messages is optimized by
MobiDay.

3. SCENARIO

This section describes a typical usage scenario to give a better
overview of the MobiDay system functions and how they are used
in the day hospital. An oncology patient enters the hospital for a
scheduled visit and treatment. She approaches the registration
desk where a nurse is waiting for her. At the registration the
patient receives a badge (active RFID transponder) and a mobile
phone (Nokia N958GB). After that, MobiDay can recognize the
patient using the RFID transmitted data, and can send to her a
welcome message.

The nurse informs the patient to proceed to the waiting room and
to wait there. The patient can see on her mobile device that the
next activity is blood analysis. Then, she receives a new message
informing her that a nurse is waiting for her in the therapy room
for the blood analysis. The patient moves there and the blood
sample is taken. After this step, she is sent back to the waiting
room.

MobiDay recognizes from the current patient’s context that the
patient may have time to fill out a questionnaire about her quality
of life. Because of that, MobiDay retrieves the right questionnaire
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from CHES and sends it to the patient. The patient’s mobile
device vibrates and shows an information message. “Prof. Brown
would like to know some more information about your state”. The
patient is presented a questionnaire (see a snapshot in Fig. 1).

wé&hrend der letzten Woche:

Brauchen Sie Hilfe beim
Essen, Anziehen, Waschen
oder Benutzen derToiIette?

—

1
 Uber- haupt nicht
- Wenig
Sehr
Weiter Turiick

Figure 1. MobiDay user interface

The patient can fill out the questionnaire and confirm her choices.
After a while, the questionnaire is sent back to CHES, the doctor
is informed and can analyze the questionnaire.

Then, the patient receives a new message with feedbacks on this
questionnaire. MobiDay has recognized from the patient’s context
description that she may be interrupted by this message (she is
back in the waiting room). The patient gets an additional message
telling her that the doctor Brown is waiting for her in room E354
for the next ward round. The patient also gets a message
instructing her about how to deal with some collateral effects of
the therapy she has received today.

4. ARCHITECTURE

MobiDay comprises a server component, which interacts with the
departmental systems of the oncology unit, including CHES and
ONCONET, and two client components: one used by the patient
and another by the nurses and the doctors (see Figure 2). CHES
manages the questionnaires on the patients’ quality of life. These
questionnaires are displayed on MobiDay Client, running on the
patient’s mobile device (Nokia N95 phone). ONCONET is used
to retrieve the patient’s personal record and the workflow data.
MobiDay server is responsible for collecting these data and to
generate instant messages and questionnaires for the patient.

MobiDay server stores log data describing the user activity on the
mobile device: actions performed in context (reading messages,
reply to questions). This information is then used to learn how to
process future messages for the patients, identifying the right
user-context for sending them.

The client application is a J2ME (Java 2 Micro Edition) midlet
that is installed on the patient’s mobile devices. Each patient is
also wearing an active RFID tag that is sending identification data
to a collection of RFID readers deployed in the hospital. This
identification data is used to provide the localization information
to various components of MobiDay.
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Figure 2. MobiDay architecture

In addition, the medical staff can interact with MobiDay using a
Web application (MobiDay Web). MobiDay Web can send instant
messages that can’t be generated automatically by MobiDay
Server. In this way, the communication between medical staff and
patients can be further improved. Finally, this application
provides also an overview of the patient’s current workflow and
interaction with the mobile application (e.g. the questionnaires
already filled by the patient).

S. TECHNOLOGIES

5.1 Mobile User Interface

In the design of the MobiDay Client application we addressed two
key issues. The first relates to how to better respond to a set of
questions that the patients may have:

- Do I have new interesting information to consult?
- Do I have a questionnaire to fill out for the doctor?
- What are my next activities?

The second key issue relates to the fact that patients will access
the system in various contexts; when sitting in the waiting room,
or under the therapy procedure or when they are on the move. The
success of this mobile service is therefore also determined by the
interaction design that must facilitate system usage in various
contexts [9].

First of all, we designed the mobile interface with standard
usability heuristics. The patient should have a clear and simple
overview about what should be done next. Therefore, the interface
offers a main panel where on top a status message is informing if
any messages should be read or a questionnaire is to be filled out.
In the lower part of the interface, the patient can access an
overview of the current and next workflow activities. In this way,
the patient can easily check at any time and context (e.g., when he
is walking or sitting) the most important information.

Urgent incoming messages or questionnaires are automatically
displayed on the screen without user intervention, when the user
is not interacting with the system. The VibraCall ring is used to
get the patient’s attention, without disturbing other patients. This
speeds up the interaction and guides the patient faster through
workflow activities (e.g., the questionnaire has to be filled out).
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Questionnaires are somewhat longer actions (5-10 minutes to fill
out a questionnaire) compared to other activities performed with
the help of the system. Therefore, questionnaires are only sent
when the patient can dedicate to them the needed attention. We
think that this will occur only when the patient is in the waiting
room and she is not engaged in a particular activity. We tried to
make it as simple as possible to fill out the questionnaire,
avoiding in particular open ended questions that require the usage
of the text input on the mobile device. Most of the input requires
only joystick navigation and multiple choice selections.

Most of the user-context information is collected in the
background by the mobile device application. Therefore, the
patient is normally not concerned with that data collection. An
exception is made when we require an explicit user feedback,
when we want to obtain some reliable knowledge on the
appropriateness of some messages. The patient interaction is
simplified by following the rules listed below:

- The explicit feedback is only requested rarely.

- The request of an explicit feedback (“have I disturbed you?”’)
is integrated in the message text at the end of the message.
No additional dialogs are popping up requiring additional
user interaction.

- If the patient has not read the message in 10 minutes after it
was received, the message is not displayed anymore on the
screen. This fact provides also an indication that the time we
sent the message was not appropriate. Actually this may
have other motivations, e.g., the patient did not have time to
read it because she was doing another activity, or because
she was not interested to read the message. We will further
investigate this issue in the course of the project.

5.2 Push Messages

Personalized information services are either based on (i) passive
(also known as organic), (ii) pull or (iii) push information delivery
techniques [16]. The first technique provides item
recommendations related to the user’s currently viewed item (e.g.,
the feature “customers who read this item also read...”). The
second technique provides information to the user when she is
explicitly asking the required information. Both techniques are
seen as non intrusive because the user is consuming information
only when she is receptive of doing it. On the other side, the last
technique, i.e., “push”, provides information to the user when the
service provider thinks that it may be beneficial for the user.
However, this technique often leads to annoyed users, who are
getting overtaxed by unsolicited information at the wrong time
and place. The same may hold for a patient in an oncology day
hospital. As already mentioned before, one of the aims of this
project is to identify a methodology for learning the right user-
context for sending messages using pervasive technologies in an
oncology unit. We want to achieve this by concentrating on three
types of messages (identified by the clinicians) that will be sent to
the patients:

- Workflow dependent messages: these messages are
connected with the patient’s workflow, e.g., a patient has to
do blood analysis test now. Hence, a message is generated to
invite the patient to perform such activity. Workflow
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dependent messages are triggered on specific moments, i.e.,
when the activity must be executed.

- Information on possible side effects of the therapy: these
messages contain information about the therapy side effects
observed in the patient in the last weeks. The messages are
intended to give tips about how to avoid or deal with certain
side effects. Normally, the content of such messages is equal
for all the patients. This is normally identified by the doctor
during the ward round. After that, the doctor decides which
side effect tips should be sent to a patient. MobiDay will
then decide when to send them exactly.

- Dynamic messages: the content of such messages can’t be
defined in advance and they provide a way for the doctor to
freely interact with the patient. The content changes
dynamically during the therapy and is inserted by the
medical staff manually. These messages do not have a
precise temporal or workflow dependency.

As we mentioned above we want to improve message
management  with a  personalized  context-dependent
recommendation process. During the experimental phase of this
project (see Section 5), we will collect precise, contextually
tagged, usage data. The contextual information is basically
including the following two types of information:

- Logical location: patient’s location is the most important
data that is collected. We obtain it with active RFID
technologies. In fact we decided to mark some precise
locations of the hospital (e.g., the waiting room or lab) and
we are able to identify in which room the patient is located.

- Workflow step and time of the current action: the
workflow management system in the day hospital
(implemented by ONCONET) is a crucial component and
source of contextual data. But, this information is not always
correct, e.g., it may indicate that a patient has to undertake a
chemotherapy task but she might have already finished that
task, and the medical staff missed to update the system.
However, this information, in conjunction with the location
information provides strong clues about what the patient is
doing.

Moreover, the push message service will use some other user data
such as demographic and disease information. We also plan to use
information about the psychological state provided by CHES (to
personalize the presentation of the information). Finally the
explicit and implicit feedbacks of the user to the delivered
messages will be stored. We have implemented a specific
interface that, in-context, is asking the patient if the message
arrived at the right time or not. We will sample the user reaction
in a pseudo-random approach. In addition to that, implicit
feedback will also be collected, e.g., the reading actions of the
patients. The data will be analyzed and several context-based
recommendation technologies will be tried. First of all the
contextually tagged data will be analyzed for understanding what
contextual data are actually relevant for deciding what messages
to push. This will be based on wrapper methods that try to
automatically check the relevance of contextual data while
making the message relevance prediction [2]. Secondly we plan to
use some techniques, which have been exploited in the
personalization of the human-computer interaction process, and
that are based on reinforcement learning techniques [11].
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5.3 Localization with Active RFID

We think that the patient location is of primary importance in
order to provide appropriate contextual-dependent messages to
the patients. Considering the day hospital environment,
localization techniques based on GPS, network cell towers or Wi-
Fi access points do not offer the precision or convenience
required for determining the room visited by a patient at a certain
time instant. Therefore, to deal with that situation an approach
based on RFID technologies has been followed.

Radio-frequency identification (RFID) techniques allow the
identification of objects by means of radio waves [19] [18]. In this
approach landmarks (objects) are tagged with RFID transponders
(tags). The market offers two types of RFID tags:

e passive RFID tags, which require an external power source
to initiate signal transmission;

e active RFID tags, which are powered by a battery and can
transmit their signal autonomously.

We have selected the second type because active RFID support a
longer transmission range, which is roughly 25 meters in a typical
indoor situation (with the particular kind of transponders that we
have used). As mentioned above, active RFIDs are able to receive
and transmit data, and can be programmed so that it is possible to
exploit a peer-to-peer model of communication between tags [3].
Moreover, transmission power can be modulated to customize the
transmission range to the specific needs of the environment (in
our case approximately 5 meters). This feature has been exploited
in our project and allowed to detect and broadcast “contact”
events, for example, two transponders seeing each other, i.e.,
being in communication range.

We have deployed a system configuration consisting of one
transponder for each room taking part to the workflow of patients.
Moreover, each user participating to the experiment also wears a
tag. This simple design enables the identification of the
previously mentioned “contact” events between patient and room
transponder, thus locating the user among one of the tagged
spaces. To receive the signals transmitted by these transponders,
in the area of the day hospital unit three RFID USB-readers have
been installed in fixed locations. Each reader is then connected to
a laptop that receives the packets broadcasted by transponders
and, through a local network, it can forward the received
information to a server for further processing. Here the server
processes the transponders’ packets and provides the computed
position of the patient to MobiDay server. The transponders and
RFID readers that we used are developed by OpenBeacon.org.'

6. EXPERIMENTAL EVALUATION

In the next months we plan to conduct an experimental study in
Meran-Merano hospital. We want to first identify possible major
usability issues of the user interface of the mobile system (we
already performed a heuristic evaluation with the
clinicians).Indeed, deploying mobile technologies as those
presented here can raise several usability and privacy issues that

! We would like to thank C. Cattuto and ISI Foundation for their
help in setting up the system. They have provided to us the
devices, the knowledge and the software needed to acquire and
process the patients’ positions.
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must be considered and faced with appropriate solutions [8][15].
In fact, the main objective of the study is to compare the quality
of the support provided by the mobile device, in the questionnaire
filling task, with that offered by the CHES Tablet PC application,
and with the standard paper-based form. In this experimental
evaluation the system will collect precise log data of users’
interactions with the system in order to perform the analysis
described in Section 5.

We plan to use a within-group experimental strategy where users
will use for a period of time the mobile device and then, for the
same period, one of the other two variants (Tablet-PC or paper).
Two other groups will perform the same experiment but in the
reverse order. This study will involve approximately 40 patients
(10 per group). Hence, the study will be subdivided into two
phases: in the first one, consisting of two sessions of one day
treatment in the day hospital (separated by two weeks) the patient
will use one type of interface. In the second phase, which also
consists of two sessions of one day, the patient will use another
technology. We will measure the subjective user’s evaluation
using one quiz test after each single phase, and in a final
questionnaire the users will be asked to express their preference
over one of the two form filling methodologies that they have
used. Our basic hypothesis is that the mobile system can be as
much usable as the tablet version and will be positively accepted
by the younger patients. We also expect a more efficient
interaction, because of the simplifications we made to the user
interface.

7. CONCLUSION

This short paper describes the current status of a research on a
mobile, personalized information service in the hospital, aimed at
improving the communication between the medical staff and the
patients in a day hospital scenario. We have defined the main
system functions, the system architecture, and addressed the key
technical issues related to the required techniques: the user
interface for the mobile client, the personalized context-dependent
push messages service, and the localization technique exploiting
active RFID transponders. The development of this system is
completed and we are now pilot testing the prototype before
executing the experimental evaluation. The future work will
consist in testing our research hypothesis about the usability of
the mobile service, and in testing a set of recommendation
technologies used to learn the best context for each type of
message delivery. It is worth noting that this system is addressing
a limited context of usage, i.e., the day hospital. In the future we
would like to offer a better communication and support when the
patient is at home.
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Abstract

The inclusion and autonomy of older people in the
society where large parts of the life is organized
with computer and Internet use as means is ad-
dressed in an ongoing project in the rehabilitation
and health domains. Part from investigating the po-
tentials of using ICT for rehabilitation of older
people with limited or no computer skills, the aim
for the project is to develop methods and tools for
the purpose, and also for the interaction design
domain where systems are developed for older
people. This paper reports results from using activ-
ity theory and the notion of ZPD for prototype de-
velopment and evaluation of decision and activity
support systems as a common tool for the patient
and professional in the rehabilitation process. The
results include a protocol for capturing the users’
development of skills in Internet-mediated activity.
The protocol is used for informing the design of the
system in an iterative process.

1 Introduction

Computer use is widely spread in society, with Sweden as
an example of a country among those with the highest level
of access to Internet in the world [1]. Activities are, to an
increasing extent, re-organized to involve the web as a
means, as source of information and entertainment, channel
for communication, base for social environments and for
administration of individual’s personal and social life. This
trend excludes persons who have not access, knowledge or
the skills to use computers and Internet facilities from a
large part of the society and often also parts of the social life
of the immediate family. To a large extent, older persons are
characterized by this exclusion and would benefit from pur-
poseful designed systems aimed at supporting the execution
of activities of their choice. This category of aids to over-
come hindrances to perform needed activities in daily life,
ranges from environmental-based cognitive tools in ambient
assisted living projects, smart homes, memory aids or aids
comprising less computer-based intelligence such as regular
wheel-chairs. They constitute a significant asset for occupa-
tional therapy interventions. As part of the professional rea-
soning to evaluate activity barriers in individual clients, the
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adjustments of the environment in which the activity is to be
performed is done on a regular basis in the rehabilitation
process. In this process computer based aids could to a
larger extent serve as important facilitators for activity and
individuals’ autonomy. Therefore, the professional assess-
ment of the needs for relevant computer and Internet based
aids such as ambient assisted systems is an activity that will
increase in importance by the increased demands of ICT-
mediated distributed activities in people’s daily lives.

The rehabilitation process is also a process distributed
over time and location, sometimes involving additional ac-
tors such as family, where members often are located in
other parts of the country. Computer and web based tools
for investigation and follow-ups could easily overcome
these factors, and may consequently enhance the client’s
role and influence over his or her rehabilitation process if
used as a common tool for choices and adjustments of inter-
ventions. Therefore, a pilot study was initiated with the aim
to investigate to what extent ICT can be used as a common
tool in the rehabilitation process by both an occupational
therapist and an older patient who may not have any or very
limited experience of computer use.

This work takes as starting point the occupational thera-
pist’s assessment of an individual’s ability to perform im-
portant and desired activities for the purpose of intervening
for increasing autonomy and health. The domain is rehabili-
tation of older people and their activities that may be sup-
ported by Internet-based tools. Interventions in this perspec-
tive comprise adjustments in the individual’s environment,
including computer tools, in order to compensate for physi-
cal or cognitive dysfunctions. We focus on the phase before
the possible integration of systems, where the needs of indi-
viduals are assessed as part of a professional evaluation and
motivations for adjustments of the environment can be gen-
erated. This is currently being done by rehabilitation ex-
perts, however, they lack tools for matching individuals’
changing needs with the possibilities that lie in the new
technology. We also focus on how evaluating the effects of
changing the environment for improving activity. For ac-
complishing this, a protocol for assessing development of
skills and ability when performing Internet-mediated activi-
ties is being developed.

Seen from a system development perspective, the current
user-centered design methodologies are limited when het-
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erogeneous groups such as older persons are to be involved
in the design process, who may not be articulate about de-
tails in user interface design [22]. Furthermore, there are
few descriptions in research literature of methodology that
assess possible impact on health in older persons that can be
associated to computer use [20, 21]. There is also a limited
number of tools described that can be used for informing re-
design in a system development perspective. The assess-
ment protocol presented in this paper serves as a tool in ob-
servations of users involved in an iterative design process
for developing systems for older persons and in evaluation
studies for the abovementioned purposes.

2 Methods

An activity-oriented participatory design process with heavy
emphasis put on the activities in focus was applied, involv-
ing two occupational therapists (OT), a computer scientist
(CS) and a group of older volunteers. This was accom-
plished by using activity theory as the theoretical framework
for data gathering, analysis and re-design [6, 7, 8, 9]. The
activities observed ranged from occupational therapists in-
vestigating the participants, the participants performing ac-
tivities of their choice, and the dialogue between the two for
the purpose of follow up on interventions. Interviews and
questionnaires were used continuously. Observations of the
participants performing activities were both done without
interference and with purposeful interference as “a more
skillful peer” depending on the situation and its purpose.

2.1 Assessment and Preparation Phase

With a starting point in the occupational therapist’s evalua-
tion of activity status, activity hinders were identified as
well as personal resources, needs and interests in eight older
persons who volunteered to participate in the study. Persons
included in the project where those who did not have any or
very limited experiences of using computers and none using
the web. The subjects comprised one man and seven women
between the ages of 65-75 in the initial phase. The profes-
sional instruments used for the OT evaluation were the in-
struments Assessment of Motor and Process Skills (AMPS)
[10], Occupational Case Analysis Interview and Rating Sca-
le (OCAIRS-S) [11] and the MNPS interest checklist [12],
supplemented with open structured interviews.

The data gathered in observations of the evaluations and
in interviews were analyzed using activity theory [6, 7]. The
results were categorized into themes of activities based on
purpose and what needs the activities were expected to ful-
fill, as expressed by the participants. A similar pattern was
shown in the eight participants, which emerged to a few
main themes that were considered the most important to the
participants. Based on these themes use scenarios were cre-
ated enriched with the user’s own descriptions of important
and interesting activities they would like to be able to do.
The scenarios were also analyzed using activity theory. A
structured protocol emerged (Assessment of Autonomy in
Internet-Mediated Activity, AAIMA), which were used for
valuing and documenting the individual’s development of
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skills and ability in Internet-mediated activity. The AAIMA
protocol was also used to formulate questions for interviews
and computer-based questionnaires, structured partly as
open questions and partly as likert scales. These were used
after each session for assessing the subjective views and
attitudes towards different aspects of computer use.

2.2 Evaluation and Re-Design Phase

Based on the activity analyses and a literature review, initial
prototypes of a virtual café environment were developed
and integrated in an already existing physical Internet café
environment for older people provided by the municipality.
The café metaphor was used in the pilot study since it suited
the municipality’s ambition with their participation in the
project. The environment was chosen because the location
was well known by the inhabitants, localized in a special
home for older persons with additional services provided to
persons in the neighborhood such as rehabilitation services.
The environment was considered as an intermediate location
solely for the purpose of the pilot project in the process of
moving parts of the rehabilitation activity out from the
clinic towards the individual’s home environment. Using the
concept of a virtual café environment for the prototypes was
also considered suitable in an initial phase, since the main
benefits of the desirable activities expressed by the subjects
were related to perceived social gains from computer-
supported activities.

The subjects participated in seven to eight organized oc-
casions of 1,5 hours, during a period of two months in this
environment. Four of the participants also had access to a
computer in their homes in part of, or the whole investiga-
tion period. One woman did not proceed to participate in the
café environment due to health reasons.

The dynamic properties of activity theory, and the notion
of Zone of Proximal Development (ZPD) were used in the
study to investigate the progress of novice users in master-
ing the computer-based tools for activity during the eight
sessions of computer use [6]. After each session an assess-
ment was done for each individual based on observations by
marking which actions of the activities in the AAIMA pro-
tocol (Table 1) were mastered autonomously and which lied
in ZPD, while the ones beyond ZPD were left unmarked.
The observers acted as the more skillful peers when this was
required, in order to identify limits in knowledge and skills
and guide towards a higher level of mastery. In parallel,
reasons for breakdowns were identified that could be re-
ferred to the design of the computer applications. Obvious
obstacles were removed and requirements for future applica-
tions were identified, while some aspects were integrated in
re-designs of the prototype between sessions in an iterative
process. Some of these aspects of re-design concerned gen-
eral aspects of design, while other concerned matching the
design to advances in knowledge and skill development in
individuals. Viewed in a longer perspective beyond this
pilot study, requirements for a system that may act partly as
the more skillful peer were also identified, forming a base
for an intelligent support system to be used in the rehabilita-
tion domain.
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Based on the activity analysis, the AAIMA protocol and
the user analysis, a set of questions was formulated and used
for evaluations in order to capture subjective views on ac-
tivities and performance in addition to observations and
interviews. The participants expressed their views in an
evaluation section integrated in the prototype, as part of
each session.

3 Results

The results from this pilot study will be limited in this paper
to results relating to the AAIMA protocol. The results are
categorized as follows: 1) activity analysis, including an
introduction to concepts of activity theory and the resulting
assessment protocol, 2) user analysis and development of
ability to perform activity, and 3) prototype development
and evaluation.

3.1 Activity Analysis and the Assessment Protocol

The purposeful activities described and valued by the sub-
jects were categorized by their purposes, or goals. The un-
derlying needs that the activities contributed to were also
identified and three main themes emerged: 1) having
knowledge and feeling in control, 2) feeling safe and secure,
and 3) feeling good, healthy, engaged and active, having
fun. Corresponding activities were: 1) search and find in-
formation, become informed, keep up with news, 2) com-
municate with others, and 3) performing activities in the
fields of interest, i.e., hobbies, organizations, etc. Using an
activity theoretical interpretation of levels of activity, the
third category of activities represents main activities, while
the first and second are sub-actions necessary to complete
the main activity (Fig. 1).

Main activity
Performing activities in fields of interest
(feeling good,healthy, engaged, active, having fun)

Communicate with others,
nurture relations
(feeling safe and secure)

Search and find information,
keep up with news
(knowledge and control)

Handle interaction devices and GUI components

Fig. 1. Hierarchy of activities integrated in the study, structured
based on activity theory. Corresponding needs the activities aim to
fulfill are set in parentheses.

One additional category of tasks was identified, which
corresponds to the operation level in terms of activity the-
ory, e.g., handling interaction devices, components in the
user interface and language (Fig. 1). In the case of an expe-
rienced user, this category does not serve needs that can be
expressed, nor do the operations serve a goal in itself but
goals defined at higher levels of activity. However, this
category plays a significant role in the valuation of novice
users’ development of computer-related skills and in evalua-
tion of the transparency of a system [9]. Typically, opera-
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tions are done without conscious thought on the execution,
and when conscious reflection occurs the operation is per
definition changed upwards in the complexity hierarchy into
an action. In order to identify the different levels of inde-
pendence in computer-supported activity for individual us-
ers, four levels were defined for the operation category (see
Table 1). Levels of independence were also defined for the
higher-level actions and their sub-actions, which correlate to
the demands each action puts on the user. As an example,
instant messaging is judged to be more difficult compared to
e-mail. Having another person waiting while writing is for
many a stressful insight. E-mail has a physical correspon-
dence in mail, where it is understood that a message is de-
livered to the other after a certain time, and that can be an-
swered to in due time. However, the distinctions between
activities are made in a general sense, and at a higher level
of activity and interaction, since the design of different ap-
plications within the same category affects the complexity.

One key property of activity in terms of activity theory is
the phenomenon of transformation between levels of activ-
ity. When the skills are insufficient for performing the sub-
tasks of the main activity, breakdowns occur, which force
the subject to shift focus from the main activity to an action
at a lower level in the activity hierarchy in order to identify
the problem, solve it and then go back to the original activ-
ity. In the case of a novice user who has not yet internalized
the use of interaction instruments, the lower level actions
need to be executed as main activities for the purpose of
learning and developing basic skills. In the use of the proto-
col, the transformations were seen also when a person was
judged independent. However, as soon as a person needs
guidance from another person to be able to proceed further,
the activity was judged to lie in the user’s ZPD.

Activity theory provides a model for capturing develop-
ment and reasons for development and change, which is
highly valuable when designing systems for this purpose.
The transformations between levels of activity are caused by
events denoted breakdowns and conflicts, which also en-
force development of knowledge, skills, procedures or tools
[6, 7]. Activity-Theoretical models are used in the human-
computer interaction domain for developing and evaluating
interaction designs [13, 14, 15], in developmental work re-
search [7, 16, 17] and in developing knowledge and knowl-
edge systems [18, 19]. This development can be described
in activities performed by both individuals and groups. In
order to capture individuals’ potential level of performance
and knowledge, the notion of Zone of Proximal Develop-
ment (ZPD) is applied in domains such as education and
rehabilitation. For performing activities within this zone, it
is presupposed that the individual is dependent on more
knowledgeable peers to move through the zone and internal-
ize the new necessary skills and knowledge, in the process
of becoming an autonomous actor [6]. Consequently, activi-
ties that can be placed beyond ZPD in an individual refer to
activities that the individual simply cannot do, even if a
more skilful peer assists. However, these activities may en-
ter the ZPD of an individual when activities within ZPD
have become mastered.
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Table 1. Protocol for Assessment of Autonomy in Internet-Mediated Activity (AAIMA). Levels of independence in relation to web-
mediated activities are defined. The four main categories of activities identified at baseline are marked in bold face.

Level of activity  Activity description Serves needs Level of independence  Causes of breakdowns
Operation Interaction with interaction devices, - Autonomous /activity
GUI components and terminology in ZPD /activity be-
yond ZPD
Level 0 Basic tasks having a goal in itself; i.e.,
executed as activities
Level 1 Basic tasks having partly been inte-

grated in activity as actions among
other actions

Level 2 Basic tasks are partly operationalised,
causes breakdowns but is handled by
the individual

Level 3 Basic tasks are operationalised
Action Search and find information, be- Knowledge and control: Autonomous /activity
come informed, keep up with news participation in health, in ZPD /activity be-
societal, politic issues yond ZPD
Level 0 Finding the way around within the
structured web-site
Level 1 Receiving and taking part of e.g. news
feeds without actively searching new
sources
Level 2 Actively searching for new sources via
search engines or entering web ad-
dresses
Level 3 Being able to save, organize and find
the way back to information
Action Communicate with others, nurture  Feeling safe and secure: Autonomous /activity
relations social network includ-  in ZPD /activity be-
ing important people, yond ZPD
society
Level 0 Does not actively communicate with
others, dependent on others to make
contact
Level 1 Sending messages in the controlled
environment
Level 2a Communicating through e-mail in a
controlled environment
Level 2b Communicating via IM services in a
controlled environment
Level 3a Being able to use public e-mail serv-
ices
Level 3b Being able to use public IM services
Activity Performing activities in fields of Feeling good, healthy, Mark as above for
interest, i.e., hobbies, organizations, engaged and active, each activity
etc. having fun
Level 0 Passively being interested in but does
not read about, participate in or per-
form the activity
Level 1 Reading about activity but no connec-
tion to performing activity
Level 2 Actively and independently participat-
ing in or performing activity without
others being directly involved
Level 3 Actively participating in or performing
activity involving others
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3.2 User Analysis and Development of Skills and
Autonomy in Activity Performance

The major purpose of occupational intervention is to in-
crease autonomy in performing activities in fields of interest
and of importance for each individual. In this project, the
aim for the sessions was to provide the subjects opportuni-
ties to perform the identified purposeful activities as soon as
possible, in order for the OT to evaluate the effects. There-
fore, the content of the web pages was formed based on the
OTs’ initial assessments and therefore highly relevant to the
individuals. This was done with the assumption that the in-
dividuals need to find the activities meaningful, and there is
no meaning from a rehabilitation perspective in using activi-
ties that are not relevant to the user. In this perspective, the
design of the computer environment including applications
is vital for the design not to be a hinder for activity but a
mediator of activity in terms of activity theory. It was obvi-
ous in the AAIMA assessments when lack of skills in lower
levels of activity prevented the individual to perform at the
higher, more meaningful levels. When a person did not find
the information needed to do what was intended, the main
activity was interrupted. When there is an interest in a cer-
tain activity such as genealogy, there are also different lev-
els of complexity in the way that this activity can be per-
formed. In the study three of the participants reached the
level of independence to the extent they were able to use the
computer and applications to actively and independent per-
form the activity, and by this add qualities to the activity
(Activity level 3 in Table 1). The rest could do this with
some assistance (ZPD for Activity level 3) and all partici-
pants were independently using the computer to “passively”
read about topics related to their interests (Activity level 1
in Table 1), however, in a very active way often becoming
involved in discussions with people around them about what
they had read (ZPD for Activity level 2-3).

Different reasons for participating were expressed by the
persons in the sample. Four of the eight persons were skep-
tical and less motivated initially, and were primarily encour-
aged by family members to participate. Even if the sample is
too small to generalize the results, interesting indications for
future studies were seen, such that how motivation changes,
reasons for changes and how such changes affect results.
Such parameters are interesting both for evaluating rehabili-
tation outcomes and outcomes of design choices. Within
this group, three of the initially skeptical persons changed
their views and became motivated to continue using com-
puter-based tools for activity, while one person remained
skeptical and did not want to continue after the test period.
A difference between these individuals were that the three
persons who were becoming more motivated, had initially
difficulties knowing what would be the benefits for them,
while at the end of the project they had gained a clearer
view of the benefits. On the other hand, the person who re-
mained skeptical had initially a clear view of what the bene-
fit would be. This person did also not subjectively experi-
ence an increasing autonomy and level of skill, while the
observations showed a significant increase. This difference
was explained by identifying what was considered a satis-
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factory level of skills for the individual at the different lev-
els of activity. For this person mastering all tasks at the
highest level were considered a satisfactory result.

To summarize the gains reported by the subjects by the
end of the final session, all of the participants discovered
new values that could be added to their activities by using
computers and the web as tools. This includes new and eas-
ily accessed sources of information and knowledge, chan-
nels to organizations in society where they are engaged,
finding and communicating with old friends and family,
developing interests and productivity in genealogy and art.
In addition, four persons expressed that it is simply fun to
use the computer and that the enjoyment increases with con-
trol and skills. This is said in contrast to the one remaining
skeptical person who saw little use for, or enjoyment in
computer-supported activities, part from using the computer
for keeping up with news.

Summarizing the results of the OT assessments and
evaluations based on standardized instruments after the pe-
riod of activity in the controlled environment, an increase in
activity at a general level was seen in five of the seven sub-
jects. Furthermore, an increase of ability in factors such as
roles, abilities, view of own ability, handling the physical
environment and interests was seen in one to four of the
subjects, which represented in total an number of 13 posi-
tive changes distributed over all seven participants. One of
the persons (the remaining skeptical person) showed an in-
crease in the abilities domain, but also a decrease in ability
related to roles. However, it should be noted that these re-
sults can not be explained only by the introduction of com-
puter based tools in activity. Rather, the results must be in-
terpreted as being an effect of factors such as the change of
weekly activities, the contribution of the social environment,
the attention and social gains of meeting other persons in a
public space, etc, since these aspects are evaluated at a gen-
eral level embracing different viewpoints on the activities in
daily life of an individual.

3.3 Prototype Development and Evaluation

The AAIMA protocol informed design of the system in sev-
eral ways. The identification of the ZPDs of each subject
served as a base for re-design of the prototype, together with
aspects of the design of the prototype which may prevent
the user from performing in an optional way, based on
breakdown situations. In addition, an assessment was made
by the OT of the need for support for the individual to be
able to perform the important activities identified in the ini-
tial phase. To supplement these assessments with the par-
ticipants’ own view on his or her performance, computer
based questionnaires were used with questions formulated
based on the AAIMA protocol. The questionnaires were
supplemented with interviews, in order to enrich the an-
swers given by the participants. These assessments were
synthesized into individually designed web pages, based on
level of skills, interests and motivation with a basic structure
common for all, which remained largely unchanged.

Three levels of complexity in web pages were described
by Dickinson and colleagues [6] where the first level could
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be seen as a “walled garden”, hiding large parts of the web
from the user with content fully controlled by the develop-
ment team. The second layer allowed some external content
that adhered to high standards of accessibility and naviga-
tion structures, while the third allowed any content of the
web. A similar approach was taken in this study, increasing
the complexity judged based on what lied in the next zone
of development and based on what the individuals’ wished
to do during the next session. Since all participants wanted
to do things eventually, which involve external web pages
handling such events were included in later sessions as part
of their main activities. A couple of subjects even tried on
their own in their homes but got lost among frames, differ-
ent routines for logging in, etc. Maintaining a consistent
basic structure was necessary in order to reduce the amount
of new things to internalize. A resistance to change of struc-
tures was expressed, the participants wanted to be able to
reuse knowledge as much as possible and not having to deal
with several different ways of doing what they perceived as
being the same thing. Several participants found it hard to
grasp differences between similar phenomenon, and one
way to distinguish between them was by the procedure to
use them (e.g., web addresses vs. searching by keywords,
logging in). One strategy to handle breakdowns was to start
over from a point where they were familiar, which was a
role the basic structure served. Therefore, this basic struc-
ture, which essential served as a home page, was adjusted to
become more distinct from the rest of the web pages and
easy to recognize among many open windows.

The iterative process of evaluation and re-design during
the period of use, enabled the participants to contribute to
the design of the system by trying to do what they wanted to
be able to do, reflecting on their own performance and expe-
rienced computer-related phenomenon, without having to
express explicit opinions about design choices. The latter
seemed to be very difficult, since they did not distinguish
differences between pages, objects, their properties, etc., to
the extent that was necessary for having a specific opinion,
and even less having the vocabulary to express an opinion in
interviews or in questionnaires. What they did express
though, was general desires for alternative ways of interact-
ing with the computer and reduction of the information on
the screen including undesired pop up frames that are diffi-
cult to handle. Suggestions of voice-controlled and “mouse-
less” solutions came up and easy ways to get rid of com-
mercials in news pages were asked for. Also to be able to
simply ask the computer for help was a desirable scenario
for the future. These desires were confirmed in the observa-
tions of how the complete novices approached the basic
computer artifacts mouse, keyboard, menus, links, applica-
tions, windows, scrollbars, etc. In spite of the simplified
initial designs with introduction and support to practice ba-
sic skills, they had significant difficulties in particularly
controlling the mouse and using controls in the user inter-
face.

Concerning the application as tool for rehabilitation and
health promotion, the requirements, which are basic for any
design for older people to use, are essential to take into con-
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sideration to the extent accessibility recommendations ex-
ists. In addition, particular adjustments to individual needs
must be possible to integrate as interventions in a rehabilita-
tion process. A particular feature that was integrated in the
study was the use of a mashup for the OT to modify the
content in a simple way, based on a dialogue with the indi-
vidual. Assuming that the older person may not be able to
do this him or herself initially, the adjustment done by the
OT can be viewed as any individual adjustments done to
other aids in a person’s environment. However, the results
from this part of the pilot study are preliminary and indicate
that further development is needed in order to integrate a
natural transformation of use from the controlled environ-
ment towards any web pages, and also for the older person
to actively influence the content.

4 Discussion

This work contributes with an assessment protocol devel-
oped by applying activity theory in the analyses of eight
older novice potential computer users’ view on activity and
computer use. The purpose of the protocol is to evaluate
novice older users’ development of skills and autonomy in
Internet-mediated activity. Although the structure and con-
tent emerged based on a convenient sample of eight indi-
viduals, the resulting hierarchy of activity and correspond-
ing needs are general and are most likely applicable also in
other cases of older novice users. However, this must be
investigated in future studies, involving also more fragile
older potential computer users. The generalization done in
this work is on themes of needs and goals, activities meeting
the needs, and levels of complexity in the activities that
were relevant to the eight subjects. Most likely there are
needs and goals not accounted for in the protocol, needs that
the eight subjects may have but did not express in the initial
assessments. Then these are probably needs that they are
able to fulfill already on their own and are not relevant in
this rehabilitation situation. Since the subjects were compa-
rably healthy, needs such as aid for activities of daily living
were not expressed, except difficulties and limitations due to
mobility problems. To what extent the set of needs, goals
and activities defined in the AAIMA protocol is relevant to
other individuals remains to be investigated. The design
methodology used in this work, where the initial assess-
ments done by the OT (on which also the creation of user
profiles and scenarios of use were made) is analyzed using
activity theory, resulting in a protocol similar to AAIMA
can be generalized to other design projects. Also, using the
resulting protocol for the iterative process of design and
redesign, involving non-articulate potential users is a result
that can be transferred to other user groups within the eld-
erly population or other domains. This is especially valuable
in domains where the introduction of ICT is expected to
generate a change in skills and autonomy in performing
activities.

Whether computer use promotes wellbeing in older peo-
ple is a topic discussed in literature, and summarized by
Dickinson and Gregor [20]. Attempts to investigate the ef-
fects on older adults have shown that it is difficult to distin-
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guish wellbeing caused by an increased face-to-face social
contact with people who introduce computers from the
computer use alone. Even when this was controlled, no ef-
fects were found [21]. [20] also reports on results that it is
unlikely that computer use alone would decrease isolation in
vulnerable older persons, rather function as an additional
tool to keep in contact with an existing social network.

In our work, we do not assume that computer use alone
can facilitate either wellbeing or health, rather the opposite:
computer use alone has no effects either on wellbeing or
health in older adults. By setting the focus on activities per-
ceived as important and desirable for the individuals, ana-
lyzing these by means of activity theory and identifying
needs the activities respond to, the computer use becomes
sub-ordinary and receives the correct mediating role in a
wider purposeful perspective. A general observation in this
study, which will be further investigated in future work, is
that in the novice volunteers’ perspective, computer use was
perceived mainly as a social activity. In sessions as an ex-
ample, the participants used the computers to socialize to a
degree that was rather unexpected, which also is a factor to
consider in experimental settings [5]. The participants were
active seniors, however, some with physical problems pre-
venting them from performing activities that they were used
to do. Therefore, they were more inactive than they wished
to be and used to be. In this perspective, the potential role of
computer use is regaining earlier capacities in performing
desired activities, preventing isolation and inactivity, and,
consequently, promoting health and wellbeing. The hierar-
chy of activity that emerged in the analysis of the individu-
als’ view on their activities is visualized in Fig. 1 where the
basic assumption is that the sub-actions need to be mastered
before the main activity can be performed in a satisfactory
way. Since it is the main activities that meet the needs of
wellbeing and health, these needs cannot be met if not the
sub-ordinary needs are met: knowledge and control, and
feeling safe and secure.

In novice older users the operational level generates ma-
jor difficulties, preventing the user from performing at a
purposeful level of activity. [20] describes the relatively
consistent finding that complete novice users and especially
frail older persons need considerably more support and were
not able within the time constraints of studies to become
independent users of computers. In this context, the pre-
sented method for assessing development of skills and
autonomy in novice users may contribute to exploring fur-
ther the potentials of purposeful designs of computer sys-
tems for facilitating and supporting activity performance for
older adults. Inappropriate interventions for older persons
can also be avoided by identifying what is beyond individ-
ual’s zone of proximal development. Target activities that
need to be supported can be identified as part of the
rehabilitation process, and suitable interaction modalities or
devices and level of complexity in user interfaces can be
defined in individual cases at the lower level in the task hi-
eraldtey.idea that computer applications may replace and
function as the “more skillful peer” in terms of activity the-
ory, which guides the user to autonomy earlier, is also ex-
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pressed by Dickinson and Gregor [20]. There are obvious
potential benefits in such scenario, in reduction of frustra-
tion and quicker mastery of purposeful activities at higher
levels in the activity hierarchy. This is also the motivation
for continuing with the development of the support system
to further explore these issues in a rehabilitation setting.
Furthermore, this perspective on computer use can only be
developed using a multi-disciplinary approach, as exempli-
fied in this study.

Concerning alternative technologies or means for com-
munication in a rehabilitation perspective, this is a subject
for the OT to assess in the rehabilitation process, and to
provide interventions for if needed. ICT is only supplemen-
tary in cases where ICT support is judged beneficial for in-
creasing activity performance and satisfaction. This work
also aims at providing the OT means to make this judgment.
In a general perspective, means and channels for communi-
cation are constantly being developed, but mainly targeting
the young and middle aged population that quickly take new
technology into use. This excludes the older people of today
and makes this work more relevant.

The occupational therapists interacted with the person
during the activities, thus also when issues regarding the
ICT came up. ICT can in this case be seen as a means to
perform the activities that the individuals wanted to be able
to perform, which the OT therefore needs to evaluate and
discuss with the person. The skills assessed using the
AAIMA protocol is currently translated to the rehabilitation
process by comparing the assessment with the outcome that
the OTs found using their structured instruments for as-
sessment. To our knowledge, there are two instruments cur-
rently being developed in the OT research field with the
purpose of assessing older persons’ ability to perform activi-
ties using ICT technology. Both are focusing specifics about
interacting with technology, such as handling traditional
types of input devices and common software. These instru-
ments provide more of a static evaluation of performance
using existing technology of today. What is also needed is
an instrument that supports the evaluation of an individual
with respect to possible enhancement of ability through ex-
isting more advanced and future ICT technology that are
currently being developed. Therefore, and more challenging
and interesting from a research perspective, is in what way
the outcome can be used for designing supportive systems
for persons who need tailored support that often also needs
to be adjusted to a changing health situation. In this context,
the use of notions such as breakdowns and conflicts in the
use situation can capture such changes. For instance, if cer-
tain breakdown situations are identified, and may be cap-
tured in an individual’s daily computer use, a progressing
cognitive disease such as dementia may be identified. An
intelligent system may in these cases adapt to the decrease
of or fluctuations in ability, and compensate for loss of cog-
nitive functions that affect activity performance.

To use the protocol and ZPD basic knowledge in the con-
cepts of activity theory is needed. Observation skills are also
needed, however, using a structured protocol may provide
aid for the observer to focus on relevant phenomenon.
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5 Conclusions

This paper reports results from a pilot study that investi-
gated the use of activity theory for prototype development
and evaluation involving older novice computer users in the
process. Additional purposes were investigating in what
way a common tool for the rehabilitation process can be
designed, which integrates both support for decision making
and individually tailored activity support. A starting point
for development is taken in the purposeful and desired ac-
tivities to be supported, identified in eight individual cases.
Activity-theoretical concepts, such as breakdowns, trans-
formations, the dynamic hierarchy of activity and zone of
proximal development were used in the process, resulting in
an assessment protocol (AAIMA). AAIMA was found valu-
able for capturing the individual user’s development of
skills and autonomy in Internet-mediated activity. The pro-
tocol was used for informing the design of the system in an
iterative process of re-design, use and evaluation. The seven
older novice computer users who participated in the orga-
nized sessions increased their autonomy in computer-
mediated activity to the extent that they are able to perform
activities of their choice independently or with occasional
support, and by partially using a structured web interface as
starting point in case of breakdowns. By setting focus on the
activity and using the AAIMA protocol as base for assess-
ing reasons for breakdown situations, the participants were
able to contribute to the design process by reflecting on their
performance of activities of their choice, without having to
express explicit preferences among design choices or mas-
tering computer-related phenomenon and terms.

The method described appears to be highly valuable in
the context it has been used in this study, which is develop-
ing a prototype application for the rehabilitation and health
domain where the older novice actors need purposefully
designed computer-based tools for increasing their auton-
omy and skills in daily activities. Therefore, the protocol
will be further evaluated and developed in future projects.
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Online tailoring of physical exercise to enhance self-
management of fibromyalgia

Sara Rubinelli, Luca Camerini, Michele Giacobazzi, Marco Boneschi, Peter J. Schulz

Abstract. This paper describes the design and development of an
online gymnasium that proposes personalized exercise videos to
users affected by fibromyalgia. Fibromyalgia syndrome is a
chronic condition characterized by widespread pain in muscles,
ligaments and tendons, usually associated with sleep disorders and
fatigue. Physical exercise is considered as an important
component of non-pharmacological treatment of this pathology,
and internet is praised as a powerful resource to promote and
improve physical exercise. Yet, while online personalization of
health interventions to consumers must be grounded on
empirically based guidelines, guidelines for fibromyalgia-targeted
exercises are scant. By moving from a health communication
perspective, we illustrate how we reached definition of the
relevant factors for tailoring online exercise videos in relation to
fibromyalgia, and we describe the implementation of our
approach.

1 INTRODUCTION

The following article discusses the design and development
of an online gymnasium tailored to users affected by
fibromyalgia syndrome (FMS). According to the American
College of Rheumatology [1], fibromyalgia is a condition
characterized by chronic widespread pain and tenderness in
11 or more of the 18 specific tender point sites. Although
the medical evidence is still lacking precise diagnostic
criteria for FMS, there are three major symptoms that are
usually associated with the disease: pain, sleep disorders
and fatigue. Alongside these somatic factors, there are other
psychological dimensions that are observed in fibromyalgic
patients, such as anxiety, stress, depression and many more.
People affected by FMS usually face other occurring
conditions including diabetes, high blood pressure and back
pain. The FMS is currently treated with both
pharmacological and non-pharmacological interventions.

Considering the non-pharmacological option, it is
particularly important for individuals to learn how to
manage their disease following an appropriate self-
management program. Achieving good results in improving
self-management ability is, however, not a trivial issue.
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The effectiveness of self-management programs for chronic
conditions requires practice, help and constant support. A
growing body of literature shows that, in this scenario, the
internet can play a decisive role. For patients who can use a
computer, different kinds of interventions have proven to be
effective in enhancing their self-management, such as
through online-support groups [2], tailored messages [3],
online exercises [4] and a combination of these strategies in
a unified online self-management program [5]. The present
investigation is in accordance with these studies.

Since 2004, the Institute of Communication and Health of
the University of Lugano started a research program
focused on the enhancement of self-management through a
web-based application called “ONESELF”. This platform,
originally dedicated to chronic Low Back Pain (cLBP),
provided a combination of information and interactive
services to users. The overall structure of the website and
the findings of previous research about its effects are
described elsewhere [6]. In June 2008, a new version of the
ONESELF website was released, including a new section
that is addressed to people affected by FMS. Both thematic
areas are managed by experts in health communication and
by health professionals. To lead users to exercise more
often, we created an interactive gymnasium. This
gymnasium is based on a ‘tailored’ approach. ‘Tailoring’
has been defined by Rimer and Kreuter as the process to
create individualized communication by gathering and
assessing personal data related to a given health outcome.
This process works in the perspective of determining the
most appropriate information or strategies to meet a
person’s unique needs [7].

According to the tailoring concept, online interventions that
are fixed, static and standardized in terms of multimedia
contents for every user undertaking a certain health
program risk being ineffective. Users can better adhere and
be more compliant in respect to a health proposal if its
contents are offered in a personalized fashion. Thus, our
main goal was to create an online gymnasium tailored to
the specific needs of every specific user of our program.
This goal posed many challenges and proved to be critical
in terms of design. In the next sections, we introduce these
challenges and explain how we dealt with them. Finally, we
illustrate how the results of our analysis have been
implemented technologically.
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2 THE TAILORED GYMNASIUM

2.1 What we know, we do not know

Our approach to tailoring is a revisited version of the one
proposed by Kreuter and colleagues [8]. Traditional
tailoring aims to persuade an intended audience to change
or reinforce behavior, and it is designed on a set of
behavioral theories [9]. In our perspective ‘tailoring’ aims
to maximize the appropriateness of the treatment
exercises to the specific situation of users. To do so, we
developed a tool to extract from a pre-existing corpus of
exercises a selection of the most adequate for a user in a
specific condition. This corpus, defined with the help of
physiotherapists who are active in the Italian speaking part
of Switzerland (Tessin), consists of 39 different exercises
specifically addressed for FMS affected users.

Reaching a rationale to extract the most opportune
exercises for each user was a problematic aspect of our
project. As pointed out by Lustria et al. [3] having valid
guidelines at disposal is a necessary requisite for the
realization of a tailored intervention of quality. As we
suggest, the list of possible tasks include:

(1) Matching with high-quality criteria. The review on
health-related web interventions conducted by Eysenbach
in 2002 emphasized the accuracy of the contents as one of
the main quality criteria for these applications [10]. By
accuracy, Eysenbach refers to the need for health
information to match with Evidence Based Medicine
criteria. These reliable criteria represent the starting point
for designing a tailored application that can produce high
quality content.

(2) Translation into algorithms. Algorithms are, by
definition, finite-state procedures to solve a certain
problem. The construction of a tailoring algorithm requires
a procedure to extract relevant content which has to
codified in clear rules. In cases where this prerequisite is
not reached, it may be impossible to translate general
guidelines into a tailoring algorithm.

(3) Refinement of the tailoring rules. There is a direct
relationship between the level of details of the guidelines
and the level of refinement of the extraction procedure for
tailoring. Specifically, the more detailed the guidelines are,
the more the tailoring procedure will result in a refined
extraction of contents.

(4) Boosting the testing phase. Having clear guidelines at
disposal is essential to boost the testing of the tailoring
application. The testing is conducted by examining if the
contents extracted by the system agree with the guidelines.
The more defined the guidelines, the easier to compare
results from case tests.

(5) Increase the data extraction validity. One of the main
outcomes to evaluate the face effectiveness of a tailoring
application is the overall validity of the selected contents.
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When clear guidelines are at disposal, a straight comparison
can be made between the system suggestions and the ones
that would result from the guidelines.

If there is, then, a need to have clear and evidence-based
guidelines, in dealing with FMS we were faced with the
evidence that these guidelines are still not well defined or
are somewhat controversial [11]. For example, Hauser and
colleagues [12] conducted a systematic review of the
guidelines to manage FMS, which showed an inconsistency
even at the highest level of recommendations for
treatments. The American Pain Society (APS) and the
Association of the Scientific Medical Societies in Germany
(AWMF) consider aerobic exercise among the high-priority
treatments, while the European League Against
Rheumatism (EULAR) indicates a set of pharmacological
options as the best practice to address FMS.

In the following section, we explain how we remedy to this
lack of specific information, and reached understanding of
the determinants for designing the online gymnasium.

2.2 Methodology

There are many important factors that can influence the
efficacy of a tailored health intervention but are not directly
related to the health problem addressed. We refer,
particularly, to the specific characteristics of the population
to be served. Indeed, in the perspective of tailoring a health
message, it is crucial to investigate the values of the
audience, its cultural norms and living patterns.

We conducted this investigation in order to determine how
to discriminate among the different exercises and to
propose specific set of exercises to each individual user.
The analysis of the determinants for the tailoring process
was grounded on previous research for fibromyalgia and
focused on the general characteristics of the syndrome,
management strategies and indications, and physical
exercise [11] [12]. Alongside reviewing the literature, we
collected original data through semi-structured interviews
with a team of 5 FMS experts and 5 patients. Interviews
were repeated during the development of the tool, in order
to verify that the design of the tailored gymnasium was
correctly addressing the problem and that the choice of
determinants was prudent. The technique known as
‘knowledge acquisition” was chosen as the preferred
strategy to gather necessary information. More specifically,
we have directly asked experts for knowledge [13].
Different possible variables were investigated and
discussed with health professionals with the aim of defining
which one could be used in the actual tailoring application.

The result of our investigation is a set of determinants that
can make an exercise fit for a specific fibromyalgic user. As
we explain below, some of these determinants have been
included in the tailoring algorithm, while others were not
considered as discriminant factors.
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2.3 Results

2.3.1 Included determinants

Available Time: An exercise session and program needs a
dedicated period of time. This is a simple and unmistakable
factor in determining which (or how many) exercises can be
proposed to users. Proposing too long (or too many)
exercises might discourage a user who would feel unable to
complete the session. Offering too few exercises would be a
"waste" of very important resources; not just the time, but
also the drive to exercise.

Pain: From the very beginning of the research pain was
identified as one of the most important determinants. In
people affected by fibromyalgia the level of pain can
change drastically from one day to another, or even
between different moments throughout the day. A high
level of pain can prevent individuals from doing many
exercises, but some selected physical activity can be of
great help even when the pain is acute. On the other hand,
days where the pain is not high should be fully exploited
with proper exercise sessions that can help to strengthen
and reinforce the muscles, reducing the likelihood of
increasing pain in the future. The kind of exercises that can
be suitable and useful for the patient can therefore change
definitely according to the current level of pain. This
determinant should be assessed before any training session.
Auto-assessment in this case can be partially misleading.
Some people often tend to define their pain as very high,
even if it varies a lot over the course of several days. For
this reason we decided to compare the level of pain
perceived when starting an exercise with the perceived
level of pain on an average day.

Time of day (Level of Fatigue): Depending on the time of
the day, we can make assumptions regarding the amount of
fatigue that users feel. FMS sufferers are often more tired in
the morning, since the syndrome is usually linked to
sleeping disorders. However, they can also be very tired in
the evening, due to the amount of activity conducted during
the day. When they are extremely tired, some kind of
exercises are better fit than others, while other kinds should
be avoided. When they are not tired, more difficult but
rewarding exercises could be proposed in order to reinforce
the muscles and reduce pain. Furthermore, there is a general
distinction amongst the kinds of exercises that should be
done in different times of day, regardless of fibromyalgia or
other pathologies. For example, laborious exercises should
not be executed in the evening, while stretching can be of
great help in getting a refreshing night’s sleep.

Available Tools: Some exercises might require specific
tools, such as balls, exercise mats or chairs. If users do not
have such material available, they would not be able to do
these specific exercises. A good system should avoid
disappointing the user by suggesting unfeasible actions.
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This could be overcome in two different ways: by
excluding exercises that have a material component, or by
assessing which objects the user has at their disposal. In our
approach we decided to ask users about the availability of a
few common objects that are used in many of the suggested
exercises. In this way, we could include some very useful
exercises without having to ask the user too many different
questions.

Localization: Fibromyalgia can lead to more acute pain in
specific parts of the body. Thus, it is useful to focus the
exercise on parts of the body that are more in need of
training and reinforcement. In some situations it can also be
important to avoid exercising the wrong areas of the body,
particularly where the pain is more severe. We considered
the possibility of asking users about which parts of the body
hurt the most and which parts they would like to train. In
the final implementation we decided to focus on the
preferred body parts of choice to train, thus narrowing the
possibilities to arms, legs and the torso. While the attention
to more specific parts of the body and to the problem of
localized pain appears to be significant, we did not manage
to properly include this level of refinement in the tailoring
algorithm and final implementation. Indeed, the definition
of narrow guidelines in reference to specific pain
localization did not encounter sufficient agreement among
the experts.

Level of Difficulty: Some exercises are more difficult and
tiresome than others. Even if the perception of the level of
difficulty of an exercise can change drastically between
different people, it is possible to classify individual
perceptions on a general level of difficulty scale. More
strenuous exercises can be more helpful in improving the
muscle strength and decreasing the level of pain. Yet, it can
also be very hard and frustrating. Even if exercises for
fibromyalgia are usually light and rarely imply very
difficult movements, individuals should only undergo
exercises that they feel comfortable with and are willing to
address.

Experience: Having new exercises at every session can be
very challenging and interesting for a patient, and therefore
lead to a more assiduous use of the tool. However, when
users find an exercise that they like, it is likely that they
want to repeat it and gain specific experience in that
training. We can foresee a distinction between users that
always want new content and others that stick to the old
ones. They can, thus, be asked at the beginning of any
session if they prefer to receive exercises which are new or
already tested.

User judgment: Among the different exercises suggested by
the system during the training sessions, each user has their
own favorite and disliked exercises. A good tailoring tool
should propose and focus more on the exercises that users
prefers than on those that they dislike. Questions can be ask
to chose among best exercises according to their
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preferences. When choosing between two exercises that a
new user has never tried before, the strategy is to select the
one to present according to what other users have preferred
during their training sessions.

2.3.2 Excluded determinants

Sex: Sex proved not to be a relevant determinant when
assigning exercises to users. The same exercises can be fit
for both men and women; no differences in training
indications were found in relation to sex. Fibromyalgia
mainly affects females, however, gym groups are attended
by both sexes in traditional exercise sessions, and no
difference in the physical activity level can be observed.

Age: Users’ age was not considered a key determinant. The
suggested exercises are suited to any age group. Elderly
people tend to lighten the exercises by reducing
movements' size, time or repetitions. Nevertheless, they can
usually benefit from the same exercises as younger people.

Additional FMS information: Other information about the
state of the syndrome was taken into consideration as
possible determinants such as, for example, the duration of
the syndrome and whether or not it prevents people from
conducting daily work activities. In the final assessment
these variables were, however, not considered since they do
not seem to influence the types of exercise that users should
do.

In conclusion, 11 variables have been considered and
discussed with the experts and eight of them have been
included in the tailoring process.

3 IMPLEMENTATION

3.1 General Tailoring Framework

A tailored application is usually composed of two main
modules: an assessment component, used to retrieve the
data needed to tailor an intervention according to the
characteristics and needs of an audience, and a feedback
component that displays a tailored message to users. Data
provided by users are elaborated through algorithms that
produce the results shown in the feedback.

The development of the gymnasium moved from the
following elements: a) the corpus of video recorded
exercises previously introduced, b) the list of eight
determinants and c) a set of rules to combine them. Our
algorithms serve the purpose of relating patients’ conditions
to specific exercises.

In the assessment module of the tool, users are asked to
answer a series of questions leading to the evaluation of the
eight determinants. In this phase the system receives a self-
reported set of data which represents the starting point of
the algorithms. Some of the questions are optional and if
the patient chooses not to answer such parameters, this will
not influence the extraction procedure.
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The feedback module of the tailored gymnasium shows in
the beginning five warming up exercises that remain the
same in every session for each patient. The patient is asked
to execute them for ten minutes before continuing to the
tailored training. Personalized exercises are shown one at a
time, once the warm-up phase is concluded. Each tailored
exercise is introduced with a video which presents its
execution and a textual step-by-step description. Exercises
can also be rated on a 1 to 5 scale. Users can leave
comments about each exercise and its performance, and
have the further option to stop the training session at any
moment. Upon completion of the exercises (or when users
decide to end the training), they receive a recapitulation of
the performed exercises.

The tailored gymnasium has been designed in the
perspective of being used repeatedly over time. To extract
exercises that are specific for contingent conditions, the
assessment should be repeated each time that a new
exercise session is started.

Finally, the gymnasium also includes a tracking module
used to record users’ interactions with the application. This
component stores all the answers received from an
individual user, the list of the actual videos shown in any
single session and all feedback received (including votes,
textual comments and whether an exercise has been
completed or not). This information is stored in a database
and is available for use in the tailoring algorithms.

3.2 Raw and Intermediate Variables

The first two phases of implementation of a tailored
intervention consist in the definition of Raw Variables and
the computation of Intermediate Variables. Raw Variables
contain the data collected directly from the participant or
from a user profile, in the original format in which they are
registered. Intermediate variables are created by
transforming Raw Variables into a more usable form.
Transformation can include mathematical calculations,
categorization, summarization and other techniques
(usually expressed through a formula). In the case under
investigation, we have moved from the eight determinants
to the definition of Raw and Intermediate variables. A
synthesis of these variable is presented in Table 1. Our
approach combines data from the assessment with
information stored by the tracking component through the
use of the tailoring tool itself.

3.2 The Matching Algorithm

The matching algorithm selects those exercises that best fit
the information provided by the user in the assessment
phase. It works in a threefold dimension.

First, it excludes all exercises whose performance requires
specific tools - as rubber balls or theraband - if users do not
have such material at their disposal.

4
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In a second step, all the remaining exercises are ordered in
a list expressing the suitability of an exercise for each
user’s present situation. This is done according to the
goodness of the exercise metadata in comparison with the
information provided by the user: the first exercise in the
list is the more suitable one. A suitability score is computed
by taking into account a weighted mean of six different
dimensions, namely: 1) the adequacy of the exercise's
difficulty to user's pain level and 2) to user's preferred
difficulty, 3) the adequacy of the exercise to the request of
obtaining a new or already seen exercise, 4) users’ eventual
previous votes , 5) other users’ eventual previous vote of
the exercise as expressed in previous training sessions and
6) the adequacy of the exercise to the part of the body the
user wants to train.

The third step is a classification of each exercise of the
ordered list in functional categories, namely: relaxation,
mobilization, stretching, stabilization, massage. According
to the moment of the day and to the intensity of pain
expressed by users, each category has a specific probability
that the exercises it includes will be shown in the feedback
phase. The extraction procedure selects, one at a time, the
first available exercise from the category-ordered lists and
presents it to the user during the feedback phase. The
procedure continues until a set of exercises adequate to
users’ available time is arranged. Exercises are delivered to
each user one by one in order of extraction.

4. CONCLUSION

The purpose of this article was to describe the design and
implementation of a tailored intervention to enhance self-
management in patients affected by FMS. The main results
can be summarized in a) the definition of the relevant
variables for tailoring exercise videos to people ethat
xperience this peculiar and chronic condition and b) the
implementation of an algorithm to automate the tailoring
process. The evaluation of the tool is currently ongoing.
There we aim to derive data to refine the ranking and
extraction algorithm and, in a second phase, to assess the
impact of a tailored Gymnasium on FMS sufferers’
strategies of self-management.

So far, an important limitation of our study is due to the
methodology we used to elicit the relevant guidelines and
variables. In the absence of clear medical guidelines for
FMS, the knowledge acquisition approach cannot guarantee
exhaustiveness in the identification of the determinants.
Further investigation is needed to assure a comprehensive
overview of the grounding criteria to tailor messages to
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fibromyalgic patients. One (unexplored) attempt could be to
match the general criteria for exercise prescription defined
by the American College of Sport Medicine (ACSM, 2005).
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Determinant

Variable name (Type)

Description

Values (if Raw) / Formula (if Intermediate)

Time
Availability

Pain

Time of day

Available
tools

Localization

Level of
difficulty

Experience

User
judgement

Auvailable
TimeTimeAvailable (R)

PainLevelGeneral (R)
PainLevelRelative (R)

PainLevel (1)
ActualTime (R)

|_PartOfTheDay

SmallBallAvailable (R)

BigBallAvailable (R)
PartnerAvailable (R)

MattressAvailable (R)
TherabandAvailable (R)
PartOfBody (R)

Difficulty (R)

NewExercises (R)

ExPerformed (R)

TimesExPerformed (1)

ExVote (R)

UserVote5 (1)

UsersVote5 (I)

The amount of time that the user declares to have at
disposal.

Assessment of the actual pain level of the patient.
Assessment of the actual level of pain compared to the
“average” pain.

Estimation of the pain level, according to values from
the assessment.

Time of the day in which the session is started
(calculated according to server time).

Actual part of the day.

Does the user have a small ball to use for exercise?

Does the user have a big ball to use for exercise?
Does the user have a partner that can help them
exercise?

Does the user have an available exercise mat?
Does the user have a theraband to exercise?

Users preferences for a specific body part to train.

Users preference for harder or easier exercise.

Users preference for new exercises or already seen
videos.

This variable expresses whether a given exercise X has
been assigned to the actual user in a specific session,
and has been actually performed.

The number of times that a certain user “UserX”
performed a given exercise “exerciseX”.

This variable expresses the vote that an exercise
received from a specific user in a given tailoring session

The average vote that the exercise “exerciseX” received
from “UserX”

The average vote received from exerciseX, considering
all application user.

10 = less than 10 minutes

15 = 15 minutes

20 = 20 minutes

30 = 30 minutes

31 = more then 30 minutes

From 1 (very low pain) to 10 (very strong pain)
1 = pain is stronger than usual

0 = usual pain

-1 = pain is lower than usual
R_PainLevelGeneral + R_PainLevelRelative

A time of the day, expressed in hours and
minutes: HH:MM

IF R_ActualTime <12 THEN “morning”
ELSE IF R_ActualTime > 18 THEN “evening”
ELSE “afternoon”

True / False

True / False
True / False

True / False

True / False

0 = no preference

“Arms” = arms

“Legs” = legs

“Torso” = torso

0= no preference

“Harder” = harder exercises
“Normal” = normal exercises
“Simpler” = simpler exercises
0 = not answered

0 = no preference

“New” = new exercises
“Known” = known exercises
“Both” = both kind of exercises
True = exercise performed
False = exercise not performed

COUNT (*) WHERE Exercise = “ExerciseX”
AND User = “UserX” AND R_ExPerformed =
True

0 = exercise not judged by the user

From 1 (exercise that the user did not like) to 5
(exercise firmly appreciated by the user)
AVG(R_ExVote) WHERE Exercise =
“ExerciseX” AND User = “UserX” AND
R_ExVote >0

AVG(R_ExVote) WHERE Exercise =
“ExerciseX” AND R_ExVote >0

Table 1. Raw and Intermediate variables - (R) = Raw variable, (I) = Intermediate variable
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Abstract

Remote Patient Management (RPM) systems are ex-
pected to be increasingly important for chronic disease
management as they facilitate monitoring vital signs of pa-
tients at their home, alerting the care givers in case of wors-
ening. They also provide patients with educational content.
RPM systems collect a lot of (different types of) data about
patients, providing an opportunity for personalizing infor-
mation services. In our recent work we highlighted the im-
portance of using available information for personalization
and presented a possible next generation RPM system that
enables personalization of educational content and its de-
livery to patients. We introduced a generic methodology for
personalization and emphasized the role of knowledge dis-
covery (KDD). In this paper we focus on the necessity of the
second-order adaptation mechanisms in the RPM systems
to address the challenge of continuous on-line (re)learning
of actionable patterns from the patient data.

1 Introduction

Remote patient management (RPM) systems offer a po-
tential for reducing hospitalization costs and worsening of
symptoms for patients with chronic diseases, e.g., coronary
artery disease, heart failure, and diabetes. An RPM sys-
tem both monitors vital signs and provides a feedback to
the patient in terms of appropriate education and coaching.
Although the large volumes of data collected by RPM sys-
tems provide an opportunity for tailoring and personalizing
information services, there is a limited understanding of the
necessary architecture, methodology, and tailoring criteria
to facilitate personalization of the content.

In our recent work [7] we presented an architecture of
the next generation RPM systems that facilitates personal-
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ization of educational content and its delivery to patients.
We also introduced a generic approach for personalization
of RPM and thereafter focused on (off-line) knowledge dis-
covery from patients’ data from a clinical trial.

In this paper we go one step further highlighting the im-
portance and the necessity of continuous on-line (second
order) adaptation in RPM systems, i.e., developing a mech-
anism which would adjust or adapt the behavior of the adap-
tive system.

The rest of the paper is organized as follows. We briefly
review the state of the art in RPM systems and present our
view on the next generation of RPM systems in Section 2.
In Section 3 we discuss the potential of second-order adap-
tation mechanisms in RPM systems and consider a few hy-
pothetical examples of gradual and abrupt concept drift, re-
occurring contexts and context-aware learning. We con-
clude with brief discussion and outline the directions of the
future work in Section 4.

2 Remote Patient Management Systems

Existing commercial RPM systems normally provide an
end-to-end infrastructure that connects patients at home
with health professionals at their institution. The patients at
home are equipped with a number of sensors measuring vi-
tal signs to obtain objective measurements about their phys-
ical condition. The vital sign measurements (e.g. weight,
blood pressure, glucose) are transferred to the monitoring
and management server. Subjective measurements (e.g.,
symptoms and quality of life scores) are collected from the
patients via questionnaires. Objective and subjective mea-
surements (referred to as RPM data) are presented to the
medical professional who, based on the indicated deviations
from the normal values, adjusts the patient’s treatment plan,
including medications and lifestyle goals (e.g., nutrition and
physical activity).
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The majority of commercial RPM systems only have the
link between the patient and professional that enables up-
loading patient data to the professional for review and treat-
ment changes; these systems are typically referred to as re-
mote patient monitoring systems as they provide only mon-
itoring, but not the management part.

The current commercial systems typically send the same
generic non-personalized content to all the patients, regard-
less of their current health condition, knowledge level, or a
mental state.

Research on personalization is ongoing in e-Learning
and there is a number of successful implementations of
adaptive hypermedia systems like AHA!, Interbook, etc.
[1]. However, existing architectures are not adopted in
eHealth applications such as RPM systems. Furthermore,
in the mentioned systems, the adaptation and personaliza-
tion is pre-authored and thus remains highly static and often
subjective based on some domain expertise translated to the
machine readable form.

Developing personalized RPM systems is possible only
if we can learn key (potentially changing and dynamic)
characteristics of the patients and track them continu-
ously. Personalization can be organized using individual
and group (or stereotype) user modeling. In a stereo-
type approach, the users are classified into several groups.
In eHealth applications users can be classified according
to their main disease, background in medicine (patients,
nurses, and physicians), general education background (no
degree, college degree, doctorate, etc), and their tasks (con-
sultation, education, and emergency cases). Individual pa-
tient (user) models, besides the user’s medical profile, could
include also individual characteristics such as cognitive and
psychological individual peculiarities, the interaction pa-
rameters — the last visited pages, used links, number of the
particular pages visits, resource usages etc. Table 1 gives
an overview of possible features of various data classes that
can play a role in the patient model of an RPM system. A
feature can be static, e.g. gender, residence, language, or
relatively static, e.g., age, cognitive impairment (which a
patient can develop during the usage of RPM system) and
dynamic, e.g., values of weight measurements or system us-
age. The example given is for heart failure, but can be gen-
eralized to any of chronic diseases given a specific set of
relevant symptoms and vital signs for that chronic disease.

Dynamic features plays an important role in the patient
model of RPM system. This calls for the second-order
adaptation mechanisms in the RPM systems to address the
challenge of continuous on-line (re)learning of actionable
patterns from the patient data.
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Table 1. Typical features included in a patient
model template

Data class Feature Changes
Static | Dynamic
Gender X
. Age X
Demographic Country "
Language X
Living status | Single/Family X
Weight X
Height X
Baseline data | Body Mass Index X
Edema X
Biomarker values X
. Cause of disease X
Medical -
i Co-morbidities X
Implantables X X
Ankle swelling X
S Breathlessness X
ymptoms Depression X
Anxiety X
Vital signs weight X
(Frequencies | heart rate X
of values out | blood pressure X
of band) diastolic blood pressure X
System usage | weight X
(Frequency of | blood pressure X
measurements | heart rate X
. Verbaliser/Imager X
Learning styles FD/FI .
Cognitive Reduced eyesight X
function Dementia X

Legend: Frequency of vital sign measurements - how often the
patient has been using a sensor for a measurements (1 — every
day, 0- not at all), FD/FI — field dependent/independent.

3 Second-order adaptation

In our recent work [7] we suggested a general architec-
ture of an personalized RPM system in which we followed
general principles of personalization in e-Learning systems
with KDD process as one of the key integrated components.
Figure 1 depicts a part of the architecture that could provide
a possible foundation for the next generation adaptive RPM
systems.

The key components of the system that facilitate person-
alization and adaptation include: (1) patient (user) model,
(2) domain model, (3) adaptation rules, (4) adaptation en-
gine, and (5) KDD process. Further, there are authoring
and management tools allowing medical experts and pro-
fessionals to monitor, control and manage patient models,
domain models and adaptation rules.

In this section we consider briefly the role of knowl-
edge discovery for patient modeling and provide motivat-
ing examples for handling gradual and sudden changes in
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the modeled concepts, and for learning contextual features
describing reoccurring contexts.

3.1 Knowledge discovery for patient mod-
eling in RPM systems

The KDD process is essential for discovering relevant ac-
tionable patterns that are the basis for creation of the patient
model and the adaptation rules. This KDD process is (ini-
tially) done “off-line”, using stable historical data available
from an existing RPM database or from completed clinical
trials relevant for the disease in question. Via this KDD pro-
cess we obtain relevant patterns that are used to build a pa-
tient model template. The same patterns are utilized to build
the adaptation rules and domain model of the available con-
tent material that is stored in corresponding databases. The
KDD is highly iterative and interactive and involves consid-
erable effort from domain and KDD experts. Moreover, this
is by no means one-time activity. With accumulation of new
evidence and possible contextual changes, models and rules
might need an update or extension.

Even-pattern and time-series analysis are particularly
helpful in getting a better understanding of what features
and relations between them may potentially describe patient
current state and its short-term and long-term dynamics.

In general different types of approaches can be used for
discovery of useful patterns, including association analysis,
subgroup discovery, etc. In this study we search for dis-
criminating patterns by defining corresponding classifica-
tion tasks. For example, we searched for rules that would
predict next symptom status and change in next symptom
values, using the last symptom status, gender, age, and fre-
quency of daily system usage in the period between two
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Figure 1. A high level view of the next generation RPM system [7]

symptoms (typically one month) as predictive features.

Table 2 illustrates example patterns found (with the help
of popular J48 and JRIP classification techniques) for two
most prominent symptoms, breathlessness and swelling of
ankles. We obtained off-line the exact number for the level
of the usage of the system (i.e., freqO fWeightU sage),
but have replaced that with a parameter (Low, Medium,
High) because it changes over time. We discuss extensively
in the next section how this parameter changes in the con-
text of necessity for second-order adaptation. From Table
2 we can observe that women in general are at higher risk
to remain breathless (P1) and remain with swelling ankles
if they do not use the system regularly (P4-P5). In gen-
eral, patients are in risk if they are under-utilizing the sys-
tem (P2-P3), while male patient population above 75 is at
risk for worsening of their condition (P6). We refer an in-
terested reader to [7] for a more detailed discussion of the
KDD process and a particular case study.

In Table 3 we present possible adaptation rules based on
previously discovered patterns P1-P6 2. These rules mostly
identify patients at risk for worsening of their condition, no-
tify the medical professional about risk, and send adequate
content to the patient so that worsening can be prevented.
E.g., the first rule based on pattern P1 would send con-
tent material to the patient to help her master her breathing,
while at the same time notify the medical professional that
this woman is at risk to remain breathless. Similarly the
second rule based on patterns P2-P3 would identify patient
at risk and send appropriate educational and instructional
material to the patient and notification about risk to the pro-
fessional. In this case a patient needs to be motivated to use
the system, and properly instructed how to do so.

Level of system usage (denoted freqO fWeightU sage
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Table 3. Examples of adaptation rules

P# Possible Rule

Desired effect

Patient

Medical professional

If Sex=F and BreathlessSymptom=B then Send

Pl videos with breathing exercises

Regain control over the breathing

Notification for patient at
risk

If BreathlessSymptom=A and Age=(37.5-81.5] and
P2, | (feqOfWeightUsage <0.4 or freqOfPulseUsage <
P3 [0.4) then Send Motivational content

Motivation, instruction for using
the system, education on
breathlessness

Notification of patient at
risk

If SwellingSymptom = ‘B’ and Sex = ‘F’ and
P4 | freqOfWeightUsage < 0.6 then Send Motivational
video

If StartSymptom = ‘S’ and Sex = ‘F’ and
P5 | freqOfWeightUsage < 0.6 and Age < 74.5 then
Send motivational content

Motivation, instruction for using
the system, education on swelling
ankles

Alert for additional
action

Notification of patient at
risk

If SewllingSymptom = ‘S’ and Sex = ‘M’ and Age

P6 >74.5 then Send educational content

Motivation, education on
importance of managing condition

Notification of patient at

risk

Table 2. Examples of discovered patterns

Patterns Symptom
P1| (StartSymptom = ‘B’) & (Sex = F) =>
NextSymptom = B
P2 | (StartSymptom = ‘A’) & (Age = '(37.5-81.5]) & Breath-
(freqOfWeightUsage < 0.4) => NextSymptom = ‘B’ | lessness
P3| (StartSymptom = ‘A’) & (Age = '(37.5-81.5]) &
(freqOfPulseUsage < 0.4) => NextSymptom = ‘B’
P4 | (StartSymptom = ‘B’) & (Sex = ‘F’) &
(freqOfWeightUsage < 0.6) => NextSymptom = ‘B’
P5| (StartSymptom = ‘S’) & (Sex = ‘F’) & Swelling
(freqOfWeightUsage < 0.6) & (Age < 74.5)=>
W of ankles
NextSymptom = ‘W
P6 | (StartSymptom = ‘S’) & (Sex = ‘M’) &
(Age >=74.5) => NextSymptom = ‘B’
Legend: Start/Next Symptom: G = good (no problem), S = small prob-
lems, A = average, B = bad (many problems), W = worse, I = improved

in Table 3) is one of the user model parameters that clearly
has significant impact on adaptation. We consider the pos-
sibly changing nature of the freqO fWeightU sage con-
cept to motivate the necessity for second-order adaptation
in terms of handling a concept drift.

3.2 Coping with
changes

sudden and gradual

The user parameters discovered in the patterns, such as
level of system usage is likely to change over time due to (i)
change in patient motivation to use the system because of
the educational and instructional material that has been sent,
(ii) change in patients’lifestyle habits impact of these to the
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usage of the system), (iii) change in seasonal patterns as pa-
tients tend to measure themselves differently during sum-
mer compared to winter or during working days compared
to public holidays, or (iv) any other hidden context. The
system needs to be able to detect and adapt to the changes
quickly and without additional input from the patient, e.g.,
by collecting additional evidence for motivation or lifestyle
habit changes?.

Consider the following example presented in Figure 2. It
shows how the progression of the disease can develop over
time. The patients could be placed on the system with only
one co-morbidity, and due to their age and progression of
the chronic disease (heart failure) could develop a number
of other conditions. The bottom figure shows what could
be the effect of additional conditions to the system usage.
Namely, with the increase in number of conditions the pa-
tients” overall health could significantly decade (while pos-
sibly keeping the main parameters of heart failure still in the
normal ranges), directly influencing the patient’s motivation
and ability to measure him/herself.

Another example is the change of the patient’s cognitive
abilities. The decline in cognitive abilities could occur for
patient over time and it could possibly effects the usage of
the system. For example, the patient could become more
forgetful, develop initially very mild, mild, or sever case
of dementia. This could directly impact his ability to use
the system - (s)he would start forgetting to weight or mea-
sure blood pressure, initially sporadically, and then more
and more often.

It is rather intuitive that besides system usage, such pa-
rameters as patient’s weight and weight change can trigger

LEven if one would like to measure motivation by asking the patient,
that would be least preferred option as already patients are faced with many
symptom questions they need to answer on daily basis.
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Figure 2. Changes in co-morbidities and ex-
pected system usage over time.

different The weight of the patient could increase over the
time. Normally the rule for alerting the care giver about
the risk of heart failure is very simple: if weight increase is
more than 2 kilos over 1-2 days, raise an alert. However,
there are patients who decompensate with slow increase of
weight over period of 10-15 days. Hence, it could hap-
pen that the patient gets hospitalized without the alert be-
ing raised due to slow increase. The system should be able
to learn the slow increase in weight for these patients and
adopt the alerting rules accordingly. Furthermore different
external events like national and religious holidays can af-
fect normal eating habits. Such events can be recognized
from the data and model adjusted accordingly, or proactive
handling of possible change could be implemented,

As discussed, in RPM systems (and eHealth domain in
general) the concept of interest (user parameters) depends
on a changing context that is not necessarily given explicitly
in the form of predictive features. Hence, stationary data
distribution assumed by majority of traditional data min-
ing techniques in no longer the case. Rather, here we are
faced with concept drift [11], i.e., unforeseen changes over
time in the phenomenon of interest. The phenomenon here
would be the usage of system behavioral pattern relevant to
current potentially hidden context. The concept we are try-
ing to learn (value of the level of system usage) for the true
patient model parameter depends on the observed behavior.

Changes in the hidden context may not only be a cause of
a change of the target concept, but may also cause a change
of the underlying data distribution. Even if the target con-
cept remains the same, and it is only the data distribution
that changes, this may often lead to the necessity of revis-
ing the current model, as the model’s error may no longer
be acceptable with the new data distribution (e.g., more fe-
males added to the system may change the behavior). The
need to the change of current model due to the change of
data distribution is called virtual concept drift [10].
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Three approaches to handling concept drift can be distin-
guished: (1) instance selection; (2) instance weighting; and
(3) ensemble learning [8]. In instance selection, the goal is
to select instances relevant to the current concept. The most
common concept drift handling technique is a sliding win-
dow and consists in generalizing from a window that moves
over recently arrived instances and uses the learnt concepts
for prediction only in the immediate future [11].

Instance weighting uses the ability of learning algo-
rithms such as Support Vector Machines (SVMs) to process
weighted instances [2]. Instances can be weighted accord-
ing to different features such as “age” or competence with
regard to the current concept. Klinkenberg [2] demonstrates
in his experiments that instance weighting techniques han-
dle concept drift worse than analogous instance selection
techniques.

Ensemble learning is among the most popular and ef-
fective approaches to handle concept drift, in which a set
of concept descriptions built over different time intervals
is maintained, predictions of which are combined using a
form of voting, or the most relevant description is selected
[4]. Street and Kim [6] and Wang et al. [9] suggest that sim-
ply dividing the data into sequential blocks of fixed size and
building an ensemble on them may be effective for handling
concept drift. Stanley [5] and Kolter and Maloof [3] build
ensembles of incremental learners in an online setting, start-
ing to learn new base classifiers after fixed intervals, while
continuing to update the existing ones.

3.3 Reoccurring contexts and context-
aware adaptation

Figures 3 and 4 show an example of changes in the level
of system usage due to seasonal patterns. Seasonal ”index”
(based on simple average) is used for seasonal construction.
Two types of seasonality are shown: period of the year (fall,
winter, spring, summer), and week days (Monday to Sun-
day). Expected seasonal behavior of male patients from
Figure 3 would be to use the system at most in fall while
female patients in winter and fall. In summer both male and
female patients use the system less, and in spring men use
the system (in average) more than women (less than aver-
age). Figure 4 shows a tendency of both men and women
to use the system less during weekends, and to use the sys-
tem at most on Friday. Additionally, local behaviors, such
as, holidays can change the seasonality concept as during
the holiday (regardless of the day of the week) patients are
under-utilizing the system.

Thus, there exists seasonality behavior in the level of the
usage of the system for different patients, which changes
the concept. This behavior can be detected and handled
by methods which learn from data under the assumption of
concept drift. Once the seasonality is discovered, features

AIME 2009 workshop on
Personalisation for eHealth
Verona, 19 Luglio 2009



Usage of the system

High

Med male

female
Low

autumn winter spring summer
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Figure 4. Seasonal index (per days of the
week) of the use of the system.

AIME 2009 workshop on
Personalisation for eHealth
Verona, 19 Luglio 2009

representing seasonal context, such as holiday, season, and
week day, become a part of the observation set that the sys-
tem is monitoring. Thereby, in the summer or during the
holidays the adaptation rules should be modified to include,
for example, additional content that would motivate the pa-
tients to use the system. Examples of additional rules are
given in Table 4. The difference between rule P8 and rule
P10 is due to the expected decline in usage of the system
during summer, compared to winter. Hence, when the level
of usage of the system is Medium, an alert is sent only in the
winter. Note that behavior described with these additional
rules can further change over time.

Table 4. Examples of additional rules

#P
Additional rules

P9 Season = Winter and Sex = Female and
freqOfWeightUsage = Medium then send additional
motivational content, alert medical professional
P10 |[Season = Winter and Sex = Female and
freqOfWeightUsage = Low then send additional
motivational material, alert medical professional

P11 |[Season = Summer and Sex = Female and
freqOfWeightUsage = Medium then send
motivational material, do not alert

P12  [Summer = Winter and Holiday = False and
freqOfWeightUsage = Low then send alertto the
medical professionals

P13  [Summer = Winter and Holiday = True and
freqOfWeightUsage= Low then do nothing

The direct potential relation between co-morbidities and
usage of the system considered in the earlier example im-
plies that the rules triggering an alert due to non-usage of
the system might need additional conditions that would take
into account number of co- morbidities. The context of co-
morbidities could be known in the system, e.g., the patient
goes to the clinical assessment and notifies caring nurse, but
it could also be hidden in the sense that the patient does not
notify the caring professional about the new disease (which
could be as simple as breaking the leg or falling, or as com-
plex as diabetes or renal failure).

The possibility that usage of the system declines with the
similar rate of decline of patient mental abilities should be
reflected in the system. The system should (i) be able to
detect the pattern of slow decline of the system usage, (ii)
when that is detected, send appropriate cognitive tests to re-
confirm the cognitive decline, and (iii) potentially modify
the alerting rules such that they incorporate the cognition
ability and thereby have the threshold of alerting based on
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the usage of the system different. Moreover, the delivery of
care should be modified to possibly include cognitive ability
tests more regularly.

4 Conclusionsand further work

Remote Patient Management (RPM) systems are ex-
pected to be increasingly used in the near future. The cur-
rent generation of RPM systems follows the one-size-fits-all
approach despite of the wide acceptance of the benefits of
personalization and adaptation of information services.

In our work we focused on the data driven approaches
to adaptation. We considered motivating examples which
illustrate ideas behind patient profiling and tailoring the ed-
ucational or motivational content. This allowed us to come
closer to the following challenge — the second order adap-
tation in RPM systems. We illustrated with further more
detailed consideration of naive seasonal and generally time-
changing patterns, the benefits of online learning, concept
drift handling mechanism, and discovery and use of con-
textual features for adapting the set of adaptation rules, and
user modeling procedures.

In this paper we considered mostly either hypothetical
or rather fragmented examples of patient modeling in the
context of the second order adaptation. Our further work
includes knowledge discovery from data collected during
the real clinical studies to justify the advantages of systems
equipped with concept drift handling and context-sensitive
learning mechanisms.
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