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Abstract—the success of integration and adaptation of pervas
computing and telemedicine technology in healthcardepends on
the patients’ compliance and trust to the introduce system.

The aims of the present paper are to investigate,evify and
evaluate the elderly heart patients’ (EHP) compliane, trust and
comfort in relation to a real-time wireless telemettine system at
home. A telemedicine system composed of a patientit)y a
GSM/GPRS network, a router, a data interpreter and a
monitoring system was used. Twenty four non risky BPs, aged
(6045) years were recruitedA week of continuous ECGs for each
of the EHPs were recorded. The experiments were aded out
while the EHPs were performing their every day’s ativities. The
EHPs’ compliance, trust and comfort was verified ad evaluated
by three questionnaires. In average, 52 % of the EPk scored the
user-friendly and usability of the system as reas@ble.

Only 16 % sought help from the healthcare personneh respect
with the application of the patient-unit. 76 % scoed the
reliability of the system as “reasonable” and 20 %as “only now
and then”. It is concluded that the present systenis reliable,
functions with a clinically acceptable performance.The EHPs
have expressed reasonable compliance and trust tohet
application of the system at home; however a numbeof the
elderly were not satisfied with the weight and theuser-interface
of the ECG device.
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l. INTRODUCTION

Government and research statistics, obviously, st
age distribution in many Western countries is sigft
dramatically towards an older population. Older gdechave
different requirements from society and governmerd
opposed to young people, and frequently differirdues as
well. These issues alone will have an enormous ¢npa the
demands for care services for the elderly. Nowadiaymany
Western countries, the health authorities tendptnase the
resources most effectively by introducing pervadiealthcare
services, where it is in many cases an optione@t/monitor as
many patients as possible at their home.

This is an important issue when people with disibdmsl and
elderly people are considered. Thanks
technologies the elderly now have the opporturotystay in

their homes longer and manage everyday tasks wtithou
significant burden for their caregivers. Pervasieenputing in
Smart Homes are an examples of using intelligentcde to
improve the quality of life for disable people aetierly.
Guides showing the shortest route from one plaeatdher [1]

or helping with a task by giving step-by-step instions [1],
devices monitoring time and amount of medicatidteta[2],
robotic interfaces combined with virtual-realityvinonments

for rehabilitation [3], applying an ordinary mobilghone,
Bluetooth technology and public cellular network fareless
remote monitoring heart patient in real-time [4] fe other
examples of emerging pervasive computing techneogi
Many home monitoring systems have been designed and
developed, and various issues have been reviewedpith [4]

(6] [7] [8] [9] [10] [11].

Pervasive (or ubiquitous) computing technology for
healthcare covers a wide range of areas; suctsagbdted and
mobile computing, artificial intelligence, sensatworks, and
human-computer interaction. Researchers and desrslogeed
to combine knowledge of all of these disciplinesiésign and
develop systems that are safe, secure, reliabkafiendly
and truly accessible to users. They need to contbinaledge
from medicine, physiotherapy, psychology, and imfation
and communications technology (ICT) as well in orde
create more user-centred systems. Pervasive camgputi
techniques have been applied in clinical settint@] [13].
There has been little research on pervasive congpuibr
healthcare at home, though some projects are igaéisgy the
transmission of the patient's medical data to & cantre [14],
and other paper validates a real-time wirelessmedicine
system for remote monitoring patient at home [15].

The success of integration and adaptation of pamvas
computing and telemedicine technology in patiertiame
depends on the patients’ compliance and trustedntinoduced
system. Trust is a composition of many differerttitates;
reliability, dependability, honesty, truthfulnesssecurity,
competence, timeliness and comfort, which may havée
considered depending on the environment in whicist tis
being specified.

to emerging



The Compact Oxford English Dictionary [16] statéstt
trust is “firm belief in the reliability, truth, ality, or strength
of someone or something”. A trustworthy entity wifpically
have a high reliability and so will not fail duririge course of
an interaction, will perform a service or actionthin a
reasonable period of time, will tell the truth amel honest with
respect to interactions and will not disclose abefitial
information. Competencés a better term thastrengthfor the
environment related to services and computing syste. an
entity should be capable of performing the fundiexpected
of it or the service it is meant to provide corhe@nd within
reasonable timescales. Thus, wining patients’ c@mpé and
trust will be a challenge.

. MOTIVATION

In Aalborg hospital (Denmark) 40 % of the total raen of
cardiac patients are hospitalised due to heart/timriia, most
of them are elderly. These patients are all moeétdry short-
range telemetry in the hospital for one to five sigpatient
registration section, Aalborg Hospital, Denmark)onNisky
heart patients are sent home to be monitored bieHot event
recording devices (off-line monitoring devices).tNd elderly
patients show high compliance with the applicatadnthese
devices, as this function off-line. Nor this monmitg
arrangement provides comfort to the elderly pasient

Ill.  SPECIFIC AIMS

The aims of the present paper are to investigatéfyvand
evaluate the elderly patients’ compliance, trust eomfort in
relation to a real-time wireless telemedicine systd home.

IV. MATERIALS AND METHODS
A telemedicine system composed of a patient-urgniBa

Biomedical T3300 ECG device, a Bluetooth module and
Sony Ericsson T610 mobile phone, Denmark), GSM/GPRS

network (SONOFON, Denmark), a router, a data imetgy
and a monitoring system (Figurel) were used [4] Tayenty
four non risky elderly heart patients, aged (60¥8ars (12
males and 12 females), were included.

A week of continuous ECGs for each of the elderbrav
recorded. The experiments were carried out whiteedderly,
wearing the patient-unit, were performing their rgveay’s
indoors and outdoors activities. They were inseddhow to
mount the disposable electrodes, how to operatepdtient-
unit and how and when they should change/ rechénge
batteries. They were asked not to shower whileriwgahe
patient-unit. The elderly had a fixed telephone kit home and
were equipped with an extra mobile phone when thene out
of doors. They were contacted in case there wagpeblem.
The patients were asked to keep a diary of thédly dativities.

To evaluate the elderly compliance, trust and cotrifo
respect to the present telemedicine system, tieléeegjistered
guestionnaires were designed and prepared. Theofies for
the evaluation of the system’s degree of user-ditigrusability
and reliability, the second one for the evaluatioh the
patients’ privacy, freedom and mobility during mioming

period, the third one for the evaluation of théieyds’ degree
of confidence and trust in respect of using thesgmé wireless
remote monitoring system at home.

A. System’s functionality

A telemetry device collects the ECGs from the pale
chest via 4 disposable electrodes. The telemetmjceleis
connected to a Bluetooth module via a serial iat&f The
Bluetooth module is wirelessly connected to a nelpihone
(figure 1). The Bluetooth module is designed tookes the
mobile phone to establish either a GSM or a GPRBiection
automatically. The transmission of the data, fréva mobile
phone to the server at the hospital, is carried wat
GSM/GPRS network. On hospital side the interpregeeives
the data through a router and converts it to pfaxelé format.
The data are sent to the monitoring system viaalsesble.
The monitoring system converts the received datgraphical
ECG [4] [5]. The mobile phone is connected in toerse of
the real-time monitoring period. In case of netwiailure or
no GSM/GPRS network coverage, the Bluetooth modide
mobile phone, repeatedly attempts for connection
reestablishment until a complete connection is bdistzed.
The system is equipped with alarm procedure, atsl lgenefit
of the integrated data security arrangements inetBhth,
GSM and GPRS [17].

GSMI/GPRS

GSM/GPR!
Network

Protocol Interpreter  Router

Figure 1. a principal sketch of the wireless remote patieabitoring system
containing ECG device, Bluetooth module, mobilerEdGSM/GPRS
network, router, data interpreter and a graphi€GEnonitoring system.



V. RESULTS

A. System’s user-friendly, usability and reliability

The elderly spent (15 + 3) minutes to learn howse the
patient-unit. In average, 80 % of the elderly sdotige user-
friendly and usability of the system as good. Thegarity (92
%) could easily manage employing the system. OB/l of
the elderly sought help from the healthcare persbrin
relation to employment of the patient-unit, and @6 - 8%)
had problem with changing or re-charging battefias the
mobile phone and ECG device as well. 76 % of therg} (n =
24) scored the reliability of the system as “readxe’, 20 % as
“only now and then”, and only 4 % scored the réligbas
“excellent”. The results are summarised in table 1.

TABLE I. SYSTEM S USERFRIENDLY, USABILITY AND RELIABILITY
Tablel The scores
How long (in minutes) did it take for you to 15 + 3 minutes
learn to use the patient-unit?

Express the degree of complexity using the | 72 % ‘0"
mobile phone 20 % “1”
(0O=notatall, 1 =alittle, 2=some times,3F 4% “n
very much) 4% wgn
Express the degree of complexity using the | 60 % “0”
telemetry device 20 % “1”
(0 =notatall, 1 =alittle, 2 =some times, 3 & 12 % upn
very much) 8 % ugn
Could you manage employing the system at| 92 % “yes”
home? 8 % “no”
Did you change the electrodes by yourself? 8% “no”
42 % “once”
50 % “twice”
Did you have difficulty changing the 84 % ‘0"
electrodes? (0 = not at all, 1 = a little, 2 = 8% “1"
some times, 3 = very much) 8 % ugn
Did you need help from the healthcare 84 % ‘0"
personnel for using the system at home? (0 = o
not at all, 1 = a little, 2 = some times, 3 = very 12% 1
much) 4% 2
Did you have difficulty changing batteries fo 84 % ‘0"
the mobile phone? (0 = not at all, 1 = a little,|2 8 % ‘1"
= some times, 3 = very much) 8% un
Did you have difficulty changing batteries fo 84 % ‘0"
the ECG device? (O =notatall, 1 =alittle, 2=12 % “1”
some times, 3 = very much) 4% un
Do you think the patient unit is heavy? (0 = 68 % ‘0"
not at all, 1 = a little, 2 = some times, 3 =vely 4 % “1"
much) 8% won
20 % “3”
Did the system work properly? 20 % “1"
(0 =not at all, 1 = only now and then, 2 = 76 % 2"
reasonable, 3 = excellent) 4% “g3n

B. Patients’ privacy, freedom and mobility

The majority of the elderly believed that their egtation
to privacy was in 84 % fulfilled. And only 4% belied that
their expectation to privacy was only now and tlgfilled.
Almost 52 % of the elderly patients (n = 24) scofed a
reasonable mobility and freedom, and the rest 2&éted for

not complete fulfilment of freedom and mobilityh@& results
are summarised in table 2.

TABLE II. PATIENTS PRIVACY, FREEDOM AND MOBILITY
Table2 The scores
How do you evaluate your privacy being monitored by 4 % “1”
the present remote monitoring system at home? 84 % ugn
(0 = was not fulfilled at all, 1 = only now and thevas 12 % ugn
fulfilled, 2 = reasonably fulfilled, 3 = completely
fulfilled)
How do you evaluate your mobility being monitored| 20% “1”
by the present wireless remote monitoring system af 52 o, ugn
home? 0 wqn
(0 =not at all, 1 = only now and then, 2 = reatt®a3 28 % 3
= excellent)
How do you evaluate your freedom being monitored byl6 % “1”
the present wireless remote monitoring system at 54 % ugn
home? o wnn
(0 =not at all, 1 = only now and then, 2 = reatt®a3 38% 3
= excellent)

C. Patient’s trust, comfort and compliance

Only 12 % of the elderly patients do not trust gresent
wireless remote monitoring system at all, whereagertrust
the system. More than 60 % of the elderly are usesmploy
a mobile phone in daily life and 50 % have a reabtm
understanding of the system application. 80 % belithat
their comfort is satisfied. Eighteen out of twemdyr elderly
patients (76 %) preferred to be monitored fromrtheime (in
more natural environments). The results are sunse@rin
table 3.

TABLE lIl. PATIENTS TRUST, COMFORT AND COMPLIANCE
Table3 The scores
Are you used to employ a mobile phone? 8 % ‘0"
(0 =notatall, 1 =only now and then, 2 =reattma | 32 % “1"
3 = very often) 32% 2"
28 % ‘3"
How much did you understand the application of the 8% ‘0"
system? 42 % “1”
(0 =not at all, 1 = a little, 2 = reasonable, Bery 38 % upn
much) 12 % “3”
How much do you trust the present remote monitoring12% “0”
system? 16 % “1”
(0 =not at all, 1 = a little, 2 = reasonable, Bery 34 % upn
much) 38 % “3”
How do you rate your comfort, using the present 0% “0”
monitoring system? 20 % “1”
(0 =not at all, 1 = a little, 2 = reasonable, Bery 42 % upn
much) 38 % “3”
Would you like your heart be monitored from your | 16 % “1”
home instead of on a bed at the hospital? 34 % “2"
(0 =not at all, 1 = not always, 2 = | like it, 3 $ke it 38 % “3”
very much) 68 % “3r

VI. DISCUSSION AND CONCLUSION

The elderly patients’ compliance, trust and comfiort
relation to a real-time wireless telemedicine systt home
were investigated. In this connection, the patemtiobility,



freedom, trust and compliance in addition to th&tesy’s user-
friendly and reliability were verified and evaludte The
results showed that the present system is relidbhetions
with a clinically acceptable performance, even tifouhe
system was tested under totally uncontrolled cistamces
while the patients’ were performing their daily isittes
indoors and outdoors. The elderly patients haveresged
reasonable compliance and trust to the applicatibrthe
system at home; the more natural environment. Tagnity
believe that their comfort was satisfied. Howewenumber of
the elderly were not satisfied with the weight ander
interface of the ECG device. These issues bring anp
important principal approach
development, namely patients’ satisfaction reli@saomore
user-driven design and development.

The results could not be generalised to elderlyufadjon,
as the number (n = 24) of the recruited elderlygoés are not
completely representing the general populationthiéumore,
the present investigation has been performed anlgespect
with one specific telemedicine system and shouldg#ied on
a number of similar systems in order to have abeitture of
the general attitude of the elderly in the popalati

Finally, it could be concluded, that the systerapglicable
for patient monitoring and aftercare in elderlyigats’ home
and the elderly are reasonably confident in usinglowever,
the patient-unit should be designed more userdhenThis
subject needs further investigation in a largelesca
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