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Summary 
Objective: The OECD countries are facing a set of core 
challenges; an increasing elderly population; increasing 
number of chronic and lifestyle-related diseases; ex -
panding scope of what medicine can do; and increasing 
lack of medical professionals. Pervasive healthcare asks 
how pervasive computing technology can be designed 
to meet these challenges.  
The objective of this paper is to discuss ‘pervasive 
healthcare’ as a research field and tries to establish 
how novel and distinct it is, compared to related work 
within biomedical engineering, medical informatics, 
and ubiquitous computing. 
Methods: The paper presents the research questions, 
approach, technologies, and methods of pervasive 
healthcare and discusses these in comparison to those 
of other related scientific disciplines. 
Results: A set of central research themes are presented; 
monitoring and body sensor networks; pervasive 
 assistive technologies; pervasive computing for hospi-
tals; and preventive and persuasive technologies. Two 
projects illustrate the kind of research being done in 
pervasive healthcare. The first project is targeted at 
home-based monitoring of hypertension; the second 
project is designing context-aware technologies for 
 hospitals. Both projects approach the healthcare chal-
lenges in a new way, apply a new type of research 
method, and come up with new kinds of technological 
solutions.  
‘Clinical proof-of-concept’ is recommended as a new 
method for pervasive healthcare research; the method 
helps design and test pervasive healthcare technolo -
gies, and in ascertaining their clinical potential before 
large-scale clinical tests are needed. 
Conclusion: The paper concludes that pervasive health-
care as a research field and agenda is novel; it is ad-
dressing new emerging research questions, represents a 
novel approach, designs new types of technologies, and 
applies a new kind of research method. 
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1.  Introduction 

This paper seeks to investigate whether 
‘pervasive healthcare’ as a research field is 
something new or is just a new label for 
existing researcha. In order to investigate 
this question, we need to consider what we 
mean with a ‘research field’ and what we 
mean by ‘new’. To narrow down the first 
question, there is a list of questions which 
we need to address, such as: 
● What are the challenges which are ad-

dressed by the field? 
● What are the core research questions? 

And why are these worth investigating? 
● Who will benefit and  /or be affected by 

the solutions? 
● What are the methods used to address the 

research questions? And how do we 
measure success? 

● What is the short-term, mid-term, and 
long-term impact of this research? 

● What types of results do we expect? 
What are the prototypical solutions? 

● How is the field related to – and distinct 
from – other research fields? 

●  And – what will happen if we do not do 
this research? 

 
These are very large and overreaching ques-
tions which are not easily answered. This 
paper will address these questions, but the 
real goal of the paper is also to introduce 
these questions and provide some direction 
for their answers for other to pick up on. 

The second question – what actually con-
stitutes something new – actually turned out 
to be a much harder question. Often a ‘new’ 
contribution is only recognized historically, 

i.e. when looking back in the history of 
ideas, one is able to recognize that a new 
idea emerged at a certain point in time. 
However, when you are in this point in time, 
it is often very difficult to see the novelty of 
the idea. The fact that the heliocentrism 
world view proposed by Galileo was not 
 recognized within his lifetime is a classic 
example. The Danish philosopher Søren 
Kierkegaard has said that “Life is lived for-
ward, but understood backwards”. To illus-
trate this paradox, we can think of cars. 
When we see a brand-new Ferrari, there is 
little doubt that this is a car; when we see a 
horse carriage from the 18th century, there 
is also little doubt that this is a horse car-
riage. However, when we see some of the 
first automobiles ever made, these look very 
much like a horse carriage equipped with a 
supplementary engine. Today we are not in 
doubt – these were the first examples of 
cars. In the time they were made, they were 
just carriages. My main argument is pre-
cisely that ‘pervasive healthcare’ is right 
now a horse carriage with a supplementary 
engine; right now it is difficult to see what is 
new, but I’m certain that when looking back 
in the years to come, ‘pervasive healthcare’ 
will be recognized as a new scientific 
 approach. This paper will try to evolve this 
argument. 

2.  Challenges, Questions,  
and Approach 
Pervasive healthcare [1] takes its outset in 
the rising health challenges that the OECD 
countries are facing in the near future. These 
challenges are well-known to many readers, 
and I will only summarize them hereb: a This paper is based on the keynote talk that I gave 

at the 2008 Conference on Pervasive Health in 
Tampere, Finland. The original title of the talk was 
“Is 'Pervasive Healthcare' old wine on a new bottle 
– or is it a real, but emerging, research discipline?” 
Slides from the talk can be found at SlideShare. 

b More details on these challenges and their relation 
to pervasive healthcare research are discussed by 
Kaye and Zitzelberger in [2]. 
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● The demographic development is pre-
dicting a huge increase in the ratio of 
elderly people as compared to the work-
ing set of citizens.  

● Chronic diseases and healthcare costs 
are increasing as people grow older. 

● Current lifestyles (e.g. smoking, obesity, 
and inactivity) contribute toward in-
creased prevalence of chronic degener-
ative diseases.  

● Constantly expanding scope of what 
medicine can do thanks to innovative 
medicine and healthcare technologies, 
increases healthcare cost and average life 
expectancy. 

● There is an increasing lack of clinical 
professionals due to retirement and 
 general small numbers of medical and 
nursing students. 

 
All of these challenges interact, which 
means that in common they represent a fun-
damental healthcare challenge to all OECD 
countries – irrespective of their welfare 
model. 

The question that the research field of 
pervasive healthcare is trying to ask is basi-
cally how pervasive computing technol-
ogies can help mitigate these challenges. 
Apparently, this may seem like a pure ‘ap-
plied’ research field – i.e. how to apply 
something existing – pervasive computing 
technologies – to solve a specific ‘problem’ 
in healthcare. This is, however, far from the 
case. First of all, ‘pervasive computing’ in 
itself is not anything well-defined; per-
vasive computing is a very active research 
area combining electrical engineering, com-
puter science, and human factors research. 
Hence, researching and developing per-
vasive computing technologies is currently 
on-going, and the input is coming from a 
number of application areas, including 
healthcare. Second, the ‘healthcare prob-
lem’ is an ill-defined problem, and it will 
require fundamental research to uncover the 
concepts and solutions for mitigating the 
complex web of challenges listed above. 
Hence, in combination, pervasive health-
care is doing research on two flanks simul -
taneously; researching new pervasive com-
puting technologies appropriate for the 
healthcare environment, while also re-
searching new solutions and approaches for 

mitigating the fundamental healthcare chal-
lenges. As such, pervasive healthcare cer-
tainly has positioned itself within a de -
manding research agenda.  

Clearly the challenges listed above are 
recognized within other research disciplines 
and fields, who – fortunately – are also ad-
dressing them and are suggesting solutions. 
Biomedical engineering (BME) combines 
the design and problem-solving skills of en-
gineering with the medical and biological 
science to help improve patient healthcare 
and the quality of life of healthy individuals. 
Examples of concrete applications of bio-
medical engineering are biocompatible 
prostheses, medical devices, diagnostic de-
vices and imaging equipment such as EEGs 
and MRIs, and pharmaceutical drugs. 
Hence, BME is targeted at improving dis-
ease diagnostics, treatment, and follow-up. 
Medical informatics (MI), on the other 
hand, deals with the resources, devices and 
methods required to optimize the acquisi-
tion, storage, retrieval and use of informa-
tion in healthcare. Health informatics tools 
include not only computers but also clinical 
guidelines, formal medical terminologies, 
and information and communication sys-
tems. In essence, MI is targeted at informa-
tion processing of large sets of health data, 
including e.g. electronic patient records. In 
addition to these more technical health re-
search disciplines, areas like hospital man-
agement, architecture, and production en-
gineering all address the overall challenge 
of delivering more and better healthcare ser-
vices with less resources. Finally, a strong 
sister discipline to pervasive healthcare is 
the research done within pervasive and ubi-
quitous computing (UbiComp). UbiComp 
is concerned with the study, design, and 
 implementation of new types of embedded, 
mobile, pro-active, context-aware, collabo -
rative, and sensor systems, which are de-
ployed in large scale.  

Pervasive healthcare is closely related to 
BME, MI, and UbiComp and many re-
searchers are active in several of these 
fields. Pervasive healthcare has, neverthe-
less, a set of scientific goals and ap-
proaches, which also makes it fundamen -
tally different and distinctive. 

Overall, I would argue that pervasive 
healthcare is part of an overall approach, 

which is trying to alter the Western health-
care service delivery model. The approach 
is to move from a centralized model with 
highly specialized medical professional in-
side hospitals that treat ill patients, to a 
much more decentralized model where 
people themselves are active participants in 
caring for their own well-being. Eric Dish-
man [3] has used the metaphor of the 
 outdated mainframe computer to describe 
the current model of healthcare service de-
livery – the mainframe being equivalent to 
the hospital – and has used this metaphor to 
argue for moving to a much more decentra-
lized and personal healthcare model equiv-
alent to the inter-networked personal com-
puter. 

Hence, pervasive healthcare technolo -
gies are designed and developed to support 
this decentralized approach, which can be 
described along a set of distinctive dimen-
sions, as illustrated in Figure 1. First, perva-
sive healthcare technologies seek to support 
continuous well-being, treatment, and care 
of people rather than focus on technologies 
for acute treatment and care. Second, focus 
is on moving patient treatment and care 
from hospitalization to home-based or out-
patient treatment. This is already a move-
ment, which is accelerating due to tech-
nological improvement in e.g. ambulatory 
surgery. Pervasive healthcare technologies 
will help improve this process – both by 
 providing technologies for patient self-care, 
and by providing technologies for the clini-
cians to reach out to home-based patients. 
Third, instead of periodic sampling done 
 inside hospitals (e.g. blood sampling or 
X-ray imaging), continuous monitoring 
done automatically or by the patient him or 

Acute Z Continous 
Hospitalization Z Home & out-patient 
Reactive Z Pro-active & Preventive 
IT Z Assistive Technology 
Centralized Z Pervasive 
Sampling Z Monitoring 
Doctor-centric Z Patient-centric 

Fig. 1 The pervasive healthcare approach – changing 
focus from a centralized, reactive, and information-focused 
approach to a decentralized, preventive, and assistive 
 approach 
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herself combined with decision support sys-
tems, will enable pro-active and preventive 
types of diagnosis, early detection, and 
treatment of various diseases. Fourth, per-
vasive healthcare technologies will help 
 patients to deal with their own well-being, 
health, and illness to a much larger degree 
and most pervasive healthcare technologies 
are hence patient-centric rather than de-
signed for clinical professionals. Finally, 
much research into the use of information 
and communication technology (ICT) in the 
healthcare sector has been focusing on in-
formation processing, storage, integration, 
modeling, and presentation. In short, focus 
has to a large degree been on creation of 
 information technology for healthcare. In 
contrast, the types of technologies that per-
vasive healthcare research targets can be 
characterized as assistive technologies aim-
ing at helping citizens to stay well physi-
cally, mentally, and socially; to self-manage 
any disease they might have, and in general 
assist people in continuous health-related 
activities. The movement from information 
technology to assistive technology also 
applies when creating pervasive computing 
support for clinicians inside hospitals – the 
focus is not on information processing (like 
medical records) but more on assisting 
clinicians in their daily work using em-
bedded, wireless, mobile, ambient technol-
ogies inside the hospital. Section 4 presents 
some examples to illustrate these dimen-
sions. 

With the danger of generalizing, I would 
claim that most work within BME and MI 
has been – and to a large degree still is – fo-
cused on technologies for the centralized, 
existing health service delivery model (the 
left side of Fig. 1). Most BME technologies 
are made for clinicians for diagnostic pur-
poses and for treatment for acute ill patients 
inside hospitals. Even extremely ‘personal’ 
devices like pacemakers or artificial heart 
valves are – one could argue – made for 
clinicians to treat acutely ill patients. Simi-
larly, MI technologies, classifications, and 
terminologies are made for clinicians and 
administrators operating inside large 
healthcare organizations, like hospitals or 
government institutions. They focus on 
clinical information processing and deci-
sion making, and are often designed in a 

very centralized way. None of these systems 
are made for patients, for home-based treat-
ment, or assisted living.  

It is in supporting the movement from 
left to right in Figure 1 that pervasive health-
care technologies exist – and where they ad-
dress new research challenges and questions 
with a new approach. Fortunately, many re-
searchers with a background in BME and 
MI are now joining this research agenda. 

At a first glance, the research approach 
of pervasive healthcare may sound like tech-
nologies focusing solely on empowering the 
patient to engage much more independently 
in his or her own health management. This 
is, however, not the complete picture; there 
are two sides of this coin. Hospitals and 
other more or less centralized healthcare fa-
cilities would still be fundamental to the 
treatment of patients. But for these institu-
tions to function in this de-centralized and 
patient-empowered environment, they too 
need to change the way they organize their 
services. Hence, an important part of per -
vasive healthcare is to investigate how per-
vasive computing technologies can help im-
prove the organization of patient treatment 
inside hospitals, as well as the collaboration 
between the home-based patients and the 
hospital. For example, patients may be hos-
pitalized at home, which sets up a range of 
requirements for remote monitoring, diag-
nosis, treatment, care, and communication. 

3 . Research 
Research in pervasive healthcare is already 
taking many forms. In this section I will 
present and discuss some of the core re-
search themes, which are addressed. Some 
of them are already rather mature and have 
achieved substantial results. Monitoring 
and body sensor networks, for example, are 
very active research themes and the technol-
ogies are already being deployed in clinical 
trials. Other themes are much more prelimi-
nary and still present a lot of open questions. 
For example, devising persuasive technol-
ogies, which would help people cope with 
health-related challenges in their lives is a 
research theme that indeed looks important 
and promising, but which nobody really 

knows how to actually execute on. In this 
paper I have chosen to focus on monitoring, 
assistive technologies, clinical support 
 systems, and preventive technologies. But 
more themes exist, and are emerging. 

3.1  Monitoring and Body Sensor 
Networks 
Creating technologies for monitoring and 
creating body sensor networks has been the 
most active and successful research theme 
within pervasive healthcare – so far. One 
strand of work is dedicated to achieving re-
liable monitoring of health signs like blood 
pressure, ECG, heart rate, skin conductivity, 
blood sugar, and similar. The main chal-
lenge has been to design and develop re-
liable yet non-intrusive, wearable sensors, 
which can be used by a layman. The goal has 
been to create a platform for continuous 
monitoring, because substantial clinical evi-
dence indicates that continuous monitoring 
of certain vital signs can work as early de-
tector of different chronic diseases like 
 hypertension, congestive heart failure, dia-
betes, dementia, and epilepsy. A related 
strand is to make sure that this sensor and 
monitoring technology works together in a 
distributed infrastructure. This research re-
lates to research within general sensor net-
works, and has been dedicated to the design 
and development of health-specific body 
sensor networks. Resilience, fail-over, net-
work topology, wireless communication, 
protocols, and real-time data management 
are important issues in this strand of re-
search. 

Body sensor network research seeks to 
move existing sampling technologies and 
their use from the laboratories inside hospi-
tals out into the hands of the patients. In ad-
dition, a third strand of research seeks to de-
vise technologies and approaches for moni-
toring and recognizing higher-order beha-
vioral traits. For example, detecting activ-
ities of daily living (ADL) based on sensor 
networks and machine learning approaches 
has been the topic of several research 
groups. The goal is to reason about the func-
tioning of an individual, and use this infor-
mation for early warnings, safety, preven-
tion, and assistance. For example, detecting 
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early signs of dementia, monitoring falls in 
the home of elderly people, and helping 
people with dementia to wash hands or re-
member conversations. 

The state of the art is that the first proto-
types have been developed, which can be 
used in larger clinical trials. For example, 
the MyHeart technology [4] is now being 
tried out with real patients and the Intel Mo-
bile Sensing Platform (Intel MSP) is being 
used as a health monitoring infrastructure in 
different academic research projects [5]. 
Also, the first types of products are being 
commercialized – even though many of 
these are advertised as “wellness technol-
ogies” and not as health monitoring devices. 
One example is the Pulsar monitoring 
equipment [6].  

3.2  Pervasive Assistive 
 Technologies 
Assistive technology is a generic term that 
includes assistive, adaptive, and rehabili-
tative devices and the process used in select-
ing, locating, and using them. There is an in-
creasing focus on using pervasive comput-
ing technologies for assistive technologiesc. 

A core focus within pervasive assistive 
technologies is to help people stay indepen-
dent while growing old. Whereas traditional 
assisted living focused on promoting 
greater independence for people with dis-
abilities by enabling them to perform tasks 
that they were formerly unable to accom-
plish, the pervasive healthcare approach is 
to support people in general – elderly, ill, 
disabled, or even well people – to live an 
 independent, well-functioning life with re-
spect to wellness, health, safety, and social 
interaction.  

A number of research projects have been 
addressing these issues. For example, tech-
nologies for independent living includes 
medication reminder systems, tele-monitor-
ing systems, automatic watering of plants, 
and cooking reminder systems, as well as 
safety systems for detecting falls, dehy-

dration, medication errors, gas and electric-
ity hazards, and automatic access control to 
the house. In addition to these kinds of 
health and safety systems, a number of re-
searchers have also been addressing how to 
improve the social life of elderly citizens 
who increasingly are living alone. Systems 
for social TV sharing, messaging, media 
sharing, and peripheral awareness have been 
suggested – and these systems are in many 
respects not solely designed for elderly 
people.  

3.3  Pervasive Computing 
for Hospitals 
Contemporary computing technology is to a 
large extent designed for office use; net-
worked personal computers, which are used 
at a desk for writing, accounting, communi-
cation, or information management. Be-
cause the working environment and the 
 nature of the tasks being executed inside a 
hospital are very different from an office, 
current technology has turned out to fit very 
poorly to hospitals.  

A central research agenda within perva-
sive healthcare is to research new kinds of 
pervasive computing technologies which 
are suited for hospitals in general, and in 
particular for supporting out-patient and 
home-based treatment of patients admitted 
to the hospital. Focus is on creating com-
puter support embedded in the physical 
hospital environment, creating context-
aware applications, supporting mobility 
and collaboration, and design capture and 
access systems for clinical work. For 
example,  systems are designed, which 
allow clinical personnel easy and context-
aware access to relevant clinical data in a 
specific situation. Focus is on easy but se-
cure access to data without cumbersome 
login procedures, and fast navigation in the 
large data sets associated with patient 
treatment. Other systems are designed to 
use audio, video, and context sensing to 
capture all activity inside operating rooms 
for easy documentation and later review. 
Context-aware systems are designed to 
help clinicians to coordinate their work in 
an efficient manner using both explicit as 
well as implicit communication modalities 

while working in a safety-critical environ-
ment like an operating room. And systems 
are using sensor technology and machine 
reasoning to ensure patient safety during 
surgery or in medication. 

3.4  Preventive and Persuasive 
Technologies 
When looking at the fundamental chal-
lenges posed to the OECD countries, the 
strongest promise – and hope – for the per-
vasive healthcare technologies lies in pre-
ventive and persuasive technologies. Pre-
ventive technologies are systems (both 
technical, organizational, and social), 
which try to mitigate diseases on a early 
stage in order to prevent them from occur-
ring, or at least try to delay the onset of the 
disease. Much work in the monitoring area 
of pervasive healthcare is targeted towards 
preventive  efforts. Many medical studies 
have, for example, shown that continuous 
monitoring of blood pressure has a positive 
impact on reducing the risk for hyperten-
sion and congestive heart failure. Simi-
larly, continuous monitoring of blood 
sugar and accurate  dosage of insulin has 
proved to reduce the severity of the typical 
complications that diabetic patients en-
counter. 

Monitoring, however, is seldom suffi-
cient. A large proportion of the diseases that 
people suffer from (hypertension, diabetes, 
heart diseases, etc.) are either directly 
caused or severely aggravated by inappro-
priate lifestyles related to smoking, drink-
ing, inactivity, and stress – and the best cure 
seems to be changing people’s behavior. 
Systems, which seek to alter people’s beha-
vior are called persuasive technologies. Per-
suading people to change behavior is not 
easy and the creation of these kinds of tech-
nologies is still in a very preliminary stage 
with very few specific ideas, concepts, or 
designs. Examples include making context-
aware signs that encourage people to take 
the stairs rather than the lift; mobile phones 
that encourage people to walk more (using 
the mobile phone as a pedometer); and a 
 social walking game among teenage girls 
using social web technology and mobile 
phones to access the game. 

c In Europe, this is termed “Ambient Assisted Liv-
ing” (AAL) because the European term for perva-
sive computing typically has been ambient intelli-
gence. 
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4 . Examples 

To illustrate my arguments I will provide 
two examples of research project into per-
vasive healthcare. These examples serve a 
double purpose: First they act as prototypi-
cal examples of the kind of research and the 
methods applied in pervasive healthcare. 
Second, they seek to illustrate that this kind 
of research may at a first glance look like 
existing and related research within other 
disciplines. But just like the carriages with 
an engine that later were recognized as cars, 
I hope that this kind of research will be 
 recognized as having a different focus and 
approach in important areas.  

4.1  Home-based Monitoring  
of Vital Signs 
The first project is concerned with home-
based monitoring of hypertensive patients. 
Hypertension is a direct cause of a number 
of heart diseases, including congestive 
heart failure and stroke, and substantial 
clinical evidence indicates, that frequent 
blood pressure monitoring helps prevent 
hypertension [7]. For this reason, many 
pervasive healthcare projects have ad-
dressed hypertension. This project was 
done in 2002 when state-of-the-art blood 
pressure monitoring was based on a cuff. 
Few other technologies existed –intra-
venous pressure sensors – but were either 

research prototypes or only working inside 
a clinic. Our goal was to deploy the tech-
nology in a limited pilot study. The tech-
nology for home-based monitoring hence 
consisted of a suitcase with a traditional 
blood pressure monitor, a PDA, and a GSM 
modem as illustrated in Figure 2.  

In this project, the patients were given 
the technology by their general practitioner 
(GP). The system had three main features: 
i) it allowed the patient to measure the blood 
pressure several times a day and this data 
was sent to a central server for the GP to ob-
serve; ii) the GP could prescribe medicines 
and the patient could indicate that (s)he was 
complying to the prescription; and iii) it en-
abled communication between the patient 
and the GP, using both text and voice mes -
saging. 

We carried out a series of interviews and 
field studies of this home-based monitoring 
and treatment system, considering issues of 
medical treatment, division of work, com-
munication, patient self-understanding, and 
technology [8]. Most medical studies of 
home-based monitoring of hypertension 
provide evidence that this kind of monitor-
ing provides more accurate measurements. 
Our findings emphasized, however, that the 
relationship between the GP and the patient 
changed when a new computer-mediated 
home-based treatment for hypertension was 
introduced. More specifically, we found 
four specific aspects of this transformation 
caused by pervasive monitoring and treat-
ment technology: 

●  A new division of work emerged, which 
transferred the act of monitoring and in-
terpreting the blood pressure data from 
the GP to the patient. 

● The medical treatment of hypertension 
and the life quality of the patient was 
 improved. However, new demands for 
monitoring the incoming data and the 
 patient’s progression in treatment were 
inflicted upon the GP. 

● The communication pattern between the 
patient and GP was fundamentally changed 
from a contextual rich conversation to an 
asynchronous message exchange. 

● Because the patient was more involved in 
the monitoring and treatment of hyper-
tension, he or she became more self-
aware on the nature of high blood pres -
sure and what affects it. 

 
Now, why does this project represent per -
vasive healthcare and not e.g. medical in-
formatics or telemedicine? In general be-
cause the focus of the project and the studies 
was concerned about the transformation of 
the delivery of healthcare services between 
the patient and the GP, and more specifically 
because we were able to study and foster 
 patient self-consciousness in his or her own 
hypertension treatment. Even though the 
areas are overlapping, this focus is still dif-
ferent from the medical treatment (using 
telecommunication technology or not) or 
medical data management during treatment, 
which would have been the focus for tele-
medicine and medical informatics research. 
Thus, even though the technology in Fig -
ure 2 clearly looks bulky and not at all ‘per-
vasive’, we still consider this to be a good 
example of one of the first ‘cars’ within per-
vasive healthcare. From a biomedical en -
gineering perspective, the lessons from this 
project can help us design and build new 
types of blood pressure monitors, which 
 incorporate support for communication, 
medication, and sharing of medical data – 
and hopefully also improve the form factor. 

4.2  Pervasive Computing  
in Hospitals 
The second project – called the “Interactive 
Hospital” project – was concerned with the 

Fig. 2  
A patient using the home-
based monitoring system 
in a briefcase for monitor-
ing her blood pressure  
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design and development of pervasive com-
puting technology for hospitals [9]. More 
specifically, the aim was to build context-
aware technologies that support distributed 
social awareness inside the hospital, com-
munication, and coordination before, dur-
ing, and after surgery. The focus was on 
building hospital technologies which were 
embedded inside the hospital structure, and 
were using technologies like RFID location 
tracking of people and patients, large inter-
active displays embedded in the walls of the 
hospital, mobile phones and PDAs, and 
video media spaces. A picture of the tech-
nology deployed at an operating ward is 
shown in Figure 3. Three systems were built 
and deployed inside a hospital: Aware-
Media, which is the software running on the 
large interactive displays; AwarePhone, 
which is the mobile unit; and the context-
aware and location tracking system. 

The project has demonstrated that perva-
sive computing concepts and technologies 
are suitable for clinical work inside hospi-
tals. Due to the nomadic, collaborative, and 
multi-tasking nature of clinical work, ordi-
nary PCs and terminals tied to desks and 
 offices are not particularly appropriate for 
clinical work. In contrast, mobile units, 
large wall-based displays, location tracking, 
and seamless multi-modal communication 
are a better match to hospitals.  

Again – why does this project represent 
pervasive healthcare and not e.g. medical 
informatics? For a couple of reasons. First, 
because the project was conducting research 
into pervasive computing technologies. As 
stated in the introduction, pervasive health-
care operates on two flanks, where the one is 
core technology research into pervasive 
computing based on the challenges arising 
from e.g. healthcare. We are well aware that 
the technologies in Figure 3 in few years 
will look very bulky and very far from what 
I have described as “embedded interactive 
walls” inside a hospital. But again, we are 
also very convinced that this is a nice 
example of one of the first ‘cars’ within per-
vasive healthcare for hospitals. Second, be-
cause the systems were not concerned with 
medical information management, which – 
in this case – would deal with operation 
planning, patient treatment, documenting 
surgery, estimating production, adminis-

trative reporting to HMOs, etc. Actually, 
 patients barely appeared in the systems at 
all. Focus was to design technologies, which 
enabled the clinic – in this case the operating 
ward responsible also for acute and out-
 patient treatment – to organize and improve 
their work practices.  

5.  Clinical Proof-of-concept 
A core characteristic of a scientific disci-
pline is the kind of methods used to address 
its research questions. Research methods 
serve a double purpose; on the one hand 
they specify an approach which is suited to 
address the questions raised by the scientific 
discipline; on the other hand they specify 
how success is measured. For this double 
reason, research methods are of utmost 
 importance for a research discipline. 

There is not a one-to-one relationship 
 between research fields and methods; a 
 research field may apply many different 
 research methods, and the same research 
method is used in many different fields. For 
example, the field of pervasive computing 
applies many research methods ranging 
from ethnography, to qualitative methods, to 
field experiments, to quantitative metrics. 
Just like pervasive computing applies many 
different research methods to address differ-

ent parts of the research question, so is per-
vasive healthcare a highly multi-methodo-
logical research agenda. 

Nevertheless, some methodological ap-
proaches are more ‘at home’ within a scien-
tific discipline than others; field studies and 
participant observation originate from eth-
nography; randomized clinical trials and 
evidence-based medicine originate from 
medicine, and quantitative metrics and per-
formance analysis originate from computer 
science. Here, I want to suggest that a 
 methodological approach, which I have 
 labeled ‘clinical proof-of-concept’ should 
be core to pervasive healthcare research. 
This method strikes a balance between two 
extremes; technical proof-of-concept and a 
clinical trial.  

A ‘technical proof-of-concept’ has been 
the prevalent method for ubiquitous com-
puting and was defined by Marc Weiser as 
“the construction of working prototypes of 
the necessary infrastructure in sufficient 
quality to debug the viability of the system in 
daily use; ourselves and a few colleagues 
serving as guinea pigs” [10]. 

Looking at the research questions posed 
by pervasive healthcare, proof-of-concept 
seems to be lacking some rigor in order to 
make sure that the technologies solve 
health-related challenges. We would never 
be able to understand or evaluate if a tech-
nical prototype for elderly people would be 

Fig. 3 The AwareMedia and the AwarePhone deployed and used for coordination of surgeries at an operating ward 
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successful, if it is only tried out by our col-
leagues in a research laboratory.  

From a medical perspective a technical 
proof-of-concept is clearly not acceptable 
for introducing new medical technology or 
treatment. Evidence-based medicine cat-
egorizes different types of clinical evidence 
and ranks them according to the strength of 
their freedom from the various biases that 
beset medical research. The strongest evi-
dence for therapeutic interventions is pro-
vided by systematic review of randomized, 
double-blind, placebo-controlled trials in-
volving a homogeneous patient population 
and medical condition. In contrast, patient 
testimonials, case reports, and even expert 
opinion have little value as proof because of 
the placebo effect, the biases inherent in ob-
servation and reporting of cases, and dif-
ficulties in ascertaining who is an expert. 

Such strong evidence is, however, im-
possible to obtain while we are still in the 
 research and development phase. So an im-
portant question is how we can strike a bal-
ance between these two extremes; design 
and implement technical proof-of-concepts 
which are suited to provide sufficient clini-
cal evidence for further research and devel-
opment – to rephrase the definition from 
Marc Weiser, I would define such a clinical 
proof-of-concepts as “the construction of 
working prototypes of the necessary func-
tionality and infrastructure in sufficient 
quality to investigate evidence for improv-
ing health in daily use for a suitable period 
of time; a limited but relevant set of people 
serving as subjects”. 

More specifically, the technology should 
be a working prototype that is usable (but 

not necessarily user-friendly), works on its 
own, and is focused on addressing specific 
research questions. This technology should 
be deployed in a real clinical environment, 
should be used by real users (researchers are 
hands-off), for a short, but sufficient period 
of time (one day to three months). The meth-
ods used during this clinical proof-of-
 concept should be targeted at collecting 
 evidence, which demonstrate that the tech-
nology seems promising in addressing its 
specific goal. These methods would typi-
cally be qualitative in nature, involving ob-
servations, questionnaires, studies of per-
ceived usefulness and usability; but may 
also include more quantitative measures of 
clinical effect, if possible. 

Figure 4 shows the temporal progression 
of research methods as the technology is de-
veloped and mature. Time-wise, a clinical 
proof-of-concept lies in between the tradi-
tional laboratory proof-of-concept and a 
full-scale clinical trial.  

In the two projects described above we 
did a clinical proof-of-concept (even though 
we did not call it that at that time). In the 
home-based blood pressure monitoring pro-
ject, the technology was deployed for four 
months having two general practitioners and 
their hypertension patients involved. This 
clinical proof-of-concept did not have a suf-
ficiently large number of subjects (nor a 
control group) to determine if this treatment 
would improve the patients’ blood pressure. 
The study, however, was sufficiently large to 
study, understand, and argue that this kind of 
home-based monitoring would transform 
the patient-GP relationship and make the 
patients capable of managing their own 

blood pressure in a much more efficient 
way. And since previous clinical studies 
have shown that regular self-conscious at-
tention to your blood pressure reduces the 
risk of hypertension, this was clearly a 
strong indicator that this kind of technology 
would be useful. 

In the interactive hospital project, the 
AwareMedia and the AwarePhone were de-
ployed in a pilot test for approx. six months 
at the operating ward of a large Danish hos-
pital. The systems were implemented with 
sufficient functionality to test our research 
hypothesis; i.e. the use of context-awareness 
for coordination purposes, the use of mobile 
technology, and the use of messaging and 
video spaces for communication. The proto-
types were, however, targeted specifically at 
this test and there were a number of func-
tional and non-functional features they did 
not support. For example, only a fixed 
number of operating rooms (3) were sup-
ported, there was no support for configura -
tion, no security, and it was rather mono-
lithic in its nature. On the other hand, the 
prototypes were robust and could be used 
by the clinicians without involving the re-
searchers. Again, this clinical proof-of-con-
cept helped us investigate the usefulness of 
context-aware technologies inside hospitals 
in general, and for coordinating the execu-
tion of operations in particular [9]. Fur-
thermore, using qualitative methods like ob-
servations and questionnaires, a majority of 
the clinicians reported that the systems lead 
to fewer interruptions, made it easier to lo-
cate each other, helped them maintain an 
overview, made coordination easier, and en-
abled them to handle changes in the daily 
operating schedule easier [11]. Hence, this 
clinical proof-of-concept has provided evi-
dence which indicate that this kind of tech-
nology is indeed useful as a new paradigm 
for computing inside hospitals. 

6.  Conclusions 
Pervasive healthcare is an emerging re-
search field with its own research questions, 
agenda, approach, and methods. Returning 
to the questions raised in the introduction, 
pervasive healthcare addresses the core 

Fig. 4  
The timing of a clinical 
proof-of-concept is 
 between a laboratory 
proof-of-concept  
and a full  clinical trial. 
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challenges that most of the OECD countries 
are facing these years; an increasing elderly 
population; increasing number of chronic 
and lifestyle-related diseases, expanding 
scope of what medicine can do, and increas-
ing lack of medical professionals. The core 
research question is how new kinds of per-
vasive computing technologies can be de-
signed and deployed to help us meet these 
challenges. The short-term impact of this re-
search is the development of better and non-
intrusive monitoring systems and personal 
wellness appliances. On a longer term basis, 
pervasive healthcare technologies will be 
part of a fundamental change in the delivery 
of healthcare services, supplementing the 
highly centralized and specialized model we 
have today with a much more decentralized 
and personal model. Clearly, this will not be 
achieved just by research into technology – 
essential issues like health management, 
 organization, and medicine need to be re-
searched too – but technology will be the 
 enabling factor.  

A set of core research themes have been 
outlined including monitoring and body 
sensor networks; pervasive assistive tech-
nologies; pervasive computing for hospi-
tals; and preventive and persuasive technol-
ogies. Many more themes exist – such as 
self-care and self-treatment, therapeutic 
technologies, decision support systems, and 
medication support systems – but the space 
did not allow me to discuss them. I have also 
provided two prototypical exemplars of re-
search into pervasive healthcare. The first 
project was targeted at home-based moni-
toring of hypertension patients, and the sec-
ond project was designing and deploying 
context-aware technologies for coordi -
nation of work inside a hospital. Both pro-
jects could arguably belong to research 
within telemedicine and medical in-
formatics. But they do not – they are 
examples of pervasive healthcare research 
because they approach the challenges in a 
new way, apply a new type of research 
method, and come up with new kinds of 

technological solutions. Clearly, pervasive 
healthcare is strongly related to its ‘sister’ 
research disciplines; biomedical engineer-
ing, medical informatics, and ubiquitous 
computing. But at the same time, pervasive 
healthcare represents a different approach 
and focus.  

This approach is also reflected in the 
 research methods used within pervasive 
healthcare, such as the ‘clinical proof-of-
concept’. Its core idea is to design and con-
struct focused research prototypes to a suf-
ficient functionality and usability to investi-
gate evidence for improving health in daily 
use for an appropriate period of time, in -
volving a limited but relevant set of people. 
This method is placing itself – both with re-
gard to timing as well as ambition – between 
the technical proof-of-concepts made in a 
research laboratory and the resource-de-
manding clinical trial.  

In this paper, I have used the early cars 
that were built as a metaphor for pervasive 
healthcare as a research discipline. At that 
time it was difficult to see it as anything 
really new – after all it was just a carriage 
with an engine instead of a horse, and it did 
not even run as fast or as reliable as the exist-
ing horse-driven ones. Nevertheless, today 
there is no doubt when we see these early 
cars; they were the first examples of some-
thing really new. What we are experiencing 
with the different new types of pervasive 
healthcare technologies is analogue; they do 
not look as anything new and their perform-
ance in solving ‘real’ medical problems is 
not as good as the existing approaches. 
Nevertheless, they are the first examples of 
a new type of medical technology which 
will become an important part of solving the 
challenges of the current healthcare system. 
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