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Summary
Objectives:Building a sustainable health system in the 21st Century
will require the reinvention of much of the present day system, and
the intelligent use of information and communication technologies
(ICT) to deliver high quality, safe, efficient and affordable health
care. The Centre for Health Informatics (CHI) is Australia’s largest
academic research group in this emerging discipline.
Methods:Our research is underpinned by a planning process, based
on different future scenarios for the health system, which helps us
identify longer-term problems needing a sustained research effort. A
research competency matrix is used to ensure that the Centre has the
requisite core capabilities in the research methods and tools needed
to pursue our research program.
Results:The Centre’s work is internationally recognized for its
contributions in the development of intelligent search systems to
support evidence-based healthcare, developing evaluation
methodologies for ICT, and in understanding how communication
shapes the safety and quality of health care delivery. Centre
researchers also are working on safety models and standards for ICT
in healthcare, mining complex gene micro array, medical literature
and medical record data, building health system simulation
methods to model the impact of health policy changes, and
developing novel computational methods to automate the diagnosis
of 3-D medical images.
Conclusions:Any individual research group like CHI must necessarily
focus on a few areas to allow it to develop sufficient research
capacity to make novel and internationally significant contributions.
As CHI approaches the end of its first decade, it is becoming clear
that developing capacity becomes increasingly challenging as the
research territory changes under our feet, and that the Centre will
continue to evolve and shift its focus in the years to come.
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Introduction
Post-genome the next healthcare revo-

lution is in information and systems,

or informatics. Building a sustainable

health system in the 21st Century will

require the reinvention of much of the

present day system [1], and the intelli-

gent use of information and communi-

cation technologies (ICT) to deliver

high quality, safe, efficient and afford-

able health care.

The Centre for Health Informatics

(CHI) is Australia’s largest academic

research group in this emerging disci-

pline. Founded in 2000, CHI is specif i-

cally set up to foster cross-disciplinary

research, and as such is a cross Faculty

organization, bringing together aca-

demic researchers from the Faculties of

Medicine and Engineering (mainly

from the School of Computer Science

and Engineering). The Centre is orga-

nizationally associated with the Faculty

of Medicine.

The Centre’s work is internationally

recognized for its contributions in the

development of intelligent search sys-

tems to support evidence-based healt-

hcare, developing evaluation method-

ologies for ICT, and in understanding

how communication shapes the safety

and quality of health care delivery.

Centre researchers also are working on

safety models and standards for ICT in

healthcare, mining complex gene mi-

cro array, medical literature and medi-

cal record data, building health system

simulation methods to model the im-

pact of health policy changes, and de-

veloping novel computational meth-

ods to automate the diagnosis of 3-D

medical images.

The majority of staff at CHI are full

time researchers, supported by com-

petitive research grants and industry

collaborations. We also have an active

PhD and Masters by research program,

taking in students from either a health

or engineering background to work

alongside Center staff on all of our re-

search programs. In recent years stu-

dents have completed research in areas

such as clinical decision support, clini-

cal communication processes, evalua-

tion, information retrieval and intelli-

gent image analysis. CHI also welcomes

a small number of visiting International

Fellows, who spend extend periods with

the Centre working on shared research

interests, and we have a regular stream

of international students who come to

us for shorter periods to complete re-

search projects which contribute to the

completion of a degree at their home

institution.

Four Futures for the Health
Care System
It may take a decade or more for today’s

research to successfully mature and have

impact in the world, which means that

any new research program needs to be
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solving problems that are somewhat in

the future. Yet predicting the future is

notoriously hard, and researchers are in

a double bind in that they must both pre-

dict that future, and work back to iden-

tify problems for which present day re-

search programs will offer a part solution.

To assist in planning a research pro-

gram that is most responsive to the near

term needs of the health system, CHI’s

research program is underpinned by a

scenario planning process, where we

attempt to envisage different health sys-

tem futures. In our model, we recog-

nize that there are two major determi-

nants of change – the stability of the

environment within which the health

system has to deliver its services, and

the willingness or ability of the health

system to adapt to these needs. Using

these two broad forces, we have identi-

f ied four broad scenarios, which now

shape our thinking and research plans

(Figure 1):
1 . Making ICT Work: In this quadrant,

faced with relatively stable operat-
ing conditions the health system can

embark on incremental changes in
response to projected future de-
mands. A research program here
would focus on assisting in the re-
design of current health services
using ICT. For example, working to
understand why some ICT imple-
mentations succeed or fail, or help-
ing shape the design of current soft-
ware systems to improve their
effectiveness would all fit within this
research quadrant.

2 . New Ways: Incremental changes to
the health system may be insuff i-
cient to achieve the needed improve-
ments in health service delivery in
future years, given emerging demo-
graphic challenges such as clinical
workforce shortages and the increas-
ing burden of disease associated with
an ageing population in most devel-
oped nations [1]. Consequently
more radical models of care may
need to be developed, evaluated and
adopted. Rather than simply retro-
fitting the way things are done now
with ICT to make them more ‘eff i-
cient’, work in this area seeks to
radically reevaluate how things

might be done, and envisage ways
of working that are only possible
through the innovative use of ICT.

3 . Turbulence systems: The risk of
major shocks to the health system
are ever present, including pandem-
ics like avian flu, weather events of
‘mass dimension’ like Hurricane
Katrina in New Orleans, and bio-
terror. It is possible to make prepa-
rations for these unstable times, and
we envisage that there is a role for
‘turbulence’ management systems to
assist health services detect shocks
as early as possible, and manage
them as best they can when they
arrive. Detecting disease outbreaks
as early as possible maximizes the
health system’s ability to mount rea-
sonable responses, for example.

4 . All hands on deck: In this scenario,
health services receive major shocks
in the short term, without the ad-
vantage of ‘turbulence manage-
ment’ systems to assist in co-coor-
dinating a response – for example a
series of major weather events or a
new global pandemic would all
stretch the present health system in
all countries beyond its capability
to respond. Another road to this sce-
nario in the long term is to not pre-
pare for events like global warming
or infectious disease outbreaks or an
ageing population, and through
underinvestment or poor planning,
do nothing. We believe the best role
researchers can play in such testing
circumstances is to step aside from
research and work directly within
the health services in those places
our skills and experience are most
valuable. We look forward to not
having to work in this quadrant.

Each of our research programs are

shaped to meet needs in at least one of

the f irst three quadrants, and we rou-

tinely revisit our scenarios to update our

modeling of health system needs, and

check to see that our programs are

aligned with our best understanding of

where the health system may head over

the next few years.
Fig. 1  CHI’s research program is driven by a series of scenarios that describe different futures for the health system, and different responses from
the research community to meet the needs of these different possible worlds
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A Problem-driven and Socio-
technical Research Model
Underpinning our approach to research

is an understanding that health infor-

matics is essentially an applied research

discipline, and therefore that it must be

strongly problem-driven. Consequently

we see research as an iterative process

of understanding the problem context

and user needs within that context, de-

signing systems or artefacts that meet

those needs, and then evaluating our

designs to make sure we have met the

initial design specifications (Figure 2).

Central to our research philosophy is

also an understanding that we need to

see any ICT design as a construct that

works within a complex socio-techni-

cal environment [2]. We must therefore

both ensure the design takes into ac-

count not just the cognitive needs of

individual users, but also reflects the

team environment within which indi-

viduals operate [3]. Social systems

shape the way people react to and use

technology [1], and generate events,

pressures and resource limitations that

alter, sometimes radically, the operat-

ing environment within which design

must operate. There is a world of dif-

ference between a design that works in

a laboratory setting with a single user,

and the same design operating in a real

world setting filled with interruptions,

disturbances, competing tasks, and time

and resource limitations.

To ensure we are able to meet the

multi-disciplinary research challenges

inherent in this research model, we have

adopted a matrix-management ap-

proach to our research portfolio (Fig-

ure 3), where we have identif ied two

main problem areas within which we

will work – decision-making and com-

munication, and a number of compe-

tencies needed to attack these problems.

Thus our scenario planning generates a

set of futures which drive the identi-

fication of problems we wish to tackle

through sustained research effort, and

the competency matrix is used to help

us ensure we have developed capabili-

ties in the research methods and tools

we need to adequately and effectively

address these problems. It is our goal

to excel both in our ability to solve the

challenges of these individual problem

areas, as well as to excel in these areas

of competency. Our domain of appli-

cation for these two key problems of

decision-making and communication

extends from primary care physicians,

through hospital settings, and more re-

cently, the biomedical research work-

bench.

The Research Programs

Communication
If information is the lifeblood of

healthcare, then communication is the

heart that pumps it [4]. Yet communi-

cation research is still in its infancy

within the informatics research com-

munity. Researchers at CHI have over

the last decade been widely recognized

for their research into health care or-

ganization communication. With a goal

to develop ‘new ways’ of working (sce-

nario 2), we have contributed to high-

lighting the importance of this topic [5],

developing theoretical models to help

understand communication [6, 7], de-

veloped observational methods to mea-

sure communication processes [8], and

contributed basic research that specif i-

cally highlights the very high commu-

nication loads under which health care

workers operate [9-12].

Traditionally health informatics re-

search has focused on information sys-

tem design, with an emphasis on the

representation and storage of informa-

tion, for example the health record. The

support of communication has received

little attention, despite the fact that up

to 90% of the information transactions

in some health services do not involve

stored electronic data, but rather the

Fig. 2 Evaluation and Design shape the framing of requirements and artefacts, at each level of design from algorithmic description of task needs
through to social setting (adapted from Coiera, 2007 (in press))
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exchange of information between cli-

nicians, often in face-to-face conversa-

tion [5]. However, the importance of

supporting effective communication in

health care is growing. Health care is

not always safe or effective, and the

role of poor communication in gener-

ating avoidable error and poor out-

comes is now widely discussed. For

example, we have argued that highly

interruptive media such as the pager and

the telephone, often the main means for

communication between health profes-

sionals, can cause memory disruptions

and lead to errors [7]. Since communi-

cation inefficiency and failure may be

a core generator of clinical error [5,

7], supporting more effective commu-

nication practices may have a great

impact on the quality and safety of

health service delivery.

Health informatics has a key role in

shaping our understanding of the role

of communication in health care pro-

cesses, and in crafting interventions to

support improved communication. In-

formation and communication technol-

ogy seems to be a promising means for

restructuring many communication pro-

cesses, and there currently are an in-

creasing array of communication chan-

nels, media, and devices from which

communication services can be con-

structed. Typically research in commu-

nications is targeted at creating:
• Descriptions of the way communi-

cation processes are organized
within health care, that can inspire
the design and implementation of
communication supporting systems;

• Demonstrations of the effects of the
deployment of communication sup-
porting applications on communi-
cation processes within health care.

We are conducting an ongoing series

of projects in both of these areas, look-

ing at communication processes, their

relationship to safety and clinical er-

ror, and looking to design new systems

to support communication.

Decision Support and Information
Retrieval
Supporting good decision-making by

clinicians and consumers is a task that

is central to all the future scenarios we

have already described. The main fo-

cus of our work in this stream over the

last decade has been to specifically sup-

port evidence-based decision making,

and recognising that for most clini-

cians, the ‘evidence’ will still take the

form of documents, whether they be

published clinical practice guidelines,

text books, or research papers pub-

lished in the literature. Consequently

we have focussed heavily on under-

standing the impact of information

retrieval systems on clinical decision

making, and on understanding how best

to design such systems to maximise

their use and clinical effectiveness, as

measured by improved decision out-

comes.

While present generation search tech-

nologies have made improvements to

evidence accessibility, clinicians still

have large unmet information needs.

For example, doctors fail to f ind the

information they need because they are

unsure what is available, where to look

for it, have very limited time available

to conduct searches, and when they do

search they have poor query formula-

tion skills and often abandon searches

because of time pressure. Often the

evidence needed is scattered across het-

erogeneous data sources, each with their

own unique query and indexing meth-

ods, creating further barriers.

A major outcome of our work has been

the design and evaluation of an ad-

vanced knowledge-based information

retrieval technology we call Quick

Clinical (QC) [13]. The QC user model

guides clinicians to f irst consider the

purpose of their search through selec-

tion of a task specif ic search prof ile,

and it then asks them to provide spe-

cif ic keywords related to that search

task. As a consequence, users are guided

through a process that structures their

query for them and improves the

chances that they will ask a well-

formed query and receive an appropri-

ate answer. Figure 4 depicts the QC

search interface. On the left hand is a

list of search filters that describe typi-

cal search tasks which are customized

to the specif ic information needs of

primary care physicians.

QC is driven internally by a rule-based

mechanism to search only the most rel-

evant of all the available resources,

translating and enhancing user queries

into the respective query languages of

each resource. The underlying design

concept is the notion of a Meta-search

filter (MSF) which combines the power

of meta-search systems and predefined

search f ilter technologies [13]. They

can be thought of as encodings of search

strategies that capture expert knowledge

on where and how to search for an-

swers. A MSF might describe which

Fig. 3   Research program matrix. The Centre for Health informatics is
focussed on working on problems in decision-making and in
communication support, and on developing core competencies in some
of the cross-problem methods needed to support these two broad
problem areas
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repositories are most appropriate in

answering a typical question for re-

searchers in a given discipline, and how

best to ask the question within differ-

ent resources. MSFs can be designed

to support specif ic user groups, and

different tasks and contexts associated

with each group. For example, the strat-

egy to search for information on the

treatment of a disease for a researcher

conducting clinical trials and for a re-

searcher conducting basic science re-

search in a laboratory would probably

need to return very different documents

sets, probably derived from different

resources, reflecting the different skills

and needs of these two groups.

QC has undergone multiple stringent

evaluations between 2001-6, both in

controlled laboratory settings, and in

routine use in a primary care setting

[14-17]. QC has had a demonstrated

impact on the decision-making behav-

iors of primary care physicians, signifi-

cantly improving the accuracy and time-

liness of decision made. QC improves

decision accuracy by 20% and using QC

is much faster than standard on-line

methods (on average 4.5 Vs 6.6 min-

utes), making it more likely to be used

routinely. Estimating that 1 minute added

to a primary care consultation in Austra-

lia would require an additional 800 phy-

sicians to provide the same service lev-

els, saving 2 minutes per consultation

represents a signif icant contribution to

primary care service provision.

Apart from ongoing developments with

search technologies, our research is now

turning to related challenges. We are

conducting analyses of the ways clini-

cians and consumers actually use the

evidence they f ind with retrieval sys-

tems to make decisions. It seems that

this form of decision making is as prone

to traditional cognitive biases like the

anchoring, primacy and recency effects

as are other forms of decision making

[18]. Consequently it should be pos-

sible to use this understanding of the

cognitive processes used when anal-

ysing evidence to design better and

safer retrieval systems, more likely to

result in users f inding the right evi-

dence, and using that evidence to come

to the right conclusion. We are also now

working on the challenge of evidence

summarisation. Whilst search systems

continue to improve, the challenge of

interpreting the many relevant docu-

ments that are identified remains a chal-

lenge. Out text processing work aims to

develop robust and valid means to

summarise the content of multiple docu-

ments such as research papers, and pro-

vide clinicians with succinct and clini-

cally relevant summaries of the current

evidence.

Public Health Surveillance

The main focus for our work in the area

of ‘turbulence systems’ is with emerg-

ing infectious diseases, and the press-

ing problem that current biothreat sur-

veillance systems are vulnerable to

incomplete and delayed reporting of

such public health threats. Recent out-

breaks of re-emerging and new com-

municable diseases have highlighted in-

efficiencies in public health monitoring

and control systems. Our program of

biosurveillance research is focused on

informatics approaches to optimizing

risk assessment and response to out-

breaks of communicable diseases and

addresses the need for improvement in

the timeliness and specificity of early

detection and control of biothreats.

New health indicator surveillance sys-

tems, including syndromic surveillance

systems, are potentially more rapid and

sensitive than traditional methods for

detection of outbreaks or bioterrorism-

related events. They monitor health care

utilization patterns, in real time, and rely

on detecting case features that are

discernable before laboratory diagnoses

are conf irmed. Reporting sources in-

clude emergency departments, labora-

tories, intensive care units, and hospi-

tal admission and discharge systems.

However, these are surrogate markers and

they may introduce confounding factors

and noise into the outbreak ‘signal’.

Improvement in the sensitivity and

specif icity of surveillance signals is

impossible without some knowledge of

Fig. 4   Quick Clinical search screen
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disease-specif ic patterns that can be

compared with daily counts from sur-

veillance systems. Knowledge about

specific infections with the potential for

epidemics allows the formulation of

probabilistic templates of syndromic

surveillance signals, which can create

epidemic curves. These templates can

be used as filters to distil relevant in-

formation from the background noise

in a population and trigger focused and

rapid testing of patients with severe

infection.

We have been developing new models

of outbreak detection and risk assess-

ment based on coordinated syndromic

and laboratory diagnostic surveillance

(Figure 5). Specif ic epidemic foot-

prints for the main infectious disease

syndromes are being developed and

piloted in clinical setting as templates

to trigger enhanced laboratory investi-

gations. The low rate of actual outbreaks

makes it difficult to calibrate such sys-

tems, much less validate disease spe-

cif ic templates. Consequently there is

a need for in silico simulations of out-

breaks using our best guesses about

epidemic behaviour to tune the detec-

tion capability of detection systems.

Our work is also focused on one of the

main barriers to the eff icient monitor-

ing of, and response to outbreaks,

namely suboptimal and delayed deci-

sion-making, by providing new modes

of decision support and integration of

complex surveillance signals into ac-

tion plans. Innovative analytic ap-

proaches using Bayesian classifiers and

direct data based pattern recognition

and clustering methods are applied to

build rule-based decision support sys-

tems for clinical and public health as-

sessments. This research also extends

our current development of machine

learning algorithms to provide patient-

specific recommendations based on the

molecular typing of bacteria with epi-

demic potential.

Safety and Evaluation
System safety is critical to the success

of the large-scale computerization be-

ing undertaken to improve the quality

of health services delivery worldwide

(Making ICT work, scenario 1). There

is preliminary evidence that poorly

implemented clinical decision support

systems (CDSS) can lead to increased

mortality in some settings [19]. Stud-

ies in the US, UK and Australia have

found commercial prescribing systems

often fail to uniformly detect signif i-

cant drug interactions, probably because

of errors in their knowledge bases. Elec-

tronic medication management systems

may generate new types of error be-

cause of user-interface design, but also

because of events in the workplace such

as distraction affecting the actions of

system users.

Another potential source of CDSS in-

fluenced errors are automation biases,

including errors of omission where in-

dividuals miss important data because

the system does not prompt them to

notice them, and errors of commission

where individuals do what the decision

aid tells to do, even when this contra-

dicts their training and other available

data. Errors of dismissal occur when

relevant alerts are ignored. On-line de-

cision support systems may also result

in errors where clinicians come to an

incorrect assessment of the evidence,

possibly shaped in part by cognitive

decision biases [15].

Our safety research program is focus-

ing on understanding the ways in which

ICT is both an enabler of safer clinical

practice, and also understanding the

ways in which ICT can unintentionally

be the generator of new types of error

[20]. Our research aims to use this rich

understanding of the way ICT impacts

safety to develop innovative tools and

methods to improve the safety of clini-

cal information systems. The specif ic

focus of the program is clinical deci-

sion support [19], including an exami-

nation of the medication management

and prescribing processes to ensure that

the outcomes of this research will have

immediate impact on patient safety in

routine care [21]. We also wish to in-

fluence policy in this area, and begin a

Fig. 5 Infectious disease outbreak detection and risk assessment based on coordinated syndromic and laboratory diagnostic surveillance.
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debate about the best mechanisms to

ensure that clinical software is safe, and

does not inadvertently result in patient

harm or misadventure [22].

Imaging Informatics
Medical imaging research aims to de-

velop systems that make eff icient use

of information and communication

technology to facilitate the radiologi-

cal interpretation process. The number

of images available to radiologists is

growing rapidly and has outpaced the

human ability to process them. Com-

putational aids are required to f ilter

the large number of images now pro-

duced by individual patient studies, and

to focus the radiologist’s attention on

diagnostically interesting features in an

image set.

Our research in image informatics aims

to improve image-based disease detec-

tion and diagnosis and monitoring of

treatment outcomes. We are investigat-

ing novel methods for automating the

process of image interpretation, com-

bining knowledge based and model-

based approaches to improve the pro-

cessing and the analysis of medical

images. We are making extensive use

of machine learning to acquire rules for

detecting the presence of various dis-

eases patterns.

In addition to image analysis and in-

terpretation we are actively involved in

the development of tools for modeling

and 3D visualization of medical data.

The results of image analysis are best

presented in the form of a 3D model of

the imaged anatomy that can be ma-

nipulated interactively. With a well-

equipped laboratory for 3D scientif ic

visualization, each year we attract un-

dergraduate and postgraduate computer

science and biomedical engineering stu-

dents to work with us. Current research

projects include:
• Computer Aided Detection and Di-

agnosis of Diffuse Lung diseases
[23-25]

• 3D Modeling and Visualization of
the lung [26, 27]

• Anatomical atlases [28]
• Interactive Radiology Forum, a tele-

radiology system that enables a real
time conference multimedia chat
facility to exchange expert opinion
on images from radiology practice.

• A Web-based system for an Eff i-
cient Medical Image Information
Retrieval from large multimedia
medical data repositories [29]

• A system for extracting, interpret-
ing and structuring information
from clinical free text reports in a
form to facilitate decision support
and diagnosis

• Techniques for efficient integration
and 3D visualization of data from
heterogeneous sources to assist with
the geo-spatial mapping and early
warning of infectious disease out-
breaks

Biomedical Systems Simulation
Simulation is a core competence for our

Centre, and is used to support a wide

variety of projects, across all research

streams and problem domains. Health

Systems Simulation is the application

of modeling and computer simulation

methods to explore, understand and

improve the interaction between struc-

ture and action in health care and policy

[30]. Simulation provides dynamic

analysis of the health system, predict-

ing how the health system might be-

have over time. Simulation can support,

replace or extend upon health service

studies such as randomized controlled

trials when they are otherwise impos-

sible, too time-consuming, or too ex-

pensive to undertake in the real world.

Since the health system is a multi-scale

system, our approach is to use a com-

bination of modeling methods to de-

pict both the aggregate and disaggre-

gate view of the system. System

dynamics models are used to outline the

context of the problem, making explicit

the boundaries of the health system, its

structure and relationships. Using this

approach we can identify reinforcing

and balancing feedback effects, circu-

lar causation, delayed responses and the

leverage points where decisions and

actions bring about changes to the sys-

tems performance. Combining this

with agent based modeling, we can cap-

ture emergent and non-linear behavior

arising from the interactions at the in-

dividual level and how the system

learns, adapts and self-organizes itself

to maintain order.

Using these modeling and simulation

methods, we are able to develop hy-

potheses about the structure of health

services (components and their inter-

actions), from the detail level to the

overall context, that is both necessary

and suff icient to account for the spe-

cific behavior of interest or health sys-

tem problem. The simulation tests this

hypothesis by enabling comparisons

with data and observed behavior with

the derived behavior. Behavior modes

of interest include overshoot and col-

lapse or damped oscillation with a cer-

tain period (for example, health work-

force over- and under-supply cycles).

This is valuable whenever decision

makers misperceive the system and draw

wrong conclusions about behavior and

therefore about the choice of policies.

Current simulation projects are exam-

ining the safety of current prescribing

and medication management [21] and

the design of safer approaches to elec-

tronic medication management, mod-

eling the impact of ICT on clinical

work, and the impact of performance

measures on the behavior of health ser-

vice managers.

We are also exploring general-purpose

methods of building complex models

from multiple sub models (multi mod-

eling) where the smaller models may
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be of many different representations and

scales. To this end, we have developed a

Field Representation Language (FRL)

which aims to provide a scale-indepen-

dent, method-independent representation

of spatio-temporal information, using

the mathematical notion of a f ield as

the integrating representational concept

[31]. FRL has been used to integrate a

stochastic model of the deposition of

micro-particles throughout the mi-

crovasculature of a tumour, with a f i-

nite-element model of ferromagnetic

embolisation hyperthermia [32].

Conclusion
The health and biomedical informatics

research sector will underpin many of

the innovations needed to develop truly

sustainable health care services over the

next decades, and its impact will be

felt both in clinical practice, as well

as in the research sector. Any indi-

vidual research group like CHI must

necessarily focus on a few areas to

allow it to develop sufficient research

capacity to make novel and internation-

ally signif icant contributions. As CHI

approaches the end of its f irst decade,

it is becoming clear that developing

capacity becomes increasingly chal-

lenging as the research territory

changes under our feet.  New meth-

ods, new opportunities from innova-

tions such as biobanks, large scale

clinical data sets, micro array assays

and the like ensure that the research

programs described here are but a snap-

shot in time, and that the Centre will

continue to evolve and shift its focus

in the years to come.
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