Investing in E-Health: People, Knowledge and Technology for a Healthy Future
H. Grain et al. (Eds.)
© 2014 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License.
doi:10.3233/978-1-61499-427-5-137

137

A virtual aged care system: When health
informatics and spatial science intersect
Hamish ROBERTSON a,1, Nick NICHOLAS b,
Associate Professor Tuly ROSENFELD c, Associate Professor Andrew GEORGIOU a,
Associate Professor Julie JOHNSON a and Dr Joanne TRAVAGLIA c
a
Doctoral Candidate, Australian Institute of Health Innovation,
University of New South Wales
b
The Demographer’s Workshop, Sydney, Australia
c
Faculty of Medicine, University of NSW

Abstract. Healthcare systems are increasingly adapting to address the issues
associated with population ageing. The shift to chronic diseases and a rise in
neuroepidemiological conditions, associated with rising life expectancies, means
that continued change and accommodation will be required of our health and
social support systems. Current social policy environments developed out of early
approaches to state-supported health and welfare service provision, most now a
century or more old. A feature of these systems has often been a formal separation
between them, into silos, that does not and cannot effectively address the issues
raised by a growing population of older people. This is especially true in the
context of community-based care where the majority of older people currently live
and where governments hope to keep more elderly people living into the future.
This objective will require a far more sophisticated and responsive approach to the
health information environment than is currently the case. One strategy for
improving this scenario is the development of augmented and virtual environments
that collect and analyse real-time data on which health professionals and support
staff can act in a timely manner. In this paper we explore some aspects of a
virtualised aged care system and provide some examples of how this would
enhance our current strategies for aged care.
Keywords. Ageing, informatics, spatial, virtual, visualisation

Introduction
Population ageing is progressing globally at a phenomenal pace [1]. In a parallel
process, health informatics is also globalising as health systems adapt to changing
demographics and associated social and environmental changes. Consequently the
volumes of information in heath systems are rising rapidly and this data is proving
complicated to track, analyse and act upon. Already, there is a shortage of health
informatics specialists and this situation can only grow in importance as those systems
attempt to adapt to their changing environments [2]. A key issue for the future of
convergence in population ageing and health informatics will be the issue of large,
highly dynamic data volumes that provide useful, real-time information that health
professionals, planners and others can act on to control, modify and improve health
service delivery.
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1. Aim
In this paper we combine demographic, epidemiological, health and social support
infrastructure data to create a virtual aged care system environment. We do this to: (a)
illustrate how a broader evidence-based modelling approach can better support agedcare policy and service initiatives; (b) to show how a spatial approach is central to
improving systemic responses and; (c) to explore how this approach supports an
enhanced policy development and implementation. Lastly, we consider how an
enhanced visual environment supports a wide variety of engaged users in exploring the
potential consequences of policy responses and outcomes.

2. Methods
The methods utilised in this virtual approach are several:
 firstly, we geocoded a wide variety of direct and indirect health service providers
including hospitals, pharmacies and residential aged care facilities but also adding
in a variety of emergency service providers who have or are likely to have
significant contact with older people including police stations and State
Emergency Service (SES) bases;
 secondly we included these in a geographic information system (GIS) software
package that permits us to analyse these infrastructure locations against
population data such as Census information so that a variety of policy issue and
response scenarios could be developed;
 thirdly, we exported a number of these scenarios in the form of KML files, that is
the Google EarthTM format, so that outputs could be visualised and explored by a
users without the need for a GIS system and the skills and experience generally
required of GIS users.
The result is a developmental and extensible virtual information system for
inquiring on current and future ageing scenarios. The point of this exercise is twofold:
firstly we illustrate the value of extending health informatics and health information
issues into the spatial domain which makes a new range of tools, techniques and
approaches available to health informatics issues and problems; and secondly, we
explore the potential of virtual environments more generally for the health sciences and
health policy development through the lens of ageing.
2.1. Health Informatics and ‘Big Data’
One of the major concerns in the wider information science community relates to the
development of ever-increasing numbers of complex information systems, sometimes
referred to as a ‘data glut’[3]. The digitisation of previously analogue data systems is
creating a massive increase in the quantity, quality and scale of information types being
collected by current computational systems. While storage is not the issue it once was,
the analysis and practical application of this ‘big data’ paradigm is of growing concern.
This is also the case in health informatics where, for example, the developmental of
digital radiography is adding to the timeliness of clinical test information but
additionally compounding the need for data storage as well as methods and skills to
maximise the utility of newly digitised information sources [4]. Many types of data
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associated with clinical care, such as clinical notes or patient and family feedback, are
still rarely used or analysed for deeper insights and this too is changing in the context
of rapid computer-based analysis of textual data such as textual data mining [5].
2.2. Augmentation and Virtualisation
The idea of augmentation is not new in that almost any form of technology designed to
clarify, magnify or collect difficult-to-access information in a way that exceeds normal
human capacities can be seen as a form of augmentation. A variety of sensor systems in
medicine and elsewhere (e.g. cardiac sensors for runners) have already developed this
basic concept and it represents a highly dynamic field linking engineering, design and
software technology. Many augmentation systems target the visual sensory system
because we rely on sight, even when supplemeneted by other senses, to such an
enormous degree. In addition, the use of the visual domain to summarise large amounts
of information has a deep historical and cultural history with which most of us as
human beings are intimately familiar. The map is a good example of this – it
summarises often complex natural and manmade phenomena in ways that as
individuals we find difficult. Out of this process and rapid developments in fields such
as the gaming industry, has emerged the concept of ‘virtual’ realities that often produce
digital spatial environments that mimic or replicate external ones.
2.3. The Geographic Dimension of the Aged Care System
One of the key issues for consideration in this paper is the size, complexity and
extensive geographic spread of the ‘aged care system’. There are many elements to the
thing we refer to as the aged care system and numerous observers have pointed to the
many disconnections that tend to characterise this system. In the context of population
ageing, geography can only grow in importance because to a considerable extent where
you age affects how you age. The components of the aged care system include not just
GPs and acute care hospitals, and not just RACFs and respite service providers. The
whole spectrum of medical specialists and allied health professionals as well as
pharmacists, dentists and others are part of the mix. Most of these services become
more readily accessible the closer one is to larger urban centres. The distribution of the
population is uneven over space and so too is the health workforce and key healthcare
facilities. This can be problematic in smaller countries but in very large ones, like
Australia, these issues take on an additional spatial dimension that complicates access
to and receipt of a variety of services for older people. Where access is problematic
epidemiological, clinical and treatment outcome factors are also likely to vary. Many
current e-health projects are a direct consequence of acknowledging these issues.
2.4. Spatialising Health Informatics
To function usefully and accurately in a virtual earth environment, health informatics
data will increasingly need to be indexed using spatial, as well as conventional,
information methods. Varying levels of precision are obviously possible in the way
information (patient, clinical, administrative) is georeferenced but it needs to go well
beyond the present common defaults of Post Code or Local Government Authority
(LGA). Address records are readily geocoded in modern database environments and
even spreadsheet files with address data can now be geocoded to map information
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directly without having to utilise a relatively complex geographic information system
(GIS).
The following examples show how components of the aged care system can be
integrated into a single computational environment. In the first example we show an
analytical example combing infrastructure and population data. This illustrates how key
demographic information, such as age-specific population cohorts, can be linked to the
existing distribution of heath and Residential aged care facility locations. These data
can then be used to target opportunities for providers or, equally relevant, gaps in
service provision for advocacy and community organisations.

Figure 1. Modelling Site Locations for a Potential Residential Aged Care Facility

In the second (figure 2), we illustrate the visualisation and scaling potential of a
virtual system. This image is taken from a model in Google Earth TM which shows
how the details for a variety of different types of health and health-related service
providers can be incorporated into the same modelling environment. These include
hospitals, residential aged care providers, meals- on-wheels providers, state emergency
service locations and police stations. These are fully indexed for New South Wales
including an overlay of Statistical Local Areas (SLAs).Then, the user can zoom in or
out on that information to individual service providers as well as visualise the overarching pattern to service providers. Every service provider has a database entry
including not only latitude and longitude coordinates but an extensible list of details
such as address, telephone number and so on. As with the map in Figure 1 above, other
information, such as population data, can be added in to explore current and future
scenarios.
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Figure 2. Location of Residential Aged Care Facilities on the Central Coast and Their Catchment Area

Figure 3. Multiple New South Wales Service Providers in Google EarthTM
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3. Conclusion
The complexity of ageing and our aged care systems can only grow over time because
of population ageing and the complexity of responding to this process effectively. In
Australia, population ageing is not expected to peak until the middle of this century.
Concerns about the cost of aged care, access to services and older people ageing safely
in their local community settings can only become more pronounced. We have
identified a number of reasons why and methods for developing a virtual approach to
aged care planning and development. Taking advantage of significant developments
across a number of other industry sectors is already a key aspect of systemic
developments in aged care service design. A virtual aged care system adds value to
coping with these complex issues because there are currently few other options for
incorporating often complex and disparate health information from multiple providers
and sub-systems and modeling that with the key population and infrastructure issues
that impact on care in the real world. This case study expands on both the theoretical
development of health informatics in the ageing societies and explores some specific
practical applications of a virtual and spatially enabled health informatics paradigm

References
[1] United Nations, Department of Economic and Social Affairs, Population Division (2013). World
Population Ageing 2013, ST/ESA/SER.A/348
[2] W. Hersh The Health Information Technology Workforce: Estimations of Demands and a Framework for
Requirements, Appl Clin Inform. 2010; 1(2): 197–212.
[3] E. Morley-Fletcher Dealing with the data glut in healthcare, P-Medicine Newsletter, 2013; 3:11
[4] P. Groves, B. Kayyali, D. Knott, S. Van Kuiken (2013). The Big Data Revolution in Health Care:
Accelerating Value and Innovation, McKinsey Global Institute, New York
[5] I. Korkontzelos, T. Mu and S. Ananiadou ASCOT: a text mining-based web-service for efficient search
and assisted creation of clinical trials. In: BMC Medical Informatics and Decision Making, 2012; 12(Suppl 1),
S3

INVESTING IN E-HEALTH: PEOPLE, KNOWLEDGE
AND TECHNOLOGY FOR A HEALTHY FUTURE

Studies in Health Technology and
Informatics
This book series was started in 1990 to promote research conducted under the auspices of the EC
programmes’ Advanced Informatics in Medicine (AIM) and Biomedical and Health Research
(BHR) bioengineering branch. A driving aspect of international health informatics is that
telecommunication technology, rehabilitative technology, intelligent home technology and many
other components are moving together and form one integrated world of information and
communication media. The series has been accepted by MEDLINE/PubMed, SciVerse Scopus,
EMCare, Book Citation Index – Science and Thomson Reuters’ Conference Proceedings Citation
Index.
Series Editors:
Dr. O. Bodenreider, Dr. J.P. Christensen, Prof. G. de Moor, Prof. A. Famili, Dr. U. Fors,
Prof. A. Hasman, Prof. E.J.S. Hovenga, Prof. L. Hunter, Dr. I. Iakovidis, Dr. Z. Kolitsi,
Mr. O. Le Dour, Dr. A. Lymberis, Prof. J. Mantas, Prof. M.A. Musen, Prof. P.F. Niederer,
Prof. A. Pedotti, Prof. O. Rienhoff, Prof. F.H. Roger France, Dr. N. Rossing,
Prof. N. Saranummi, Dr. E.R. Siegel, Prof. T. Solomonides and Dr. P. Wilson

Volume 204
Recently published in this series
Vol. 203. G. Riva, P. Ajmone Marsan and C. Grassi (Eds.), Active Ageing and Healthy Living –
A Human Centered Approach in Research and Innovation as Source of Quality of Life
Vol. 202. J. Mantas, M.S. Househ and A. Hasman (Eds.), Integrating Information Technology
and Management for Quality of Care
Vol. 201. K. Saranto, C.A. Weaver and P. Chang (Eds.), Nursing Informatics 2014 – East Meets
West eSMART+ – Proceedings of the 12th International Congress on Nursing
Informatics, Taipei, Taiwan, June 21–25, 2014
Vol. 200. B. Blobel, S. Sauermann and A. Mense (Eds.), pHealth 2014 – Proceedings of the
11th International Conference on Wearable Micro and Nano Technologies for Personalized Health, 11–13 June 2014, Vienna, Austria
Vol. 199. B.K. Wiederhold and G. Riva (Eds.), Annual Review of Cybertherapy and
Telemedicine 2014 – Positive Change: Connecting the Virtual and the Real
Vol. 198. A. Hörbst, D. Hayn, G. Schreier and E. Ammenwerth (Eds.), eHealth2014 – Health
Informatics Meets eHealth – Outcomes Research: The Benefit of Health-IT
Vol. 197. L. Stoicu-Tivadar, S. de Lusignan, A. Orel, R. Engelbrecht and G. Surján (Eds.),
Cross-Border Challenges in Informatics with a Focus on Disease Surveillance and
Utilising Big Data – Proceedings of the EFMI Special Topic Conference
Vol. 196. J.D. Westwood, S.W. Westwood, L. Felländer-Tsai, C.M. Fidopiastis, R.S. Haluck,
R.A. Robb, S. Senger and K.G. Vosburgh (Eds.), Medicine Meets Virtual Reality 21 –
NextMed/MMVR21
Vol. 195. C.W. Cryer, A Math Primer for Engineers
ISSN 0926-9630 (print)
ISSN 1879-8365 (online)

IInvesting in E-Health: People
P
e,
wledgee and Techn
T
ology
Know
fo
or a Healthy
H
y Futurre
Sellected Papeers from th
he 22nd Au
ustralian Naational Heaalth
In
nformatics Conference
C
e (HIC 201
14)

Edited by
y

Heeather Grrain
E-H
Health Educcation, Melbo
ourne, Austra
alia

F
Fernando
o Martin-Sanchezz
Hea
alth and Biom
medical Inforrmatics Centtre, Universiity of Melbouurne,
Melb
bourne, Austtralia

and

Louise K. Sch
haper
H
Health
Inforrmatics Socieety of Australia, Melbourrne, Australiaa

Amstterdam • Berrlin • Tokyo • Washingto
on, DC

© 2014 The authors and IOS Press.
This book is published online with Open Access by IOS Press and distributed under the terms of the
Creative Commons Attribution Non-Commercial License.
ISBN 978-1-61499-426-8 (print)
ISBN 978-1-61499-427-5 (online)
Library of Congress Control Number: 2014946548
Publisher
IOS Press BV
Nieuwe Hemweg 6B
1013 BG Amsterdam
Netherlands
fax: +31 20 687 0019
e-mail: order@iospress.nl
Distributor in the USA and Canada
IOS Press, Inc.
4502 Rachael Manor Drive
Fairfax, VA 22032
USA
fax: +1 703 323 3668
e-mail: iosbooks@iospress.com

LEGAL NOTICE
The publisher is not responsible for the use which might be made of the following information.
PRINTED IN THE NETHERLANDS

Investing in E-Health: People, Knowledge and Technology for a Healthy Future
H. Grain et al. (Eds.)
© 2014 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License.

v

Preface
Around the world the healthcare industry is embracing information technology (IT).
Historically the use of IT was administrative, financial, or statistical. Now it is transforming the way healthcare does business from the bedside, into primary care and patient
and carer information management. As a part of this exciting change the Health Informatics Society of Australia, with the active support and involvement of the Australasian
College of Health Informatics, is excited and proud to be active contributors to extending
knowledge and understanding of these changes and the opportunities associated with
them. The Australian National Health Informatics Conference (HIC) series of meetings
is the largest national event of this type in Australia, with a dedicated scientific stream on
health informatics. HIC provides a valued platform for academic and research contributions and interchange as well as industry updates and innovations.
The HIC 2014 theme of ‘Investing in e-health: People, knowledge and technology
for a healthy future’ emphasises the journey being made in healthcare. As healthcare
organisations and government projects look to information technology to capitalise and
enhance healthcare the need for investment is clear, but where to invest, how to define
success and understand opportunities and risks in this time of change are key issues.
These investments extend past the technology required to provide infrastructure for the
future. Investment is also required to enable the building of people, skills, careers, and
professions to support and develop this infrastructure in a cost effective and clinically
safe manner and lead change management. This e-health enabled healthcare environment offers faster and more wide reaching knowledge acquisition and best practice
improvement, as well as improved healthcare.
Decisions made about investment in e-health need to consider what the successful
outcomes would look like, rather than just considering a single project in isolation.
Success can be seen as delivering
1.
2.

future focused infrastructure, scalable and adaptable to changing needs
capacity and capability building amongst our healthcare workforce, to enable
them to meet the challenges of this information centric world and certainly
doing no harm (preferably making care, or the care system better). It is also
vital that systems enable secondary use of clinical data for biomedical research, public health and health policy. This necessitates a more active role
from individuals in maintaining their health, facilitated by innovative technologies.

Questions arise such as: What investments will give the best short and long term
outcomes, what activities could be undertaken, what works and what does not are all
considered by papers in this volume. Papers represent experiences in Australia and New
Zealand and further afield. As always, it is the strength of HIC that a wide diversity of
work is presented and that a set of papers has been collected here that ranges from deeply
theoretical to intensely practical. The careful reader will be rewarded with exposure to
much diversity, and many elements of contemporary health informatics research endeavours.

vi

The double blind peer review process established for HIC 2011 in a previous volume has been continued and augmented. All papers were reviewed by 3 experts in the
field of health informatics, selected as prominent academics and industry specialists. The
assistance of the Australasian College of Health Informatics in supporting this process
through the voluntary efforts of a number of their Fellows is gratefully acknowledged, as
is the similar contribution made by many senior members of the Health Informatics
Society of Australia. This phase of reviewing resulted in the provisional acceptance of 28
from a much expanded submission field of 42. The Scientific Program Committee then
undertook a validation process for all such papers that were resubmitted in amended
form, to ensure that reviewers’ recommendations were appropriately addressed or rebutted.
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