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ere has been activity going on in relation to
predictive technologies in health care for many
years,6,7 and the problems confronting health
care managers are often quoted as the justifica-
tion for the background science.8-10

■ The information technology (IT) community
has long advocated the role of standards in IT
development.11,12 In order to advance the sci-
ence to the point of practical application in this
area, there is a necessary role for standards. In
the area of health care management there is
currently no common taxonomy or under-
standing.
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LE THERE IS WORK GOING ON in the broader
s of modelling and simulation in relation to
issues such as interoperability and stand-
1-4 there is still a lack of clarity about how
 work should relate to the domain of health
management. The rationale for this paper is:
ere has been prior work in this domain,5 but

ere are no clearly agreed relevant standards.

to provide clarity in the use of predictive 
 health care management

nd Leon K Au

What is known about the topic?
There is currently much activity underway in 
the health care industry involving predictive 
technologies of various kinds. There is no 
overarching framework in which problems and 
potential solutions can be evaluated or matched.
What does this paper add?
Responses from across Australia show a high 
level of interest in the development of a suitable 
framework. A draft framework developed on the 

k of the results of a survey is presented, for 
ment by the wider audience.

at are the implications for practitioners?
lth care managers, administrators and 

ctitioners will benefit from having a clear 
ework in which to understand and define 

 kinds of problems they face. Technologists, 
dellers and information systems professionals 
 benefit from the engagement with stakeholders 
t such a framework can facilitate.
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e primary question is: do stakeholders sup-
the need for a framework? The secondary

tions are:
es their demographic profile, background,
sition or skill set influence their level of
pport?
hat are the features of such a framework, in
e opinion of the stakeholders?

framework could allow the various stake-
ers to use a common view in order to
rstand a problem and the potential solu-
s). In the context of a hospital, the question
ow many beds will be needed for elective
paedic activity in 2 years time may be

ified as a medium-term strategic planning
lem of fine grain, as opposed to other views
e problem over different time frames. Each
imply a different type and level of solution
 a technical perspective.

Potential participants were identified by web
searching for email addresses where they were
clear or could be inferred, from a range of online
sources. They were included where it was clear
that they did have, or could have had, a role in
work in relation to service planning, modelling or
health care management.

The Internet locations were searched in
November and December 2005, for sources with
a date range of 2000–2005. The locations
searched included: The Australian Resource Cen-
tre for Healthcare Innovation (ARCHI) website,
hospital and government websites, patient flow
collaborative websites and electronic journals (eg,
Australian Journals Online).

Data collection
Participants were advised of the research process
and agreement to participate was considered
informed consent. The Melbourne Health Human
Research Ethics Committee approved the process.
The survey was sent on a group mailing list of
414 potential participants as a Microsoft Word
attachment. It was resent 3 weeks later in an
attempt to increase the response rate. Finally, all
potential participants were emailed a web link to
the Melbourne Health website on which portable
document format (pdf) and Microsoft Word ver-
sions of the survey had been placed.

Responses were to be directed to the Office
Manager at the Clinical Epidemiology and Health
Service Evaluation Unit, The Royal Melbourne
Hospital, who was not directly involved in the

esponse rate

rall numbers n (%)

t 414 (100.0)

emails bounced 88 (21.3)

t all emails bounced 326 (78.7)

sponded* 64 (19.6)

.63% of those recipients who clearly had at least one 
tact not rejected.
Australian Health Review February 2007 Vol 31 No 1

hods
survey was developed with a multidiscipli-
 team of evaluators, epidemiologists and
ticians and was administered via email and
delivery to a convenience sample of stake-
ers across Australia. The survey included
tions pertaining to demographic details,
ground, current position, and respondent
ledge and opinions in relation to predictive
ologies in health care management (see
ndix). Stakeholders included hospital man-
 and clinicians, health care executives, tech-
gists and a range of academics and scientists
ant to the field.

survey project or data analysis, by email, post,
facsimile or in person. In the event that they
arrived at another email address (if emailed), they
were redirected by the CEHSEU staff to the Office
Manager.

Participant responses were analysed using the
statistical packages SPLUS (Insightful Corpora-
tion, Seattle, Washington, USA) and STATA (Stata
Corporation, College Station, Tex, USA). Given
the low initial response rate, a non-responder
analysis was undertaken with data collected by
phone interview. This was performed to identify
any important differences in the initial responder
and non-responder groups. Initial non-respond-
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ere again given the opportunity to partici-
or not when contacted by phone.

ults
vast majority of data fields were filled out by
articipants — with a minimal number of
ing or ambiguous values.
e initial response rate was disappointing, at
t 20%. Notably however, the non-contact
(based on auto generated email responses)
in the order of 20% of the total sampling
e. The inference is that in 78.7% of cases, it
d be reasonably implied that the participant

each respondent. Respondents’ educational back-
ground is shown in Box 3.

Most respondents were men, 40–59 years of
age and from Victoria. About 36% self-identified
as clinicians or clinician-managers; 22% as aca-
demics in health care; and 18% as health admin-
istrators (hospital or network). In terms of their
current organisation, 53% of respondents self-
identified as predominantly working in a hospi-
tal, and most were from a health care discipline in
terms of educational background. It can be seen
that there was a good basis on which to generalise
the findings of the survey to the hospital manage-
rial group, one of the key stakeholder groups in
this area of work.

With the exception of statistical process control
techniques, an area where there has been much
recent work13-15 (60% had some awareness),
respondents had little awareness of the options
presented regarding existing tools and techniques
in this problem domain (Box 4). In 40% of cases
or more for each option presented, participants
were not at all aware of the example. The results
were even less encouraging for the examples of
various commercial products presented. This
could reflect the relatively poor penetration of
such products into the Australian commercial
market at the current time.

Framework usefulness and content analysis
The overwhelming finding of questions 8–12 was
that the participants were in favour of the devel-

espondent role profile

upation* n (%)

ademic (health care) 15 (22.4)

ician 14 (20.9)

ician manager 10 (14.9)

alth administrator (hospital/network) 8 (11.9)

hnologist/solution developer 7 (10.4)

ademic (science/maths/statistics/OR) 5 (7.5)

alth administrator (government) 4 (6.0)

ademic (business) 1 (1.5)

ademic (management) 1 (1.5)

ta analyst 1 (1.5)

alth systems simulation consultant 1 (1.5)

re than one category can apply to each respondent. 
= operations research.
alian Health Review February 2007 Vol 31 No 1 75

ved either the survey, or the information
t accessing the survey via the Internet.

ographic and role/background analysis
rding to the data, responders were more
y to be males (78%, P < 0.001) who lived in
ria (P = 0.002). There were no significant

rences between the ages of responders. Box 2
nes the respondent role profile.
 relation to respondent organisation, most
ndents worked in a hospital (53.1%) or a

ersity (34.3%). A smaller percentage worked
vernment roles (15.6%). Importantly, again,
 than one category could be applicable to

3 Respondents’ educational background

Education* n (%)

Health (medical) 31 (33.3)

Health (other) 15 (16.1)

Business/finance/management 14 (15.1)

IT/computer science 11 (11.8)

Health (nursing) 10 (10.8)

Mathematics/statistics 8 (8.6)

Operations research 4 (4.3)

* More than one category can apply to each respondent. 
IT = information technology.
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ent of a framework as outlined in the survey.
-six percent responded that it would possibly
seful, and a further 41% indicated it would
ry useful (Box 5).

factor analysis
sub-factor analysis showed that only prior
ledge of commercial products was associ-
(near to a level of P < 0.05) with a positive
nse to the idea of a framework. In all other
 the P value was higher than 0.05. There
 no demographic or background factors
d to affect the response to Question 8 at a
 of P < 0.05. Prior knowledge of commercial
are products in this domain had a P value of

6 (Box 6).

-responder analysis
e was no significant difference between the
groups in terms of age, state, profession and
ation. However, there was an important dif-

university. The majority of responders (53.1%)
worked in a hospital. Importantly, on the primary
question (no. 8) there was no significant differ-
ence detected in the level of support for the
concept of a framework.

Limitations
There are a number of obvious limitations in this
study. These could be categorised under the
following headings:
■ Sampling approach. The relevant stakeholder

population could have been sampled, for
example, via the relevant professional bodies.
This would have caused trade-offs in relation to
project length, and the likelihood of gaining
approval from the necessary range of profes-
sional bodies.

■ Survey administration/response rate. It could also
be argued that allowing the survey to be filled
in online would have increased the response
rate. However, there can often be issues in

espondent prior knowledge of tools, techniques and technologies (Question 7)

l/technique/technology
Not aware

n (%)
Aware (not read)

n (%)
Aware (read)

n (%)
Missing data

n (%) Total

mmercial products 41 (64.1) 14 (21.9) 7 (10.9) 2 (3.1) 64

crete event simulation 34 (53.1) 16 (25.0) 13 (20.3) 1 (1.6) 64

stem dynamics simulation 37 (57.8) 15 (23.4) 9 (14.1) 3 (4.7) 64

thematical techniques 30 (46.9) 14 (21.9) 19 (29.7) 1 (1.6) 64

mpartment models 40 (62.5) 10 (15.6) 12 (18.8) 2 (3.1) 64

tistical process control 25 (39.1) 14 (21.9) 23 (35.9) 2 (3.1) 64
Australian Health Review February 2007 Vol 31 No 1

ce between responders and non-responders
lation to the sector in which they worked:
% of non-responders worked in a university,
e only 34.3% of responders worked in a

obtaining adequate engagement with some sec-
tions of our stakeholder group.16 For example,
physician engagement is often recognised as an
issue in obtaining system change in hospitals

Respondent opinions regarding framework usefulness and content

estion
Not useful

n (%)
Possibly useful

n (%)
Very useful

n (%)
Missing data

n (%) Total

2 (3.1) 33 (51.6) 24 (37.5) 5 (7.8) 64

efinitions) 2 (3.1) 21 (32.8) 39 (60.9) 2 (3.1) 64

(time frames) 2 (3.1) 11 (17.2) 49 (76.6) 2 (3.1) 64

(target users) 2 (3.1) 26 (40.6) 31 (48.4) 5 (7.8) 64
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d health services.17 It was our expectation
at the response rate would have been lower
an ideal, no matter what technique was used.
neralisability of results. There is the potential

iticism that the results aren’t generalisable to
e entire stakeholder group. Given that
sponses were obtained from a diverse range
 stakeholders and there are minimal differ-
ces between the responder and non-

sponder groups, we believe that the thrust
 the results, that the development of a

the overall low awareness rate (11.3%) of com-
mercial technologies, it is likely that respondents
who indicated awareness are a sub-group of
knowledgeable people in this area. In turn, they
are also likely to be aware of the need for
advances such as a framework in this problem
domain. The survey revealed few useful themes in
relation to the key elements that should be
included in a framework. However, the strongly
positive responses to Questions 9–11 indicated
that definitions, time frames and user roles are all

redictive technologies for health framework (draft)

Tool
Tool id
Technology(s)
Tool description
Platform
User type
Speed of results
Owner/developer

Problem
Problem id
Problem description
Problem classification
Problem urgency
Problem importance
Target audience/stakeholders
Dimensions -eg finance/access

Investigation
Warm up period
Investigation period
Dimensions -eg finance/access
Result type(s)
Result parameters

Scenario
Scenario id
Description of scenario 
Scenario urgency
Scenario importance
Scenario relations
Target audience
Dimensions -eg finance/access
Requested result type(s)
Requested result parameters/
    key performance indicators

Findings
Finding id
Result elements
Result element presentation
alian Health Review February 2007 Vol 31 No 1 77

tential framework is strongly supported,
n be generalised to the wider stakeholder
mmunity.
netheless, this is clearly the first work of its

 in this area, and it outlines an initial under-
ing of the needs of the various stakeholders
is domain, and a possible way forward in
essing those needs.

cussion
overwhelming response from the sampled
holders is that a framework is likely to be
l. In relation to the other questions, given

perceived to be important parts of a framework.
Ideally, further information should be sought
from the stakeholders identified in this research,
in order to add further detail to the debate, and to
gain feedback regarding the framework pre-
sented.

Framework
The framework that follows was developed using
an entity-relationship modelling technique18 (Box
6) and includes stakeholder input from the sur-
vey as well as established knowledge in the
problem domain. The key entities put forward in
this draft framework are:
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oblem. This entity encompasses the idea of,
d data around, the business problem being
dressed. These elements would include a
ique identifier, a description of the problem,
gency, and a target audience description.
enario. A scenario is the encapsulation of the
ea that any given business problem may need
 be analysed via a number of potential views.
ese views may include different possible

put or output configurations, or the compari-
n of a number of possible solutions. It could
clude a unique identifier, a description of the
enario and the dimensions across which the
oblem is being analysed (eg, finance or access
 both).
ol. This entity exists to encapsulate the details
und the particular tool being used in the
edictive context, so it could again include a
ique identifier, a classification of the kind of

ol (eg, simulation model versus statistically
sed model), and the speed of results (eg, runs
ernight versus instantaneous processing).
estigation. The investigation entity exists to
capsulate the combination of a tool being
plied to a given scenario. By inference, differ-
t tools could be applied to different scenarios
 order to produce unique investigations of a
siness problem.
dings. This entity encapsulates the units of
tcome of a given investigation such that
ere is a one-to-many relationship between an
vestigation and its one or more findings. For
ample, a given investigation may deliver a

■ an ontology be developed for the domain of
predictive technologies in health care manage-
ment; and

■ other work be initiated through relevant profes-
sional groups to investigate and recommend
relevant standards.

Acknowledgements
This project was supported by funding provided by
Melbourne Health and via the Australian Research
Council Grant: Modelling patient flows through hospi-
tals — optimising the effective use of resources. The
authors wish to thank all survey participants, and the
CEHSEU staff who contributed to this research. They
include: Mr Kevin Ratnayake, Ms Amanda Goodie, Mrs
Carol Roberts, Ms Catherine Roberts, Ms Alexandra
Gorelik, Dr Caroline Brand, Dr Lachlan Macgregor and
Ms Jo-Anne Slee.

Competing interests
The authors declare that they have no competing interests.

References
1 McCabe K. IEEE begins to revise four simulation

standards. IEEE Standards Association, 2005. Availa-
ble at: http://standards.ieee.org/announcements/pr_
simulation.html (accessed Nov 2006).

2 IEEE Standards Association. Computer simulation
standards. IEEE, 2005. Available at: http://stand-
ards.ieee.org/catalog/olis/arch_compsim.html
(accessed Nov 2006).

3 National Institute of Standards and Technology, Man-
ufacturing Engineering Laboratory. Manufacturing
Australian Health Review February 2007 Vol 31 No 1

ding around income and a finding around
cess.

clusions
e is clear support for a framework to be
loped in this domain. The framework pre-
d represents a starting point. Ongoing con-
tion with stakeholders is essential to ensure
the needs of both “problem-holders” and

blem-solvers” are met. In summary, we
ld suggest that:
is research be extended by eliciting feedback
 the draft framework;

metrology and standards for the health care enter-
pr ise.  NI ST,  20 05.  Avai lab l e at :  h t tp : / /
www.mel.nist.gov/proj/hc.htm#pj (accessed Mar
2006).

4 Fishwick PA, Miller JA. Ontologies for modeling and
simulation: issues and approaches. Winter Simulation
Conference; 2004 Dec 5-8; Washington, DC, USA.
Available at: http://www.wintersim.org/prog04.htm
(accessed Nov 2006).

5 Harper PR. A framework for operational modelling of
hospital resources. Health Care Manag Sci 2002; 5:
165-73.

6 Banker RD, Conrad RF, Strauss RP. A comparative
application of data envelopment analysis and trans-
log methods: an illustrative study of hospital produc-
tion. Manage Sci 1986; 32: 30-43.



Austr

7 R
st
an

8 R
m
M

9 B
di
8:

10 G
st
ho

11 Is
C
19

12 H
w

13 G
H

Exploring Nosokinetics

obinson JC, Luft HS. The impact of hospital market
ructure on patient volume, average length of stay
d the cost of care. J Health Econ 1985; 4: 333-56.

osko MD. Impact of internal and external environ-
ental pressures on hospital inefficiency. Health Care
anag Sci 1999; 2: 63-74.

owers J, Mould G. Ambulatory care and orthopae-
c capacity planning. Health Care Manag Sci 2005;
 41-7.

aynor MS, Anderson GF. Uncertain demand, the
ructure of hospital costs, and the cost of empty
spital beds. J Health Econ 1995; 14: 291-317.

aak J. The role of government in IT standards.
omputer [Magazine of the IEEE Computer Society]
98; 129.

ealth Level 7 Inc. What is HL-7? Available at: http://
ww.hl7.org/ (accessed Nov 2006).

arland AF, Lewczyk-Boxmeyer CM, Gabayan EN,
awley KM. Multiple stakeholder agreement on

desired outcomes for adolescents’ mental health
services. Psychiatr Serv 2004; 55: 671-6.

14 Gollop R, Whitby E, Buchanan D, Ketley D. Influenc-
ing sceptical staff to become supporters of service
improvement: a qualitative study of doctors’ and
managers’ views. Qual Saf Health Care 2004; 13:
108-14.

15 Burns CM, Bennett CJ, Myers CT, Ward M. The use of
cusum analysis in the early detection and manage-
ment of hospital bed occupancy crises. Med J Aust
2005; 183: 291-4.

16 Mohammed MA, Cheng KK, Rouse A, Marshall T.
Bristol, Shipman, and clinical governance: Shewhart’s
forgotten lessons. Lancet 2001; 357: 463-7.

17 Scobie S, Thomson R, McNeil JJ, Phillips PA. Meas-
urement of the safety and quality of health care. Med
J Aust 2006; 184(10 Suppl): S51-5.

18 Rob C, Coronel C. Database systems: design, imple-
mentation and management. 4th ed. Cambridge, Ma:
Course Technology, Thompson Learning, 2000.
alian Health Review February 2007 Vol 31 No 1 79



80 Australian Health Review February 2007 Vol 31 No 1

Exploring Nosokinetics

1

Predictive Technologies in Healthcare Management Survey

This survey is designed to assess the need for a framework for healthcare professionals, managers, 
technologists and modelers of various kinds to relate to and work within, in relation to the development 
of predictive technologies to assist in healthcare management (at a unit/division, facility or system 
level)

For the purposes of the survey, predictive technologies are defined broadly as those that enable 
an insight into, or measurement of events yet to occur.

The framework under consideration could be thought of as a “mud map” where various stakeholders 
could use common terminology and common facets of both problems and models/software, to come to 
a common understanding of the problem to be dealt with and the potential solution(s). 

For instance the question of “how many beds will we need to allocate for elective Orthopaedic activity 
in 2 years time?” may be classified as a medium term, strategic planning problem of fine grain, as 
opposed to “how many beds will we need to allocate for elective Orthopaedic activity next week?” may 
be classified as a immediate, operational problem of fine grain. Each will imply a different type and 
level of solution from a technical perspective. 

It is the intention of the survey to clarify the level of interest in such a framework from a stakeholder 
perspective, and also the possible dimensions that such a framework ought to contain (eg- time, depth 
of detail required, audience/end users etc) 

The survey includes questions pertaining to demographic details, background, current position, 
respondent knowledge and opinions in relation to predictive technologies in healthcare management, 
and respondent ideas for future development of tools in this domain. 

It will take 5 minutes to complete. You can return by email (wendy.lemaire@mh.org.au) or
fax ((+61) 03 9342 7060)), or you can post it to CEHSEU, 7W- Level 7 Main Building, Melbourne 
Health. Parkville Vic. 3050. Australia.

All responses with be de-identified on return by Wendy Lemaire (CEHSEU Office 
Manager) before analysis. Mrs Lemaire has no direct involvement in the survey or in the 
analysis and presentation of results.

Part A Demographic Details and Role/Background 

1. Gender:  male  female 

2. Age:  20-29  30-39  40-49  50 –59  60+ 

3. In which state or territory are you currently working? :

 VIC  NSW  QLD  SA

 WA  NT  TAS  ACT 

Appendix
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2

4.  Are you predominantly a: 

 Clinician  Health Administrator (hospital or network) 

 Health Administrator (government)  Clinician-Manager

 Technologist/Solution Developer  Academic – Health Care 

 Academic – Science/Mathematics/Statistics/ OR 

 Other                

5. Are you predominantly working in: 

 Hospital  Government  University  Other 

6. Is your educational background in (select as many as apply): 

 Mathematics/Statistics  Health-Medical  Health-Nursing 

 Health-Other  Business/Finance/Management  Operations Research 

 Information Technology/Computer Science

Part B Knowledge of Predictive Technologies In Healthcare Management 
7. How aware are you of the following tools/technologies? 

Not at all 

aware

Aware, have 

not read about

Aware and 

have read about 
Commercial Products (including Cap Plan (by 
Emendo), Roadhouse Patient Flow Suite, Strata 
Health Solutions) 

Discrete Event Simulation 

System Dynamics Simulation 

Mathematical Techniques – including Markov 
Models

Compartment Models 

Statistical Process Control Techniques 
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Part C Usefulness and content of a framework for predictive technologies 

in health care management 
Not at all 

useful

Possibly

useful

Very useful 8. How do you rate the usefulness of a 
possible framework for predictive 
technologies in health care 
management?

No Possibly Yes 9. Should definitions be a key part of 
such a framework? (eg- definition of 
strategic planning vs operational 
control model)

No Possibly Yes 10. Should time frames be a key part of 
such a framework (eg- to distinguish 
the required duration of a request for 
“modeling” – for instance - how full 
will the hospital get next week ? VS 
how many operating theatres will we 
require in 5 years time ?) 

No Possibly Yes 11. Should target user type be a key part 
of such a framework (eg- to 
distinguish tools/software aimed at 
line managers VS CEO VS CFO) 

12. Can you suggest any other features 
that a such a framework should 
contain? If so please list opposite…… 

If you would like to discuss any of the issues raised in this survey in more detail, please 

contact: Dr Chris Bain (christopher.bain@mh.org.au)   (03) 9342 8772.

Thank you for completing this survey
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