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based on the values of the observations rather than an assumed functional form 
(Coelli et al. 2005).  

The non-parametric approach of DEA may be considered an advantage because it 
means that fewer restrictions are imposed on the model, and there are less risks 
associated with misspecified functional forms (Nguyen and Coelli 2009). However, 
non-parametric estimation presents several drawbacks. First, the significance of the 
relationship between inputs and outputs cannot be statistically tested (PC 1999a; 
Siciliani 2006). Without testing their significance, explanatory variables may be 
inappropriately included in the frontier model. Second, non-parametric estimation is 
more sensitive to the presence of outliers, which may distort the construction of the 
production frontier and overstate the computed efficiency scores (Siciliani 2006). 
Third, non-parametric estimation does not formally allow for technical inefficiency 
to be distinguished from all other hospital-specific random error (Nguyen and Coelli 
2009). For these reasons, the Commission has chosen to undertake SFA in favour 
over DEA.  

Accounting for quality of care 

While estimating the volume of output delivered as a function of inputs, the 
production model also needs to account for hospital resources that are allocated to 
the quality of care that a hospital delivers, and include appropriate measures of 
quality in the regression. 

Before their inclusion, quality indicators need to be adjusted to control for 
differences in the risk characteristics of the patients admitted to different hospitals. 
In this context, risk refers to the extent to which patients’ characteristics affect the 
likelihood of a successful treatment outcome, independent of the actions of the 
hospital. It may be expected that a hospital which admits relatively ‘low-risk’ 
patients will require fewer resources per separation, meaning that it can deliver a 
relatively larger volume of output for a given level of input. This will gives rise to 
higher efficiency scores, all other factors equal, compared to a hospital which 
admits relatively high-risk patients. 

To adjust for patient characteristics, the Commission has used hospital-level 
variables that reflect the composition of each hospital’s patient mix. For example, 
patients’ gender is captured by a measurement of the proportion of a hospital’s 
patients who are female.  

Many of the available hospital-level quality indicators are measured as rates (for 
example, mortality rates and readmission rates). This means that the estimated 
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regressors of the model must be specified to fall between pre-determined upper and 
lower bounds, as estimated by a Tobit model:  
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where *q  is the latent variable of the quality indicator, qi is the observed value of the 
quality indicator, zi are the patient characteristics assumed to influence *q , qL and qU 

are the lower and upper bounds of the quality indicator, and εi is the error term, for 
hospital i. As with other censored regression models, parameters are estimated using 
maximum likelihood methods. 

The estimated results of the Tobit regression are used to compute the standardised 
value of the quality indicator. This is computed by dividing the observed values by 
the estimated values. This is commonly applied to mortality rates, where a 
standardised value less than one indicates that a hospital is performing better than 
expected (the actual mortality rate is lower than predicted), while a value greater 
than one indicates an unfavourable performance (the actual mortality rate is higher 
than predicted) (Ben-Tovim et al. 2009). The standardised values of the quality 
indicator are included as regressors in the output equation. 

Other factors influencing efficiency 

The production function estimates a hospital’s level of output as a direct function of 
its inputs. However, it is acknowledged that there are additional factors — known as 
covariates — that influence a hospital’s production process and, therefore, its 
reported efficiency score. The appropriate method to incorporate such factors into 
the model depends on whether the factors are considered to be within the control of 
the hospital or not. 

Factors which are considered to be outside of the hospital’s control contribute to 
setting the position of the frontier. In this case, the covariates can be included in the 
production model, regressed directly against output.  Factors which are considered 
to be within the hospital’s control contribute to variations in efficiency below the 
benchmarking frontier. In this case, the covariates can be modelled as a function of 
the random errors of the output model.  
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The two steps of this regression are defined as: 
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where yi, xi, vi and ui are as previously defined, u
iμ  is the conditional mean of ui, zi is 

the vector of additional factors, and ξi is the error term. Factors which are within the 
hospital’s control are included in xi, whereas factors which are outside of the 
hospital’s control are included in zi. 

Model specification 

Given that hospitals produce a range of outputs (rather than a single output), a 
stochastic frontier specification which allows for multiple outputs is used. Known 
as an (output) stochastic distance function, it is defined as: 

 )}(/:min{),( iiiiOi xPTEyTEyxD ∈=  (9) 

where yi is the vector of outputs, xi is the vector of inputs, and TE is the minimum 
amount by which output can be reduced and still remain producible with the given 
set of inputs (Kumbhakar and Lovell 2000). 

When applied to the production model, several functional forms are applicable.  
One of the most basic and widely-applied functional forms is the Cobb-Douglas 
model, which regresses the terms in first-order form only. The functional form can 
be expanded with the inclusion of second-order quadratic and cross-terms that allow 
for interaction effects among the variables, as is applicable for a multi-output, 
multi-input production model (Paul 2002). The following equation specifies a 
production model in an expanded multi-input, multi-output form, known as a  
transcendental logarithmic (translog) distance function: 
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where DOi is the distance to the frontier (taking a value between 0 and 1), yk 
represents output, xm represents input, M is the number of outputs, and K is the 
number of inputs. As is common practice, all terms are specified in natural 
logarithms, so that the measures represent proportional values rather than absolute 
levels. The first line of equation (10), comprising first-order variables only, 
represents the standard Cobb-Douglas form. The inclusion of the higher-order 
squared terms in the second and third lines represents the complete translog 
function. 

The Cobb-Douglas model is widely applied as it is more parsimonious and 
computationally simpler to estimate than the higher order, more flexible functional 
forms. Compared to the more flexible functional forms, the limited number of 
parameters in the Cobb-Douglas model means there is less risk of multicollinearity 
and less loss in degrees of freedom. Furthermore, the coefficients of the 
Cobb-Douglas model are relatively more straightforward to interpret as elasticity 
values. 

However, the simplicity of the Cobb-Douglas model restricts its estimation power. 
For example, the introduction of the squared terms can be used to detect scale 
economies, while the further inclusion of cross-terms in the translog model can 
detect elasticity of substitution between inputs, production coefficients between 
inputs and outputs, and marginal rates of transformation between outputs (Nguyen 
and Coelli 2009; Siciliani 2006). All this means is that the Cobb-Douglas model is a 
relatively inflexible form and is not likely to completely fit the curvature of the 
production function. 

In this analysis, the Commission estimated both the Cobb-Douglas and a restricted 
version of the translog model and then compared measures of their goodness-of-fit 
and predictive performance. Higher-order functional forms are expected to provide 
a more accurate fit of the observed data. These models, therefore, are expected to 
generate higher efficiency scores because they contain less unexplained variation 
that would otherwise be attributed to random error or inefficiency. Nguyen and 
Coelli (2009) presented a meta-analysis of hospital efficiency studies which 
substantiated this observation. When selecting the model to apply, it is also 
recognised that higher-order functional forms are likely to incur more 
computational difficulties, due to the large number of multiplicative parameters 
contained in the model. 
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For the models to comply with standard economic regularity properties, and for an 
empirical equation to be estimated, homogeneity constraints need to be imposed 
(Coelli et al. 2005; O’Donnell and Coelli 2005). The constraint of homogeneity of 
degree one in outputs is defined as: 
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This constraint is satisfied if: 
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According to Lovell et al. (1994), the homogeneity condition is equivalently 
satisfied by normalising equation (10) by one of the outputs (yL), as follows: 
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This can be condensed to: 
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where TL(.) refers to the translog function.  

The expression can be re-arranged and specified as a stochastic distance function 
with the inclusion of the technical efficiency component and random error term, as 
follows: 
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where  –lnDi = (vi – ui) and vi and ui are as previously defined.  

E.3 Data sources 

Data for public and private hospitals, detailed at both patient and establishment 
levels, had to be sourced from several different data collections and then merged to 
create the final data set. Details of the data sources and the process of accessing and 
assembling the dataset are outlined below. 

Public hospital data  

Establishment-level data for public hospitals were drawn from the National Public 
Hospital Establishments Database (NPHED), which is held by the Australian 
Institute of Health and Welfare (AIHW). 

Patient-level data for public hospitals were drawn from the National Hospital 
Morbidity Database (NHMD), which is also held by the AIHW. 

Private hospital data 

Establishment-level data for private hospitals were drawn from the Private Health 
Establishments Collection (PHEC), which is held by the Australian Bureau of 
Statistics (ABS). The collection is drawn from a census of private hospitals (acute 
and psychiatric) and free-standing day facilities (ABS 2008f). 

Patient-level data for private hospitals were drawn from the National Hospital 
Morbidity Database (NHMD), which is held by the AIHW. Although the PHEC 
held by ABS contains patient data, the Commission does not regard these data to be 
useful for this study because they are not casemix-adjusted and do not include the 
details required on patient morbidity. 

Accessing hospital data 

To access data for the purpose of this analysis, the Commission obtained the 
consent of the state and territory health departments for the AIHW to release public 
hospital patient and establishment data to the ABS. The Commission also obtained 
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the consent of 130 privately-owned hospitals for the state and territory health 
departments to provide additional information that would allow the private hospital 
patient data held by the AIHW to be matched with the establishment-level data held 
by the ABS. After excluding free-standing day facilities and non- and sub-acute 
facilities, there were 122 private acute hospitals in the sample. 

The ABS undertook the analysis with the assistance of the Commission. This 
arrangement was to facilitate access to the private hospital information held by the 
ABS, and to safeguard the data drawn from both ABS and AIHW sources.  

Assembling the data 

The first step in assembling the dataset was to match the patient-level morbidity 
data needed with each hospital. The morbidity data were then aggregated to the 
establishment-level data. Hospital-level patient variables were created which 
represented the shares of patients with given patient-level characteristics. 

In the case of private hospitals, the patient-level data contained in the NHMD (held 
by the AIHW) had to be matched with the corresponding establishment-level data 
contained in the PHEC (held by the ABS). 

Furthermore, several adjustments to the dataset needed to be made to handle 
reporting inconsistencies. 

· A number of Victorian hospitals are incorporated into regional networks. As a 
result, much of the establishment-level data for these hospitals are available at 
the network level and needed to be rescaled to match establishment-level data. 
Rescaling was achieved by disaggregating the networked data on the basis of the 
number of hospitals contained in the network, and weighting the values on the 
basis of each hospital’s number of casemix-adjusted separations. To capture 
potential efficiency effects of belonging to a network and indicate networked 
hospitals, a dummy variable denoting network membership was created. 

· A single observation was provided for Tasmanian public hospitals. The names 
and the number of beds are known for each Tasmanian hospital, but not the 
number of casemix-adjusted separations. The establishment- and patient-level 
data of the single Tasmanian observation were disaggregated on the basis of the 
number of acute and non-acute beds. On the basis of the hospital’s name and 
address, the Australian Standard Geographic Classification – Remoteness Area 
(ASGC-RA) classification of each hospital was computed. The limitation of this 
approach is that it blurs the distinction between the functions of Tasmanian acute 
and non-acute hospitals.  
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· A single observation was provided for Tasmanian private hospitals. However, 
since the number of private hospitals in Tasmania was not known with certainty, 
the observation could not be disaggregated, although the scale of these hospitals 
is expected to be very small. 

Representativeness of the sample 

Ideally, the data contained in the sample for analysis should be representative of all 
Australian hospitals. In this study, however, data on private hospitals was only 
made available on a voluntary basis and therefore do not necessarily represent the 
full range of private hospitals in Australia.  

In particular, a larger proportion of for-profit private hospitals made their data 
available to this study than not-for-profit private hospitals. For-profit hospitals 
accounted for 57 per cent of Australia’s 289 private acute hospitals  (AIHW 2009a). 
In contrast, 85 per cent of the private hospital sample comprises for-profit hospitals. 

This presents two concerns. First, it means that the not-for-profit hospitals are 
relatively under-represented compared to for-profit hospitals. Second, it means that 
the dataset is potentially subject to sample-selection bias, as the private hospitals 
included in the study are not a random selection. If the factors which affect hospital 
efficiency also affect the likelihood that a hospital agreed to participate in the study, 
the efficiency estimates may be biased.  

The Commission considered potential methods to overcome this sampling issue, 
including the Heckman correction procedure (Heckman 1976). However, given that 
there is no common statistical technique to address this issue in this field of 
analysis, and given the time constraints of this study, the Commission’s analysis 
proceeded without such sampling correction. It is acknowledged, therefore, that the 
findings only apply to the hospitals included in the study, and the Commission 
cautions readers from drawing conclusions for all hospitals in Australia.  

In its further analysis, the Commission intends to examine the degree to which the 
sample of hospitals included in the analysis adequately represents the population of 
hospitals Australia-wide, and further investigate methods to address potential 
sampling bias. 

Final dataset 

The AIHW provided a range of hospital-level data from the NHMD that correspond 
to 703 public hospital observations in its NPHED and 130 private hospital 
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observations that agreed to participate in this study. After removing acute, sub-acute 
non-acute, psychiatric hospitals and free-standing day facilities, there were 508 
acute hospital observations in the sample. Of these, 368 were public hospitals and 
another 18 that are ordinarily classified as public hospitals by the AIHW, but which 
are typically managed by non-government entities to provide public hospital 
services for state and territory governments. These are referred to as ‘public 
contract’ hospitals. There were also 122 private acute hospital observations in the 
sample (table E.2). 

Table E.2 Hospital sample by size, region and sector, 2006-07a 
 Major cities  Outside major cities 
 Public Private Public 

contract 
 Public Private Public 

contract 

All 
hospitals

Very large 53 np np  15 np – 98
Large 21 16 np  16 6 np 70
Medium 14 26 –  31 12 – 83
Small & very small 8 np –  210 np np 257

All hospitals 96 93 15  272 29 3 508
a Hospital location is defined by the Australia Standard Geographical Classification (ABS 2001). Hospital size 
is defined by number of casemix-adjusted separations per year, where very large refers to 20 001 or more 
casemix-adjusted separations; Large is defined as 10 001 to 20 000 casemix-adjusted separations per year; 
medium is defined as 5001 to 10 000 casemix-adjusted separations per year; small is defined as 2001 to 5000 
casemix-adjusted separations per year; and very Small is defined as 2000 or fewer casemix-adjusted 
separations per year. Sample refers to all the acute hospitals included in the Commission’s multivariate 
analysis. np Not published due to confidentiality. – Nil or rounded to zero. 

Source: Productivity Commission estimates based on unpublished ABS and AIHW data. 

E.4 Variables 

This section describes the variables selected for use in the analysis and discusses 
some associated sampling issues. Full details of the variables used in the analysis, 
including their definitions and summary statistics, are presented at the end of the 
section in table E.3.  

Drawing on the literature review, variables used in the analysis are grouped as: 

· outputs 

· quality and patient safety 

· inputs 

· other factors that describe establishment characteristics, hospital roles and 
functions, financial incentives and patient characteristics. 
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Outputs 

Ideally, a hospital’s performance should be measured in terms of patient outcomes. 
Individuals seek hospital services in order to improve their physical and emotional 
wellbeing relative to what would otherwise be the case. However, it is not 
practicable to directly measure changes to patient health outcomes. Instead, the 
approach used here is to measure health outcomes along two dimensions — hospital 
outputs and quality of care. 

Hospitals are complex entities that provide a wide range of services. This is a strong 
argument that hospitals should be modelled as multi-input multi-output firms 
(Butler 1995). Hospitals vary significantly in terms of the surgical and medical 
procedures they provide. Many provide some sort of outpatient services, emergency 
departments and a number provide teaching services while others maintain research 
and development programs.  

Inpatient services 

The Melbourne Institute of Applied Economic and Social Research suggested that a 
reasonable compromise would be to model inpatient activity at the major diagnostic 
category (MDC) level: 

… considering the need to keep model specification parsimonious in empirical 
analysis, this approach probably represents a reasonable compromise. (sub. 16, p. 4) 

However, a concern is that since there are 23 MDCs, this would represent too many 
variables, particularly when more complex functional forms are considered. The 
categories of inpatient outputs used in this study are: 

· acute separations — casemix-adjusted separations for MDCs 1 to 9, 11 to 13, 16 
to 18, 21 and 22) 

· pregnancy and neonate separations — casemix-adjusted separations for MDCs 
14 and 15 

· mental and alcohol separations — casemix-adjusted separations for MDCs 19 
and 20 

· other separations — casemix-adjusted separations for MDC 23 

· endocrine, nutritional and metabolic diseases and disorders — casemix-adjusted 
separations for MDC 10. This was the dependent variable for the model. 

Pregnancy and neonate MDCs were kept separate from the majority of acute care 
separations, as pregnancy and neonates do not generally constitute a disease or 
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illness. Similarly, mental and alcohol separations were also kept separate because of 
concerns over the robustness of measuring cost weights for these categories. 

Public hospital cost weights were used for both public and private hospitals. In the 
estimation, each of the output categories (except for the last) were normalised by 
the dependent variable (MDC 10). All variables were expressed in natural 
logarithms, and where a natural number was reported as zero, its corresponding 
natural logarithm was changed to zero. 

Non-admitted occasions of service 

There is no national casemix classification for outpatient services, so there is a 
greater need to provide a detailed level of aggregation of these hospital activities 
than it is for admitted patient care. The output categories are: 

· accident and emergency services — the number of accident and emergency 
department presentations or visits 

· allied health and other services — the number of occasions of service for allied 
health, dental and other outpatient services 

· mental and alcohol services — the number of mental, alcohol and psychiatric 
outpatient services 

· dialysis and endoscopy — the number of occasions of service for dialysis and 
endoscopy 

· diagnostic services — the number of pathology and radiology services 

· outreach services — the number of community services, district nursing and 
other outreach services. 

Each of these output categories were divided by the reference category. Each output 
was expressed in terms of natural logarithms.  

The Commission included a binary variable to indicate whether a hospital is a 
teaching hospital (‘1’ if it is teaching hospital, ‘0’ otherwise). However, no 
distinction was drawn between medical and nursing teaching functions, or the 
intensity of the teaching effort. The variable represents all forms of teaching 
functions — major and minor. 

Given the procedure of normalising hospital outputs, the coefficients of the output 
variables on the right-hand side would be expected to take on a positive value.  
However, to make interpretation simpler, the dependent variable was multiplied by 
minus one to ensure that the right-hand side output variables take on a negative 
value. This assists in the interpretation of the coefficients — each of the output 
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variables are expected to take a negative value (reflecting the marginal rate of 
transformation between the reference category and outputs) and a positive value for 
each of the inputs.  

Quality and patient safety 

A number of variables were available to the Commission to measure hospital 
quality, including: 

· in-hospital mortality 

· infection rates 

· adverse events. 

As noted in chapter 7, there are limits to both adverse events and hospital infections 
data due to under-reporting and the difficulty in attributing the role of hospital in 
contributing the cause of those events. As a result, these were not considered in this 
analysis of hospital performance, though they will be reconsidered in further work. 
Robust data on re-admissions were not available to the Commission. 

Drawing on the practice of previous studies, in-hospital mortality rates were used as 
a measure of the quality of hospital services. Based on a review of literature into the 
standardisation of hospital mortality ratios (Ben-Tovim et al. 2009), the following 
variables were included:  

· average comorbidity — the average Charlson Index of comorbidity 

· distribution of comorbidity — the proportion of hospital separations that were 
associated with each of the seven indices of comorbidity (0, 1, 2, 3, 4, 5 and 6 or 
more) (Charlson et al. 1987)2 

· age — the proportions of patients who are in youngest and oldest age groups 

· gender — the proportion of patients who are female 

· socioeconomic status — the proportion of patients who reside in areas of the 
highest quintiles of socioeconomic disadvantage, as measured by the 
Socio-economic index for Areas — Index of Relative Disadvantage and 
Advantage (ABS 2008g) 

                                              
2 The Commission explored the possibility of employing the Multipurpose Australian Comorbidity 

Scoring System (Preen et al. 2006) but chose not to use this approach because the data available 
to the Commission were neither linked between different hospitals or within the same hospital 
over time. 



   

354 PUBLIC AND PRIVATE 
HOSPITALS 

 

 

· remoteness of residence — the proportion of patients whose usual place of 
residence was in inner regional, outer regional, remote and very remote 
communities (as defined by the Australian standard Geographic Classification–
Remoteness Area) 

· Indigenous — the proportion of patients that identified themselves as 
Indigenous. 

Unlike in other studies, no account was made for differences in the procedures 
undertaken by hospitals, as these are formally considered in the analysis of hospital 
production.  

The Tobit regression generates the predicted mortality rates for each hospital. Using 
the estimates, risk-adjusted mortality ratios (RAMR) are derived. Lower ratios 
indicate lower relative mortalities after adjusting for patient differences. If a 
hospital faces a trade off between improving the quality of care and producing 
additional services, it is expected that the coefficient of the RAMR variable will be 
positive with respect to the output variables. 

Inputs 

Following common practice in this area of analysis, inputs into the production of 
hospital services include: 

· nursing staff — number of nursing staff (measured in terms of full-time 
equivalents) 

· diagnostic staff — number of diagnostic (pathology and radiology) staff 
(measured in terms of full-time equivalents) 

· other staff — number of domestic, administration and other staff (measured in 
terms of full-time equivalents) 

· medical and surgical supplies — expenditure on medical and surgical supplies 
used 

· pharmaceutical supplies — expenditure on pharmaceuticals 

· other inputs — expenditure on other hospital inputs, such as administration and 
clerical, housekeeping, and repairs and maintenance 

· beds —  number of beds of the hospital as a proxy for hospital capital. This is 
given by the number of beds licensed in a private hospital, and the number of 
beds published by the AIHW for public hospitals.  
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The total number of beds is not a satisfactory measure of the usage of capital in a 
hospital. The number of beds does not adequately reflect the change in capital stock 
over time or between hospitals. Ideally, capital measures should be disaggregated 
into the main categories of hospital activity — such as the number of ICU beds, 
non-acute beds, palliative care beds, the number of sameday chairs, the number of 
operating theatres, and so on. Instead, differences in the capital of hospitals were 
captured with variables that reflected differences in the roles and functions of 
hospitals (discussed below). 

Since the number of doctors working in private hospitals is not known, the number 
of medical staff has been excluded from the analysis. All efficiency scores derived 
from the analysis are to be interpreted as the efficiency of the hospital, and not 
specifically of the hospital and the medical workforce. 

Each of the coefficients of these variables, for a Cobb-Douglas specification, is 
expected to take a positive sign. 

Patient-risk characteristics 

Although it is posited above that differences in the level of patient risk might be 
represented in a measure of quality, it is feasible that patient-risk characteristics 
might directly influence the level of hospital output. For example, more morbid 
populations may compel hospitals to undertake additional services, to be more 
productive with the resources that they have. The patient-risk characteristics 
explored here include the same set described in the section quality and patient 
safety. 

Hospital roles and functions 

A number of other variables were included in the analysis to account for the 
differences between hospitals in terms of the services they provide, the resources 
they use and the patients they treat.  

Admissions from an emergency department — the number of accident and 
emergency visits divided by the total number of inpatient separations is used as a 
proxy for the extent to which emergency patients are admitted hospitals. A number 
of commentators have said to the Commission that the presence of an accident and 
emergency department can reduce the throughput of inpatient services, particularly 
if there are insufficient beds available to accommodate the variability of demand. If 
this were the case, then the coefficient on this variable would be negative. 
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Same-day separations as a share of total separations — a number of study 
participants have said to the Commission that private hospitals would appear to be 
more technically efficient than public hospitals because the former undertake 
relatively more same-day separations. If same-day separations constitute best 
practice, and the variable were included in the main model (equation 7), the 
coefficient on the variable would be positive. If, on the other hand, same-day 
separations permit hospitals to reach best practice, the coefficient on the same-day 
separations variable would be positive in the second model (equation 8).  

Proportion of patients treated with surgical and other procedures is a variable that 
describes the extent to which a hospital specialises in surgical and other DRG cases, 
or conversely, the degree to which public hospitals undertake medical DRG cases.  
Some participants to this study have argued that a difference between public and 
private hospitals is the ability of private hospitals to maximise their productivity by 
specialising in elective surgery procedures, which permits them to operate with 
higher levels of productivity. On the other hand, public hospitals are unable to 
refuse medical treatment, and since medical DRG cases have a greater likelihood of 
being unplanned, medical DRGs become inherently more difficult for public 
hospitals to manage. Ignoring the differences between surgical and medical cases 
has the potential to distort the interpretations of efficiency measures.  

As noted earlier, the lack of detailed capital data limits the ability of this type of 
analysis to distinguish between hospitals on the basis of their inputs. Instead, a 
number of surrogate variables were used to test the extent to which there were such 
differences.  

Hospital services can also differ in terms of the level of acuity in the services they 
provide. For example, hospitals that maintain level III intensive care units have 
different resourcing requirements to those than those that maintain residential aged 
care units and palliative care units. These three influences are represented with three 
binary variables (with ‘1’ indicating that these services or units are provided, ‘0’ if 
they are not). 

Proportion of patients who are not treated as public patients is a proxy measure for 
the different levels of resources used by hospitals to treat public and non-public 
patients. It includes patients who are funded by private health insurance, 
Department of Veterans’ Affairs, third-party motor vehicle accident, workers’ 
compensation patients, and self-funding. Public hospitals are funded with capped 
budgets, at least when treating public patients. In contrast, the funding of non-public 
patients is uncapped. It is possible that differences between capped and uncapped 
funding enables hospitals to provide different service levels to public and 
non-public patients. 
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Evans and Walker indices 

The Evans and Walker information indices are measures of the relative complexity 
of work undertaken by hospitals. They are based on work undertaken by Thiel 
(1967) in the field of information theory. Evans and Walker (1972) postulated a 
relationship between the complexity of work undertaken by a hospital and the 
information the hospital learns from undertaking that work. By establishing a link 
between complexity and information gain, the authors were able to adapt 
information indexes as proxies for hospital complexity.  

In general, the amount of information a hospital learns from an admission is 
inversely related to the likelihood of that case occurring within the system and the 
likelihood of that hospital treating that particular case. If an event is almost certain 
to take place, such as a routine case from which the hospitals learns little, the 
hospital attracts a relatively low index of information gain (Butler 1988). In 
contrast, more complex (and presumably rarer cases) attract more information gain. 

Evans and Walker offer two indices. They differ in terms of the assumptions about 
the prior knowledge of probabilities. The first assumes there is no prior knowledge 
of the distribution of cases among hospitals. This is a measure of the complexity of 
a hospital’s caseload (Evans and Walker 1972). The index 1

iX  is given as: 

 1 1
i j ij

j
X H p=∑  (18) 

which is a weighted average of the standardised complexity indexes 1
jH  of each 

AR-DRG, where the weights pij are the share of the ith’s hospital’s cases being 
classified as the jth AR-DRG.  

To derive 1
jH , the index of complexity for the jth AR-DRG is used: 

 1 ln 1
ij

j ij
i

q
H q

I

⎛ ⎞
⎜ ⎟

= ⎜ ⎟
⎜ ⎟
⎝ ⎠

∑  (20) 

Equation (20) describes the information gain rising from the probability of the jth 
AR-DRG being treated by the ith hospital. The smaller the qij, the larger will be its 
natural logarithm. Pre-multiplying gives the probability of that information gain 
occurring. If in the absence of any information of the actual distribution of cases, 
the probability of a case going to any hospital is the same for all hospitals, and is 
equal to the inverse of the number of hospitals 1/I. 
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1
jH  is standardised to ensure that the index has a mean of one: 
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This second measure of a hospital’s relative complexity takes into account the 
relative differences in hospital size. In this index, it is assumed that the prior 
probability of a case occurring is equal to the actual proportion of all cases in the 
system treated by the hospital. This means that the larger the hospital, the higher 
will be the probability that it will treat a case entering the system (Butler 1995). 
While larger hospitals may treat more complex cases than smaller hospitals, they 
are also expected to treat more complex cases. 

The second Evans and Walker index 2
iX  resembles the first, insofar that it is equal 

to the weighted average of standardised complexity cases 2
jH : 

 2 2
i j ij

j

X H p=∑  (22) 

However, the corresponding measure of information gain differs in that it is now 
influenced by the probability pi that a case will go to the ith hospital is given by: 

 2 ln ij
j ij

i i

q
H q

p
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

∑  (23) 

As with the first index, equation (23) is standardised to ensure that the index has a 
mean of one: 
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 (24) 

What is the Commission measuring? 

In this study, the Commission has compared the performance of all acute hospitals 
in one sample. That is, all hospitals — large and small, urban and rural — were 
compared in a single multivariate analysis. The typical practice in benchmarking is 
to identify relevant ‘peers’ against which hospital can be compared. For example, 
large metropolitan teaching hospitals are compared against other large metropolitan 
teaching hospitals, in order to learn about ways these hospitals might improve their 
performance. This practice of stratifying the sample according to key hospital 
characteristics, however, is not necessarily useful in an analytical context, because it 
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cannot address an important research question: how significant are factors such as 
location and size in determining a hospital’s performance? How can the impact of a 
hospital’s size or location on efficiency be assessed if hospitals are only compared 
with those of the same size or location?  

The Commission’s analysis therefore is based on a pooled sample of all hospitals in 
the study, as the econometric model is designed to account for differences in 
hospitals which would typically be used to define ‘peer groups’. For example, the 
inclusion of the explanatory variables measuring hospital size, location, teaching 
status and emergency services is designed to control for the effects of these factors 
on hospital output and efficiency. Using the stochastic frontier regression technique, 
the model can identify variation in hospital output that is specifically due to the 
inefficient use of inputs, and not due to differences in a hospital establishment’s 
characteristics. 

E.5 The results 

Before attempting to estimate the technical efficiencies, the Commission undertook 
to identify a suitable measure of the quality of hospital care. The approach used here 
was to risk-adjust in-hospital mortality rates using a Tobit regression, and then to 
include the estimated risk-adjusted mortality ratios (RAMRs) into the estimation of 
hospital performance. 

Risk-adjustment analysis 

As noted earlier, in-hospital mortality is probably the only reliably measured 
hospital health outcome. Other measures, such as adverse events and infections, are 
generally not well reported. But, mortality rates do not always provide an indication 
of the quality of care in a hospital — a number of other factors outside the control 
of hospitals (such as the patient’s comorbidities) can contribute to patient mortality. 

Three sets of Tobit regressions were analysed. Model 1 considered each of the 
major categories of variables — patient comorbidities, socioeconomic status, place 
of residence, gender, Indigenous status and age profile. Model 2 excludes gender 
and the younger age profiles which appear to be insignificant as a group. It tests 
specifically for the effect of place of residence. Model 3 is identical to model 2 
apart from replacing the place of residence variables with socioeconomic status of 
the patient (table E.4).  
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Table E.3 Description and summary statistics of variables, 2006-07a 
Variable Description Mean Std. dev. 

Hospital outputs — Admitted patients    
Number of separations Total number of separations 11 549.38 15 382.78 
Acute separations Number of casemix-adjusted separations (defined by MDC)  9 526.72 14 786.51 
Pregnancy and neonate separations Number of casemix-adjusted separations (defined by MDC) 1 175.80 2 557.90 
Mental and alcohol separations Number of casemix-adjusted separations (defined by MDC) 536.67 1 021.36 
MDC 10 separations Number of casemix-adjusted separations (defined by MDC) 267.68 427.37 
Other separations Number of casemix-adjusted separations (defined by MDC) 526.80   908.15   
Average cost weight Ratio 0.8953 0.370 

Hospital outputs — Non-admitted patient services   

Accident and emergency services Number of occasions of service 11 436.72 16 190.93 
Allied health and dental services Number of occasions of service 26 842.13 63 441.71 
Mental and alcohol services Number of occasions of service 536.67 1 021.36 
Dialysis and endoscopy services Number of occasions of service 158.19 1 457.82 
Community outreach and district nursing services Number of occasions of service 7 526.32 22 949.87 
Pathology and radiology services Number of occasions of service   

Hospital inputs    

Nursing staff Number of full-time equivalents 211.96 339.17 
Diagnostic staff Number of full-time equivalents 63.55 145.77 
Other staff Number of full-time equivalents 141.88 243.78 
Total beds Total number 118.03 151.22 
Drug costs $’000s 306.47 13.09 
Other hospital costs $’000s  1 934.16 11.88 
Medical and surgical supplies cost $’000s 606.21 14.58 

(Continued next page) 
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Table E.3 (continued) 
Variable Description Mean Std. dev. 

Roles and functions    

Teaching Dummy variable (1=yes; 0=otherwise) 0.3209 0.4673 
Network Dummy variable (1=yes; 0=otherwise) 0.0846 0.2786 
Share of patients that were not public patients Share of total separations 0.3915   0.3804 
Surgical and other DRGs Share of total separations 0.3104 0.2387 
Same-day separations Share of total separations 0.4585 0.1785 
Accident and emergency rate Ratio to total separations 2.1304 2.8140 
Transfers to aged care  Share of total separations 0.0102 0.0164 
Transfers to acute hospitals Share of total separations 0.0687 0.0622 
Transfers to other hospitals Share of total separations   
Evans and Walker Index 1 Rate 0.5557 0.5241 
Evans and Walker Index 2 Rate 0.4904 0.4211 
Palliative-care unit Dummy variable (1=yes; 0=otherwise) 0.1122 0.3159 
High intensive care unit Dummy variable (1=yes; 0=otherwise) 0.1772 0.3822 
Residential care unit Dummy variable (1=yes; 0=otherwise) 0.0039 0.0627 

Patient characteristics    

Female patients Share of total patients 0.5372 0.0800 
Aged less than 1year Share of total patients 0.0191 0.0325 
Aged 1-4 years Share of total patients 0.0252 0.0438 
Aged 5-14 years Share of total patients 0.0346 0.0526 
Aged 50-59 years Share of total patients 0.1334 0.0511 
Aged 60-69 years Share of total patients 0.1451 0.0516 
Aged 70+ years Share of total patients 0.2866 0.1395 
From major city Share of total patients 0.3880 0.4279 
From inner regional Share of total patients 0.3187 0.3591 
From outer regional Share of total patients 0.2124 0.3250 
From remote Share of total patients 0.0376 0.1427 
From very remote Share of total patients 0.0433 0.1782 

(Continued next page) 
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Table E.3 (continued) 
Variable Description Mean Std. dev. 

SEIFA 1 Share of total patients 0.3352 0.3464 
SEIFA 2 Share of total patients 0.2326 0.2854 
SEIFA 3 Share of total patients 0.1819 0.2272 
SEIFA 4 Share of total patients 0.1354 0.1851 
SEIFA 5 Share of total patients 0.1149 0.1974 
Charlson score 1 Share of total patients 0.0819 0.0448 
Charlson score 2 Share of total patients 0.0997 0.1014 
Charlson score 3 Share of total patients 0.0150 0.0134 
Charlson score 4 Share of total patients 0.0133 0.0262 
Charlson score 5 Share of total patients 0.0317 0.0523 
Charlson score 6 or higher Share of total patients 0.0050 0.0079 
Average Charlson score Score 0.5396 0.4481 

Quality indicator    
Mortality rate Rate 0.0133 0.0310 
a Statistics for the minimum and maximum observations were suppressed for confidentiality reasons. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates. 
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Between the three models, patient characteristics prove to have a significant 
influence on hospital mortality rates. In particular, hospitals which have 
proportionally more patients in older age-groups (70 years or older), with higher 
Charlson scores (5 or over), and that identify with Indigenous status are expected to 
report higher mortality rates. Hospitals’ patient profiles according to patient gender, 
usual place of residence, and socio-economic status (the latter based on  the SEIFA) 
were not found to be significant in most cases (table E.4).  

In terms of overall fit (log likelihood) and parsimony of variable choice (Akaike and 
Bayesian Information Criteria tests), there is little to separate the three models. The 
younger age profiles and gender were generally poor explanators, and so were 
dropped from the analysis altogether. The choice between models 2 and 3 is almost 
arbitrary. The residuals of the third model were used for the predicted mortality 
rates in table E.5.  

The predicted and RAMRs are reported in table E.5 for private, public and public 
contract hospitals. A RAMR value less than one indicates that a hospital’s actual 
mortality rate is less than predicted, given its patient profile, while a value greater 
than one indicates the reverse. On average, the private hospitals in this study 
reported lower RAMRs than public and public contract hospitals. It is of interest to 
note that the RAMRs of public contract hospitals are slightly lower than public 
hospitals, with whom they are likely to share a similar pattern of activity. The 
RAMRs are further disaggregated in table E.6 according to hospital size. 

Care needs to be taken when interpreting RAMRs in relation to hospital quality. For 
example, the average RAMR for public hospitals (0.632) does not mean that 
patients die at twice the rate than in private hospitals (0.305) (table E.5). The 
purpose of the regression is to adjust hospital mortality rates for the profile of 
patients they treat. The Tobit regression is only intended to provide an indication of 
the extent to which patient-risk characteristics influence hospital mortality rates, and 
are not designed to account for the different activities that hospitals undertake (that 
is, their casemix). The estimated mortality ratios are then used as a control for 
quality in the output regression. Variables to measure a hospital’s casemix are not 
included in the mortality rates regression, as they are already included as a direct 
component of the output stochastic frontier regression, and inclusion of these 
factors in the mortality rates is likely to generate collinearity. 

The reported RAMRs should not be compared to other reported mortality measures 
(such as Hospital Standardised Mortality Rates, HSMRs).  
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Table E.4 Results of Tobit regression of mortality rates, 2006-07 
Variable Model 1  Model 2  Model 3  

Comorbidity       
Share of patients with Charlson 6 or more 2.817 *** 2.810 *** 2.829 *** 
Share of patients with Charlson 5 0.142 *** 0.146 *** 0.156 *** 
Share of patients with Charlson 4 -0.013  -0.011  0.007  
Share of patients with Charlson 3 -0.295 *** -0.292 *** -0.296 *** 
Share of patients with Charlson 2 -0.027 * -0.027 * -0.023  
Average Charlson score -0.007  -0.001  -0.004  

Age       
Share of patients aged 70 or more 0.049 *** 0.050 *** 0.051 *** 
Share of patients aged between 60 and 69 -0.064 ** -0.064 *** -0.066 *** 
Share of patients aged between 50 and 59 -0.065 ** -0.061 *** -0.058 ** 
Share of patients aged between 5 and 14 -0.019      
Share of patients aged between 1 and 4 0.026      
Share of patients aged under 1 -0.017      

Indigenous status 0.008  0.010 *** 0.013 ** 
Female 0.007      
Patient’s usual place of residence       

Proportion of patients from inner regional areas 0.005  0.004 *   
Proportion of patients from outer regional areas 0.009 ** 0.008 ***   
Proportion of patients from remote areas 0.009  0.008    
Proportion of patients from very remote areas 0.006  0.005    

SEIFA classification of patient’s residence        
Proportion of SEIFA 4 0.002    0.001  
Proportion of SEIFA 3 0.003    0.005  
Proportion of SEIFA 2 0.000    0.005  
Proportion of SEIFA 1 0.002    0.008 * 

Constant -0.004  0.000  0.001  
Sigma 0.018 *** 0.017 *** 0.018 *** 

Model criteria       
Log likelihood 1 244.94  1 244.33  1 241.81  

Likelihood Ratio 2χ  591.10  589.89  584.84  

Probability > 2χ  0.0000  0.0000  0.0000  

Akaike Information Criterion -2 441.9  -2 456.6  -2 450.5  
Bayesian Information Criterion -2 340.3  -2 388.9  -2 382.8  
No. of observations 508  508  508  

*** Significant at the 1 per cent critical level. ** Significant at the 5 per cent critical level. * Significant at the 
10 per cent critical level. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates. 
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Table E.5 Predicted mortality rates and risk-adjusted mortality ratios, 
by sector, 2006-07 

  Public hospitals Public contract 
hospitals 

Private hospitals All hospitals

Predicted mortality rates    
Mean 0.022 0.030 0.022 0.022
Median 0.019 0.017 0.015 0.018
Standard deviation 0.010 0.040 0.041 0.023
Minimum 0.007 0.012 0.006 0.006
Maximum 0.083 0.186 0.434 0.434
Weighted averagea 0.023 0.032 0.019 0.023

RAMRsb    
Mean 0.632 0.540 0.305 0.550
Median 0.593 0.420 0.189 0.517
Standard deviation 0.380 0.563 0.324 0.399
Minimum – 0.074 – – 
Maximum 2.793 2.583 1.860 2.793
Weighted averagea 0.530 0.383 0.327 0.471

Number of observations 368 18 122 508
a Weighted average by casemix-adjusted separations. b RAMR – Risk-adjusted mortality ratio is equal to the 
actual (observed) mortality rate divided by the predicted mortality rate. – Nil or rounded to zero. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates. 
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Table E.6 Risk-adjusted mortality ratios, by sector and hospital size, 
2006-07a 

 Very large Large Medium Very small 
and small 

All

Public hospitals     
Mean      0.506      0.472      0.532      0.718       0.632 
Median      0.506      0.441      0.481      0.685       0.593 
Standard deviation      0.195      0.269      0.325      0.431       0.380 
Minimum      0.072 – – – –
Maximum      0.889      1.043      1.590      2.793       2.793 
Number of observations                68             37            45          218           368 

Public contract hospitals     
Mean np np np np 0.540
Median np np np np 0.420
Standard deviation np np np np 0.563
Minimum np np np np 0.074
Maximum np np np np 2.583
Number of observations np np np np 18

Private hospitals     
Mean 0.357 0.316 0.274 0.297 0.305
Median 0.340 0.236 0.185 0.064 0.189
Standard deviation 0.256 0.267 0.270 0.432 0.324
Minimum – – – – –
Maximum 0.908 0.908 0.908 1.860 1.860
Number of observations                24             22            38            38           122 

All hospitals     
Mean 0.457 0.432 0.414 0.662 0.550
Median 0.469 0.415 0.330 0.636 0.517
Standard deviation 0.221 0.277 0.390 0.465 0.399
Minimum – – – – –
Maximum 0.908 1.124 1.691 2.793 2.793
Number of observations np np np np 508

a RAMR – Risk-adjusted relative mortality ratio is equal to the actual (observed) mortality rate divided by the 
predicted mortality rate. np Not published due to confidentiality concerns. – Nil or rounded to zero. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates 

Stochastic frontier analysis 

Two distinct types of production (distance) functions were modelled using the 
2006-07 data — a Cobb-Douglas and a restricted translog function (as it was not 
technically possible to solve the full version of the translog function). The results 
for a number of versions of the Cobb-Douglas and a restricted translog are 
presented in tables E.7 and E.8.  
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Table E.7 Results of Cobb-Douglas stochastic frontier analysis, 
2006-07 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Primary model           
Inpatient services           

Log of acute separations -0.546 *** -0.542 *** -0.488 *** -0.545 *** -0.506 *** 
Log of preg. & neonate seps. -0.057 *** -0.014  -0.066 *** -0.059 *** -0.060 *** 
Log of mental & alcohol seps.  -0.102 *** -0.108 *** -0.121 *** -0.100 *** -0.106 *** 
Log of other separations -0.146 *** -0.186 *** -0.146 *** -0.144 *** -0.151 *** 

Non-admitted services           
Log of emergency dept. visits -0.014 * 0.009  -0.022  -0.011  -0.021  
Log of allied & dental services -0.044 *** -0.080 *** -0.048 ** -0.049 *** -0.050 *** 
Log of mental & alcohol serv. -0.011  0.001  -0.006  -0.013  -0.011  
Log of outreach & dist. nurs. 0.002  -0.005  0.003  0.004  0.004  
Log of diagnostic services -0.038 ** -0.013  -0.041 *** -0.037 ** -0.041 *** 
Log of dialysis & endoscopy 0.036  0.010  0.057  0.027  0.031  

Quality           
RAMR -0.035  0.057  0.022  -0.017    

Inputs           
Log of nursing staff 0.177 *** 0.268 *** 0.187 *** 0.188 *** 0.241 *** 
Log of diag. staff 0.033 * 0.092 *** 0.024  0.032  0.030  
Log of other staff -0.147 *** -0.006  -0.120 ** -0.140 ** -0.161 *** 
Log of beds 0.436 *** 0.681 *** 0.443 *** 0.449 *** 0.462 *** 
Log of drugs 0.064 ** -0.036  0.075 *** 0.061 ** 0.068 *** 
Log of med.& surg. supplies 0.025  0.142 *** 0.017  0.020  0.015  
Log of other inputs -0.016  -0.088 *** -0.018  -0.008  -0.012  

Role and functions           
Emergency to admission ratio 0.008          
Teaching hospital 0.100    0.106  0.097  0.116 * 
Level III ICU 0.004    0.013      
Palliative care unit -0.026    0.007      
Residential care unit -0.187    -0.171      
Evans & Walker Index 1 -1.997 ***   -2.030 *** -2.015 *** -2.098 *** 
Evans & Walker Index 2 3.970 ***   4.029 *** 3.944 *** 4.011 *** 
% of seps surgical or other  1.117 ***   0.958 *** 1.152 *** 1.131 *** 
% non-public patients -1.089 ***   -1.118 *** -1.123 *** -1.160 *** 

Patient characteristics           
% with Charlson 6 +  -0.866  8.763    -1.912  -6.518 ** 
% with Charlson 5 0.710  2.677    0.825  -1.520 ** 
% with Charlson 4  -0.584  2.200    -0.712  -2.641 *** 
% with Charlson 3  0.717  0.021    0.915    
% with Charlson 2  1.025  2.691 **   1.036    
Average Charlson -0.062  -0.729    -0.072  0.394 *** 

(Continued next page) 
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Table E.7 (continued) 
 Model 1  Model 2  Model 3  Model 4  Model 5  

Patient SEIFA         
% from SEIFA 4 -0.045  0.429 **   -0.045    
% from SEIFA 3 -0.245 * 0.235    -0.251 * -0.307 *** 
% from SEIFA 2 -0.228  0.198    -0.233  -0.332 *** 
% from SEIFA 1 -0.162  0.314 **   -0.173  -0.261 *** 

Patient place of residencea           

Major city 0.378 *** 0.137    0.248 **   
Outer regional 0.498 *** 0.016    0.114    
Remote 0.826 *** -0.066    0.052    
Very remote 0.475  -0.078    -0.098    

Hospital locationa           

Major city -0.078    0.149 **     
Outer regional -0.350 ***   -0.002      
Remote -0.720 ***   -0.102      
Very remote -0.576 *   -0.163      

State or territoryb           

NSW -0.087  -0.054  -0.083  -0.072  -0.090  
Victoria -0.254 *** -0.161 ** -0.224 *** -0.253 *** -0.277 *** 
South Australia -0.244 *** 0.104  -0.224  -0.240 *** -0.230 *** 
Western Australia -0.077  0.164  -0.037 ** -0.055  -0.069  
Tasmania 0.976 *** 0.403  1.050 *** 0.977 *** 1.176 *** 
Northern Territory -0.190  0.211  -0.105  -0.190  -0.217  
ACT -0.123  -0.161  0.152  -0.129  -0.237  

Constant 3.802 *** 2.683 *** 3.521 *** 3.747 *** 3.644 *** 
Secondary model           
Log 2

vσ           
Constant -2.664 *** -2.585 *** -2.452 *** -2.654 *** -2.543 *** 

Log 2
uσ    

 
 

 
 

 
 

 
 

Constant -1.915 *** -1.289 *** -1.953 *** -1.866 *** -1.918 *** 
Model criteria           
No. of observations 508  508  508  508  508  
Log likelihood -297.4  -400.6  -319.3  -305.3  -311.3  
Wald 2χ  7 969.7  5 215.4  6 997.2  7 663.4  7 345.2  
Probability 2χ>  0.0000  0.0000  0.0000  0.0000  0.0000  

Akaike Inference Criterion 704.8  885.3  718.6  704.6  700.5  
Bayesian Inference Criterion 937.6  1062.9  887.8  903.4  865.5  

vσ  0.264  0.275  0.295  0.265  0.280  

uσ  0.384  0.525  0.376  0.393  0.383  
2σ  0.217  0.351  0.228  0.225  0.226  

λ  1.454  1.911  1.283  1.483  1.367  
a Inner regional is the reference region. b Queensland is the reference jurisdiction. *** Significant at the 
1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates. 
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Table E.8 Results of translog stochastic frontier analysis, 2006-07 
 Model 6  Model 7  Model 8  Model 9  Model 10  

Primary model           
Inpatient services           

Log of acute separations -0.302  -0.265  -0.160  -0.171  -0.211  
Log of acute seps – sq -0.015  -0.022  -0.030  -0.029  -0.022  
Log of preg. & neonate seps -0.049 *** -0.035 *** -0.049 *** -0.050 *** -0.052 *** 
Log of preg. & neon. – sq -0.005  -0.009 *** -0.005  -0.004  -0.004  
Log of mental & alc.  -0.148 *** -0.167 *** -0.156 *** -0.155 *** -0.151 *** 
Log of mental & alc – sq -0.019 *** -0.023 *** -0.020 *** -0.020 *** -0.019 *** 
Log of other seps -0.096 *** -0.095 *** -0.087 *** -0.090 *** -0.103 *** 
Log of other seps – sq -0.017 *** -0.029 *** -0.017 *** -0.017 *** -0.016 *** 

Non-admitted services           
Log of ED visits -0.061  -0.099 ** -0.073 * -0.074 * -0.069  
Log of ED visits – sq 0.007  0.016 ** 0.006  0.007  0.006  
Log of allied & dental 0.128 *** 0.160 *** 0.115 *** 0.117 *** 0.105 *** 
Log of allied & denta – sq -0.027 *** -0.035 *** -0.026 *** -0.026 *** -0.024 *** 
Log of mental & alc 0.035 * 0.029  0.039 ** 0.042 ** 0.029  
Log of mental & alc – sq -0.005 *** -0.001  -0.005  -0.005 ** -0.003  
Log of outreach & dist. 0.007  0.005  -0.004  -0.001  0.010  
Log of outreach – sq 0.001  0.001  0.002  0.002  0.000  
Log of diagnostic  -0.034  -0.044  -0.025  -0.029  -0.027  
Log of diagnostic  – sq 0.003  0.004  0.000  0.001  0.000  
Log of dialysis & endoscopy 0.021  -0.013  0.071  0.025  0.014  
Log of dial & endo. – sq -0.008 ** -0.018  0.006  -0.009  -0.018  

Quality           
RAMR -0.256 * -0.050  -0.200  -0.216    
RAMR – sq 0.109  0.015  0.087  0.090    

Inputs           
Log of nursing staff 0.533 *** 0.708 *** 0.664 *** 0.657 *** 0.678 *** 
Log of nursing staff - sq -0.051 ** -0.058 ** -0.066 *** -0.066 *** -0.061 *** 
Log of diag. staff 0.032  0.087 *** 0.029  0.030  0.036  
Log of diag. staff - sq -0.004  -0.009  -0.006  -0.006  -0.003  
Log of other staff -0.129  0.028  -0.163  -0.155  -0.152  
Log of other staff - sq -0.002  -0.014  0.007  0.007  0.000  
Log of beds -0.007  0.030 *** 0.032  0.039  0.075  
Log of beds - sq 0.075 *** 0.092 *** 0.071 *** 0.069 *** 0.068 *** 
Log of drugs -0.010  -0.073 *** -0.005  -0.004 *** -0.005  
Log of drugs - sq 0.011 *** 0.014 *** 0.011 *** 0.011 *** 0.011 *** 
Log of med.& surg. supplies 0.290 *** 0.175 ** 0.246 *** 0.238 *** 0.246 *** 
Log of med. & surg. - sq -0.027 *** -0.006  -0.023 *** -0.022 *** -0.022 *** 
Log of other inputs -0.383 *** -0.423 *** -0.380 *** -0.375  -0.380 *** 
Log of other inputs -sq 0.030 *** 0.024 *** 0.029 *** 0.029 *** 0.028 *** 

Role and functions           
Teaching hospital 0.168 ***   0.176 *** 0.185 *** 0.196 *** 
Level III ICU 0.057    0.062      
Palliative care unit -0.035    -0.025      

(Continued next page) 
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Table E.8 (continued) 
 Model 6  Model 7  Model 8  Model 9  Model 10  

Residential care unit -0.403    -0.610 *     
Evans & Walker Index 1 -2.047 ***   -1.732 *** -1.574 *** -1.777 ***
Evans & Walker Index 2 3.658 ***   3.230 *** 3.086 *** 3.246 ***
% non-public patients -0.962 ***   -0.998 *** -0.996 *** -0.993 ***
% of seps surg. or other  0.856 ***   0.767 *** 0.761 *** 0.862 ***

Patient characteristics           
% with Charlson 6 +  -0.374  13.307 **     -7.362 ** 
% with Charlson 5 1.822  7.850 ***     -1.121  
% with Charlson 4  0.692  6.384 ***     -2.079 ** 
% with Charlson 3  1.235  4.308        
% with Charlson 2  1.424  4.271 ***       
Average Charlson -0.362  -1.769 ***     0.250 ** 

Patient SEIFA           
% from SEIFA 4 -0.182  0.080        
% from SEIFA 3 -0.216  0.097      -0.216 ** 
% from SEIFA 2 -0.272 ** 0.037      -0.322 ***
% from SEIFA 1 -0.178  0.167      -0.238 ***

Patient place of residencea           

Major city 0.409 *** 0.122  0.190 *** 0.191 ***   
Outer regional 0.423 *** -0.008  -0.032  -0.034    
Remote 0.837 *** 0.030  -0.147  -0.148    
Very remote 0.499  -0.084  -0.182 * -0.188 *   

Hospital locationa           

Major city -0.070          
Outer regional -0.332 ***         
Remote -0.757 ***         
Very remote -0.637 **         

State or territoryb           

NSW -0.089 * -0.075  -0.088  -0.079  -0.098  
Victoria -0.219 *** -0.137 * -0.203 *** -0.212 *** -0.249 ***
South Australia -0.165 ** 0.089  -0.141  -0.144 * -0.134  
Western Australia 0.007  0.207 ** 0.034  0.026  0.009  
Tasmania 0.737 ** -0.411  0.937 *** 0.938 *** 1.001 ***
Northern Territory -0.356 ** -0.031  -0.227  -0.229  -0.342 * 
ACT -0.171  -0.167  0.054  0.056  -0.253  

Constant 3.864 *** 3.578 *** 3.281 *** 3.323 *** 3.318 ***
Secondary model           
Log 2

vσ            
Constant -2.744 *** -2.646 *** -2.500 *** -2.511 *** -2.495 ***

Log 2
uσ    

 
 

 
 

 
 

 
 

Constant -2.430 *** -1.961 *** -2.553 *** -2.520 *** -2.560 ***

(Continued next page) 
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Table E.8 (continued) 
 Model 6  Model 7  Model 8  Model 9  Model 10  

Model criteria          
No. of observations 508  508  508  508  508  
Log likelihood -305.3  -292.6  -242.9  -244.7  242.2  
Wald 2χ  7 663.4  8 637.8  9 650.9  9 584.7  9 830.1  
Probability 2χ>  0.0000  0.0000  0.0000  0.0000  0.0000  

Akaike Inference Criterion 704.6  705.9  601.8  599.4  596.1  
Bayesian Inference Criterion 903.4  959.7  847.2  832.0  833.2  

vσ  0.254  0.266  0.287  0.285  0.287  

uσ  0.297  0.375  0.279  0.284  0.278  
2σ  0.152  0.212  0.160  0.162  0.160  

λ  1.171  1.408  0.973  0.996  0.968  
a Inner regional is the reference region. b Queensland is the reference jurisdiction. sq Indicates a squared 
term. *** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent 
level. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates 

Models 1 and 6 include all the variables available for each of the functional forms. 
Models 2 and 7, respectively, include outputs and inputs as well as the major 
patient-risk characteristics (such as Charlson comorbidity scores, SEIFA indices). 
They do not include those variables that describe the roles and functions of 
hospitals. It is worth noting the high degree of collinearity between these variables 
and the RAMR (which includes a number of these variables in its estimation). 

Models 3 and 8 include the hospital outputs and inputs, the RAMR and all the 
variables describing hospital roles and functions and hospital location. It is worth 
observing that dummy variables indicating the presence of intensive care, palliative 
care and residential aged care units were not significant. The coefficients for both 
Evans and Walker indices confirm that the complexity of hospital services is a 
determinant of the dependent variable. Models 4 and 9 are similar to models 3 and 8 
but with selected hospital roles and function variables excluded. 

In models 5 and 10, the RAMR is replaced by the patient-risk characteristics. Not 
all of the Charlson and SEIFA variables were included, as collinearity was evident 
within members of each set. Models 5 and 10 reflect the synthesis of models 3 and 
4, and 8 and 9 respectively. The Akaike and Bayesian information criteria tests 
indicate that models 5 and 10 are to be preferred, followed by models 4 and 9, for 
the Cobb-Douglas and restricted translog functions respectively. 
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In interpreting the coefficients (from models 5 and 10), the following observations 
can be made: 

· Hospitals that treat relatively more comorbid partients (Charlson index) and 
patients from more disadvantage areas (SEIFA index) have lower frontiers (best-
practice benchmarks). 

· Hospitals that treat relatively more non-public patients (that is, patients who 
elect to be funded by private health insurance, the Department of Veterans’ 
Affairs, third-party motor vehicle accident schemes or are self-funded) tend to 
have lower frontiers. This may reflect the additional resources employed by 
hospitals to treat these patients. 

· Hospitals that undertake relatively more surgical and other procedures (as 
opposed to medical procedures) tend to have higher frontiers. This may be 
because that medical procedures are inherently more difficult to manage, 
possibly because of their relatively unplanned nature. 

· The coefficients for Victoria and Tasmania remain relatively significant in all 
specifications. This is likely to reflect the effects of having to disaggregate the 
data for these jurisdictions from a single public hospital observation. 

Other variables, such as average length of stay and the proportion of same-day 
separations, were not considered in the analysis because shorter lengths of stay and 
higher turnover of patients is reflected in the greater level of inpatient separations. 

Efficiency results 

Efficiency results are presented in tables E.9 to E.11 for models 4, 5, 9 and 10. After 
taking into account the various factors that influence their performance, the average 
efficiency of all hospitals was broadly similar. The mean technical efficiencies 
across the major hospital categories (public, private, public contract) were between 
0.75 to 0.80 (models 9 and 10) (table E.9). The median efficiencies across the same 
categories ranged between 0.81 and 0.83 (model 9), and between 0.81 and 0.84 
(model 10), suggesting a degree of skewness in efficiency scores (table E.9). 

The use of the translog functional form is intended to ‘net out’ the effects of scale 
economies, although using the mean efficiency scores, it is possible to discern 
differences in the technical efficiencies of hospitals of different size. For example, 
the mean technical efficiency score was about 0.766 for the smallest hospitals 
(table E.11, model 10) and 0.814 for very large hospitals (table E.10, model 10).  

The median is a better measure of central tendency than the mean, given the 
skewness in the data. There is a perceptible difference between the major hospital 
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categories. The median technical efficiency score for large and very large private 
hospitals was slightly higher than for public hospitals, except for large hospitals in 
model 9 (table E.10). For example, the median technical efficiency of large and 
very large private hospitals was 0.829 and 0.851 respectively, compared to 0.812 
and 0.820 for public hospitals of the same size (model 10, table E.10). 

Table E.9 Technical efficiency scores, all hospitals, 2006-07a 
 Model 4 Model 5 Model 9 Model 10
All hospitals    

Mean 0.729 0.732 0.783 0.786
Median 0.772 0.776 0.814 0.816
5th percentile 0.366 0.408 0.501 0.553
95th percentile 0.895 0.893 0.904 0.906
No. of observations 508 508 508 508

Public hospitals    
Mean 0.743 0.746 0.794 0.797
Median 0.771 0.774 0.814 0.816
5th percentile 0.478 0.503 0.627 0.643
95th percentile 0.890 0.886 0.902 0.901
No. of observations 368 368 368 368

Private hospitals    
Mean 0.677 0.680 0.746 0.750
Median 0.771 0.785 0.817 0.822
5th percentile 0.092 0.105 0.311 0.313
95th percentile 0.905 0.905 0.913 0.916
No. of observations 122 122 122 122

For-profit hospitals    
Mean 0.663 0.667 0.749 0.751
Median 0.765 0.777 0.816 0.818
5th percentile 0.062 0.079 0.311 0.313
95th percentile 0.911 0.909 0.918 0.917
No. of observations 94 94 94 94

Not-for-profit hospitals    
Mean 0.721 0.722 0.736 0.747
Median 0.797 0.796 0.828 0.838
5th percentile 0.110 0.136 0.175 0.203
95th percentile 0.880 0.888 0.898 0.906
No. of observations 28 28 28 28

Public contract hospitals    
Mean 0.791 0.787 0.801 0.800
Median 0.826 0.814 0.818 0.805
5th percentile 0.511 0.523 0.580 0.583
95th percentile 0.911 0.906 0.907 0.908
No. of observations 18 18 18 18

a Results based on models 4 and 5 (Cobb-Douglas) and models 9 and 10 Logarithmic quadratic. The 5% and 
95% percentile values are equivalent to the minimum and maximum scores after removing for the outliers in 
the estimated distribution.  
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Table E.10 Technical efficiency scores, large and very large hospitals, 
2006-07a 

 Large hospitals Very large hospitals 

 Model 4 Model 5 Model 9 Model 10 Model 4 Model 5 Model 9 Model 10

All hospitals      
Mean 0.776 0.776 0.807 0.809 0.761 0.763 0.814 0.814
Median 0.793 0.799 0.827 0.828 0.765 0.770 0.814 0.827
5th percentile 0.565 0.556 0.656 0.644 0.587 0.585 0.715 0.683
95th percentile 0.892 0.891 0.907 0.908 0.895 0.890 0.908 0.905
No. of obs. 70 70 70 70 98 98 98 98

Public hospitals        
Mean 0.763 0.764 0.808 0.810 0.750 0.754 0.811 0.813
Median 0.785 0.773 0.826 0.812 0.756 0.762 0.810 0.820
5th percentile 0.567 0.581 0.668 0.648 0.557 0.585 0.729 0.708
95th percentile 0.886 0.891 0.917 0.917 0.895 0.893 0.908 0.905
No. of obs. 37  37 37 68 68 68 68

Private hospitals        
Mean 0.788 0.789 0.810 0.813 0.785 0.784 0.823 0.819
Median 0.827 0.827 0.824 0.829 0.805 0.811 0.850 0.851
5th percentile 0.662 0.644 0.751 0.752 0.647 0.645 0.670 0.655
95th percentile 0.881 0.878 0.887 0.878 0.885 0.879 0.894 0.893
No. of obs. 22 22 22 22 24 24 24 24

For-profit hospitals        
Mean 0.780 0.784 0.808 0.810 0.793 0.793 0.839 0.834
Median 0.823 0.823 0.824 0.828 0.827 0.821 0.858 0.863
5th percentile 0.565 0.558 0.465 0.457 0.587 0.586 0.689 0.659
95th percentile 0.892 0.889 0.920 0.918 0.893 0.891 0.918 0.917
No. of obs. 15 15 15 15 15 15 15 15

Not-for-profit hospitals       
Mean 0.807 0.799 0.815 0.819 0.772 0.770 0.797 0.795
Median 0.831 0.832 0.830 0.830 0.801 0.795 0.825 0.846
5th percentile 0.739 0.699 0.751 0.757 0.647 0.651 0.643 0.639
95th percentile 0.851 0.850 0.858 0.868 0.852 0.847 0.876 0.877
No. of obs. 7 7 7 7 9 9 9 9

a Results based on models 4 and 5 (Cobb-Douglas) and models 9 and 10 Logarithmic quadratic. The 5% and 
95% percentile values are equivalent to the minimum and maximum scores after removing for the outliers in 
the estimated distribution.  



   

 MULTIVARIATE 
ANALYSIS IN DETAIL 

375

 

Table E.11 Technical efficiency scores, small and very small, and 
medium hospitals, 2006-07a 

 Small and very small hospitals Medium hospitals 

 Model 4 Model 5 Model 9 Model 10 Model 4 Model 5 Model 9 Model 10

All hospitals       
Mean 0.701 0.708 0.762 0.766 0.738 0.746 0.791 0.741
Median 0.771 0.766 0.808 0.806 0.765 0.777 0.819 0.780
5th percentile 0.173 0.202 0.378 0.415 0.506 0.499 0.557 0.491
95th percentile 0.890 0.879 0.902 0.899 0.913 0.915 0.915 0.915
No. of obs. 257 257 257 257 83 83 83 83

Public hospitals        
Mean 0.737 0.739 0.786 0.788 0.748 0.754 0.797 0.803
Median 0.776 0.781 0.815 0.816 0.762 0.760 0.812 0.815
5th percentile 0.404 0.408 0.556 0.575 0.528 0.558 0.607 0.622
95th percentile 0.889 0.880 0.895 0.897 0.904 0.901 0.915 0.907
No. of obs. 218 218 218 218 45 45 45 45

Private hospitals        
Mean 0.495 0.505 0.622 0.641 0.725 0.727 0.785 0.780
Median 0.601 0.605 0.694 0.700 0.798 0.803 0.838 0.841
5th percentile 0.046 0.063 0.175 0.203 0.103 0.118 0.448 0.427
95th percentile 0.907 0.909 0.916 0.919 0.925 0.926 0.928 0.931
No. of obs. 38 38 38 38 38 38 38 38

For-profit hospitals        
Mean 0.471 0.480 0.628 0.640 0.732 0.734 0.797 0.791
Median 0.607 0.605 0.716 0.715 0.795 0.802 0.826 0.820
5th percentile 0.046 0.063 0.186 0.208 0.178 0.205 0.503 0.470
95th percentile 0.907 0.908 0.916 0.916 0.925 0.926 0.928 0.931
No. of obs. 31 31 31 31 33 33 33 33

Not-for-profit 
hospitals 

       

Mean 0.598 0.614 0.597 0.642 0.679 0.682 0.707 0.707
Median 0.596 0.606 0.634 0.644 0.878 0.883 0.874 0.876
5th percentile 0.110 0.136 0.175 0.203 0.028 0.031 0.029 0.029
95th percentile 0.875 0.875 0.913 0.919 0.905 0.908 0.898 0.906
No. of obs. 7 7 7 7 5 5 5 5

a Results based on models 4 and 5 (Cobb-Douglas) and models 9 and 10 Logarithmic quadratic. The 5% and 
95% percentile values are equivalent to the minimum and maximum scores after removing for the outliers in 
the estimated distribution.  

These differences in the means and medians are relatively small, particularly when 
it is recognised that there are significant variations within each group of hospitals. 
For example, the range between the 5th and 95th percentile for very large private 
hospitals is 0.655 and 0.893 (model 10, table E.10). This implies that the differences 
in the means between very large public and private hospitals may be negligible. 
That said, in terms of median scores, the relative rankings between public and 
private hospitals remained the same, regardless of the functional form 
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(Cobb-Douglas and restricted translog) and choice of variables, with the exception 
of large hospitals in model 9 (table E.10). 

In contrast, the median efficiencies of very small and small private hospitals were 
lower than for public hospitals (for example, the efficiency scores of very small and 
small private hospitals efficiency was 0.700 compared to 0.816 for public hospitals, 
for model 10, table E.11). The greater dispersion of efficiency among small and 
very small private hospitals, for example with efficiencies between 0.203 and 0.919 
in model 10 (compared with public hospitals 0.575 to 0.897) suggests a degree of 
variability that has not been adequately captured in the model. 

Finally, some correlation statistics were calculated for three variables of interest on 
the efficiency scores (table E.12). Occupancy rates were positively correlated with 
efficiency scores for all hospitals, public and private, and to some extent, public 
contract hospitals. Average length of stay (ALOS) is an important contributor to 
private hospital efficiency — hospitals with higher ALOS were less efficient. 
Finally complexity, as measured by cost weights, indicated that public hospitals 
with the higher cost weights were more efficient, while the private hospitals with 
the lower cost weights were more efficient. 

Table E.12 Correlation coefficients between selected variables and 
technical efficiency scores 

 Model 4 Model 5 Model 9 Model 10
Occupancy rate     

All hospitals 0.1616* 0.3222* 0.2162* 0.3361*
Publics 0.2264* 0.2333* 0.2386* 0.2555*
Privates 0.1855* 0.1964* 0.2899* 0.3051*
Public contract 0.3517 0.3279 0.5356* 0.4973*

ALOS  
All hospitals -0.2749* -0.3530* -0.2411* -0.3913*
Publics 0.0981 0.0752 0.0725 0.0920 
Privates -0.4564* -0.4478* -0.3954* -0.3606*
Public contract 0.1809 0.1762 0.3313 0.3720 

Cost weight  
All hospitals -0.0800 -0.2390* -0.0186 -0.1890*
Publics 0.2151* 0.1799* 0.2236* 0.2344*
Privates -0.3242* -0.3254* -0.2005* -0.1847*
Public contract -0.0934 -0.1333 0.0186 0.0924 

*Significant at the 5 per cent level. 

Source: Unpublished ABS and AIHW data; Productivity Commission estimates 
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E.6 Proposed future analysis 

Given the data delays faced by the Commission, the multivariate analysis presented 
in this report estimates hospital production functions and technical efficiency based 
on a single year of data (2006-07). Given the large number of hospital observations 
in this data set, the results are expected to be robust. 

Nevertheless, the Commission intends over coming months to replicate this analysis 
using a larger data set that includes data from the earlier years of 2003-04 to 
2005-06. Future analysis will also focus on examining the performance of hospitals 
for different peer groups (say, to compare the performance of very large hospitals). 
The Commission will also extend this analysis to examine the determinants of 
hospital costs.  

The Commission intends to publish the results from this further analysis in 
March 2010. 
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F State-level data on hospital-acquired 
infections 

Government monitoring of hospital-acquired infections is largely undertaken by 
state governments, reflecting their role as providers of public hospitals and 
regulators of private hospitals. Such monitoring is not done on a 
nationally-consistent basis, but public and private hospitals are included in most 
cases. 

New South Wales is the only state with a dedicated infection surveillance program 
under which the data reported to government are limited to public hospitals.1 The 
Northern Territory Government also confines its infection monitoring to public 
hospitals.2 The ACT Government collects data from just one private hospital and 
two public hospitals, and so it would not be possible to maintain confidentiality in a 
public-private comparison.3 Nevertheless, it is likely that hospitals that are not 
required to report data to governments would still monitor their infection rates and 
participate in voluntary cross-hospital reporting programs, such as the Clinical 
Indicator Program (CIP) managed by the Australian Council on Healthcare 
Standards. 

The Commission did not request infections data from individual hospitals (or 
groups of hospitals managed by the same entity) because it would be difficult to 
maintain confidentiality, and the collection methods and definitions may not be 

                                              
1  The NSW Government’s infection surveillance program is mandatory for public hospitals 

(NSW Department of Health 2005). Reported data include surgical-site infections following 
selected procedures, central-line associated bloodstream infections, Staphylococcus aureus 
bacteraemia, and methicillin-resistant Staphylococcus aureus cases in intensive-care units 
(NSW Department of Health 2008). Private hospitals are encouraged to use the same indicator 
framework and should report data to their infection control and/or quality committee, and 
medical advisory committee. 

2  NT public hospitals submit infections data to the Clinical Indicator Program, which is managed 
by the Australian Council on Healthcare Standards. 

3  The ACT Government routinely collects data on bloodstream infections, and surgical-site 
infections associated with selected procedures (joint arthroplasty, cardiac surgery and caesarean 
sections) (Bull et al. 2008). 
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comparable with other hospitals (or groups). Data was not requested from the CIP, 
given the limitations with that information source (discussed in chapter 6).  

F.1 Victoria 

There are two potential sources of infections data in Victoria: 

• Victorian Nosocomial Infection Surveillance System (VICNISS) 

• Victorian Admitted Episodes Dataset (VAED). 

Victorian Nosocomial Infection Surveillance System 

VICNISS was established in 2002 and is funded by the Victorian Government to 
monitor infections in public hospitals. The VICNISS Coordinating Centre collects 
and analyses data from individual hospitals, and reports quarterly to participating 
hospitals and the Victorian Department of Health. 

All public hospitals report to VICNISS. Private hospitals recently expressed an 
interest in also participating, and this has so far led to seven private hospitals 
reporting data. The Commission understands that all of these are larger private 
hospitals (more than 100 beds). It is expected that this development will ‘eventually 
enable a comprehensive data collection of surgical procedures in Victoria and allow 
comparisons between all hospitals, both public and private’ (Victorian Department 
of Human Services 2008b, p. iv). 

VICNISS surveillance methods differ according to hospital size. Hospitals with 
100 or more beds (type-1 hospitals) are subject to three components based on the 
US NNIS system. These components are the surveillance of surgical-site infections 
(SSIs), intensive-care units (ICUs) and neonatal ICUs. VICNISS uses the 
NHSN/NNIS risk index (described in box 6.1) to risk adjust SSI rates, although the 
methodology is modified for operations where the use of a laparoscope influences 
the risk of developing an SSI (for example, appendectomy and cholecystectomy) 
(Victorian Department of Human Services 2008b). The most recent published data 
for SSIs are shown in table F.1. 

Surveillance for hospitals with fewer than 100 beds (type-2 hospitals) involves 
monitoring processes that have been demonstrated to affect outcomes and, for 
hospitals with high surgical throughput, reporting selected infection rates. While the 
prevalence of MRSA is not reported for type-1 hospitals, it is one of the infection 
rates that type-2 hospitals can report. The VICNISS Coordinating Centre stratifies 
the type-2 hospital data into small hospitals (1–14 acute beds), medium hospitals 
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(15–49 acute beds) and large hospitals (50–99 acute beds) and reports infections per 
occupied bed day. Data for type-2 hospitals on rates of methicillin-resistant 
Staphylococcus aureus (MRSA) and bloodstream infections (BSIs) are shown in 
table F.2. 

Table F.1 SSI rates for Victorian public hospitals by procedure and 
risk category, 2007a 

 Risk categoryb 

 0 1 2 3 
Coronary artery bypass 
grafts, deep and organ 

space 

– 1.0 (0.5–1.7) 1.6 (0.7–3.2) – 

Colon surgery – 4.9 (2.5–8.7) 9.5 (6.3–13.6) 11.2 (6.3–18.1) 
Caesarean section 1.5 (1.1–1.9) 1.3 (0.6–2.5) – – 

Hip arthroplasty deep 
and organ space 

0.9 (0.4–1.7) 1.9 (1.3–2.7) – – 

Knee arthroplasty deep 
and organ space 

1.3 (0.6–2.4) 0.8 (0.3–1.6) – – 

a Hospitals with 100 or more acute beds (VICNISS type-1 hospitals). SSI rates are expressed in terms of 
infections per 100 procedures. b Risk categories are based on the NHSN/NNIS risk index for SSIs (detailed in 
box 6.1). Numbers in parentheses are 95 per cent confidence intervals. – Nil or rounded to zero. 

Source: Victorian Department of Health (unpublished VICNISS data). 

Table F.2 MRSA and BSI rates for Victorian public hospitals by 
hospital size, 2004–2007a 

Hospital size MRSAb BSIsb

1–14 acute beds 0.5 (0.2–0.8) 0.1 (0.0–0.3) 
15–49 acute beds 0.4 (0.3–0.7) 0.3 (0.1–0.4) 
50–99 acute beds 1.0 (0.8–1.4) 0.7 (0.5–0.9) 
Total 0.7 (0.5–0.8) 0.4 (0.3–0.5) 
a Hospitals with fewer than 100 acute beds (VICNISS type-2 hospitals). b Infection rates are expressed as 
infections per 10 000 occupied bed days. Numbers in parentheses are 95 per cent confidence intervals. 

Source: Victorian Department of Human Services (2008b). 

Victorian Admitted Episodes Dataset 

The VAED contains data on all episodes of care for admitted patients in public and 
private hospitals in Victoria. Hospitals are required to provide these data to the 
Victorian Department of Health. 

The Victorian Government provides data from the VAED to a national database — 
the National Hospital Morbidity Database (NHMD) managed by the Australian 
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Institute of Health and Welfare (AIHW) — as part of its healthcare agreement with 
the Australian Government. Other jurisdictions have similar arrangements with the 
Australian Government, and national coding standards have been established to 
ensure data are reported consistently. However, Victoria has supplementary coding 
standards to gather extra information for its own purposes beyond what is required 
at the national level. This includes a prefix on diagnosis codes that can, among other 
things, be used to identify conditions that arose during an episode of care. This 
prefix has been used for many years in Victoria, and will be utilised by the 
Victorian Department of Health to derive the condition-onset flag recently 
mandated for the NHMD. 

The Commission obtained data from the Victorian Department of Health that uses 
the VAED condition-onset prefix, in combination with codes for specific infection 
organisms, to identify hospital-acquired cases of MRSA and vancomycin-resistant 
enterococci (VRE).4 These data may slightly understate the number of infections 
for technical reasons associated with the coding of diagnoses.5 To test this, the 
Commission compared public-hospital MRSA data from the VAED with that 
reported by VICNISS for type-2 hospitals. As expected, the MRSA infection rate 
was slightly lower using VAED data (table F.3). 

The VAED data show that private hospitals had lower rates of hospital-acquired 
MRSA and VRE than public hospitals between 2005-06 and 2007-08 (figures F.1 
and F.2). This pattern was also evident when the data were stratified by region and 
whether the patient spent time in an ICU (tables F.4 and F.5). Between 2005-06 and 
2007-08, the infection rates for both MRSA and VRE in both public and private 
hospitals were greater in metropolitan hospitals than in rural hospitals. This may 
reflect the fact that metropolitan hospitals are more likely to treat complex cases 
with a greater risk of infection. 

                                              
4  Cadwallader et al. (2001) also used data from hospital medical records to identify infections. 

They found that this approach was comparable to an infection-surveillance program in 
identifying SSIs following orthopaedic surgery in a WA teaching hospital in the late 1990s. 
More recently, Jackson, Michel, Roberts, Jorm and Wakefield (2009) have developed and 
validated a method for using data from hospital medical records that include a condition-onset 
flag to identify and classify hospital-acquired diagnoses (including hospital-acquired infections). 

5  Data were derived from the VAED by identifying cases that had a C-prefix diagnosis for 
Staphylococcus aureus (ICD-10-AM code B95.6) or Streptococcus group D (B95.2), combined 
with a code for methicillin-resistant agent (Z06.32) or vancomycin-resistant agent (Z06.41). 
This might exclude some Staphylococcus aureus and Streptococcus group D infections that are 
identified by a combined ‘infection site and organism code’ specifying both (a) that there is an 
infection and (b) the organism is Staphylococcus aureus or Streptococcus group D. 
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Table F.3 Comparison of VAED and VICNISS data for public-hospital 
MRSA infections 

 VAEDa VICNISSb

 2005–2008c 2004–2007d

No. of MRSA infections 101 82 
Acute occupied bed days 1 736 866 1 226 952 
Infection rate (per 10 000 acute occupied bed days) 0.58 0.67 
a All public hospitals. MRSA infections were derived from the VAED by counting separations with diagnosis 
codes indicating a ‘C-prefix’ infection for B95.6 (Staphylococcus aureus as the cause of diseases classified to 
other chapters) and Z06.32 (methicillin-resistant agent) indicating the Staphylococcus aureus infection is 
methicillin resistant. b Public hospitals with fewer than 100 beds (VICNISS type-2 hospitals). c 1 July 2005 to 
30 June 2008. d 1 May 2004 to 31 December 2007.  

Source: Victorian Department of Health (unpublished VAED data); Victorian Department of Human 
Services (2008b). 

Figure F.1 Hospital-acquired MRSA infections in Victoria by sector, 
2005–2008a 
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a Excluding same-day separations. MRSA infections derived from the VAED only include separations that had 
a diagnosis code indicating a ‘C-prefix’ infection for B95.6 (Staphylococcus aureus as the cause of diseases 
classified to other chapters) and Z06.32 (methicillin-resistant agent) indicating the Staphylococcus aureus 
infection is methicillin resistant. This excludes Staphylococcus aureus infections identified by a combined 
‘infection site and organism code’ specifying both (a) that there is an infection, and (b) the organism is 
Staphylococcus aureus. As a result, the number of MRSA infections may be underestimated. 

Source: Victorian Department of Health (unpublished VAED data). 
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Figure F.2 Hospital-acquired VRE infections in Victoria by sector, 
2005–2008a 
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a  Excluding same-day separations. VRE infections derived from the VAED only include separations that had 
a diagnosis code indicating a ‘C-prefix’ infection for B95.2 (Streptococcus group D, as the cause of diseases 
classified to other chapters) and Z06.41 (vancomycin-resistant agent) indicating the Enterococci or Group D 
Streptococci infection is vancomycin resistant. This excludes Group D Streptococcus infections identified by a 
combined ‘infection site and organism code’ specifying both (a) that there is an infection, and (b) the organism 
is Group D Streptococcus. As a result, the number of VRE infections may be underestimated. There were no 
VRE infections in any rural private hospitals between 2005-06 and 2007-08. 

Source: Victorian Department of Health (unpublished VAED data). 

Table F.4 Hospital-acquired MRSA infections in Victoria by region 
and ICU status, 2005-06 to 2007-08 

  Public  Private 

  Metropolitan Rural  Metropolitan Rural

No. of MRSA infectionsa  523 159  154 16
No. of ICU MRSA infectionsb  184 38  53 4
Acute occupied bed daysc  7 979 017 3 262 177  3 907 202 592 865
Infection rate (per 10 000 acute 

occupied bed days) 
 

0.66 0.49  0.39 0.27
ICU infection rate (per 10 000 acute 

occupied bed days)d 
 

0.23 0.12 
 

0.14 0.07
a Excluding same-day separations. MRSA infections derived from the VAED only include separations that had 
a diagnosis code indicating a ‘C-prefix’ infection for B95.6 (Staphylococcus aureus as the cause of diseases 
classified to other chapters) and Z06.32 (Methicillin-resistant agent) indicating the Staphylococcus aureus 
infection is methicillin resistant. This excludes Staphylococcus aureus infections identified by a combined 
‘infection site and organism code’ specifying both (a) that there is an infection, and (b) the organism is 
Staphylococcus aureus. As a result, the number of MRSA infections may be underestimated. b This includes 
all patients who had hospital acquired MRSA infections and spent time in an ICU. c Excludes same-day 
separations. d Separations where the patient spent at least part of the episode in an ICU. 

Source: Victorian Department of Health (unpublished VAED data). 
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Table F.5 Hospital-acquired VRE infections in Victoria by region and 
ICU status, 2005-06 to 2007-08 

  Public  Private 

  Metropolitan Rural  Metropolitan Rural

No. of VRE infectionsa  155 8  12 –
No. of ICU VRE infectionsb  65 2  6 –
Acute occupied bed daysc  7 979 017 3 262 177  3 907 202 592 865
Infection rate (per 10 000 acute 

occupied bed days) 
 

0.19 0.02 
 

0.03 –
ICU infection rate (per 10 000 acute 

occupied bed days)d 
 

0.08 0.01  0.02 –
a Excluding same-day separations. VRE infections derived from the VAED only include separations that had a 
diagnosis code indicating a ‘C-prefix’ infection for B95.2 (Streptococcus group D, as the cause of diseases 
classified to other chapters) and Z06.41 (Vancomycin-resistant agent) indicating the Enterococci or Group D 
Streptococci infection is Vancomycin resistant. This excludes Group D Streptococcus infections identified by a 
combined ‘infection site and organism code’ specifying both (a) that there is an infection, and (b) the organism 
is Group D Streptococcus. As a result, the number of VRE infections may be underestimated. b This includes 
all patients who had hospital acquired VRE infections and spent time in an ICU. c Excludes same-day 
separations. d Separations where the patient spent at least part of the episode in an ICU unit. – Nil or rounded 
to zero. 

Source: Victorian Department of Health (unpublished VAED data). 

F.2 Queensland 

There are two key sources of infections data in Queensland: 

• Health Quality and Complaints Commission (HQCC) 

• Centre for Healthcare Related Infection Surveillance and Prevention (CHRISP). 

Health Quality and Complaints Commission 

The HQCC was established in July 2006 as an independent body to monitor and 
improve the quality of health services in Queensland, and to manage health 
complaints. It introduced standards for healthcare providers in July 2007, with a 
staged approach to implementation (HQCC 2009). Acute hospitals and day 
surgeries were the first group required to report their compliance with the standards, 
and first reports were submitted to the HQCC in October 2007. The reporting of 
infections data began in March 2008. 

Hospitals have the option to advise the HQCC that they are unable to provide data, 
although the HQCC advised the Productivity Commission that this has become less 
of a problem over time. The HQCC provided this study with unpublished data it had 
collected on SSIs and SAB BSIs for the six-month period from July to 
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December 2008. This period has the most complete set of infections data collected 
by the HQCC to date. The data show that average infection rates were lower in 
private hospitals (table F.6), but this result needs to be highly qualified. The HQCC 
cautioned that the data have a number of limitations because: 

• the data are not risk adjusted 

• the reporting arrangements are designed to enable healthcare providers to 
measure their own quality improvements over time, rather than compare 
themselves with other providers 

• responsibility for data accuracy rests with reporting healthcare providers, as the 
HQCC does not have a systematic process to verify all submitted data 

• different healthcare providers employ different sampling methods and sizes. 
These may not have been randomised or be representative of the provider’s 
casemix. The HQCC has published guidance on appropriate sample sizes but 
these have not always been followed. In addition, the Productivity Commission 
understands that not all providers advise the HQCC about the methodology they 
use 

• providers have employed a mix of medical chart, observational and 
administrative data audits to obtain the data 

• differences in the casemix of individual providers may result in different 
infection rates. Casemix differences are particularly relevant when comparing 
the public and private sectors. 

Table F.6 Selected hospital-acquired infections in Queensland,  
July–December 2008a 

 Staphylococcus aureus bacteraemia  Surgical-site infections 

  Infection rate   Infection rate 

 
 
Sector 

Reporting 
hospitals 

Averageb Inter-
quartile
 rangec

 Reporting 
hospitals 

Averageb Inter-
quartile
 rangec

 no. per 
100 000 

occupied 
bed days 

per 
100 000 

occupied 
bed days 

 no. per 100 
surgical 
patients 

per 100 
surgical 
patients

Public 103 8.27 0–0.89  37 2.30 0–1.95
Private 53 6.03 0–5.55  36 0.26 0–0.86

Total 156 7.41 0–3.50  73 0.76 0–2.33
a Excludes same-day facilities. b Aggregated average calculated by dividing the total number of infections 
across all reporting hospitals by the total number of occupied bed days/surgical patients across all reporting 
hospitals. c The range between the first and third quartiles. 

Source: HQCC (unpublished data). 
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Centre for Healthcare Related Infection Surveillance and Prevention 

Twenty-four public hospitals in Queensland voluntarily submit surveillance data to 
CHRISP, which is part of the Queensland Department of Health. Private hospitals 
do not submit data to CHRISP. 

The data aggregated and analysed by CHRISP include inpatient SSIs for 
16 indicator procedures, healthcare-associated BSIs including SAB, and significant 
organisms including MRSA and Clostridium difficile (CHRISP 2009; Queensland 
Health, sub. 27). SAB data are collected for inpatients and non-inpatients, and can 
be stratified into three hospital types based on the services that they provide. This is 
a new classification system based on work undertaken by CHRISP that showed a 
correlation between BSIs and particular services (Tong et al. 2009). 

Definitions used by CHRISP are based on the Health Care Associated Infection 
Surveillance Definitions from the Australian Infection Control Association (AICA) 
and the ACSQHC. The risk-adjustment method used for SSIs is based on that 
developed in the United States by the US National Healthcare Safety Network 
(NHSN) (formerly the US National Nosocomial Infections Surveillance — NNIS). 
Recent CHRISP data for SSIs are shown in table F.7. 

CHRISP provides feedback to individual hospitals in six-monthly reports that 
compare the hospital’s infection rates with statewide control limits. The control 
limits are based on statewide averages for the relevant hospital type, and the 
methodology is based on funnel plots (Spiegelhalter 2004). 
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Table F.7 SSI rates for Queensland public hospitals by surgical 
procedure, 2004–2008a 

 Risk categoryb 

Surgical procedure 0 1 2 
Total hip replacement 0.71 (0.45–1.07) 0.97 (0.58–1.51) 2.80 (1.35–5.09) 

Revision total hip 
replacement 3.10 (1.49–5.62) 3.36 (1.62–6.08) 8.33 (2.29–19.98) 

Total knee replacement 0.68 (0.46–0.97) 0.91 (0.6–1.33) 0.61 (0.12–1.77) 

Revision total knee 
replacement 1.52 (0.31–4.38) 2.07 (0.56–5.22) 5.26 (0.6–17.74) 

Femoro-popliteal bypass 7.14 (2.91–14.16) 5.88 (3.88–8.50) 8.43 (4.68–13.75) 

Elective lower segment 
caesarean section 0.45 (0.34–0.58) 0.99 (0.71–1.35) 3.61 (0.73–10.2) 

Emergency lower segment 
caesarean section 0.95 (0.80–1.12) 1.38 (1.09–1.73) 1.18 (0.13–4.21) 

Mastectomy (simple) 0.69 (0.19–1.76) 1.59 (0.52–3.68) – .. 

Mastectomy (radical) 0.31 (0.00–1.70) 0.60 (0.01–3.29) – .. 

Total abdominal 
hysterectomy 0.96 (0.61–1.42) 3.04 (2.08–4.29) 4.88 (1.33–12.02) 

Cardiac valve replacement 1.05 (0.12–3.75) 3.03 (0.34–10.52) – .. 

CABG with graft site 
(sternal wound)c 1.27 (0.66–2.21) 1.46 (1.15–1.83) 2.82 (2.04–3.79) 

CABG with graft site (graft 
wound)c 1.65 (1.36–2.00) 3.40 (2.69–4.24) – .. 

CABG with no separate 
graft sitec 0.86 (0.17–2.51) 1.54 (0.17–5.44) – .. 

a SSI rates are expressed in terms of infections per 100 procedures. b Risk categories are based on the 
NHSN/NNIS risk index for SSIs (detailed in box 6.1). Numbers in parentheses are 95 per cent confidence 
intervals. c CABG refers to coronary artery bypass graft. – Nil or rounded to zero. .. Not applicable. 

Source: Queensland Department of Health (unpublished data). 

F.3 South Australia 

The Infection Control Service (ICS) within the SA Department of Health collects 
data on BSIs, multi-resistant organisms (MROs) and Clostridium difficile. A wide 
range of MROs are reported, including MRSA and extended spectrum 
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beta-lactamase producing gram negatives.6 South Australia is the only Australian 
state that conducts statewide surveillance of multiresistant gram-negative bacteria 
infections (Christiansen et al. 2008). In many cases, the SA infections data can be 
stratified into different risk groups, such as ICU/non-ICU, specialty and 
inpatient/non-inpatient (SA Department of Health 2005a, 2005b, 2009a). 

Reporting is voluntary and there are currently 17 participating hospitals (eight 
public and nine private). The Commission understands that there is a high 
participation rate among metropolitan hospitals, and that they account for the 
majority of reporting establishments. Participating hospitals receive regular reports 
from the ICS with statewide aggregates and the participant’s data. The ICS also 
releases public reports, but these do not disaggregate data between public and 
private hospitals.  

The Commission obtained ICS data for eight public hospitals and eight private 
hospitals, disaggregated by sector. These data show that from 2003 to 2008, rates of 
hospital-acquired BSI were lower in private hospitals than in public hospitals 
(figure F.3).  

Figure F.3 Hospital-acquired BSIs in South Australia by sector,         
2003–2008 
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Source: SA Department of Health (unpublished data). 

                                              
6  Targeted MROs are MRSA, VRE, Staphylococcus aureus with reduced susceptibility to 

vancomycin (VISA), Staphylococcus aureus resistant to vancomycin (VRSA), multi-resistant 
Pseudomonas aeruginosa, extended spectrum beta-lactamase producers (ESBL, including 
gram-negative organisms, carbapenem-resistant Enterobacteriaceae and Acinetobacter species. 
MRO definitions are based on those developed by the AICA (SA Department of Health 2005a). 
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Likewise, MRSA infection rates for patients who were not admitted to an ICU were 
lower in private hospitals (figure F.4). MRSA infection rates for patients admitted 
to an ICU were marginally higher in private hospitals in 2003–05 but were similar 
in both public and private hospitals over the period 2006–08. However, caution 
should be exercised in interpreting infection rates for patients admitted to an ICU, 
as the small number of affected patients means that one additional case can cause a 
significant change in infection rates.  

Figure F.4 Hospital-acquired MRSA infections in South Australia by 
sector and ICU status, 2003–2008 
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Source: SA Department of Health (unpublished data). 

F.4 Western Australia 

In 2005, public and private hospitals in Western Australia began reporting infection 
rates on a voluntary basis to the Healthcare Infection Surveillance Western 
Australia (HISWA) program. The HISWA program is managed by the Health Care 
Associated Infection Unit (HCAIU) within the WA Department of Health. 
Reporting of some of the HISWA infection indicators was made mandatory in 2007 
for public hospitals and private hospitals that provide services for public patients. 
Private hospitals treating only private patients continue to report data voluntarily.  

The HISWA program currently collects data on six different infection rates: 

1. healthcare-associated MRSA 

2. SSIs following elective hip and knee arthroplasty (surgical joint repair) 

3. healthcare-associated SAB 
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4. central-line-associated BSIs in an ICU 

5. central-line-associated BSIs in haematology/oncology/outpatient intravenous 
therapy units 

6. haemodialysis-associated BSIs from access devices. 

All but one of these indicators is, or will soon be, mandatory for public hospitals 
and private hospitals that provide services for public patients (WA Department of 
Health 2009a). The one exception is central-line-associated BSIs in 
haematology/oncology/outpatient intravenous therapy units. Data on 
healthcare-associated Clostridium difficile will be collected from January 2010. 

The Australian Health Insurance Association (AHIA) claimed that the WA 
mandatory reporting regime had helped to keep MRSA infection rates relatively 
low: 

It is the strongly held view of the AHIA that it is not coincidental that the lowest rate of 
MRSA infection in Australia is in Western Australia, which is the only state or territory 
where notification of MRSA infection is mandatory. (sub. 18, p. 6) 

The HISWA indicators are based on nationally- and internationally-recommended 
surveillance definitions. Results are collated and analysed by the HCAIU. 
Individual hospital and aggregate reports are generated quarterly and more detailed 
reports are published annually. Infection rates are risk adjusted where possible to 
better reflect differences in clinical casemix between participating hospitals (WA 
Department of Health 2008). Nevertheless, the HCAIU stressed that: 

… the prime purpose of the HISWA surveillance program is to support internal 
improvement, rather than performance comparison. This implies an emphasis on 
collecting data over time to monitor progress, and internal validity within a facility. 
(sub. 38, p. 3) 

The published HCAIU reports have only a limited amount of information about the 
relative performance of public and private hospitals. That information suggests that, 
after using the NHSN/NNIS risk index to stratify data by risk groups, private 
hospitals had lower SSI rates for hip and knee arthroplasty than public hospitals 
during the period 2002–08 (WA Department of Health 2009b). The difference was 
considered to be statistically significant, but the HCAIU cautioned that the 
NHSN/NNIS risk index may not control for all risk differences between hospitals: 

The reasons behind this variation may relate to a variety of practices and procedures 
that are in place at these hospitals; however there is also likely to be differences in the 
prevalence of risk factors for SSI such as smoking, obesity, diabetes and other 
co-morbidities between institutions that are not incorporated into the risk adjustment. 
Comparison therefore must be made carefully, and many factors will not necessarily be 
modifiable by the hospitals involved. (WA Department of Health 2009b, p. 17) 
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The published data also suggest that WA private hospitals tend to have lower rates 
of hospital-acquired MRSA infections than public hospitals.7 However, the 
difference may be largely due to private hospitals tending to have lower-risk 
procedures, treatments and patients. 

The Commission obtained unpublished data from the HCAIU on SAB BSIs, 
MRSA, and SSIs following elective hip and knee arthroplasty. The data show that 
private hospitals had lower rates of hospital-acquired MRSA infections than public 
hospitals from 2006 to 2008 (table F.8). However, this difference was only 
statistically significant in 2007. Furthermore, the HCAIU cautioned that: 

This [MRSA infection] rate will depend on both the risk of a healthcare-associated 
infection (which varies according to casemix as well as aspects of the quality of care 
provided); and the risk of that infection being due to MRSA (which reflects endemic 
MRSA rates in the patient population and the risk of acquiring MRSA in the hospital). 
Comparison must therefore be made considering differences in case mix and MRSA 
rates in the admitted patient population before associating differences in rates to 
variation in the quality of care provided. Public hospitals may have both a more 
complex patient case mix with an inherently higher risk of developing an HAI 
[hospital-acquired infection] and a higher prevalence of MRSA carriage on admission 
to hospital. (sub. 38, p. 5) 

Table F.8 Hospital-acquired MRSA in Western Australia by sector, 
2006–2008a 

 No. of events Occupied bed days Infection rateb

2006   
Public 100 836 463 1.20 (0.98–1.46) 
Private 40 482 633 0.83 (0.61–1.13) 
Total 140 1 319 096 1.06 (0.90–1.25) 

2007    
Public 80 875 396 0.91 (0.73–1.14) 
Private 23 508 023 0.45 (0.30–0.68) 
Total 103 1 383 419 0.74 (0.61–0.90) 

2008    
Public 115 895 890 1.28 (1.07–1.54) 
Private 43 521 618 0.82 (0.61–1.11) 
Total 158 1 417 508 1.11 (0.95–1.30) 

a Inpatient events only. b Infections per 10 000 occupied bed days. Numbers in parentheses are 95 per cent 
confidence intervals. 

                                              
7  In 2007-08, reporting private hospitals had an MRSA infection rate of 0.68 per 10 000 bed days 

(95 per cent confidence interval of 0.48–0.95). This was compared to four (public) area health 
services, which had rates that ranged from 0.19 (0.00–1.19) to 1.26 (0.92–1.71). The only area 
health service with a lower rate than private hospitals was the Child and Adolescent Health 
Service, which reported just one MRSA case in 2007-08. 
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Source: HCAIU (unpublished data). 

The unpublished data show that private hospitals also had lower rates of 
hospital-acquired SAB BSIs than public hospitals (table F.9). However, this 
difference was only statistically significant in 2008. Furthermore, the HCAIU 
cautioned that: 

The risk of an individual patient acquiring a Staphylococcus aureus bacteraemia is 
related to their underlying medical condition, complexity of care and the invasive 
procedures they are subject to, as well as the quality of care provided. (sub. 38, p. 5) 

Table F.9 Hospital-acquired SAB BSIs in Western Australia by 
sector, 2007–2008a 

 No. of events Occupied bed days Infection rateb

2007   
Public 28 875 396 0.32 (0.22–0.47) 
Private 7 508 023 0.14 (0.06–0.29) 
Total 35 1 383 419 0.25 (0.18–0.35) 

2008    
Public 113 895 890 1.26 (1.05–1.52) 
Private 35 521 618 0.67 (0.48–0.94) 
Total 148 1 417 508 1.04 (0.89–1.23) 

a Inpatient events only. b Infections per 10 000 occupied bed days. Numbers in parentheses are 95 per cent 
confidence intervals. 

Source: HCAIU (unpublished data). 

The unpublished data suggest that public hospitals had higher SSI rates across all 
risk categories for both hip and knee procedures (figures F.5 and F.6). However, 
this difference was only statistically significant for hip procedures in risk category 
zero. Furthermore, the HCAIU cautioned that while WA data on SSI rates are risk 
adjusted using the NHSN/NNIS methodology, this does not control for all risk 
factors: 

SSI rates that are risk-adjusted using NHSN stratification do not account for systematic 
differences in patient, operator and unit characteristics that raise the inherent or 
underlying SSI risk of public hospitals. They are subject to bias, and while useful, must 
be interpreted with this understanding. (sub. 38, p. 4) 



   

394 PUBLIC AND PRIVATE 
HOSPITALS 

 

Figure F.5 Hip SSIs in Western Australia by risk category and sector, 
2006–2008a 
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a Risk categories are based on the NNIS risk index. The vertical lines for each risk category indicate the 
95 per cent confidence interval. 

Source: HCAIU (unpublished data). 

Figure F.6 Knee SSIs in Western Australia by risk category and 
sector, 2006–2008a 
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a  Risk categories are based on the NNIS risk index. The vertical lines for each risk category indicate the 
95 per cent confidence interval. 

Source: HCAIU (unpublished data). 
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F.5 Tasmania 

In 2008, the Tasmanian Infection Prevention and Control Unit (TIPCU) was 
established by the Department of Health and Human Services to manage a 
surveillance program for hospital-acquired infections. Four infection rates are 
currently monitored — SAB BSIs, MRSA, Clostridium difficile and VRE 
(TIPCU 2009). The definitions used for these indicators are based on those 
recommended by the ACSQHC. 

VRE has been a notifiable disease in Tasmania since 2000, and SAB BSIs since 
December 2008. Thus, VRE and SAB reporting is mandatory for both public and 
private hospitals. Private hospitals have volunteered to also report the MRSA and 
Clostridium difficile indicators along with public hospitals. The Commission 
understands that data are collected from four public hospitals and five private 
hospitals. 

TIPCU provides confidential reports back to all reporting hospitals. Its first public 
report was released in March 2009. To date, only data for public hospitals have 
been published (summarised in table F.10). On the basis of the published data, 
TIPCU (2009) concluded that Tasmanian acute public hospitals have similar 
infection rates for MRSA and SAB BSIs as public hospitals in other states. The rate 
of Clostridium difficile in Tasmanian public hospitals was considered to be slightly 
higher than that reported in other states, but there is limited data with which to make 
comparisons. 

Table F.10 Rate of hospital-acquired infections in Tasmanian public 
hospitals by organism, 2005–2008a 

 2006 2007 2008

Staphylococcus aureus bacteraemia (SAB)b 0.92 1.11 1.07
SAB caused by methicillin-resistant Staphylococcus aureus (MRSA)b 0.14 0.04 0.21

Clostridium difficilec 2.20 1.80 3.20
a Infection rates are expressed as infections per 10 000 occupied bed days. b Based on six months of data for 
2008. c Based on six months of data for both 2006 and 2008. 

Source: TIPCU (2009). 

The Commission requested comparative infections data for public and private 
hospitals but the Tasmanian Department of Health and Human Services was unable 
to provide such information in time for this report. 
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G Referee reports on modelling 

G.1 Report from Adjunct Professor Tim Coelli 

This study of hospital performance in Australia sets a new benchmark in terms of 
the sample coverage and the range of input, output and control variables included in 
the econometric model. The Productivity Commission team has worked hard at 
producing the best empirical model possible, in the face of challenging time and 
data constraints. However, no empirical study is perfect, so in my brief discussion 
below I provide my assessment of the analysis, pointing out what is to be 
commended and what can perhaps be improved. 

Data sample: The sample size of 508 is more than sufficient to allow the 
Productivity Commission (PC) to estimate an econometric model that involves a 
flexible functional form and a number of important input, output and control 
variables. The main concern with the sample, as it stands, relates to a high non-
response rate on the part of not-for-profit hospitals. Hence the private hospitals in 
the sample are mostly for-profit hospitals, and the results obtained should be viewed 
in this light. However, my experience with not-for-profit hospitals (mostly run by 
church groups) is that they tend to put extra resources into non-medical services and 
hence I do not expect them to normally have much influence on the position of the 
best-practice frontier. Hence, I expect that their low sample representation is 
unlikely to significantly affect the efficiency scores of the remaining hospitals in the 
sample. 

Frontier methodology: There are two frontier estimation methods that are 
commonly used in the literature: data envelopment analysis (DEA) and stochastic 
frontier analysis (SFA). DEA is a linear programming method that has the 
advantage that no particular functional form needs to be specified. However, SFA is 
an econometric method that is less susceptible to the effects of data noise and 
outliers and which also allows one to easily incorporate control variables that 
involve categorical and ratio data. Hence the choice of SFA is appropriate for this 
study. 
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Functional form: The translog function form is a flexible second-order functional 
form that can accommodate a range of scale and substitution possibilities, and hence 
is a good choice in my assessment. 

Output measures: The output measures involve a number of categories of admitted 
and non-admitted separations, with the former casemix-adjusted. The level of detail 
is substantially better than many past studies of hospital efficiency. The authors 
emphasize the point that these are measures of intermediate outputs rather than 
incremental health benefits derived from the services. However, this is standard 
practice in this literature, given the very substantial challenges that would be 
involved in attempting to derive these latter output measures. 

Input measures: The input measures include three categories of staff members 
(nursing, diagnostic and other), three monetary measures of non-staff variable 
inputs (drugs, medical and surgical supplies and other) along with the number of 
beds. This group of input measures is better than that used in the majority of past 
studies, but can still be improved upon (given access to better data). In particular, 
the beds measure treats an intensive care bed no differently to a standard bed, and 
the staff measures exclude doctors. These issues could introduce some biases in 
efficiency estimates if the casemix weights (used to define the output measures) 
include allowances for the extra capital costs associated with complex cases, and if 
there are differences among hospitals in the degree to which doctors versus nurses 
undertake certain “grey area” tasks. 

Quality measures: Quality issues have been often overlooked in past studies of 
health sector efficiency. The PC is to be commended for their efforts in this regard. 
The inclusion of a mortality rate measure that is adjusted for patient risk 
characteristics is not a perfect measure, but should go a long way to capturing any 
notable variations in the effects of service quality upon efficiency potentials. 

Control measures: The PC has considered a wide range of exogenous control 
measures that could potentially be affecting efficiency potentials, including network 
membership, accident and emergency rates, and so on. These measures help the 
analyst to avoid labelling a hospital as being “inefficient” when they may be using 
more resources per unit output because they face different operating conditions 
relative to other members of the sample. 

Finally, I should emphasize a number of points. First, most if not all of the 
comments made above are also mentioned in the main report. Second, time and data 
constraints have clearly placed limits on the empirical analysis in this report. Third, 
I look forward to seeing what is produced in the supplementary report that is due to 
be released in March 2010, which will involve data from additional years and will 
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also involve the investigation of some alternative models and a more detailed 
investigation of the effects of scale on hospital performance. 

G.2 Report from Professor Jim Butler 

The estimation of hospital production functions and hospital cost functions is a 
complicated exercise. These complications arise not just because hospitals are 
multi-product organisations, but because of the large range and diversity of the 
outputs they produce. The ‘treated patient’ is not a homogeneous unit of output but 
differs according to the illness or illnesses with which they present, the severity of 
those illnesses, the range of treatments available and which are selected, and patient 
characteristics such as age, sex and frailty. The econometric modeller then faces a 
quandary. Working with a sufficiently large number of output categories to 
minimise heterogeneity within those categories will lead to a large number of 
parameters to be estimated, especially if the specification involves a flexible 
functional form. However, the pursuit of parameter parsimony, which requires a 
smaller number of output categories, introduces more heterogeneity into the output 
categories. 

In addition to this type of conceptual difficulty, there are difficulties arising out of 
the institutional arrangements for the provision of hospital services in Australia (e.g. 
the inclusion of medical service costs in hospital costs for public hospitals but not 
private hospitals), the lack of a ‘pure’ separation between type of hospital 
ownership and the funding status of patients, and the paucity of data on capital 
costs. 

Notwithstanding these difficulties, and the tight timelines within which the 
Commission was working, it has produced a high quality and interesting piece of 
work comparing technical efficiency in public and private hospitals using data on 
508 hospitals for 2006-07. Using stochastic frontier analysis and several functional 
forms for a production function, the analysis concludes that the technical efficiency 
of public hospitals and private hospitals is similar. Across all hospital size 
groupings, public hospitals have a mean efficiency score of 0.797 and private 
hospitals 0.750 suggesting slightly superior performance by public hospitals 
(table 8.5 — there was virtually no difference between the scores for for-profit and 
not-for-profit private hospitals). Given the difficulties associated with empirical 
work in this area mentioned above (and that list is not exhaustive), the description 
of these mean scores for public and private hospitals as ‘similar’ is a judicious call 
of the results. The only size grouping where a more marked difference between the 
scores for public and private hospitals emerges is the ‘small and very small’ 
hospitals category with mean public and private hospital scores of 0.788 and 0.641 
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respectively (table 8.5). But with these results and others, one should bear in mind 
the possibility of self-selection bias in the private hospital sample of 122 hospitals 
as participation in the study by private hospitals was voluntary. The Report does 
specifically mention this limitation. 

An innovative aspect of this study is its distinction between public hospitals and 
public contract hospitals. The latter are privately owned institutions whose caseload 
comprises a large proportion of public patients treated under contract from 
government (on average, public patients comprise 77.9% of the caseload of public 
hospitals cf. 77.4% for public contract hospitals – see Table 8.2). There is virtually 
no difference in the technical efficiency scores between these two types of 
institution (0.797 for public hospitals, 0.800 for public contract hospitals — 
table 8.5). While the sample size for public contract hospitals is not large (n=18), 
this result is of some interest. 

A result which has perhaps been somewhat underplayed is the absence of any 
significant effect of risk-adjusted mortality ratios in the production model. The 
Commission has constructed a predicted value of the mortality rate (proportion of 
patients discharged dead) for each hospital using a Tobit regression with various 
factors exogenous to the hospital as regressors. These predicted values are then used 
to construct a risk-adjusted mortality ratio for each hospital which is used in the 
production function to investigate possible quantity/quality trade-offs in hospital 
production. The absence of a statistically significant effect here is potentially a 
policy-significant result — there is no evidence that hospitals in this study attain 
higher output levels or improve technical efficiency by allowing quality to 
deteriorate. 

In concluding, two important limitations of this study should be noted. First, it is 
based upon data for only one year. Replication of the analyses using data from other 
years may instil more confidence in the results. Second, the study investigates only 
technical efficiency and not cost efficiency. As the Commission notes, a hospital’s 
performance with respect to technical efficiency may differ from its performance 
with respect to cost efficiency, so results on the latter would provide a more 
complete picture of hospital performance. The Report indicates that both of these 
limitations will be addressed in further analyses, the results of which will be 
available in a supplementary report in March 2010. If those analyses are conducted 
to the same standard as the analyses presented in this Report, they will undoubtedly 
provide a very useful addition to the stock of knowledge in this field. 
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