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ABSTRACT: NSW Rural Doctors Network (NSW RDN) supports the attraction, recruitment and retention of general practitioners in rural and remote parts of the state.  Its programs are funded by federal and state government departments of health.  As one of its reporting obligations, and for operational purposes, it has collected data on the arrival, movement, workforce participation and departure of general practitioners since 2001.  In June 2003, it published its Workforce Plan which aimed to project the GP workforce requirements to 2012, using a model that estimated the future supply of GPs (based on characteristics, trends and scenarios derived from its data collection) and future demand for GPs (based on population projections derived from census data).  This model was later applied successfully to a single town.  In 2004, NSW RDN began developing a new database system to record and analyse GP data.  In conjunction with NATSEM, a GIS mapping facility was developed.  Work continues with the development of a generic data collection instrument management system.  The new database and GIS applications were developed in-house using Open Source software development tools, including PostgreSQL, Python and PostGIS, amongst others.  This economical approach has also allowed NSW RDN to provide a data-mart facility to underpin further workforce planning studies, to better inform departmental policy-makers and stakeholders interested in rural and remote health issues.
NSW RURAL DOCTORS NETWORK AND ITS PROGRAMS
New South Wales Rural Doctors Network (NSW RDN) supports the attraction, recruitment and retention of general practitioners in rural and remote parts of the state.  Its programs are funded by federal and state government departments of health.  Since its inception in 1998, it has been the largest and most innovative Rural Workforce Agency in Australia.  Rural workforce agencies were established to administer programs and projects to improve rural health.

NSW RDN, as the Rural Workforce Agency in NSW, works within a large and complex system.  About 40 staff members, working at five locations, administer strategies aimed at improving access to medical services in rural and remote parts of the state.  The state government Department of Health and the federal government Department of Health and Ageing are the major funding bodies for the organisation.  Specific incentives are directed at the smaller, more remote communities.  NSW RDN’s members are registered medical practitioners who have had substantial recent rural medical experience or are currently practising in rural NSW.  The organisation operates under a board of directors and is a public company limited by guarantee.

As at June 2006, there were 1,663 rural GPs in 619 practices in rural and remote NSW.  Of those, 888 had rights as visiting medical officers in local hospitals to admit and treat patients.  However, at the same time, there were 134 vacancies for doctors in rural towns.  Despite an increase in the number of GPs in rural NSW between 2001 and 2005, average hours of patient contact has declined as a result of more doctors working part-time, and a gradual reduction in the traditionally long hours of work undertaken by rural GPs.  The number of rural GP vacancies has steadily grown over the same period.
NSW RDN aims to attract a competent rural medical workforce of adequate size.  Scholarships are provided to promote rural health careers, high school students are encouraged to pursue rural health careers, undergraduates and recent medical graduates are encouraged to select rural placements, rural health education and training is promoted, rural medical practitioner vacancies are publicised and rural general practice is promoted.

NSW RDN aims to support the recruitment of competent practitioners to the rural medical workforce.  Assistance is given to suitably skilled doctors (both Australian graduates and overseas trained doctors) and support is given to medical services in towns with significant indigenous populations.

NSW RDN aims to support the retention of competent medical practitioners.  Support for access to locum services is given, continuing professional development opportunities are created, families of general practitioners are supported and monetary and other incentives schemes are managed.

NSW RDN aims to undertake rural health workforce planning.  Workforce data is collected and analysed, relevant research and evaluation is conducted, support is provided to rural Divisions of General Practice (local practitioner organisations), strategies to support the increased participation of women doctors in the rural medical workforce are implemented, assistance in the development of sustainable practices and communities is given, and innovative workforce strategies are developed.

GP DATA COLLECTION
As one of its reporting obligations, and for operational purposes, NSW RDN has collected data on the arrival, movement, workforce participation and departure of general practitioners since 2001.  Other rural workforce agencies have collected similar data for their areas.

In 1992, the national government established organisations known as Divisions of General Practice to assist general practitioners to work together to improve the quality of healthcare, promote preventive healthcare and respond to local community health needs.  There are twenty Divisions of General Practice operating in the area covered by NSW RDN.

The need for accurate GP workforce data was identified in 1993 but divisions of general practice did not have the capacity to collect data at that time.  When rural workforce agencies were established (from 1998), they were made responsible for the collection of workforce data on behalf of Divisions.  This activity has been a major priority for all rural workforce agencies in order to maintain services and contacts with medical practitioners in rural and remote locations and to facilitate program delivery.  In 2000, a review of rural workforce agencies recommended that a core set of data should be collected by all agencies.  This recommendation was incorporated as a key contractual requirement for rural workforce agencies for the 2001-2004 funding period.  The Centre for Rural Health at Monash University in Melbourne, Victoria, was contracted to develop a dataset specification for the rural workforce agencies.

The specification aimed to facilitate mechanisms for the application of data towards answering key policy and strategy questions for the next three to five years.  It was envisaged that the minimum dataset would provide the agencies with the data to determine the right numbers of general practitioners, providing the right number of services in the right location for the right period of time.  A relational data model was used in developing the minimum dataset.  A trial compilation of the national dataset was made in December 2001 and the specifications were subsequently fine-tuned.  The first national compilation was completed in May 2002.  In August 2002, the National Statistical Clearing House (part of the Australian Bureau of Statistics) granted approval to undertake minimum dataset surveys for a three year period (subsequently renewed).

Each agency surveys rural and remote medical practitioners in the third quarter each year (including questions additional to the minimum dataset if required).  Additional resources are used to verify and validate the data.  These include medical boards, divisions of general practice, training providers, government health departments and programs administered by the agencies themselves.  Locum service providers are not included.  De-identified agency minimum datasets are collated nationally and statistically analysed (using SPSS).  A report is then published.  At the time the minimum dataset was developed, an assessment was made of the databases that had been developed by rural workforce agencies.  At that time, it was found that all agencies were using Microsoft Access, but that only one agency (NSW) had been “time stamping” data as it was entered.  An analysis conducted in October 2003 by the Australian Rural and Remote Workforce Agencies Group found that the minimum dataset was the only continuous longitudinal register of the medical workforce in rural and remote Australia – “It utilises a range of sources to compile its demographic data and runs cross sectional surveys to provide additional information on workforce issues annually.  It is therefore the only collection that can examine workforce dynamics (particularly the characteristics of those moving in and out of rural or remote areas) recruitment and retention, in detail and over time.’
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Figure 1 The Main Menu of the Database from November 2003
NSW RDN began the process of building its workforce database in May 1998 and an initial design was ready for testing by November 1999.  Microsoft Access 97 was chosen and the initial design contained about fifty tables.  A company specialising in database development was engaged to carry out further development a couple of years later.  NSW RDN entered into formal agreements with rural Divisions of General Practice in 2000 to collaborate on workforce data collection, and a facility to export division datasets (in Microsoft Excel format) from the database was developed for that purpose.

In addition to storing general practitioner data, the database is also used as a contact management system.  Other useful features have been added as needed.  An annual schedule for updating the database has been in place for some years.  General contact details for personnel and organisations are verified and updated according to a schedule based on the type of organisation.  All details for organisations of a particular type are verified according to a pre-defined frequency.  Typical frequencies are quarterly, half-yearly, yearly and every two years.  General practitioner workforce data is collected via regular surveying.  Practitioners are surveyed each September and practice managers are surveyed in March and October.  Locum GPs are surveyed in May.  Workforce data is checked by divisions of general practice quarterly.  General practitioners in training (GP registrars) usually move practice every six months (in June and December), so their movements are tracked in January and July by directly contacting relevant practices and by information received from training providers.  Practitioner details are checked against the state medical board’s register each month to identify changes in registration status and arriving and departing practitioners.  Published medical practitioner directories are also consulted.  Additionally, each NSW RDN project officer deals with general practitioners, and contact details from application forms are important sources for the workforce database (as is return-to-sender mail).

There are several obvious disadvantages in continuing use of MS Access 97 for NSW RDN.  There have been several subsequent versions of this software released by Microsoft since 1997, each one with a new database engine and improved graphical user interface.  MS Access Version 1.0 appeared in 1992 and was followed by Version 2.0 in 1993.  There were no versions 3 to 6.  Version 7 was released in 1995.  Thereafter, the year was used to distinguish the versions.  Access 97 was followed by Access 2000, 2002 and 2003.  The latest version released is Microsoft Office Access 2007.  The Jet Engine is the database engine used by MS Access.  It is not a complete relational database management system, as it lacks database triggers and stored procedures.  Upgrading from one version to another requires significant customisation in many cases.  In any case, NSW RDN has never upgraded its MS Access 97 database systems and has no plans to do so.  Nevertheless, NSW RDN’s database files continue to grow as more and more data is entered.  Additionally, MS Access is generally unsuitable for database systems that need to be accessed across a wide area network.  As NSW RDN has a number of remote office locations throughout NSW, they have no access to the MS Access 97 database systems that are available in the head office at Newcastle.

NSW RDN’s IT department has a policy of allowing users to select an operating system for their desktop and laptop computers.  While many prefer MS Windows, there are several who have chosen Apple Mac operating systems and a few who prefer Linux or similar operating systems.  MS Access 97 does not run on all of these platforms.  The number of NSW RDN employees needing database access continues to increase.  It is now impossible for the organisation to increase the number of licences to run MS Access 97, as it is no longer supported.  It is very difficult to find consulting database specialists prepared to work with MS Access 97, and there are no longer any training programs for users of MS Access 97.  Many of NSW RDN’s departments are desperately in need of database solutions to support the administration of their programs.  Some staff members have created their own MS Access 97 databases which remain unintegrated with other systems.  This leads to duplication and disparity.  As these isolated systems have been developed in an amateur fashion by program officers with very limited database design skills, they have poor relational structures and are difficult to use when querying and analysing data.  Other users, with no MS Access 97 skills, have created spreadsheets to meet their database needs.  These also remain unintegrated and lead to further duplication and disparity.  This uncontrolled data environment has created data cliques within NSW RDN, has discouraged data sharing and has suppressed responsibility for ensuring data quality and currency.  In 2004, NSW RDN initiated a project to overcome these grave inadequacies.  That project will be described later.

WORKFORCE PLANNING
State Level

In June 2003, NSW RDN published its Workforce Plan which aimed to project the GP workforce requirements to 2012, using a model that estimated the future supply of GPs (based on characteristics, trends and scenarios derived from its data collection) and future demand for GPs (based on population projections derived from census data).  As in other countries, rural and remote areas of Australia suffer from medical workforce shortages.  NSW RDN was required to submit a rural medical workforce plan for NSW to the national government’s department of health.  The study was supported by NSW RDN’s ability to provide analysis of general practitioner data, by its local knowledge and networks and by consultation with stakeholders and practitioners.

Medical workforce planning is defined as ensuring that the right number of medical practitioners are in the right place, at the right time, with the right skills, to competently and proficiently perform the tasks expected of them in accordance with world’s best practice.  The scope of the medical workforce plan was to provide projections for the period 2002 to 2012, for general practitioners mainly working in primary care, covering rural and remote parts of the state.  Rural NSW is diverse, comprising regional centres, large and small towns and remote communities.

The methodology used was to describe the current workforce, to estimate workforce gains and losses, to assess the adequacy of the level of supply and distribution of the current medical workforce, and to project the workforce supply and demand requirements using relevant indicators.  A panel of experts were appointed and community stakeholder consultation meetings were held to judge the applicability of the assumptions adopted, to comment on the reliability of the data, to provide local input, and to identify gaps or flaws in the process.

For most Australians, access to the health system is through general practitioners, who provide a range of primary medical services and referrals to hospital, specialist, allied health and other complementary health services.  Rural general practitioners also provide services in the hospital setting, including in-patient care and procedural care (obstetrics, anaesthetics, surgery, trauma and medical emergencies).  Australia’s health system is a complex mix of public and private services that involves policy direction, regulation and infrastructure by federal, state and local government.  Australia’s national government funds medical services, pharmaceutical benefits, health services to veterans, health services to indigenous people, and a range of other national health programs.  State governments are responsible for public health services such as public hospitals, mental health, dental health, infant health, health promotion, community health centres and ambulance services.  Local governments are responsible for environmental control and a range of community-based and home care services.  The national health insurance system is called Medicare.  Just under half of the Australian population are also covered by private health insurance, for which there are tax incentives.

The medical workforce has been subject to changes due to the rise in the proportion of female practitioners, the growth in part-time work and the increase in the number of larger practices.  At the same time, demand for services has increased, new specialisations have evolved, and the general population has aged.  In Australia in 1996, the national government introduced a range of initiatives, including a moratorium on provider numbers, to cap the growth in general practitioners.  This resulted in major shortages in many areas, and had little effect on correcting a perceived maldistribution of general practitioners.  Even though the number of general practitioners has increased, the full-time equivalent number has decreased.  However, restrictions on overseas trained doctors working in areas of need were eased.
General practitioner to population ratios have been used as the benchmark for predicting workforce size.  These ratios have been used by the national government to determine whether localities are eligible to recruit overseas trained doctors.

Australia’s demographic makeup is changing significantly, with an ageing of the population and falling birth rates.  Indigenous people continue to be significantly disadvantaged in accessing health services.  Rural and remote communities also continue to be significantly disadvantaged in accessing health services.  At the same time, national health expenditure is rising, increasing pressure to contain costs.  Patient out-of-pocket costs (above government funded medical services) are increasing.  Major changes in technology and the health system are changing the way general practice services are delivered.

There are many challenges in attracting and retaining general practitioners in rural areas.  Recent medical graduates often seek a working environment free of the burden of running a small business (such as a general practice).  General practices in rural and remote areas are vulnerable to hospital closures.  High rural general practice work loads are a disincentive to recruitment.  There are many other factors influencing the supply of general practitioners.
The health status of rural Australians declines with distance from metropolitan and regional centres.  Mortality rates are higher due to accidental deaths, road fatalities, coronary heart disease, diabetes, asthma, lower birth rates, obesity, alcohol intake, smoking, mental health problems and many other conditions.  In particular, indigenous people suffer a greater burden of ill health than the rest of the population, with life expectancies significantly lower and greater incidence of kidney disease, diabetes, mental health problems and many other conditions.

About a quarter of the population of NSW lives in non-metropolitan areas.  Rural populations are ageing due, in part, to the departure of young people (to cities) and the arrival of older people (in retirement).  Less than two percent of the state population is indigenous.
In rural and remote NSW, general practitioners comprise about 70% of the medical workforce and provide care in their practices as private practitioners (with fees rebated through the national government’s health insurance system).  They also provide in-patient and out-patient hospital care in state government funded public hospitals.  Some general practitioners work as employees with different salary or fee-for-service arrangements.
Two thirds of all practices are either solo or two doctor practices.  The number of doctors per practice ranges from one to about fifteen.  The indigenous population is additionally serviced by Aboriginal Community Controlled Health Services.  Those with general practitioners are generally referred to as Aboriginal Medical Services.

Since 1999, temporary and permanent resident overseas-trained doctors are able to be considered for conditional area-of-need registration to work in areas of workforce under-supply.  The state government approves medical vacancies at qualifying practices as area-of-need positions.  In 2000, the national government introduced a program to attract highly skilled overseas-trained doctors to work in designated towns (more than 100 km from the coast) for a minimum of five years in return for concessions regarding provider number restrictions after that time.  In 2002, NSW RDN adopted a code of practice to limit active recruitment activities to target only certain countries (to avoid recruitment from less developed countries).
There are significant barriers for general practitioners engaging in procedural medicine (anaesthetics, obstetrics and surgery), including down-grading of rural hospitals, fear of litigation and high cost of indemnity insurance.  In addition, specific strategies are required to attract and retain female practitioners to rural practice.

A flying doctor service provides a range of primary medical services to rural and remote parts of the state.  It also responds to emergency calls, and includes female practitioner visits to isolated rural communities.
Medical education and training is provided by university medical faculties, regional training providers, medical colleges, divisions of general practice and a range of other organisations and institutions.

At the end of 2006, there were 1,663 general practitioners in rural and remote parts of the state.  Only 35 of those worked in the remote parts of the state.  About 30% are female.  Many have been in rural practice for more than a decade (some for more than fifty years).  About a quarter of general practitioners are aged 55 years and over, but only about 5% are under 35 years.  More female students are entering medical schools, and female general practitioners tend to work fewer hours in direct patient care.

Clinical workloads and hours worked are either self-reported or calculated based on dollar value of services provided through the national system.  Several different definitions of full-time work can be used to calculate full-time equivalents or full-time workload equivalents.  About twice as many male general practitioners work full-time compared to female general practitioners.

About 60% of general practitioners were born in Australia and about 11% in the United Kingdom or Ireland.  Others were born in India, South Africa, New Zealand, Egypt, Malaysia, Germany, Hong Kong and Vietnam, and another fifty countries.  Many who were born and educated overseas have been working in rural NSW for many years.  In 1999, new laws were enacted to regulate the entry of overseas-trained doctors into practices in areas of workforce shortage.
Studies have identified the major factors influencing the choice of a rural practice location, and the results of these studies have been used to develop strategies to attract and retain doctors in rural areas.  Other studies have shown that most rural general practitioners would prefer to work fewer hours.  Rural general practitioners carry out advanced procedural skills where there are no specialists to do so.  The skills include obstetrics, anaesthetics and surgery.  A serious undersupply of procedural general practitioners has been predicted for the near future.

NSW RDN’s data collection includes information classifying arrivals and departures according to location, citizenship, job type, employment type, leave type, retirement or death.  Registrars (practitioners undertaking specialist training) contribute significantly to the provision of services in rural and remote parts of the state.  There are training programs specifically designed for rural practice.  NSW RDN’s data collection includes information on registrars in rural practices.

The adequacy of current supply of general practitioners and the projection of future requirements are generally measured by calculating the ratio of general practitioners to population figures.  There is debate about the ideal ratio due to factors such as age, gender, socioeconomic characteristics, indigenous factors, ethnicity, population health, and availability of health services, community characteristics, expectations of health consumers, general practitioner income sources, general practitioner skill levels and access to hospitals.  There is also a complex inter-relationship between supply and demand, in that increased supply may be taken up even if a need is not perceived.  Therefore, the development of appropriate tools for assessing the adequacy of supply, and projecting future requirements, is difficult.  Accordingly, assumptions and judgements made in modelling have been described in detail in NSW RDN’s published workforce plan.

NSW RDN’s model drew on previous work done by sister organisations in Western Australia and Queensland.  The following steps were taken:

1. Initial undersupply, at the end of 2002, was estimated using two different methods.

2. Future supply was projected to 2012 using a parametric model with three scenarios.

3. Future demand was estimated to 2012 using published population projections.

4. Future supply was compared with future demand to estimate the extent of undersupply through to 2012.

The target geography was divided into eleven roughly equal areas (referred to as clusters, each comprised of one or more divisions of general practice).  The smallest geographical area considered was the local government area (125 of these were involved).  The initial undersupply was determined for each of the eleven clusters, by using two different methods.  The first method used data from general practice vacancies as advertised on NSW RDN’s website.  This data source was examined for “actual vacancies” (as defined by rural workforce agencies) and analysed by cluster.  The resulting total was 130 “actual” vacancies.  The second method used a tool developed by the Queensland rural workforce agency.  It was called the Medical Workforce Supply Estimates (MWSE) Planning Tool.  This tool uses whole patient equivalents (WPEs) derived from national Medicare data, adjusted for socioeconomic factors, indigenous morbidity, rurality, age and sex.  This method determined that the average number of patient encounters per capita per year was 7.1.  The average full-time GP dealt with 7,185 adjusted patient encounters per year.  These figures resulted in an ideal GP to population ratio of 1:1,012.  A number of limitations of this approach were considered.  The shortfall between these calculations and the GP count was then calculated for each cluster and totalled 547.  This figure is very different from the estimated shortfall obtained in the first method (130).  This could reflect unmet need or need that cannot be met due to economic viability limitations of current practice structures.  Perhaps these two figures define upper and lower limits of a range of shortfall.

A model for projecting supply to 2012 was then considered.  Current supply was enumerated by hours worked.  Arrivals and departures were measured using historical data.  Hours worked were then projected using population projections.  Finally, scenarios based on variations in the inflows and outflows by gender and participation were developed.  Arrivals and departures were included in the model by using calculated percentage gains of males, females and total GPs in three scenarios.  Other variable factors included in the model were increasing female participation rates and reductions in clinical hours worked by both males and females.  The initial head count was taken at 30 November 2002 (962 males, 385 females, total 1,347 GPs).  Arrival and departure rates were calculated from movements in the period 1 January 2002 to 31 December 2002.  Average weekly clinical hours worked were based on self-reported hours, giving 52.7 hours for males, 31.2 hours for females, and an overall average of 46.6 hours.  Estimated resident populations for each local government area were weighted using published results of studies of GP service usage broken down by age and gender.  The Socioeconomic Index for Areas (SEIFA) was used to further weight the figures.

The three scenarios to project supply based on the above assumptions were:

1. Keeping clinical hours worked constant.

2. Reducing clinical hours worked by male GPs by 2% per annum.

3. Reducing clinical hours worked by all GPs by 2% per annum.

Table 1 Supply Model Output (FWE GPs)
	2002
	2012 Scenario 1
	2012 Scenario 2
	2012 Scenario 3

	1,347
	1,671
	1,408
	1,365


Future demand projections were made by applying a growth factor to baseline requirements levels, using population projections provided by the Australian Bureau of Statistics using 1996 census data.  These figures were adjusted for age, gender and socioeconomic factors.  The demand model produced the following output:

Table 2 Demand Model Output
	Year
	Estimated Resident Population
	FWE (vacancies)
	Shortfall
	FWE (MWSE)
	Shortfall

	2002
	1,650,076
	1,477
	130
	1,894
	547

	2007
	1,693,594
	1,559
	212
	1,976
	629

	2012
	1,728,264
	1,640
	293
	2,057
	710


Thus, in the period to 2012, based on projected population changes alone, rural and remote NSW will need to find a further 293 to 710 general practitioners.  It was concluded that major changes need to be made to ensure maintenance of the current level of service, much less the improved service availability required in many rural areas.
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Figure 2 Supply versus Demand
This workforce planning exercise included six community consultations to gain community and medical and health professional input.  The outcomes of the consultations covered the strengths, weaknesses, opportunities and threats in rural and remote general practice, changes in patient profile, changes in general practitioner profile, registrars, medical students, changing practice structures and the distinct characteristics of rural and remote practice.  The final report of the workforce planning exercise has been used to influence national level planning by highlighting projected supply and demand.
Local Level

This workforce planning model was applied successfully to a single local government area in 2004 in a joint project between the NSW Central West Division of General Practice and NSW RDN.  The Cowra Local Government Area (LGA) was chosen.  There are about eight localities and one town in the LGA with a declining population of about 13,000 and declining socio-economic indicators.  There is a small district hospital and dental clinic, an Aboriginal Medical Service and two general practices.  The local division of general practice has its office in Cowra, as does the local government.  The nearest city is Bathurst (at 107 km) and the LGA is over 300 km west of Sydney (the state capital).  About two-thirds of the LGA’s population live in the town of Cowra.  Indigenous people comprise less than six percent of the LGA’s population.  Unemployment is under five percent.

The study aimed to project the number of general practitioners who would be needed in the Cowra LGA in 2014 to meet the expected demand for general practice services.  The same methodology used in the state level workforce plan was employed to assess its robustness at the local level.  Due to the small numbers involved, privacy issues were given special consideration in this study.  In February 2004, there were twelve general practitioners in Cowra (eight males and four females).  Three of these were registrars.  All eight males and one of the females held visiting medical officer (VMO) rights at the local hospital.  The average age of the general practitioners was 42.1 years.  The twelve GPs worked a total of 86 sessions per week.  A session is a full morning or full afternoon of clinical work and is typically about 3.5 or 4 hours long.  The average length of stay in the principal practice was 8.5 years.  The average clinical hours worked was 56.1 hours (68.8 for males, 37.0 for females).  Clinical hours are defined as those hours spent in direct patient care, seeing patients in the practitioner’s rooms and in hospitals, on-call hours actually worked, travel time to other patient care settings and hours worked in public health and population health endeavours.  On-call hours not worked, teaching time and time spent on divisional activities are not included.
Based on indicators of general practitioner under-supply, such as advertised vacancies, closed books, waiting lists, VMO establishment vacancies, and assessments made by the local division of general practice, it was concluded that the workforce in Cowra for February 2004 was in balance.  After making certain reasonable assumptions, it was considered that the supply of general practitioners would need to respond to changes in the projected population, the ageing of the population and the fewer clinical hours being worked by general practitioners.  Clinical hours per week measurements, taking into account differences in hours worked by males and females, were used to measure the workforce size.  The model assumed that leaving or retiring general practitioners would be replaced, that the national and state level downward trend in average clinical hours worked would continue, and that the female participation rate would increase.

Three scenarios were considered for the supply side of the equation.  Scenario 1 assumed no change in clinical hours worked, Scenario 2 assumed a reduction in hours worked by males of 2% per annum and Scenario 3 assumed a reduction in hours worked by males and females of 2% per annum.  While all three scenarios commenced with a supply of 12 full-time workload equivalents in 2004, by 2014 the numbers were 12, 11 and 10 for Scenarios 1, 2 and 3 respectively.  The outcome is that as general practitioners reduce their clinical hours of work, more general practitioners will be needed to compensate for the reduced working hours.

Demand for general practitioner services was calculated after considering a number of factors.  These include the number of times the residents seek a consultation (7.1), the average number of consultations per annum provided per general practitioner (7,185), the published census figures for the LGA (a population of 13,081 in 2001, including 780 indigenous people), standardisation for age and gender (as certain age and gender cohorts use more services), socio-economic factors (an Index of Disadvantage indicator of 959.1 for Cowra compared to the mean of 1000), a weighting factor for indigenous people (allowing for double the use of services) and a weighting factor for seasonal workers and tourists (set at 1 for this area to reflect the low numbers involved).  Changes in health expectations, technology, disease incidence and service utilisation were not included in this model.  Published population projections of estimated residents were used.  The result of these calculations showed that the standardised weighted population would increase from 13,909 in 2007 to 14,343 in 2017 and that projected demand for general practitioners would increase from 13.8 to 14.2 over the same period.  The projection for 2014 was for 14 full-time workload equivalent general practitioners.  Using Scenario 3 as the most likely, it was concluded that the demand for general practitioners would thus exceed the supply with a projected shortfall in 2014 of 4.  As this seemed to be a reasonable projection, it was concluded that the methodology could be applied in a meaningful way to such a disaggregated geographical unit with so few practitioners.

A NEW DATABASE
In 2003, NSW RDN began the process of developing a new database system to record and analyse GP data and improve staff access to data generally.  In particular, a need for a better system of storing data for future workforce planning and analysis was identified.  A scoping document, with a project aim to develop and implement an effective, integrated Information Management System, submitted in August 2003, was approved by senior management in March 2004.  A committee was set up to manage the project.  The committee is called the Information Management Project Committee and includes representatives from senior management, information technology staff, information management staff and user representatives from two of the organisation’s locations (Newcastle and Sydney).  The committee meets approximately once a month.  Minutes and agendas are kept and action learning is regularly recorded.  Standing items on the agenda include attendance, apologies, human resources, system maintenance, system development in progress, training, project planning and risk assessment, policies and procedures and other business.  The first meeting of the committee was held on 17 June 2004.  Significant matters discussed at these meetings have included funding sources and financial matters, programming and systems development standards, cleansing and transfer of data from legacy systems, interim interfaces back to legacy systems, development task tracking, system implementation evaluation, security, module development prioritisation, open source software technical matters, user and platform testing, interactions with other related projects, communication, external contracts, data mart issues, geographical information systems, training course development and evaluation, documentation, data verification, office accommodation, archiving, establishing relationships with local universities, financial contributions to open source development communities and projects, proprietary software development tools, module implementation plans and many other minor matters.

One of the first tasks of the Committee was to determine an approach to development, in terms of methodologies and selection of software.  Some of the ideas from recent developments in “extreme” programming were adopted.  As our users are located in several different locations throughout the state (head office in Newcastle, major office in Sydney, and smaller offices in rural areas), and as they are using several different operating systems (Microsoft Windows, Apple Macintosh, Linux), we needed a database system that would work across a wide-area network on all of these platforms.  Our legacy systems, developed using Microsoft Access 97 clearly did not fit this bill.  An additional limitation was very minimal funding for this project (only $AUD 20,000 was available).  These constraints were quite restrictive, and the only apparent way forward was to use open source software development tools.  Open source has been defined in the following terms:

“In general, open source refers to any program whose source code is made available for use or modification as users or other developers see fit. (Historically, the makers of proprietary software have generally not made source code available.) Open source software is usually developed as a public collaboration and made freely available”.

Our IT Manager and his team, collaborating with the IM team, and reporting to the IM Project Committee, recommended the PostgreSQL database engine be used, and that a graphical user interface (GUI) be developed using the Python programming language (and associated add-ons and tools).  All of these products are generously made available by volunteer open source development communities, free of charge, under special open source licensing arrangements, to any person or organisation, via web site downloads.
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Figure 3 The Login Screen for the New Database
Team members had a range of skills and experience in using various proprietary systems development tools.  However, our development team had had minimal exposure to open source development tools.  It was decided to source external training providers to quickly bring the team up to speed in the use of the open source development tools selected.  Fortunately, suitable training organisations were available.  We found companies to deliver Linux operating system, PostgreSQL database, Python, PHP, wxWidgets and wxPython programming training courses.  This training exercise soaked up most of our available budget (about $AUD 17,000), but was very successful in kick-starting the development process.  Remaining funds were used to obtain relevant reference works for the development team and to attend open source developer conferences.  The development team members were highly motivated by this approach, as it built on their prior learning and skills bases, while introducing them to innovative approaches to software development, using new approaches (“Extreme Programming”), new software (open source) and new collaborative approaches (open source communities available online).  In addition, the team members were grateful for the opportunity to participate in an interesting project that would enhance their professional development.  These considerations created very real advantages in developing our new system in-house.

The next problem to overcome was how to approach systems design and specification without becoming bogged down in a lengthy non-productive process.  The development team decided to quickly build a “metadata” facility for systems development.  This facility would become, in essence, the specification of the new system.  This facility comprises about twenty-five tables that allow fields, tables, indexes, relationships, views, triggers, reports, forms design and modules to be described in a relational “metadata” database.  This was coupled with a Python application that can read this “metadata” database to rebuild the PostgreSQL database and another Python application to act as a dynamic graphical user interface by reading the required layout and menu information from the metadata database.  The rebuild program is designed to export any existing data, drop existing data structures, create new data structures by reading the metadata, and then reimport previously exported data to the new data structures.  This process has been automated and optimised, and takes about fifteen minutes to complete.  Rebuilds are usually scheduled during lunch times to minimise interruption to users.  A database report was written, drawing information from the metadata database, and the output is, in effect, the specification of the system.

DATA ANALYSIS AND GIS MAPPING

In May 2005, NSW RDN commissioned the National Centre for Social and Economic Modelling (NATSEM) at the University of Canberra, to undertake studies to further develop the information management system.  The aim of the project was to explore the ways that results of NSW RDN’s general practitioner surveys could be analysed and to identify avenues for enhancing existing research and reporting opportunities.  The potential benefit of a data-mart and visualisation techniques such as GIS were key considerations.  The creation of a data-mart involves the transformation of data into a structure which makes querying simpler and less error prone.  The process typically involves de-normalisation, reclassification and data cleansing.  Metadata is used to describe the elements and their change over time.  Such an approach enables NSW RDN to better utilise longitudinal data and to introduce spatial and historic data.  This restructuring also facilitates the development of a GIS mapping facility.
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Figure 4 The GIS Web Interface
In February 2006, NATSEM delivered a web-based GIS analysis tool, consisting of a spatial database and web browser application that enables thematic analysis of longitudinal survey data.  The spatial database contains administrative, spatial and census data.  The web interface allows users to generate maps of counts or percentages for the responses to any of the survey questions at a given time.  The results of this project were highlighted in NATSEM’s newsletter in May 2006.

Since the completion of this project, NSW RDN has further enhanced the data-mart and GIS mapping facilities by developing a generic data collection instrument facility.  This new facility allows users to create their own surveys or data collection instruments by specifying questions, expected responses or classes (for categorical variables), and instruments.  There is a facility for printing instruments if required.  When responses are received, they are entered into the existing survey responses table that supports the data-mart and GIS mapping facilities.  There is a plan to optionally present data collection instruments via a web interface to allow respondents to provide answers online.

OPEN SOURCE SOFTWARE DEVELOPMENT TOOLS
The new database and GIS applications are being developed in-house using Open Source software development tools, including PostgreSQL, Python and PostGIS, amongst others.  In recognition of the wonderful efforts of volunteer open source developers worldwide, NSW RDN has made small donations to PostgreSQL, SME Server, Ubuntu, Mozilla, OpenOffice, CLAM Antivirus, twiki, Apache, PostGIS, SMB, MySQL.  NSW RDN plans to give more financial support to open source development communities in the future.  It is estimated that RDN has saved in excess of $200,000 by using open source software.  This section gives brief descriptions of some of the tools used, and web addresses for each tool.  The quoted descriptions in this section are taken from the web sites provided or otherwise from http://whatis.com.
PostgreSQL

http://www.postgresql.org
“PostgreSQL is a powerful, open source relational database system.  It has more than 15 years of active development and a proven architecture that has earned it a strong reputation for reliability, data integrity, and correctness.  It runs on all major operating systems, including Linux, UNIX (AIX, BSD, HP-UX, SGI IRIX, Mac OS X, Solaris, Tru64), and Windows.  ... It has native programming interfaces for C/C++, Java, .Net, Perl, Python, Ruby, Tcl, ODBC, among others, and exceptional documentation.  An enterprise class database, PostgreSQL boasts sophisticated features such as Multi-Version Concurrency Control (MVCC), point in time recovery, table spaces, asynchronous replication, nested transactions (save points), online/hot backups, a sophisticated query planner/optimizer, and write ahead logging for fault tolerance.  ... It is highly scalable both in the sheer quantity of data it can manage and in the number of concurrent users it can accommodate.  There are active PostgreSQL systems in production environments that manage in excess of 4 terabytes of data.”  NSW RDN is gradually replacing all Microsoft Access 97 databases with PostgreSQL as part of its Information Management Project.

Python

http://www.python.org
“Python is a dynamic object-oriented programming language that can be used for many kinds of software development.  It offers strong support for integration with other languages and tools, comes with extensive standard libraries, and can be learned in a few days.  Many Python programmers report substantial productivity gains and feel the language encourages the development of higher quality, more maintainable code.  Python runs on Windows, Linux/Unix, Mac OS X, OS/2, Amiga, Palm Handhelds, and Nokia mobile phones.  Python has also been ported to the Java and .NET virtual machines.”  NSW RDN uses Python to develop a graphical user interface to access the new data structures created using PostgreSQL.

PostGIS

http://postgis.refractions.net
“PostGIS adds support for geographic objects to the PostgreSQL object-relational database.  In effect, PostGIS ‘spatially enables’ the PostgreSQL server, allowing it to be used as a backend spatial database for geographic information systems (GIS), much like ESRI's SDE or Oracle's Spatial extension.  PostGIS follows the OpenGIS ‘Simple Features Specification for SQL’ and has been certified as compliant with the ‘Types and Functions’ profile.”  NSW RDN uses PostGIS to develop geographic information system mapping facilities for data stored in the PostgreSQL database system.

QGIS

http://qgis.org
“Quantum GIS (QGIS) is a user friendly Open Source Geographic Information System (GIS) that runs on Linux, UNIX, Mac OSX, and Windows.  QGIS supports vector, raster, and database formats.  QGIS is licensed under the GNU General Public License.  QGIS lets you browse and create map data on your computer.  It supports many common spatial data formats (e.g. ESRI ShapeFile, geotiff).  QGIS supports plugins to do things like display tracks from your GPS.  QGIS is Open Source software and it is free of cost.”  NSW RDN uses QGIS in conjunction with PostGIS as part of its GIS mapping facility for data stored in the PostgreSQL database system.

plpgsql

http://www.postgresql.org
“PL/pgSQL is a loadable procedural language for the PostgreSQL database system.  The design goals of PL/pgSQL were to create a loadable procedural language that can be used to create functions and trigger procedures, add control structures to the SQL language, perform complex computations, inherit all user-defined types, functions, and operators, be defined to be trusted by the server, is easy to use.”  NSW RDN uses plpgsql to automate various tasks to ensure data integrity and free users from having to remember to carry out certain tasks when entering data.

Open Workbench

http://www.openworkbench.org
“Open Workbench is an open source desktop application that provides robust project scheduling and management functionality.  Already the scheduling standard for more than 100,000 project managers worldwide, Open Workbench is a free and powerful alternative to Microsoft Project.”  NSW RDN uses Open Workbench to manage its information systems development project.

Eclipse

http://www.eclipse.org
“Eclipse is an open source community, whose projects are focused on building an open development platform comprised of extensible frameworks, tools and runtimes for building, deploying and managing software across the lifecycle.  A large and vibrant ecosystem of major technology vendors, innovative start-ups, universities, research institutions and individuals extend, complement and support the Eclipse platform.”  NSW RDN uses Eclipse as its preferred integrated development environment (IDE).  An IDE is a programming environment that has been packaged as an application program, typically consisting of a code editor, a compiler, a debugger, and a graphical user interface (GUI) builder.  Eclipse can be enhanced by installing plug-ins that provide extra functionality.  NSW RDN uses the free pydev, low cost pydev extensions and free PHP extensions for Eclipse.

Mozilla Firefox and Thunderbird
http://www.mozilla.com
“The award-winning Firefox Web browser is now faster, more secure, and fully customizable to your online life.  With Firefox 2, we’ve added powerful new features that make your online experience even better.  Mozilla’s Thunderbird 2 email application is more powerful than ever.  It’s now even easier to organize, secure and customize your mail.”  NSW RDN uses Firefox as its preferred web browser, although some staff members use other browsers.  NSW RDN uses Thunderbird as its preferred email client, although some staff members use other clients.

wxWidgets

http://www.wxwidgets.org
“wxWidgets lets developers create applications for Win32, Mac OS X, GTK+, X11, Motif, WinCE, and more using one code base.  It can be used from languages such as C++, Python, Perl, and C#/.NET.  Unlike other cross-platform toolkits, wxWidgets applications look and feel native.  This is because wxWidgets uses the platform's own native controls rather than emulating them.  It is also extensive, free, open-source, and mature.”  NSW RDN uses wxWidgets in developing its graphical user interface (GUI).

wxPython

http://wxpython.org
“wxPython is a GUI toolkit for the Python programming language.  It allows Python programmers to create programs with a robust, highly functional graphical user interface, simply and easily.  It is implemented as a Python extension module (native code) that wraps the popular wxWidgets cross platform GUI library, which is written in C++.  ... wxPython is a cross-platform toolkit.  This means that the same program will run on multiple platforms without modification.  Currently supported platforms are 32-bit Microsoft Windows, most Unix or Unix-like systems, and Macintosh OS X.”  NSW RDN uses wxPython in developing its graphical user interface (GUI).

PHP

http://www.php.net
“PHP is a widely-used general-purpose scripting language that is especially suited for Web development and can be embedded into HTML.”  NSW RDN uses PHP to create secure web pages to collect information from, and present information to, remote stakeholders.  This allows data to be securely written to, and read from, the database.  Database triggers then alert relevant staff members to take appropriate action when new information is entered (for example, by a medical practice in a rural or remote location).  The Locum Service Module uses PHP web forms in this way to accept requests for locum GPs.

pypgsql

http://pypgsql.sourceforge.net
“pyPgSQL is a package of two modules that provide a Python DB-API 2.0 compliant interface to PostgreSQL databases.  The first module, libpq, exports the PostgreSQL C API to Python.  This module is written in C and can be compiled into Python or can be dynamically loaded on demand.  The second module, PgSQL, provides the DB-API 2.0 compliant interface and support for various PostgreSQL data types, such as INT8, NUMERIC, MONEY, BOOL, ARRAYS, etc.  This module is written in Python.”  NSW RDN uses this database application program interface (DB-API) when writing Python programs to make requests of the database by sending SQL statements and receiving the results of those queries.

ReportLab

http://www.reportlab.org
“ReportLab Inc is a company making Open Source and commercial products for generating dynamic documents and graphics.  The ReportLab Toolkit is our main Open Source library; it is a collection of open source Python language modules organized and supported by ReportLab.  They are primarily concerned with automated methods for generating Portable Document Format (PDF) files, but there is also a cross-platform vector graphics library able to generate bitmap and vector charts and drawings.”  NSW RDN uses ReportLab to generate reports from the database.  When a user requests a report from the GUI, the report is assembled using ReportLab, a PDF document is created, and is then attached to an email which is sent to the user.  This method of producing reports avoids the problems of dealing with numerous printer drivers and gives users greater flexibility in relation to printing, saving and sending reports.

OpenLDAP

http://www.openldap.org
“OpenLDAP is an open source implementation of the Lightweight Directory Access Protocol.”  NSW RDN uses this protocol to provide directory services (typically personal and organisational address information from the database system) to email clients, and also to manage domain logins.

VMware

http://www.vmware.com
“VMware is a widely-installed operating system for IBM-compatible computers and servers that can host other operating systems in such a way that each operating system behaves as if it were installed on a self-contained computer with its own set of programs and hardware resources.”  NSW RDN uses VMware to simplify the IT support role, making it easier to upgrade hardware without reinstalling end-user software packages.

eGenix mx Base

http://www.egenix.com
“The eGenix mx Base Distribution for Python is a set of packages which help you with everyday programming tasks when working with Python.”  NSW RDN uses these packages in conjunction with Python programming.

PuTTY

http://www.putty.nl
“PuTTY is a free implementation of Telnet and SSH for Win32 and UNIX platforms, along with an xterm terminal emulator.”  NSW RDN uses PuTTY to provide secure database access for remote users.

PostgreSQL Maestro

http://www.sqlmaestro.com
“PostgreSQL Maestro is the premier PostgreSQL admin tool for database management, control and development.  PostgreSQL Maestro GUI allows you to create, edit, copy, extract and drop all the database objects such as schemas, tables, views, functions, domains, rules, sequences, languages, operators, etc., build queries visually, execute queries and SQL scripts, design your database as ER diagram, view and edit data including BLOBs, represent data as diagrams, export and import data to/from most popular file formats, manage PostgreSQL roles, users, groups and their privileges, and use a lot of other admin tools designed for the easiest and most efficient work with PostgreSQL database server.”  NSW RDN uses PostgreSQL Maestro to manage its PostgreSQL database.
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