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OBJECTIVES Using a novel longitudinal
tracking project, this study develops and
evaluates the performance of a predictive
model and index of rural medical practice
intention based on the characteristics of
incoming medical students.

METHODS Medical school entry survey data
were obtained from the Medical Schools Out-
come Database (MSOD) project implemented in
all Australian and New Zealand medical schools
and coordinated through Medical Deans Aus-
tralia and New Zealand, the representative body
for the Deans of 18 Australian and two New
Zealand medical schools and faculties. The
medical school commencement survey collects
data on students’ education and family back-
ground, including rural upbringing, personal
circumstances and scholarships, and on their
practice intentions in terms of location and
specialty. The MSOD will also allow tracking of
medical graduates after graduation. Logistic
regression modelling was used to develop a pre-
dictive model of rural practice intention. Split-
sample validation was used to gain some insight
into the stability of performance of the model.

RESULTS Response rates to the MSOD survey
exceeded 90% on average. The model findings
confirm and extend previous research examin-
ing the association of medical student charac-
teristics with intention to take up rural medical
practice. The statistically significant indepen-
dent factors in the model included students’
rural backgrounds, financial arrangements and
intentions regarding specialist versus generalist
practice upon graduation. Model performance
was good, with an area under the receiver-
operator characteristics curve of 0.86, and
reproducible, with an area in a validation
sample of 0.83.

CONCLUSIONS The model and related index
provide important insights into individual fac-
tors associated with rural practice intention
among students commencing medical studies.
The model can also provide a means for opti-
mising the use of scarce medical programme
resources, thereby helping to improve the sup-
ply of rural medical practitioners. This study
illustrates the power and potential of a robust,
consistent, systematic longitudinal tracking
project.
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INTRODUCTION

Australia has a shortage of rural and regional medical
practitioners.1–3 This shortage has manifested as a
significant social and political issue for several
decades in Australia,4–6 as it has in other Western
countries, such as the USA.7 Considerable research
has been undertaken on the recruitment and reten-
tion of rural general practitioners,8,9 but less has been
undertaken around allied health professionals.10–12

However, despite more than 30 years of such research
and many millions of dollars of government expen-
diture,13 the problem of how to attract and retain
health care professionals to posts outside urban areas
persists.1,14

The Australian government has implemented several
expensive national schemes designed to encourage
medical student exposure to rural medical practice
during medical training.15 These schemes include the
Rural Undergraduate Support and Coordination
(RUSC) programme, initiated under the broader
Rural and Remote General Practice Programme
(RRGPP).13 A key element of the RUSC programme
is the belief that exposing a student to rural medical
practice very early in his or her career increases the
likelihood that the student will take up a rural
career once qualified. However, such schemes as the
RUSC focus on only one aspect of the individual
and his or her medical training. In reality medical
students experience a broad range of both internal
and external influences during their training. The
former might relate to their upbringing and
personality, whereas the latter might include family
obligations and positive or negative life events.

The association of rural exposure during medical
training with increased likelihood of rural practice
has only been partially demonstrated in Australian16

and international research,17,18 for allied health
workers as well as for medical practitioners.19 Because
many studies fail to control for confounding
variables, Ranmuthugala et al.20 questioned the
individual contribution of rural exposure to intention
to take up rural practice, and the implications for
resource utilisation.

These observations illustrate that, until very recently,
rural medical workforce policy and rural medical
education training in Australia were largely guided
by a somewhat eclectic body of knowledge that
emerged from diverse existing international studies
and several disparate empirical studies affirming the
roles and contribution of various factors to rural

workforce outcomes. Hence the concept of selecting
rural origin students who already have some affinity
with rural areas and encouraging positive rural
attachments to change stereotypical preconceptions
of rural life have been shown to influence the take-up
of rural practice. Specific affirmative workforce
funding in Australia to support devolved rural med-
ical education programmes has been predicated on
these beliefs.21 The unique strength of this study is
that its findings emanate from a methodologically
rigorous analysis of comprehensive national data
from all medical schools in Australia.

A proper evaluation of the effectiveness of national
programmes requires long-term longitudinal studies
of a cohort or cohorts from medical training through
graduation and until well into their medical
practice careers, based on up-to-date, robust data. In
Australia, a few cross-sectional workforce studies have
been undertaken.16 However, a major limitation in
utilising such disparate research studies to inform
current and future policy is the lack of connection
between medical students, current rural practitioners
and past rural practitioners. Approximating a true
longitudinal study via a series of cross-sectional
studies makes strong assumptions that, if not met,
might be misleading rather than helpful.

Although some universities engage in local monitor-
ing of the progress of both education and funding
initiatives on workforce supply, recent government
reviews highlighted the need for a uniform data
collection methodology as the basis for tracking the
progress of students throughout their training
programme and beyond.22,23 To date, the absence of
consistent definitions, agreed protocols and mecha-
nisms for collecting and reporting data precludes
comparable outcome analysis over time on a national
basis. Moreover, the recent growth in medical schools
has increased the interstate movement of medical
students to both undergraduate and graduate schools
and subsequently into postgraduate training. These
factors make a national minimum database essential
for future planning. The Medical Schools Outcomes
Database (MSOD) and Longitudinal Tracking Project
seek to fill this gap.

The MSOD project was established in 2005 under the
auspices of the Medical Deans of Australia and New
Zealand to design and implement a national process
for collecting reliable demographic and education
data on medical students in all Australian medical
schools, and to establish a national minimum data-
base based on nationally consistent definitions as the
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basis for tracking students into take-up of practice.
Ethics approval for participation in the project was
obtained from the human research ethics committee
of each university and student participation is
voluntary. Access to MSOD data is regulated by a
Scientific Advisory Committee and a Management
Committee. This national database allows short- and
long-term monitoring of outcomes of medical edu-
cation programmes, and contributes to evaluating the
effectiveness of Commonwealth-funded medical
education initiatives designed to achieve improved
medical workforce recruitment and retention.

Figure 1 shows how the MSOD and longitudinal data
collection target critical areas of medical career
decision making (at entry to and exit from medical
school, during the intern year and during postgrad-
uate training) and simultaneously record sentinel
aspects of training and clinical exposure likely to
influence decision making.

Data collection for the MSOD commences on entry to
medical school with a questionnaire that elicits a
standard set of items on medical students’ family
background, education and upbringing, current cir-
cumstances, medical school and career intentions.
Further data are collected from each medical school
during the course of training, and an exit question-
naire is administered at the end of university training
to collect more information on student experiences
and on where students have applied for internship in
the first year after graduation from medical school.
This information provides important input to medi-
cal workforce planning and is designed to link with
National Health Workforce Taskforce (NHWT;
http://www.nhwt.gov.au/) data to allow long-term
follow-up of medical graduates.

This paper seeks to develop and validate a predictive
model of medical student intention to practise in
rural areas and, in doing so, to provide the first

demonstration of the value of the MSOD in a policy-
setting environment. Evidence obtained from this
study may inform the optimal use of scarce resources
relating to current rural placement schemes. Using
available data, student intentions are used as the
outcome variable in the absence of actual student
behaviour. Although it would be optimal to use
observed behaviour data, the value to both education
and workforce planning of understanding how indi-
vidual student characteristics relate to student atti-
tudes to rural practice should not be underestimated.

METHODS

The present study utilises the entry questionnaire
administered to the first three annual cohorts of
incoming medical students to all medical schools in
Australia and New Zealand. A copy of the 2007
questionnaire can be accessed online Appendix S1.
Earlier questionnaires differ only in minor respects
from the 2007 version and are available from the
corresponding author.

Completed questionnaires were sent to the secretariat
of Medical Deans of Australia and New Zealand for
data entry and cleaning. Each medical school
received funding to implement the questionnaire
dissemination and collection.

As the aim of the study was to determine the extent to
which rural practice intention could be predicted
from information about individuals at the time of
their entry into medical schools, unconditional
logistic regression was used with probability of rural
practice intention as the outcome and both numeric
and qualitative individual characteristics as predic-
tors. Logistic regression relates the probability of an
event occurring, such as intending to practise in a
rural area, to one or more predictive factors. This
model is used extensively in epidemiological research

Figure 1 Concept plan. PGY = postgraduate year
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to discriminate important outcomes based on easily
obtainable information. The current application of
the model can be compared with a diagnostic test.
Student information obtained from the entry ques-
tionnaire can be viewed as the test and the students’
reported intentions are the standard against which
the test is compared.24,25 Statistical analyses were
undertaken using STATA software (StataCorp LP,
College Station, TX, USA). The effects of predictive
factors on probability of rural intention are reported
in terms of odds ratios (ORs). An OR < 1.0 indicates
negative effect (i.e. reduced probability), whereas
an OR > 1.0 indicates a positive effect (i.e. higher
probability). One potential structural determinant of
student intention was the fee basis under which the
student entered medical school. These can be classi-
fied as ‘HECS’ (a government-supported Higher
Education Contribution Scheme in which the student
makes a relatively modest co-payment for tuition),
‘bonded’ (the student may pay no fees and may
receive a stipend during his or her study, but in
return agrees to work in areas of need for an agreed
period) and ‘fee-paying’ (the student pays the full
cost of his or her tuition). The fee basis of entry may
be regarded as a control variable as it may have an
effect on graduate destination that is external to the
individual. Rural practice intention was gauged from
students’ preferred practice locations (Question
16.2). Possible responses range from ‘capital city’ to
‘small town (< 10 000)’. Responses of ‘regional city’
to ‘small town’ were considered to indicate ‘rural’,
whereas those of ‘capital city’ or ‘major urban centre’
were considered ‘urban’. Given the well-known phe-
nomenon of over-optimism where the apparent
performance of predictive models in the sample on
which they were developed exceeds that in future
application, the sample was randomly split into
approximately equal sized ‘training’ (n = 2037) and
‘validation’ (n = 2075) sub-samples.26 The predictive
model was developed on the training sample and
then applied independently to the validation sample.
Comparing predictive performance across these two
samples yields insight into the stability of the model’s
performance in the face of natural sample variation.
Model performance was assessed through receiver-
operator characteristic (ROC) curves and by calcu-
lating the area under the ROC curve. An area of 1.0
would indicate perfect sensitivity and specificity in
prediction, whereas an area of 0.5 would indicate
sensitivity and specificity no better than would be
expected from a coin toss. (Martin and Jolly27 give a
description in a medical education context.)

Because one application of the model is to derive an
index by which new students can be ranked for

likelihood of rural practice via the linear predictor of
the logistic model

Ii ¼
Xp

j¼0

bjXij

 !

has been evaluated for each student and its
practical discriminatory value illustrated graphically.
Such an index would not be an independent
measure of student propensity to enter rural
practice; rather, it derives directly from the logistic
model and provides an alternative operationalisa-
tion of the model that has the feel of entry
schemes using multiple criteria, such as are typically
applied in Australian and New Zealand medical
schools. An index score of 0 corresponds to a
probability of 0.5, whereas scores < 0.0 indicate
lesser probabilities and scores > 0.0 indicate higher
probabilities. An index derived this way is a
weighted summation of each predictive factor such
that the correlation between index and observed
outcome is maximised. This approach contrasts
with that of Rabinowitz et al.,28 whose index has
the advantage of simplicity, but will not optimise
the relative weights of contributions of individual
predictors.

Given the large sample size (> 4000) involved in
interpreting quantitative results, particularly in
Table 1, a distinction needs to be made between
statistical significance (P-value) and practical signif-
icance (magnitude of difference) because statistical
power is high for even quite subtle and possibly
random differences between those intending ‘rural’
and those intending ‘urban’ practice.

RESULTS

Sample characteristics

A total of 6292 students responded to this com-
mencement questionnaire. Response rates among
medical students increased from 85% in the 2006
cohort to 91% in 2007. Missing data rates per
question are generally very low, although the rural
intention question was not answered by 1442 stu-
dents. Taken together with other missing data
exclusions, the study has an effective sample size of
4112. The sample was 55% (n = 2296) female.
Although the majority of students commenced med-
ical studies shortly after high school, 6% were aged
‡ 30 years, which suggests they had embarked on
another career choice before taking up study in
graduate medical schools.

1004 ª Blackwell Publishing Ltd 2009. MEDICAL EDUCATION 2009; 43: 1001–1009

M Jones et al



Table 1 Descriptive comparison of students intending to enter ‘rural’ and ‘urban’ practice after graduation

Factor

Intended location

Urban, %% Rural, %%

Gender, % female 54 60 v2 = 10.9, P = 0.001

Year of birth

1953–1961 0 1 v2 = 73.6, P < 0.001

1962–1975 5 9

1976–1991 95 90

Admission scheme*

HECS 62 53 v2 = 195.4, P < 0.001

Bonded 20 40

Fee-paying 18 7

Holding scholarship 9 26 v2 = 205.7, P < 0.001

Citizenship

Australian 92 95 v2 = 11.4, P = 0.01

New Zealand 1 1

Permanent resident 2 1

Temporary resident 5 3

Years resided in rural area

None 83 33 v2 = 991.3, P < 0.001

1–5 years 6 12

> 5 years 11 55

Years educated in rural area

None 87 44 v2 = 799.9, P < 0.001

1–5 years 8 24

> 5 years 5 32

Area of longest residence

Capital city 79 32 v2 = > 1000, P < 0.001

Major urban centre 10 9

Regional ⁄ rural area 11 60

Self-identifying as rural 11 60 v2 > 1000, P < 0.001

Marital status

Single 92 86 v2 = 34.3, P < 0.001

Married 8 13

Divorced ⁄ separated 0 1

Any dependents 2 6 v2 = 47.3, P < 0.001

Financial dependents 1 3 v2 = 7.8, P = 0.005

Supported by

Allowance 25 34 v2 = 29.9, P < 0.001

Parents 66 48 v2 = 106.0, P < 0.001

Part-time job 35 32 v2 = 3.5, P = 0.06

Scholarship 8 26 v2 = 232.6, P < 0.001

Own money 7 5 v2 = 5.2, P = 0.02

Other 5 7 v2 = 9.7, P = 0.002

Intended specialty

Specialise 60 44 v2 = 263.8, P < 0.001

Non-specialist 9 29

Undecided 32 27

* HECS indicates Higher Education Contribution Scheme in which most of the cost of education is borne by the government but the
student makes a co-payment; bonded indicates a scholarship arrangement in which the recipient has some obligation to work where
directed after graduation; fee-paying indicates that the student pays the full cost of his or her own education
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Descriptive discrimination of ‘rural’ from ‘urban’
intention

Table 1 contrasts students indicating ‘rural’ versus
those indicating ‘urban’ practice intentions in terms
of all potential predictors considered for the predic-
tive model. A number of the individual characteristics
reported in Table 1 are expected to be inter-related
and therefore it cannot be said, on the basis of
Table 1 alone, that all those characteristics are
independently discriminatory of ‘rural’ versus ‘urban’
practice intention.

Predictive model and its performance

Figure 2 provides a graphic representation of the
predictive model developed using the training sam-
ple, sorted from most negative to most positive
effects. The vertical axis shows the OR, which is a
measure of the effect that a given predictor has on
the probability of rural practice intention. All factors
listed on the horizontal axis of Fig. 2 have statisti-
cally significant and independent effects on the
probability of intending to practise in rural areas.
The negative factors are ‘being supported by parents’
and ‘not having previous rural exposure’ or ‘not
self-identifying as a rural person’. The positive factors
appear to be around ‘previous exposure to rural life’,
either ‘being undecided about specialty’ or ‘having
decided to be a generalist’, and ‘being on a scholar-
ship’ or ‘being bonded’. In case the model was overly
influenced by bonded students it was refitted
excluding such students, but otherwise remains
essentially unchanged.

Figure 3(a) suggests the model has useful discrimina-
tory power, with an area under the ROC curve of 0.86
(95% confidence interval [CI] 0.84–0.88). Further,
Fig. 3(b) suggests this performance is reproducible
because the model developed on the training sample
when applied to the validation sample yields an area
only slightly lower, at 0.85 (95% CI 0.83–0.87).

Derivation of an index from the model

As noted in the methods, the linear predictor compo-
nent of the model can be used to form an index of
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Figure 3 Model performance in the (a) training sample
and (b) validation sample. ROC = receiver-operator
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propensity of intention for rural practice. The distri-
bution of index scores is presented in Fig. 4.

As a point of reference, an index of 0 corresponds to
a probability of 0.5 (50%). Scores < 0 correspond to
lower probabilities and those > 0 correspond to
higher probabilities. The distribution described in
Fig. 3 corresponds well with our knowledge of the
present rural medical workforce situation, with a clear
skew towards low scores.

Figure 5 illustrates that the index provides useful
discrimination between incoming students whose
intention is to practise in rural areas (‘Rural’) and
those who do not so intend (‘Urban’). We note
that the 25th percentile of the Rural group is higher
than the 75th percentile of the Urban group and
that the median of the Rural group is almost as
high as the 95th percentile of the Urban group.

DISCUSSION

Despite considerable investment by both federal
and state governments in Australia to make rural
medical practice more attractive to prospective rural
doctors, evidence suggests that at best we are main-
taining the status quo and arguably are losing ground
in terms of ensuring medical coverage outside capital
cities and major urban centres.14 Medical schools
themselves also encourage the take-up of rural
practice through the provision of rural placement
experience and preferential treatment for rural
origin students in entry scores. Two universities offer
their medical programme entirely at rural locations.

Rural bonding aside, however, none of these schemes
are guaranteed to produce medical practitioners who
choose to work in rural areas because students
experience many other influences during their
training that may predispose them towards more
positive, or negative, attitudes towards rural practice
upon graduation. This paper has outlined the devel-
opment and initial validation of a predictive model
for rural practice intention that might assist in
determining which students are more likely to intend
to work in rural areas.

The model incorporates a number of statistically
independent predictors of rural intention that centre
around the students’ rural backgrounds, financial
arrangements during studies, and intentions regard-
ing specialist versus generalist practice upon gradua-
tion. The strongest predictors of rural practice
intention were generalist intentions, length of rural
residence and holding a scholarship (but not a
bonded arrangement). Although the finding of rural
background (living or education) as a positive pre-
dictor of rural intention confirms previous
research,16,18,28 this paper also adds intentions towards
generalist practice and financially supported studies as
predictors. By contrast, intentions towards specialist
practice or the status of being supported by parents
were negative indicators for rural practice intention.

The work reported here refines the approach taken
by Rabinowitz et al.28 in a similar study in which the
authors calculated a crude index of rural practice
intention based on adding up individual ‘factors’
positively associated with rural practice. In this earlier
study, the authors constructed a simple index of
likelihood to enter rural medical practice based on
summing the number of predictor variable condi-
tions present within any individual. This is effectively
equivalent to an unweighted version of the index
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Figure 5 Comparison of index distributions between stu-
dents intending and not intending to enter rural practice
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derived in our study. The advantage of the weighted
index proposed here is that it optimises the index
score specifically in relation to rural practice inten-
tions. A potential drawback of such optimisation is
over-optimism in index performance. However, the
split-sample validation reported for our data suggests
that this potential is not realised.

The model provides useful and reproducible predic-
tion of rural practice intention although, not sur-
prisingly, imperfect prediction. The area under the
ROC curve was found to be 0.86 in the training
sample and 0.85 in the validation sample.

As indicated above, one limitation of this study is
the use of intention to take up rural practice rather
than actual behaviour as the outcome variable. Until
data on actual behaviour become available, however,
this is the best available surrogate. This limitation
can be overcome in the future because the longitu-
dinal nature of the MSOD project will enable us
to monitor the relationship between early stated
intentions, medical education experiences, and
actual behaviour.

Medical practice has long embraced the theory and
application of evidence-based practice, a concept
that extends readily to medical education. Some
previous studies illustrate this point.16 Understanding
how individual student characteristics and elements
of the medical school programme influence medical
graduates’ decisions to work or not work in rural
areas represents a critical link between academic
research and policy outcome. Increasingly, academic
researchers are under pressure to strengthen the link
between research and policy.29 This is all the more
important when policies target considerable public
resources to facilitating outcomes deemed to be in
the public interest, such as encouraging the recruit-
ment of more doctors to work in areas of workforce
shortage such as those in rural and remote Australia.
Given that effective knowledge transfer is a continu-
ous process in which knowledge accumulates and
influences thinking over time, rather than a one-off
event,30 research such as this has important implica-
tions for appropriate and effective policy implemen-
tation and the expenditure of scarce resources within
medical school education and training. The MSOD
and Longitudinal Tracking Project, which form the
basis for this study, provide a unique opportunity to
collect data from across the medical education–
training–practice continuum. Although the MSOD
database is important for medical education evalua-
tion activities in its own right, data collected during
medical school can play a critical role in identifying

the relative roles of specific factors and influences
within the totality of incentives and interventions
designed to contribute towards an increased orien-
tation to take up rural practice. In addition, it will
become an invaluable platform from which to inform
a more coordinated approach to medical workforce
planning between universities and Commonwealth
and state government.
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