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Abstract
Introduction: It is well established that rural workforce outcomes are more 
likely among medical graduates who spend time training in non-urban areas; 
however, fewer studies have assessed whether graduates are more likely to return 
to the specific area where they undertook rural training.
Objective: This study aimed to determine whether graduates who had under-
taken a regional–rural immersion program in Northland, NZ, were more likely 
to have returned to work in Northland as of mid-2021, relative to peers who did 
not participate.
Design: This prospective cohort study used longitudinal tracking survey re-
sponses, medical school administrative data and workforce outcome information. 
A multinomial model, accounting for other covariates, was built to determine the 
association between graduates practising in Northland (population ⟨ 100 000), 
which encompasses both rural (population ⟨ 25 000) and regional (25 000 ⟩ 
population ⟨ 100 000) areas, and having participated in a Northland-based im-
mersion program during medical school. The study population was University 
of Auckland domestic medical students graduating between 2009 and 2018, in-
clusive. Immersion program participants who responded to longitudinal career 
tracking surveys were included in the study sample.
Findings: The final sample size was 1320 students (80% of population of inter-
est). Graduates who undertook the Northland immersion program (n = 169) were 
more likely than non-participants (n = 1151) to be working in Northland as of 
2020–2021 (relative risk: 3.2).
Discussion and Conclusion: Regional–rural immersion programs might pref-
erentially build workforces in that specific region; however, further research is 
required to understand whether these findings are generalizable, and the main 
reasons for this effect.
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1   |   INTRODUCTION

As in other countries, Aotearoa New Zealand (NZ) faces 
an ongoing geographic maldistribution of its medical 
workforce and a shortage of medical professionals outside 
its main urban centres.1,2 The effect of workforce mald-
istribution on health care access is yet to be quantified3; 
however, international data suggest workforce shortages 
are a key factor exacerbating the health disadvantage as-
sociated with ethnicity and socioeconomic deprivation.4

NZ has two medical programs: one at the University 
of Otago, and the other at the University of Auckland. 
Nationally, the number of students accepted into medi-
cal training has increased over the last decade to approx-
imately 530 domestic students per year. Both programs 
have implemented evidence-based selection and educa-
tional initiatives to ensure more doctors are predisposed to 
work in rural areas. For example, preferential rural entry 
pathways into each NZ medical school were established 
on the association between doctors originating from non-
urban areas and a rural work intention5 or a rural work 
outcome.6–9

Medical schools often institute curriculum-based strat-
egies in addition to selection-based initiatives to foster 
rural workforce outcomes in medical graduates. Rural ex-
posure during medical training might be for the entirety 
of the program in rurally based schools,10 or through rural 
immersion of varying duration and structure (3 weeks to a 
year or more) in urban-based programs (immersion pro-
grams).11–14 The latter positively impacts rural work inten-
tions11 and the likelihood of rural practice, independent of 
rural origin.15,16

Research that has assessed the impact of immersion 
programs on the workforce outcomes of medical students 
has often focused on whether graduates return to areas 
broadly similar to the rural immersion context in terms 
of population size or degree of remoteness. Studies that 
have explored this while controlling for other indepen-
dent factors, such as rural background and rural work in-
terest, have found that graduates are more likely to return 
to work in areas with a similar level of rurality to where 
they had a rural immersion experience during medical 
school than those without that experience.8,15,17 However, 
until recently, the propensity for graduates to return to the 
specific region of rural immersion to work has not been 
explored in depth.

The question of whether rural immersion in a specific 
region leads to a greater likelihood of graduates returning 

that region to practise is an important one. This is the 
premise on which such programs might be based in the 
first place. Early findings from Australia suggest this 
might be the case: graduates exposed to a rural region 
during medical training, either for at least 12 months,18 or 
the entire duration of their medical training19 appear to 
be returning to those specific regions to practise, at least 
early on in their careers. Similarly, in the NZ context, the 
University of Auckland's Northland-based regional–rural 
immersion program (Pūkawakawa) had a positive im-
pact on recruiting doctors back to the area to practise.13 
Sixty-two percent of Pūkawakawa graduates between 1 
and 3 years into their careers (n  =  45) were working in 
a regional or rural hospital,13 and the majority of those 
working in Northland (93%) reported that their decision 
to work there was influenced by Pūkawakawa.13 However, 
this study was limited by a small sample size, and the lack 
of comparison group of graduates who did not complete 
Pūkawakawa. Furthermore, the sample included only 
graduates in the early stages of their career (3 years or 
less). Thus, the propensity of Pūkawakawa participants to 
return to Northland (the region of immersion), while also 
accounting for other influencing factors that affect work 
location, is yet to be explored in the NZ context.

Pūkawakawa has been running long enough for its first 
participants to be over 12 years into their careers. Thus, we 
are well-placed to investigate the impact of Pūkawakawa 
on work outcomes using a much larger sample than in 
earlier research, in addition to the ability to account for 
other factors known to affect rural work outcomes.13 
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What is already known on this subject:
•	 Non-urban work outcomes are higher among 

medical students with a non-urban background 
and those who spend time training in non-
urban, rural settings, usually via immersion 
programs at medical school

What this paper adds:
•	 This is the first controlled study in NZ to show 

that participation in a regional–rural immer-
sion program might enrich the medical work-
force in that location specifically, as well as 
other regions. Further, it follows outcomes for 
up to 12 years post-graduation
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The purpose of this paper was to assess the effect of 
Pūkawakawa participation on the recruitment of gradu-
ates back to the Northland region, and to other regional–
rural areas, relative to their non-participant peers. In 
addition, we aim to identify predictors of working outside 
an urban setting.

2   |   METHODS

2.1  |  Study population

The study population of interest was domestic University 
of Auckland medical students who graduated between 
2009 and 2018, inclusive. Thus, graduates could be be-
tween 3 and 12 years post-graduation at the time that we 
collected their mid-2021 workplace location. This study 
utilised data collected as a part of a national longitudi-
nal career tracking study of medical students (Medical 
Schools Outcomes Database and Longitudinal Tracking 
Study; MSOD) merged with medical practising certifi-
cate registration and work location data from the Medical 
Council of New Zealand (MCNZ) and Ministry of Health. 
Since 2012, students and graduates at the University of 
Auckland have been invited to complete MSOD career 
surveys at medical school entry, exit (graduation) and at 
postgraduate follow-up points in years one, three, five and 
eight. Before 2012, the University of Auckland (UA) track-
ing project collected student career intentions at medical 
school only, with these data now integrated into MSOD. 
International students were excluded from the study.

2.2  |  Pūkawakawa (regional–rural 
immersion) program context

For the period of the study, the Auckland medical pro-
gram had its main clinical campus in Auckland City 
(Figure 1, panel a), with additional clinical training hubs 
in Auckland (North Shore; Waitakere; Middlemore; 
Auckland City), Hamilton, Tauranga, New Plymouth, 
Rotorua, Whakatane and Whangarei (Figure 1, panel a). 
From 2008, students could apply for one of 24 places on 
the Northland-based regional–rural immersion program 
(Pūkawakawa) in Year 5, which is the penultimate year of 
their medical program. In this time period, Pūkawakawa 
was the only regional–rural immersion program of-
fered to University of Auckland students. Pūkawakawa 
was developed in partnership with local health services 
and iwi (Māori groups) and consists of a year-long inte-
grated curriculum including cultural and community 
cohort activities. Pūkawakawa students completed clini-
cal placements at Whangarei hospital, and a seven-week 

General Practice/Integrated Care placement in one of 
four rural towns, including a rural hospital experience 
(Figure 1, Panel a).20 The main hub for Pūkawakawa stu-
dents is Whangarei, a regional centre with a population 
of ~95 000, located a 2.5-h drive north of Auckland. The 
four rural sites in Northland that Pūkawakawa students 
also spend time in are all approximately 2-h drive away 
from Whangarei, with populations ranging from 500 to 
5000 people. In these smaller towns, the health needs of 
the community are served by GPs, community health care 
workers, Māori health providers and small rural hospitals. 
More students applied than places available, with prefer-
ence given to those who entered medical school via the 
Regional-Rural Admission Scheme (RRAS), the Māori 
and Pacific Admissions Scheme (MAPAS), or students 
connected to Northland. Students who did not participate 
in Pūkawakawa were required to complete at least one of 
their clinical training years outside of Auckland, based 
at one of the clinical hubs listed earlier and illustrated in 
Figure  1 (Hamilton; Tauranga; New Plymouth; Rotorua 
or Whangarei). However, their training at these sites con-
sisted of more traditional clerkships. General Practice is a 
compulsory placement for all students in Years 4, 5 and 6 
with at least one of these in a rural setting.

2.3  |  Data sources

Socio-demographic information from MSOD career sur-
vey data served as the main source for ascertaining stu-
dent background. If this was not available, background 
was assigned using administrative data sources.

MSOD data were merged with University of Auckland 
administrative data, which provided information on 
secondary school, Pūkawakawa participation, medical 
school entry pathway, year of graduation and other socio-
demographic features (date of birth, ethnicity, citizenship 
and gender). Finally, Medical Council of New Zealand 
(MCNZ) data on medical practice registration and loca-
tion in mid-2021 were linked to the dataset.

2.4  |  Data processing and analysis

2.4.1  |  Designing the geographical base—
Rural/Regional/Urban/Northland

The terms ‘rural’ and ‘urban’ are broadly used to refer to 
areas with similar population sizes, population concentra-
tions and/or remoteness. The cut-offs for population size, 
population concentration and remoteness that separate 
‘rural’ and ‘urban’ categories are dependent on the con-
text and the research question. The optimal definition of 
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‘rural’ and ‘urban’ to use in health workforce terms for NZ 
has been debated for several years.3 There is an emerg-
ing consensus that a three-category framework based on 
population size is preferable, namely urban (population 
over 100 000); regional (population 25 000–100 000) and 
rural (population less than 25 000).21 These categories are 
broadly comparable to categories M1/M2, R1 and R2/R3/
Rem1/Rem2, respectively, in the Australian Rural, Remote 
and Metropolitan Areas remoteness classification.22 
We created custom geographic boundaries to designate 
background locations into the three-category framework 
described above and another boundary file to group post-
graduate work locations into the categories: Northland 
(area serviced by the Northland District Health Board 
[DHB] where Pūkawakawa is based); other regional–rural 
(areas outside of Northland with a population less than 
100 000) and urban (population over 100 000).

The smallest areas from the 2013 NZ census 
(Meshblocks, MB) and their associated populations were 
used as the building blocks for customised geographical 
boundaries.23 While MBs are the smallest statistical unit, 
they were not suitable for application of our three-category 
criteria. Instead, larger geographical areas defined by the 
2019 urban–rural boundaries24 were used. These urban–
rural boundaries define areas similar in population, pop-
ulation concentration, remoteness and infrastructure.25 
Population counts of MBs within areas of the 2019 urban–
rural boundaries were aggregated and then categorised 
as ‘urban’ (population > 100 000), ‘regional’ (population 
25 000–100 000) or ‘Rural’ (>25 000). Cities with counts 
at the upper threshold of the ‘regional’ category, namely 
Dunedin, Lower Hutt and Tauranga (population count 
96 405, 94 044 and 91 740, respectively) were changed to 
‘urban’. From a health delivery perspective, these areas 

F I G U R E  1   Map of NZ highlighting the Northland regional–rural area, other regional–rural areas of NZ, urban areas and University of 
Auckland main clinical training hubs (•). Panel (a) Map of the North Island of New Zealand showing: the Northland regional–rural area 
where Pūkawakawa was based; other areas of the North Island considered to be ‘other regional–rural’ (population < 100 000) and the major 
‘urban’ areas. Panel (b) Map of the South Island of New Zealand showing areas considered to be ‘other regional–rural’ areas or ‘urban’ areas 
(named in capitals). This map does not show all the general practice placement sites
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more closely resemble ‘urban’ areas than ‘regional’ 
areas. Another customised boundary file with categories, 
‘Northland’, ‘other regional–rural’ and ‘urban’, was created 
by adding the Northland DHB boundary26 and combining 
‘rural’ and ‘regional’ areas in the first customised bound-
ary file into one category (‘other regional–rural’). There 
were no urban areas within the Northland DHB: all were 
either ‘rural’ or ‘regional’. An illustration of the areas that 
comprise each category across NZ is provided in Figure 1.

2.4.2  |  Outcome variable

The primary outcome variable was postgraduate location 
in mid-2021. The most recent work location from MCNZ 
or MSOD data sources served as the best approximation of 
a graduate's work location.

Location coordinates were coded using the GeoPy 
Python library and the MapBox application programming 
interface to place them into Northland, other regional–
rural or urban categories (Figure  1). If a work address 
from both registration and MSOD were available for the 
same year, the registration location took preference.

2.4.3  |  Explanatory variables

Variables associated with rural work intentions in the NZ 
context5 and rural work outcomes in international con-
texts8,27,28 were retained for analysis. These included gen-
der, age at graduation, student background, ethnicity and 
undergraduate regional–rural immersion experience (in 
this study, Pūkawakawa participation).

Student backgrounds were sorted into rural, regional 
and urban categories. If students indicated in a survey a 
background of longest residence with a population size 
<25 000, they were considered Rural. They were consid-
ered regional if they indicated a hometown location with 
a population size between 25 000 and 100 000 and urban 
if they indicated their hometown location had a popula-
tion >100 000. If they did not indicate the population size 
of their background location but perceived themselves as 
coming from a Rural background, they were categorised 
as Rural. Where survey responses were unavailable, high 
school location was used to categorise backgrounds (See 
Section 2.4.1 for detail).

Prioritisation criteria were applied to select only one 
ethnicity where a student responded with more than one. 
The criteria, from highest to lowest priority, were Māori, 
Pacific Island, Other and New Zealand European. These 
criteria make no assumptions of the ethnicity with which 
the respondent identified most strongly but are consistent 
with that applied by the NZ Ministry of Health.29

2.5  |  Analysis and model selection

Bivariate statistical significance was assessed with χ2 (chi-
square) tests for categorical data and one-way ANOVA or 
Mann–Whitney U tests for continuous variables.

A multinomial logistic regression with outcome vari-
able Postgraduate Location (Northland/Other Rural-
Regional/Urban) was built in SPSS (IBM SPSS Statistics, 
Version 25). Explanatory variables included Pūkawakawa 
(Yes/No), Background (Rural/Regional/Urban), Gender 
(Male/Female), Ethnicity (Māori or Pacific/Other/NZ 
European) and Age at Graduation (>30 years/≤30 years). 
The reference category for the outcome variable was 
‘urban’. Non-significant factors (p > 0.2) were removed via 
backward elimination to arrive at the final model. Multi-
collinearity among explanatory variables was assessed by 
factorising categorical variables and calculating variance 
inflation factors (VIF). Statistical significance was set at α 
(alpha) = 0.05.

Data processing, variable selection and descriptive 
analyses were performed in Python 3.7 using Pandas,30 
Scipy31 and Matplotlib32 packages.

3   |   RESULTS

A total of 1666 University of Auckland graduates from the 
population of interest (University of Auckland Graduates: 
2009–2018) responded to longitudinal tracking study 
surveys. Of those respondents, 139 international gradu-
ates were excluded from the study sample, 212 were not 
registered with MCNZ in mid-2021, and 115 were regis-
tered but a work location could not be identified for them. 
Furthermore, 26 graduates were missing demographic in-
formation and were excluded. This left an effective sample 
size of 1313 graduates, or 80% of the domestic graduate 
population from the University of Auckland graduat-
ing between 2009 and 2018. There were 169 graduates in 
the final sample who had participated in Pūkawakawa. 
Figure 2 provides a flowchart of the effective sample size 
for the study.

Bivariate comparisons of Pūkawakawa participants 
versus non-participants are provided in Table  1. The 
groups differed significantly by gender (p < 0.05), ethnic-
ity (p < 0.001), background (p < 0.001) and postgraduate 
location (p < 0.001). Compared to non-participants, the 
Pūkawakawa group had a higher proportion of women, 
a larger proportion of Māori, Pacific and NZ European 
graduates, and more students from a regional or rural 
background. Lastly, there was a higher proportion of grad-
uates in the Pūkawakawa group working in Northland or 
other regional/rural locations compared to those in the 
non-participant group. The groups did not differ on the 
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proportion of graduates over or under 30 years of age at the 
time of graduation, nor did the groups differ on the pro-
portion of graduates from each graduation year. Overall, 
the sample had greater representation of those who grad-
uated from 2012 onwards due to increasing class sizes and 
more comprehensive data being available in recent years, 
but response rates did not differ between the Pūkawakawa 
group and non-participants (Table 1).

The explanatory variables Pūkawakawa, Background, 
Ethnicity, Gender and Age at Graduation were entered into 
the multinomial model. In the final model, Background 
(p < 0.001), Ethnicity (p < 0.001) and Pūkawakawa 
(p < 0.001) were statistically significant. Gender and age at 
graduation were dropped from the model in the backward 
stepwise regression procedure. The findings from this 
analysis, including relative risk ratios (RR), are presented 
in Table  2. Participation in Pūkawakawa was associated 
with a 3.4 (p < 0.001) times greater likelihood of working 
in Northland than in an urban location than for non-
participants. Compared to those with an urban location, 
Northland-located graduates were more likely to have a 
regional background (RR 2.9, p < 0.01) and less likely to 
have other ethnicity (RR 0.3, p < 0.01) compared to an NZ 
European ethnicity.

Compared to graduates in an urban location, graduates 
in an other regional/rural location were more likely to 
have a regional or rural background (RR 3.2, p < 0.001 and 
RR 1.9, p < 0.01, respectively) and less likely to have other 
ethnicity, compared to having an NZ European ethnicity 
(RR 0.5, p < 0.001).

4   |   DISCUSSION

This was a large longitudinal follow-up study of 1313 
NZ medical graduates from the University of Auckland 
medical program of whom 13% percent had undertaken 
the Northland-based regional–rural immersion program 
during medical school (Pūkawakawa). The main find-
ing was that Pūkawakawa participants were over three 
times more likely than non-participants to be working 
in Northland at the time of collection of their work loca-
tion up to 12 years after their immersion. The study also 
confirmed the positive association of non-urban back-
ground with working outside urban areas across NZ.

The major insight from this study is the importance 
of regional–rural immersion on medical workforce de-
velopment for the specific region in which immersion 

F I G U R E  2   Flow diagram of study sample
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takes place. These results support and extend the early 
evaluations of Pūkawakawa that gave an early indication 
of its positive impact on workforce distribution, promot-
ing a return of graduates who were very early in their 
postgraduate careers to Northland.13 The inclusion of a 
non-participant comparison group in this study permit-
ted quantification of students' propensity to return to 
Northland. The high return-to-region rate observed in 
Pūkawakawa graduates (RR 3.2) likely relates to positive 
experiences that graduates have reported previously13 act-
ing as ‘pull’ factors. Among the main themes that emerged 
from earlier interviews of Pūkawakawa graduates were 
that the program gave them a sense of community belong-
ing and a positive experience working in a regional–rural 

setting.13 As a result, Pūkawakawa graduates are likely to 
have gained an understanding of the Northland context 
and have developed inter-personal connections in the 
area, perhaps encouraging return. Additionally, immer-
sion programs might add capacity such as infrastructure, 
teaching and research opportunities, thereby attracting 
future workforce.20,33

Pūkawakawa involved ~20 weeks of clinical attach-
ments in a regional hospital and a 7-week integrated care 
and GP attachment in a satellite rural area, in addition to 
a 2-week lecture block and 5-week elective term. This is 
concordant with the findings of O'Sullivan et al.14,15 who 
propose that the immersion programs need to provide stu-
dents with training across both rural and regional settings 

Pūkawakawa 
(n = 169)

Non-Pūkawakawa 
(n = 1144) Sig.

Postgraduate location

Northland 23 (14%) 40 (4%) 0.000**

Other Regional/Rural 41 (24%) 165 (14%)

Urban 105 (62%) 939 (82%)

Gender

Female 103 (61%) 586 (51%) 0.018*

Male 66 (39%) 558 (49%)

Ethnicity

Māori 46 (27%) 125 (11%) 0.000**

Pacific 16 (10%) 85 (7%)

Other 14 (8%) 469 (41%)

NZ European 93 (55%) 465 (41%)

Background

Rural 57 (34%) 128 (11%) 0.000**

Regional 31 (18%) 97 (9%)

Urban 81 (48%) 919 (80%)

Age at graduation

>30 years 7 (4%) 83 (7%) 0.135

<30 years 162 (96%) 1061 (93%)

Graduation year

2009 10 (6%) 37 (3%) 0.651

2010 7 (4%) 49 (4%)

2011 7 (4%) 49 (4%)

2012 16 (9%) 89 (8%)

2013 22 (13%) 121 (11%)

2014 18 (11%) 136 (12%)

2015 23 (14%) 140 (12%)

2016 17 (10%) 161 (14%)

2017 24 (14%) 170 (15%)

2018 25 (15%) 192 (17%)

Note: Significance values are derived from chi-squared tests of independence.
*<0.05, **<0.001.

T A B L E  1   Demographic data for 
Pūkawakawa and non-Pūkawakawa 
University of Auckland medical graduates 
between 2009 and 2018 with known mid-
2021 NZ work location
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to achieve improved rural workforce outcomes. Although 
we cannot discern the extent to which Pūkawakawa partic-
ipants had a pre-existing regional or rural work intention 
before participation in this study, Pūkawakawa partici-
pants in a previous study have reported that participation 
did confirm or consolidate their desire to work in a rural 
or regional setting or even change their view to a positive 
consideration of future regional or rural work.13 Training 
in rural hospitals and practices might build a graduates' 
confidence and self-efficacy for practising in similar con-
texts to those they experienced during regional–rural im-
mersion.18 It is also possible that the smaller hospital and 
rural practices on the program provide an environment 
where students feel more in control of their learning and 
embedded as part of a team. Together, these factors might 
lead to a greater sense of self-determination and encour-
age students to want to return to the region.34 Overall, 
the ‘Pūkawakawa effect’ that we observed here, namely 
the impact of a regional–rural immersion program in 
Northland promoting a return-to-Northland to work pro-
vides justification for the continuation of this program 
as a part of the medical curriculum at the University of 
Auckland. As the Pūkawakawa intake is constrained by 
the clinical resources of the area including supervisors, 
the capacity to scale the program further is limited. To 
overcome this, the University of Auckland has established 
three further regional–rural immersion programs to Year 
5 medical students, based in Tauranga, New Plymouth 
and Hamilton. A total of 84 students now undertake a 
regional–rural program in Year 5, which is about third of 
the domestic students.

It is well established that students from a rural back-
ground enter rural work locations at significantly higher 
rates than students from an urban background.7,35 The re-
sults of this study are concordant with the international 
literature in this respect, as we saw that regional and rural 
backgrounds were related to higher rates of practising in a 
regional–rural area of NZ, and that a regional background 
was associated with a greater likelihood of a Northland 
work location, compared with an urban location. This was 
independent of participation in a regional–rural immer-
sion program during medical school. The lack of effect 
of a rural background on eventual practice in Northland 
might be an artefact of smaller numbers or the relative ef-
fect of the immersion program.

Our sample included graduates a minimum of 3 years, 
and up to 12 years into their postgraduate pathway, con-
firming that the positive impact of Pūkawakawa in pro-
moting a return to Northland to work persists beyond the 
very early postgraduate years (PGY1–PGY2).13 However, 
even beyond the very early stages of a doctor's career lim-
itations on work location are likely to influence workforce 
distribution. McGrail et al.18 highlight that a graduate's 
materialisation of their intention to return to a specific re-
gion might be restricted by the number of pre-vocational 
jobs in those areas or opportunities for vocational train-
ing being limited to urban outposts—this factor is likely 
to play a role in the NZ context and we were unable to 
examine it in this study; however, we hope to be able to 
look at it in future work. The datasets include perception 
of influencing factors in career choice, as well as the ac-
tual specialty choice. Adding these into the modelling 

T A B L E  2   Multivariate multinomial logistic regression model

Explanatory 
variable

Postgraduate location

Northland Other Regional/Rural Urban

n RR [95% CI] Sig. n RR [95% CI] Sig. n

Pūkawakawa participation

No 40 — — 165 — — 939

Yes 23 3.4 [1.9–6.2] <0.001* 41 1.4 [0.9–2.2] 0.094 105

Background

Urban 37 — — 120 — — 843

Regional 14 2.9 [1.5–5.9] 0.002* 40 3.2 [2.1–5.0] <0.001* 74

Rural 12 1.2 [0.6–2.5] 0.629 46 1.9 [1.3–2.9] 0.002* 127

Ethnicity

NZ European 35 — — 112 — — 411

Other 9 0.3 [0.2–0.8] 0.008* 44 0.5 [0.3–0.7] <0.001* 430

Māori or Pacific 19 1.0 [0.6–1.9] 0.887 50 1.0 [0.7–1.4] 0.795 203

Note: The ‘Urban’ category was the reference category for the response variable, postgraduate location (n = 1313, domestic students only). Model coefficients 
were exponentiated to yield relative risk ratios (RR) for explanatory variables and are presented in with 95%. Confidence intervals (CI) in square brackets.
*<0.05, **<0.001.
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might well be illustrative. As mentioned, the University of 
Auckland has three additional regional–rural sites in the 
North Island, which will enable us to examine whether 
the ‘Pūkawakawa effect’ that we have observed here ap-
plies to other areas.

This study is the largest, and the first controlled study 
from NZ to isolate the impact of regional–rural immersion 
on a specific work location outcome from other factors that 
influence graduate career choices. Assessing the indepen-
dent effect of a rural immersion program on workforce 
outcome requires a study design with sufficient sample 
size, control group and statistical analysis that adjusts for 
potential confounders. The linking of longitudinal survey 
data with workforce data has made this possible, allowing 
for 80% of the total population of interest (2009–2018) to 
be included in this study. As graduates advance through 
their careers and more data are collected, our ability to 
control for the influence of different factors on workforce 
outcomes and better understand the work location distri-
bution of graduates will only improve.

The present study has limitations. Students were not 
randomly allocated to rural immersion. Those entering 
medical school via regional–rural or Māori and Pacific 
entry pathways, or with a connection to Northland, were 
preferentially selected for Pūkawakawa, thereby intro-
ducing the possibility of selection bias. Additionally, we 
were unable to account for student career intentions in 
the analysis and it is plausible that most students who 
applied for Pūkawakawa were interested in Northland as 
a place to live or the types of medical practice available. 
Although we did achieve a high representation of students 
from the study population of interest in the effective sam-
ple (80% of University of Auckland Domestic graduates 
2009–2018), there was lower representation of graduates 
from cohorts graduating between 2009 and 2012, and we 
cannot ignore the possibility that this might introduce 
an unobserved bias. Lastly, we did observe small sample 
size numbers for certain ethnic groups, particularly in the 
Pūkawakawa participants group.

In conclusion, these findings are relevant to policy 
decision-making at the local medical school level. They 
might inform the selection criteria and design of programs 
to increase medical workforce supply to specific regions 
and produce graduates with the desire and skillset13,20 to 
work outside of urban areas. These findings are an en-
couraging sign that initiatives by NZ communities, local 
health providers and universities to build workforces in 
specific areas might pay off in the longer term.
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