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Abstract

Background People living in rural areas have poorer health than their urban counterparts. Although rural health
research centres have been promoted as vehicles for improving rural health by contributing evidence to address

rural health disadvantage and building research capacity, their characteristics and evolution are poorly understood.
Collaboration is known to have an important positive influence on research outputs and research quality. In this study
we examine publication outputs from an Australian rural research centre to evaluate how researchers have engaged
in research collaboration over a two-decade period.

Methods A retrospective longitudinal study of publications in peer-reviewed journals from a rural research centre—
University Centre for Rural Health (UCRH) —between January 2002 and December 2021. Organisational co-author
networks across four periods (2002-2006; 2007-2011; 2012-2016; 2017-2021) were constructed based on author
organisational affiliations and examined using social network analysis methods. Descriptive characteristics included
organisation types, study design, region of study focus, thematic research trends, Aboriginal and Torres Strait Islander
and female authorship, and journal characteristics.

Results We identified 577 publications with 130 different UCRH-affiliated authors. Publications and the co-author
network increased in number and diversity over each period, with an acceleration and a consolidation of the network
in the final period. Over time there was an increase in publications related to Aboriginal and Torres Strait Islander
health, coupled with an increase in Aboriginal and Torres Strait Islander authorship and collaborations with Aboriginal
and Torres Strait Islander organisations; rise in female senior authorship and publication in quartile 1 journals. About
two-thirds of publications make no reference to regional or remote populations.

Conclusion Collaboration in publications increased, expanded, and consolidated, which coincided with an increase
in the number and diversity of both co-authoring organisations and UCRH-affiliated authors in the final period. The
findings highlight the value of collaborations (including urban and international) in building and strengthening rural
health research capacity. With increased capacity and consolidation of the network it is now imperative that research
becomes more focussed on understanding and addressing rural health inequities.
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Background

Approximately 30% of Australians, totalling 7 million
people, reside in rural and remote areas [1]. In compari-
son to their urban counterparts, individuals living in
rural areas generally experience poorer health outcomes.
They face higher rates of chronic diseases, behavioural
risk factors, and mortality, along with lower life expec-
tancy [1]. Despite facing an increased burden of illness,
people residing in rural areas often encounter limited
access to health care due to various complex and unique
challenges, including health workforce shortages, cost
and geographic distances [1]. Undertaking research that
is of specific relevance to rural populations is seen as part
of the solution to addressing rural health disadvantage
[2-7]. Over the past 25 years, successive Australian gov-
ernments have been investing in improving rural health
through a variety of initiatives, such as the Rural Health
Multidisciplinary Training (RHMT) program that invests
in 21 universities to establish a network of rural health
teaching and research centres [8—10]. Over time these
centres have built rural research capability and capac-
ity [9, 11], with a concomitant increase in the number of
research publications on rural health [5, 9, 12-15].

The University Centre for Rural Health, situated in the
Northern Rivers region of New South Wales, Australia,
is one of these RHMT-funded centres [16]. Established
in 2001, it delivers rural health training for health pro-
fessionals and conducts research relevant to the health
needs of rural communities [16]. UCRH staff conduct
research, supervise research students and support local
clinicians to undertake research. While the RHMT fund-
ing allocated for research staffing is limited, UCRH staff
have been successful in attracting external research fund-
ing. In a recent evaluation of the RHMT program in
2020, the UCRH was identified as a good example of a
rural health research centre with @ strong research pro-
gram supported through National Health and Medical
Research Council (NHMRC) and Australian Research
Council (ARC) grants’ (pg. 121) [9].

Collaboration in its many forms (international,
national, multi-sector and intraorganizational) is known
to have an important influence on research outputs and
research quality [5, 17-19]. Equity is an important factor
in effective collaborations [20—22]. In Australia there has
been a call to increase both female [23] and Aboriginal
and Torres Strait Islander [24, 25] leadership and partici-
pation in research to address historical imbalances. An
expression of collaboration is co-authorship, when two or
more authors co-publish in academic journals. Collabo-
ration benefits research through the nature of teamwork
and also increases research impact [26].
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The national evaluation of RHMT funding has rec-
ommended that rural health research centres can be
strengthened by building collaborations and networks
with [a] central university, across universities and across
jurisdictions to progress rurally focused research of
national and international significance! [9] (page 269).
While rural health research centres have been promoted
as vehicles for improving rural health outcomes by pro-
viding an evidence base to address rural health disadvan-
tage and building research capacity, their characteristics
and evolution are not well understood. Co-authorship
network analysis [22, 27-29] offers a method of evalu-
ating the growth and emergence of research networks
because publications are well documented and quantify
research collaboration [17, 22, 28, 29].

In this paper, we use co-authorship network analy-
sis and bibliometrics to assess how researchers from an
Australian rural health research centre—the Univer-
sity Centre for Rural Health—have engaged in research
collaborations over a 20-year period, and to draw les-
sons from this analysis to gain insights into success in
rural health research. Specifically, our objectives are, to:
(1) Describe the number of publications over time for
UCRH-affiliated authors, including publication type and
study design; (2) Describe the rurality of research set-
tings; (3) Identify changes in research themes; (4) Identify
the level of equity in authorship relative both to Aborig-
inal and Torres Strait Islander status and to gender; (5)
Identify publication metrics related to journal types; (6)
Investigate the structure and composition of the research
network over time.

Methods

In 2022, we conducted a retrospective longitudinal study
of publications in peer-reviewed journals by UCRH-
affiliated authors between 2002 and 2021. We used co-
authorship network analysis, as described by Fonseca
et al. [28] in their work on health sector co-authorship,
to retrieve scientific publication details from collaborat-
ing authors, standardise entries for authors and organi-
sations, visualise the network and calculate the metrics.
As this study used only previously published articles, and
did not involve any human subjects, institutional ethics
board review was not necessary.

Data retrieval

Details of publications in peer-reviewed journals
(the ‘publications’) were retrieved from administra-
tive records held by the UCRH and duplicate entries
removed. Articles were included if (1) at least one author
had a UCRH affiliation listed; (2) it was published in a
peer-reviewed journal (including commentaries, research
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articles, systematic reviews, and letters to the editor); and
(3) it was published between January 2002 and December
2021.

Where authors had more than one affiliation listed on
the publication, our approach involved two steps. Firstly,
we aimed to identify if a UCRH affiliation was explic-
itly mentioned. If such an affiliation was identified, it
was recorded as the primary affiliation for that author.
In cases where a UCRH affiliation was not specified, we
proceeded to consider the first affiliation listed by the
author on the publication.

Over the 20-year period, the UCRH has had several
name changes, including as Northern Rivers University
Department of Rural Health, North Coast Medical Edu-
cation Collaboration, and Northern Rivers University. In
consultation with MP, we categorised all of these affilia-
tions as being from the UCRH and removed any publica-
tion that did not list a UCRH affiliation.

Data categorisation, standardisation, and cleaning

Here we describe the process for categorisation of
included publications, with the categories iteratively
refined and defined by JB, RB and MP.

Organisations
The affiliations of the authors (as per their citation on
publications) were coded into universities and research
institutes; health services; government departments;
local health districts; peak body, training or advocacy
organisations; and other.

The following key points were used in the categorisa-
tion of publications:

+ The author’s university rather than their specific
department and, if named, the research institute
rather than the university.

+ Where authors identified a rural health department
of the university—for example, Department of Rural
Health, Monash University—we used this affiliation.

+ Where an author’s affiliation was nominated as a
public hospital, we used the State Health Department
with which these organisations were affiliated.

+ Health service—refers to services established primar-
ily to provide health care to individuals and includes
organisations such as Aboriginal and Torres Strait
Islander community-controlled health services, pri-
vate general practice, specialist clinics, private and
public hospitals, and counselling services.

+ Government—refers to departments in government
at local, state and national levels.

« Peak body, training, advocacy organisation—refers
to organisations that operate independently of gov-
ernment, typically with the purpose of addressing a
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social or political issue or to support health service
delivery and training.

We also identified whether the organisation was inter-
national, rurally based and established to support rural
issues, or Aboriginal and Torres Strait Islander managed.

Research themes
As a starting point, JB and MP categorised all publica-
tions under the research themes developed for the UCRH
Strategic Plan (2018-2020) [30]. These are: healthy start
to life; social and environmental health; mental health
and social and emotional wellbeing; alcohol and other
drugs; chronic disease and co-morbidity; health ageing;
and care for an ageing population. In categorising pub-
lications, however, it became apparent that we needed to
add further research themes. Through an iterative pro-
cess JB and MP added the following categories: health
workforce and student training; agricultural health;
infectious diseases; cancer; methods, quality improve-
ment tools and processes; and ‘other. Publications were
then allocated to a category based on their predominant
theme. For example, several publications in later periods
used quality improvement techniques to improve differ-
ent areas of care so, where appropriate, we categorised
these according to their predominant area of health care.
Given the national priorities of developing the evidence
base to improve health outcomes for Aboriginal and Tor-
res Strait Islander people [31] and people with disabil-
ity [32, 33], we have included the cross-cutting research
themes of Aboriginal and Torres Strait Islander health
and disability.

Region of study setting

Four categories were developed (1) regional and remote
only; (2) major city, regional and remote breakdown;
(3) no specific reporting of regional or remote; and (4)
international.

Aboriginal and Torres Strait Islander and female authorship

We examined first and last authorship by gender and
Indigenous status. If a paper had only one author, that
author was considered the first author because the first
author position is traditionally the author responsible
for the conceptualisation and writing of the manuscript.
Additionally, we considered the last author, as it is com-
monly understood in health research that the last author
is the most senior member on the research team and has
provided academic guidance and oversight [34]. In cases
where an organisation was listed as the last author, we
substituted it with the last individual author mentioned
instead of the organisation. Where there was uncertainty
in allocating authors to these categories, JB checked with
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MP and RB and, when necessary, with the correspond-
ing authors themselves. Data were entered into an Excel
spreadsheet, and then standardised and cleaned by JB
and PM.

Publication metrics

We utilised Scimago Journal and Country Rank (www.
scimagojr.com) as a tool to assess the quality of journals.
When Scimago designates a journal as a Quartile 1 jour-
nal, it signifies that the journal ranks in the top 25% of
journals in at least one discipline. This ranking is based
on various indicators and metrics employed by Scimago,
which includes citation counts and journal impact fac-
tors. Being in the Quartile 1 category indicates that the
journal is among the highest-ranked journals within its
specific field or discipline for the year it was published.
This ranking signifies that the journal is of high quality
and has a strong impact within its academic domain and
therefor more likely to contribute to the advancement of
knowledge, inform practice and influence policy.

Network assembly, visualisation and analysis

The evolution of the publications of the research centre
was analysed over four periods, with the analysis split
into two parts: (1) the network analysis of co-authorship
between organisations (i.e. not between individuals); and
(2) a descriptive analysis of publications by study design,
thematic research trends, author order, rurality of study
focus, and Aboriginal and Torres Strait Islander and
female authorship.

We first created a node list containing every organi-
sation that has co-authored with the UCRH along with
their attributes (unique identifier, organisation name,
type and years published), and an edge list representing
all pairs of organisations that have been listed as hav-
ing affiliations with co-authors on the same publication.
A single, undirected edge of weight=1 was assigned for
each organisation pair that shared at least one publica-
tion in each of the network’s periods. (Co-authorships
between members of the same organisation, i.e. self-
loops in the network, were not a subject of the present
analysis.) No additional weight was given to the number
of publications or authors involved or any other attribute.
This approach was chosen so that results of the analysis
could be directly interpreted in the context of interorgan-
isational collaboration.

Networks were analysed discretely across the four peri-
ods, with several measures (defined in Table 1) used to
understand the resulting networks. The UCRH has been
removed from the presented networks because it is, by
definition, connected with everyone in the sample and its
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inclusion would obscure the underlying network struc-
ture. The analysis was carried out in R [35] and package
igraph [36].

Patient and public involvement
No patients or members of the public were involved in
the design, analysis or reporting of this study.

Findings
Descriptive characteristics of publications
We identified 577 publications, with 130 different UCRH-
affiliated authors (Table 2). The number of different
UCRH-affiliated authors increased from 12 in period 1 to
83 in period 4 with 11 of these authors each contributing
20 or more publications to the research network. Over
time there was an increase in the number and percentage
of publications that had a UCRH-affiliated last—or sen-
ior—author from 27% (n=38) in period 1 to 40% (n=99)
in period 4. First-authored UCRH-affiliated publications
increased in number but decreased in percentage from
50% (n=15) in period 1 to 34% (n=84) in period 4.
Overall, most publications (81%, n=467) were primary
research articles, followed by commentaries and perspec-
tives (11%, n=62) (Table 2). Overall, most of the publi-
cations used quantitative methods (64%, n=315), and
around one fifth employed qualitative methods (21%,
n=102) (Table 2).

Rurality of research settings

As the network evolved there was little change in the per-
centage of publications that had a regional and remote
only focus (between 25 and 36% across the four peri-
ods) and about two thirds of publications (between 60
and 67% across the four periods) making no reference
to regional or remote populations (Table 2). Overall, 8%
(n=45) of publications had an international focus.

Research themes

Over the 20-year period, the majority of publications
(17%, n=98) focused on the topic of 'healthy start to life’
This was followed by ‘chronic disease and co-morbidity’
(14%, n=78), ’social and environmental health’ (12%,
n=72), ‘'mental health and social and emotional wellbe-
ing’ (12%, n="70), and 'methods, and CQI tools and pro-
cesses’ (9%, n=>54) (Table 2, Fig. 1).

Over time there was a decrease in the percentage of
publications addressing ‘health workforce and student
training’ and ‘healthy ageing and care of an ageing popu-
lation’ (Table 2). On the other hand, the number and per-
centage of publications related to the research themes
of ‘infectious disease’ and ‘methods, CQI tools and pro-
cesses’ also increased.
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Table 1 Definition of social network terms and their meaning in this study

Measure Definition and meaning in this study

Node The node is the basic element of the network being connected. In this study, nodes represent organisations that were
affiliated with authors who co-published with the UCRH

Edge or tie An edge or tie connects two nodes in a network and indicates a relationship between the two. In this study, an edge

Degree-related measures

Degree variance

Freeman degree centralisation

Density

Components

Network diameter

Assortativity

between two organisations indicates co-authorship of at least one publication

Degree-related measures show the number of ties coming from each node and going to each node. A higher co-
authorship activity is reflected in higher median and mean degree, and a more connected network overall. Organisa-
tions with the degree of zero collaborated exclusively with UCRH without the involvement of any other organisation.
Nodes with the maximum degree have the highest number of mutual collaborators in common with UCRH

Degree variance measures the spread of co-authoring activity between high-degree and low-degree nodes. It is also a
way to conceptualise centralisation, used especially when dealing with networks of significantly different sizes. High
degree variance indicates a presence of centralised hubs in a network to which lower degree nodes connect. It may
also be a sign of a high proportion of isolated nodes

Freeman degree centralisation quantifies the relative dominance of the highest degree actor in a network. Hub

and spoke networks that centre around a single focal point display high Freeman centralisation. The theoretical Free-

man degree centralisation maximum would be reached in a hypothetical case of a perfect star diagram in which one

of UCRH’s co-authoring organisations was connected to every organisation in the sample through a separate publica-
tion, and all the other organisations never co-authored together during the period. In practice, it is relatively easier

to get closer to this hypothetical state in smaller networks

Network density is the proportion of the actual number of connections to the theoretically possible maximum number
in a network (which is given by the network size defined as the number of its nodes). The possible connections

among a set of nodes increases quadratically with the number of nodes. Therefore, density is expected to be lower

in large networks with generally similar levels of networking activity expressed by mean degree

Components of a network are network parts that are disconnected from one another. There is a path between all pairs
of nodes in the same component and no network path between separate components. The number of disjoint com-
ponents in a network is a measure of its fragmentation. A fully connected network has only one component that all
nodes belong to. An isolated node with no connections is a component of size one

The diameter of the network is the shortest distance between its two most distant nodes. It is measured by the maxi-
mum number of edges needed to connect any two nodes in the network

Assortativity is the tendency of nodes being connected to similar nodes in the network. Assortativity values for a cer-
tain node characteristic can vary from -1 to+ 1, with negative values indicating the prevalence of links between dissimi-
lar nodes, positive values indicating a prevalence of links between similar nodes, and zero in absolute value indicating

a non-assortative network [37]. The magnitude of assortativity co-efficients are interpreted in the same way as correla-
tion co-efficients

Definition of terms are informed by Scott, J. Social network analysis: a handbook. Second Edition. London: Sage; 2000 [38]

In period 1, the majority of publications were focused
on ‘social and environmental health’ (37%, n=11). In
period 2 and 3, most publications shifted to ‘healthy start
to life’ with 18% (n=20) and 25% (n=47) respectively.
In period 4, the highest percentage of publications were
again related to ‘social and environmental health’ (16%,
n=40).

As the centre evolved there was a notable increase in
the number of publications related to Aboriginal and Tor-
res Strait Islander health, with 39 publications in period 3
and 71 publications in period 4 (Table 2). However, there
was a lack of publications addressing the cross-cutting
theme of disability, with only three publications through-
out the 20-year period.

Equity in authorship—Aboriginal and Torres Strait Islander
and female authorship

Over time there was an increase in the number and per-
centage both of Aboriginal and Torres Strait Islander

first-authored publications from 0% (n=0) in periods
1-3 to 4% (n=10) in period 4, and of Aboriginal and
Torres Strait Islander last-authored publications from
1% (n=2) in period 3 to 4% (n=11) in period 4. This
expansion between periods 3 and 4 saw the number
and percentage of publications with at least one Abo-
riginal and Torres Strait Islander author increase from
11% (n=21) to 26% (n=65). Despite this increase, not
all publications with an Aboriginal and Torres Strait
Islander focus had at least one Aboriginal and Torres
Strait Islander author. In period 3, 54% (21/39) of these
publications had at least one Aboriginal and Torres
Strait Islander author, which increased to 92% (65/71)
in period 4.

Female last authors also increased over time, from
none in period 1 to 58% (n=143) in period 4. Female first
authors increased after the first period to above 70% for
the remaining periods.
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Table 2 Descriptive characteristics of included publications, by periods and total 2002-2021

Indicator Period 1: Period 2 Period 3 Period 4 Total
2002-2006 2007-2011 2012-2016 2017-2021 2002-2021

UCRH pubilications: no of publications 30 113 188 246 577

Distinct 12 36 50 83 130

UCRH-affiliated authors: no of authors
UCRH first- and last-authored publications

UCRH first-authored publications (% of period) 15 (50%) 61 (54%) 74 (39%) 84 (34%) 234 (41%)
UCRH last-authored publications 8 (27%) 39 (35%) 74 (39%) 99 (40%) 220 (38%)
UCRH first- and last-authored publications 6 (20%) 26 (23%) 32 (17%) 45 (18%) 109 (19%)
Publication type
Research article 24 (80%) 86 (76%) 157 (84%) 200 (81%) 467 (81%)
Letter 0 1 (1%) 6 (3%) 3(1%) 10 (2%)
Review (systematic, scoping, narrative, etc.) 0 2 (2%) 7 (4%) 13 (5%) 22 (4%)
Commentary/perspective 6 (20%) 23 (27%) 13 (7%) 20 (8%) 62 (11%)
Editorial 0 1(1%) 2 (1%) 1 (0.4%) 4 (1%)
Study protocol 0 0 3(2%) 9 (4%) 12 (2%)
Study design
Qualitative 0 8 (9%) 36 (22%) 58 (26%) 102 (21%)
Quantitative 21 (88%) 65 (75%) 108 (65%) 121 (55%) 315 (64%)
Mixed methods 3(13%) 14 (16%) 21 (13%) 41 (19%) 79 (16%)
Rurality of research settings
Regional and remote only 8 (27%) 41 (36%) 52 (28%) 62 (25%) 163 (28%)
Major city, regional and remote breakdown 3(10%) 4 (4%) 13 (7%) 19 (8%) 39 (7%)
No. specific reporting of regional or remote 19 (63%) 68 (60%) 123 (65%) 165 (67%) 375 (65%)
International setting 0 12 (11%) 12 (6%) 21 (9%) 45 (8%)
Research themes
Healthy start to life 2 (7%) 20 (18%) 47 (25%) 29 (12%) 98 (17%)
Chronic disease and co-morbidity 0 8 (7%) 42 (22%) 28 (11%) 78 (14%)
Social and environmental health 11 (37%) 8 (7%) 13 (7%) 40 (16%) 72 (12%)
Mental health and social and emotional wellbeing 3(10%) 12 (11%) 27 (14%) 28 (11%) 70 (12%)
Methods; CQl tools and processes 1 (3%) 9 (8%) 12 (6%) 30 (12%) 54 (9%)
Infectious disease 1 (3%) 2 (2%) 9 (5%) 28 (11%) 40 (7%)
Healthy ageing and care for an ageing population 4 (13%) 12 (11%) 9 (5%) 5(2%) 30 (5%)
Health workforce/student training 4 (13%) 12 (11%) 9 (5%) 5 (2%) 30 (5%)
Other 2 (7%) 4 (4%) 6 (3%) 8 (3%) 20 (3%)
Cancer 1 (3%) 1 (1%) 0 10 (4%) 12 (2%)
Agricultural health 0 1 (1%) 1 (1%) 3 (1%) 5(1%)
Cross-cutting research themes
Aboriginal and Torres Strait Islander health-related topic 0 7 (6%) 39 (21%) 71 (29%) 117 (20%)
Disability-related topic 0 (0%) 0 (0%) 2 (1%) 1 (0%) 3 (1%)
Equity in authorship: Aboriginal and Torres Strait Islander
At least one Aboriginal and Torres Strait Islander author: 0 2 (2%) 21 (11%) 65 (26%) 88 (15%)
Aboriginal and Torres Strait Islander first author 0 0 0 10 (4%) 10 (2%)
Aboriginal and Torres Strait Islander last author 0 0 2 (1%) 11 (4%) 13 (2%)
Equity in authorship: Female authorship
Female first author 15 (50%) 80 (71%) 147 (78%) 179 (73%) 421 (73%)
Female last author 0 17 (15%) 58 (31%) 143 (58%) 218 (38%)
Publication characteristics
Quartile 1 Journal at year of publication 13 (43%) 59 (52%) 121 (64%) 154 (63%) 347 (60%)

(1) Data are presented as number and percentage for each period, therefore percentages will not total to 100% in each row. (2) CQI continuous quality improvement,
UCRH University Centre for Rural Health
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Fig. 1 UCRH publications, by research and cross-cutting themes, by periods, from 2002 to 2022

Publication metrics

Publications in Quartile 1 Journals increased from 43%
(n=13) in period 1 to 64% (n=121) and 63% (154) in
periods 3 and 4 respectively (see Table 2). The top three
journals were BMC Health Services, BM] Open and Medi-
cal Journal of Australia (Table 3), all Quartile 1 Journals.
Of the 13 different journals with which UCRH-affiliated

Table 3 Peer-review journals with 10 or more publications from
UCRH-affiliated authors, 2002-2022

Journals No. of
publications

Australian Health Review 10
Australian and New Zealand Journal of Public Health 12
Women and Birth 13
International Journal of Environmental Research and Pub- 13

lic Health

BMC Public Health 14
Frontiers in Public Health 15
Australian Journal of Primary Health 18
Midwifery 18
Australian Journal of Rural Health 20
Rural and Remote Health 20
Medical Journal of Australia 21
BMJ Open 22

BMC Health Services Research 24

authors had published 10 or more times, 5 were spe-
cifically Australian journals, namely Australian Health
Review, Australian and New Zealand Journal of Public
Health, Australian Journal of Primary Health, Australian
Journal of Rural Health, and Medical Journal of Australia.

Linking people from a variety of organisations

As shown in Table 4, and the network visualisation in
Fig. 2, there was an increase in the number and type
of organisations in the network over time, with a con-
siderable growth from period 3 (103 organisations) to
period 4 (171 organisations). Of note, the number of
universities and research institutes increased from 62
in period 3 to 112 in period 4, while health services
rose from 8 to 22. Likewise, engagement with Aborigi-
nal and Torres Strait Islander organisations rose from
4 in period 3 to 14 in period 4 and international organ-
isations rose from 30 to 65.

Relationships of organisations and structural
characteristics

The structural characteristics of the network are based
on the indicators shown in Table 4 and the visualisa-
tion of the network in Fig. 2. We present the findings
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Table 4 Network composition and structural characteristics, by periods
Main network parameters Period of the research network
Period 1 Period 2 Period 3 Period 4
2002-2006 2007-2011 2012-2016 2017-2021
Network size (no. of nodes) 25 75 103 171
No. of edges 89 255 472 934
No. and type of organisations
University or Research Institute 14 41 62 112
Government 10 23 26 21
Health Service 1 6 8 22
Training, Peak Body or Advocacy Organisation 0 3 7 12
Other 0 2 0 4
No. and type of organisations by international, rural, Aboriginal and Torres Strait Islander
International organisations 2 16 30 65
Rural organisations 4 13 19 23
Aboriginal and Torres Strait Islander organisations 0 1 4 14
Assortativity
By organisation type 0.080 -0.023 0.010 0.049
By international organisation 0.288 -0.022 0.264 0.246
By rural organisation -0.077 0.104 0.183 0.373
By Aboriginal and Torres Strait Islander organisation n.a n.a 0.110 0.121
Edge distribution
Minimum degree 0 0 0 0
Median degree 3 3 4 5
Mean degree 3.76 44 544 8.08
Maximum degree 10 16 25 58
Degree variance 7.02 12.54 2842 89.06
Network structure
Network density 0.157 0.059 0.053 0.048
Clustering (average local transitivity) 0.721 0.78 0.725 0.766
Freeman degree centralisation 0.260 0.157 0.192 0.294
No. of separate components 2 9 17 9
No. of isolated nodes 1 6 10 2
Size of the largest component 24 63 78 155
Proportion of nodes in main component 0.96 0.84 0.70 0.84
Network diameter 5 7 6 5

of the structural characteristics of the network by
period to describe the changes over time in a more
comprehensive manner.

Period 1: 2002-2006

In this period, the UCRH co-authored publications with
25 other organisations, and had 89 co-authoring relation-
ships. Twenty-four of the 25 organisations in the network
(96%) are connected within a single network component,
with the outlier having only one co-publication with the
UCRH but no other research or affiliation with organisa-
tions other than UCRH (see the isolate in Fig. 2).

The typical (median) number of co-authoring rela-
tionships was three and the maximum was 10. Sixteen
per cent of all possible organisational pairs within this
network had a co-authoring relationship—the high-
est value across the four periods. Most organisational
co-authors in this network have some other mutual
co-authors in common (transitivity is 72%-78% across
all periods), partially because of the nature of co-
authorship networks in which, by definition, all cliques
of authors on the same publication are fully intercon-
nected. Network centralisation—quantifying how much
one central organisation can dominate the UCRH
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co-authoring network—was at 26% of its theoretical
maximum.

The diameter of this component is five—i.e., it takes
five network steps from the only health service located
on one side of this UCRH research network to the two
international research organisations on the other side. As
these two organisations are connected with each other,
the network has a positive international status assortativ-
ity score.

Period 2: 2007-2011

This period saw a dramatic broadening of the UCRH
research network and its reach, with the number of
organisations involved tripling to 75. The typical number
of co-authoring relationships remained at similar lev-
els as in period 1 (median degree 3) leading to a drop of
overall network density of under 6%, i.e., the growth of
the network necessitated a large proportion of the insti-
tutes involved not having a direct link with one another.
The maximum number of collaborations for any institute
increased to 16, and the variance in the number of col-
laboration relationships among different organisations
correspondingly increased to almost 13.

However, given the disproportionately faster growth
of the network, the structure became less centralised
around any single dominant co-authoring organisation,
as quantified by the decreasing Freeman degree centrali-
sation score of 0.16 in this larger network. At the same
time, there was a widening of the network (to diameter
seven) and a fragmentation into nine disconnected com-
ponents that included six isolated nodes. This meant that
UCRH had a higher number of independent pair-wise
collaborations with diverse single organisations, none
of which had connected through joint publications with
others in this period and thereby potentially tapping
into diverse pools of knowledge. In addition, more rural
(n=13) and international organisations (n=16) from
university and research institutes, government and train-
ing/advocacy sectors entered various parts of the UCRH
research network in this period, mostly as the only inter-
national partner on each publication, thus dissolving the
previously positive assortativity score. The numbers of
Aboriginal and Torres Strait Islander organisations col-
laborating remained low (n=4).

Period 3:2012-2016

This period marks the peak of bridging activity and topo-
logical diversity of UCRH collaborations. In period 3,
the size of the network increased to 103 co-authoring
organisations with a higher average number of collabora-
tions (mean 5.44, median 4), which overall produced 472
edges in the network. Despite the higher co-authoring
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activity, fragmentation of the network continued—the
network had 17 disconnected components and 10 iso-
lated nodes—indicating the formation of new channels
to diverse and possibly otherwise disconnected organi-
sational domains. The main interconnected component
captured the lowest proportion of the network as com-
pared to all other periods (70%)—another measure of
the breadth of the overall network and the relatively low
redundancy in terms of the spread of relationships in this
period. Several of the collaborations were with teams that
included multiple international institutes working jointly
together (n=30), resulting in a positive assortativity
score of a moderate magnitude (0.264).

Period 4:2017-2021

The final period displays all the hallmarks of network
consolidation. Despite the network’s further growth to
include 171 collaborating organisations, it became nota-
bly more compact. The median number of co-authoring
relationships grew to five and the network had 934 edges
in total. The University of Sydney emerged as highly
dominant in period 4, with 58 co-authoring relation-
ships with the partners of UCRH. This drove the network
to the highest levels of Freeman degree centralisation
observed across our study despite the network being at
its largest during this period.

These high levels of centralisation, coupled with the
highest co-authoring activity seen over all four periods,
increased the overall network connectivity. While the
size of the main interconnected component grew to 155
nodes, its diameter shrank to 5, indicating the same dis-
tance from one side of the network to the opposite side as
in period 1 when the entire network had only 25 nodes.
In addition, UCRH had fewer independent explorations
with smaller groups of separate author teams, with only
two isolates among the 184 organisations and fewer
separate components (7=9). Period 4 also involved the
highest number of Aboriginal and Torres Strait Islander
organisations (#=14), rural organisations (#=23) and
international (z=65) collaborators. While the network
positions of the Aboriginal and Torres Strait Islander
organisations did not display statistically strong tenden-
cies to cluster together, many of the rural organisations
were jointly involved in the same studies as quantified by
the positive assortativity score of 0.37.

Discussion

By assessing organisational co-authorship using both
network and descriptive analysis of publications, our
study has provided a nuanced understanding of the
evolution of an Australian rurally based academic cen-
tre over a 20-year period (2001-2021). We identified
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577 publications with 130 different UCRH-affiliated
authors. Key findings include: (1) expansion in the
number of publications and UCRH-affiliated authors;
(2) a greater number and diversity of organisations col-
laborating with the UCRH as reflected in co-author-
ship; (3) a consolidation of the collaborative network
with fewer UCRH authors having fewer independ-
ent research endeavours with smaller groups of sepa-
rate author teams; (4) about two thirds of publications
make no reference to regional or remote populations;
(5) a notable increase in publications related to Abo-
riginal and Torres Strait Islander health, coupled with
an increase in Aboriginal and Torres Strait Islander
authorship; 6) a rise in female senior authorship; and
(7) increasing number of publications in high-quality
journals.

Research collaboration allows for researchers to draw
on a broad range of expertise and perspectives and is
necessary for increasing general research productiv-
ity [5, 40—42]. In 2015, Gausia et al. [5] observed a wide
variation in the publication output from Australian rural
academic centres and suggested that collaboration with
external organisations enhances research productiv-
ity. We found this to be the case in our study, where a
dramatic broadening of the network and its reach over
time coincided with a sharp increase in the number of
organisations co-authoring—from 25 in period 1 to 171
in period 4. Interestingly, however, our findings also sug-
gest that while increasing the number of co-authoring
organisations may lead to greater network productivity
in terms of publications, it does not necessarily build
a more cohesive network. Our results show that as the
UCRH grew during Periods 2 and 3, its structure became
fragmented and less centralised. This was because co-
authoring was predominantly occurring with diverse
single organisations that had not connected through
joint publications with others in the network. Thus, net-
work growth and consolidation was greatest in Period 4
when there were increases in the number of both publi-
cations and collaborating organisations, and fewer inde-
pendent explorations with smaller groups of separate
author teams.

Like Bailey et al. [12], in their examination of a decade
of Australian rural health research, we identified a large
proportion of publications emanating from the UCRH
that were not rural focused. As such, it became evident
from our study that building a rural health research
network requires collaboration with a variety of organi-
sations, including research organisations in urban and
international settings that may not be focused on rural
research. Furthermore, this type of inter-organisational
partnering has been shown to enhance knowledge
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creation, and to promote information exchange and
the spread of good practice [5, 41-43]. Nevertheless,
with the continuing disparities in health between rural
and urban populations it is imperative that the work
of rural health researchers becomes more focussed on
understanding and addressing these disparities in an
Australian context.

Research capacity-building opportunities are criti-
cal to building and sustaining rural health research [4,
44-46]. In our study we identified an increase in rural
research capacity. Over time there was an increase in
publications with a UCRH affiliated first or last (sen-
ior) author, increase in female last authorship and Abo-
riginal and Torres Strait Islander authorship, and a rise
in publications in quartile 1 journals. Previous studies
have found that to achieve this there needs to be tar-
geted investments in collaborations with both inter-
nal and external partners [47]. O’Sullivan et al. [4, 45]
identified the need to build rural academic pathways
to attract more rurally based clinicians and academi-
cally trained people already based in rural areas. They
also recommended building the rural health research
workforce by investing in rurally based Masters and
PhD research scholarships, advertising and promoting
rural health projects, and building PhD training options
within rural-based organisations. In addition to these
potential strategies, we propose that there needs to be
a vertical investment, not just in building the workforce
but also in attracting and retaining senior academics in
rural areas.

A positive development identified in this study was
that, over time, there was an increase in research on
Aboriginal and Torres Strait Islander health, coupled
with an increase in authorship by Aboriginal and Tor-
res Strait Islander authors and organisations. Some
of this would have been driven by UCRH hosting two
NHMRC-funded Centres for Research Excellence—the
Centre for Research Excellence in Integrated Quality
Improvement (2017-2019) [43, 48] and the Aborigi-
nal and Torres Strait Islander-led Centre for Research
Excellence in Strengthening Systems for Indigenous
Health Care Equity (2020-2024) [22, 49]. However,
there remains much room for improvement in increas-
ing the number of first and last Aboriginal and Tor-
res Strait Islander authorships on publications [24].
This can be achieved through targeted and meaningful
investments that will continue to grow the Aborigi-
nal and Torres Strait Islander health research base by
ensuring Aboriginal and Torres Strait Islander leader-
ship and participation in research and strengthening
ties with First Nations organisations [25, 50].
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Strengths and limitations of the study

One of our study’s strengths was having the long time-
frame of 20 years over which to map our publications
output. Although it is only one indicator of collabora-
tion, there are several advantages to relying on it as
a proxy for assessing the level of research collabora-
tion including its verifiability, its stability over time,
the availability of data in the public domain and the
ease of measurement [26]. Although the generalisabil-
ity of the findings may be limited to similar research
centres, the methodological approach could readily be
transferred.

The limitations of this study include the follow-
ing: (1) There are many collaborative efforts that are
not reflected in publication and co-authorship met-
rics. Other measures of collaborative ties include hav-
ing co-investigators on submitted or funded grants,
on conference presentations and as authors of grey
literature publications. However, we assumed that, in
most cases, co-authorship on a publication indicates
an active cooperation between partners beyond the
simple exchange of material or information. (2) This
analysis does not capture the collaborations that con-
tinue to occur through co-authorship or other means
that are not necessarily related to the research centre.
For example, a collaboration formed by co-authoring
on a publication might lead to collaborating on other
projects and research not reflected in this analysis. (3)
Although multiple authorship affiliations are increas-
ingly recognised as facilitating knowledge exchange
and becoming more widespread [51], our analysis
does not include the multiple affiliations of many of
the authors and so may under-report the level of col-
laboration. Similarly, only representing the university
affiliation, and not the actual department in which an
author works, obscures collaboration between depart-
ments in the same university. (4) Three of the four
authors on this paper (JB, MP, RB) had published more
than 20 of the manuscripts included in this analysis.
Given this, and to mitigate against bias, PM who has
not published as part of this network, undertook the
network analysis. (5) Our analysis did not examine the
types of studies resulting in these publications as this
was beyond the scope of this project. A more compre-
hensive bibliometric analysis of each research theme,
examining whether papers were descriptive or report-
ing interventions, with changes over time, could be
explored in future research.

This review is timely as the Australian Government
continues to expand its RHMT investment in rurally
based academic centres. Drawing on our findings,
Box 1 proposes several strategies to further strengthen
research networks for rural research centres.

Page 12 of 14

Box 1: strategies to strengthen research networks
for rural research centres

« Targeted mentoring and support for rurally based
researchers to link with established research teams.

« Support for development of research collaborations
to specifically address rural health inequities and
rural-urban disparities in health.

+ Vertical investment in building rural academic path-
ways including:

— Targeted scholarships for rural students under-
taking research degrees.

— Funding to attract and retain senior researchers
with a track record of success in competitive grants.
— Targeted competitive funding for research
addressing rural health inequities.

+ Employing and strengthening the capacity of Aborig-
inal and Torres Strait Islander researchers, including
through the above mechanisms.

Conclusions

Assessing organisational coauthorship using both net-
work and descriptive approaches has been useful for
demonstrating the evolution of an Australian rural
research centre. Over the 20-year time frame, numbers
of publications increased as collaboration in publica-
tions increased, expanded, and consolidated, particu-
larly in the final period. This coincided with an increase
in the number and diversity of both co-authoring
organisations and UCRH-affiliated authors. The find-
ings highlight the value of collaboration in building
rural health research capacity. With increased capacity
and consolidation of the network it is now imperative
that the collaborative research becomes more focussed
on understanding and addressing rural health inequi-
ties and strengthening the involvement of Aboriginal
and Torres Strait Islander people in rural research. This
review is timely as the Australian Government contin-
ues to expand its investment in rurally based academic
centres.

Acknowledgements

The development of this paper would not have been possible without the
active support, enthusiasm, and commitment of staff at the UCRH. We would
like to acknowledge the Directors of the UCRH during the study period for
their leadership: Professor Ross Bailie (2016-2022), Professor Lesley Barclay
(2007-2016), Dr Sue Page, Professor Jeff Fuller, Professor Deborah Schofield
(rotating roles between 2006-2007), and Foundation Director Professor John
Beard (2001-2006). We would like to thank Stephanie Whittingham and Aim-
mee Waddell for assistance with compiling the UCRH publications and Jane
Yule for her editing and proof-reading support.



Bailie et al. Health Research Policy and Systems (2023) 21:87

Author contributions

Study conceptualisation: JB, RB, MP. Data curation: JB, MP, RB, PM. Formal
analysis: PM, JB. Data interpretation: JB, PM, RB, MP. Methodology: JB, PM.
Project administration: JB. Data visualisation: PM, JB. Writing, critical intellectual
input and review: JB, PM, RB, MP. All authors have a commitment to improving
health outcomes for people living in rural areas.

Funding

This study was supported by the Australian Government Department of
Health, Rural Health Multidisciplinary Training Programme. MP is supported
by a National Health and Medical Research Career Development Fellowship
(GNT1159601).

Availability of data and materials
Data are available on reasonable request. The data set is available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval is not required as material is publicly available.

Patient and public involvement
Patients and the public were not involved in the design, or conduct, or report-
ing, or dissemination plans of this research.

Consent for publication
Not applicable.

Competing interests

The authors declare that this research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Author details

University Centre for Rural Health, The University of Sydney, 61 Uralba
Street, Lismore, NSW 2480, Australia. >School of Public Health, The University
of Sydney, Camperdown, Australia. *School of Project Management, Faculty
of Engineering, The University of Sydney, Camperdown, Australia.

Received: 11 January 2023 Accepted: 6 July 2023
Published online: 30 August 2023

References

1. Australian Institute of Health and Welfare. Rural and Remote Health. 2022.
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-
remote-health. Accessed 3 Jul 2023.

2. O'Sullivan B, Cairns A, Gurney T. Exploring how to sustain “place-based”
rural health academic research for informing rural health systems: a
qualitative investigation. Health Res Policy Syst. 2020;18(1):90. https://doi.
0rg/10.1186/512961-020-00608-7.

3. Humphreys J, Wakerman J. Learning from history: how research evidence
can inform policies to improve rural and remote medical workforce distri-
bution. Aust J Rural Health. 2018;26(5):329-34. https://doi.org/10.1111/ajr.
12473.

4. O'Sullivan B, Gurney T, Cairns A. Consensus-based framework for the
growth and sustainability of rural health research. Aust J Rural Health.
2021,29(4):563-7. https://doi.org/10.1111/ajr.12746.

5. Gausia K, Thompson SC, Lindeman MA, Brown LJ, Perkins D. Contribu-
tion of university departments of rural health to rural health research: an
analysis of outputs. Aust J Rural Health. 2015;23(2):101-6. https://doi.org/
10.1111/ajr.12142.

6. Osborne SR, Alston LV, Bolton KA, Whelan J, Reeve E, Wong Shee A, et al.
Beyond the black stump: rapid reviews of health research issues affecting
regional, rural and remote Australia. Med J Aust. 2020. https://doi.org/10.
5694/mja2.50881.

7.

20.

21.

22.

23.

24.

25.

Page 13 of 14

Barclay L, Phillips A, Lyle D. Rural and remote health research: Does the
investment match the need? Aust J Rural Health. 2018;26(2):74-9. https://
doi.org/10.1111/ajr.12429.

Stewart R, McMillan AF. Australia’s rural health multidisciplinary training
program: preparing for the rural health workforce that Australia needs.
Aust J Rural Health. 2021;29(5):617-9.

KBC Australia. Independent Evaluation of the Rural Health Multidiscipli-
nary Training Program: Final Report to the Commonwealth Department
of Health. 2020. https://www.health.gov.au/resources/publications/evalu
ation-of-the-rural-health-multidisciplinary-training-rhmt-program?langu
age=en. Accessed 3 Jul 2023.

. Department of Health and Aged Care. Rural Health Multidisciplinary

Training (RHMT) program framework 2019-2020. 2019 https://www.
health.gov.au/resources/publications/rural-health-multidisciplinary-train
ing-rhmt-program-framework-2019-20207language=en. Accessed 3 Jul
2023.

. Humphreys J, Lyle D, Barlow V. University Departments of Rural Health:

is a national network of multidisciplinary academic departments in
Australia making a difference? Rural Remote Health. 2018;18(1):1-1.

. Bailey JK, Mendis K, Dutton T, Stevens W, McCrossin T. A decade of

Rural Clinical School research: a PubMed review. Rural Remote Health.
2015;15(4):3353.

. Mendis K, Edwards T, Stevens W, McCrossin T. Bibliometric analysis on

Australian rural health publications from 2006 to 2012. Aust J Rural
Health. 2014;22(4):189-96. https://doi.org/10.1111/ajr.12122.

. McLean R, Mendis K, Harris B, Canalese J. Retrospective bibliometric

review of rural health research: Australia’s contribution and other trends.
Rural Remote Health. 2007;7(4):767.

. Perkins DA, Barclay L, Browne KM, Blunden LA, Fragar LJ, Kelly BJ, Lower

T, Lyle DM, SaberiV, Stain HJ, Sidford JR. The Australian Rural Health
Research Collaboration: building collaborative population health
research in rural and remote NSW. N SW Public Health Bull. 2011;22(1-
2):23-6. https://doi.org/10.1071/NB10067.

. University Centre for Rural Health. University Centre for Rural Health

webpage. https://ucrh.edu.au/. Accessed 3 Jul 2023.

. Ullah M, Shahid A, Roman M, Assam M, Fayaz M, Ghadi Y, Aljuaid H. Ana-

lyzing interdisciplinary research using co-authorship networks. Complex-
ity. 2022;28:2022.

. Aldieri L, Kotsemir M, Vinci CP. The impact of research collaboration on

academic performance: an empirical analysis for some European coun-
tries. Socioecon Plann Sci. 2018;1(62):13-30.

. Wong Shee A, Quilliam C, Corboy D, Glenister K, McKinstry C, Beauchamp

A, Alston L, Maybery D, Aras D, Mc NK. What shapes research and research
capacity building in rural health services? Context matters. Aust J Rural
Health. 2022;30(3):410-21. https://doi.org/10.1111/ajr.12852.

Parker M, Kingori P. Good and bad research collaborations: research-
ers'views on science and ethics in global health research. PLoS ONE.
2016;11(10):e0163579. https://doi.org/10.1371/journal.pone.0163579.
VanderZanden A, Langlois EV, Ghaffar A, Bitton A, Fifield J, Hirschhorn

LR. It takes a community: a landscape analysis of global health research
consortia. BMJ Glob Health. 2019;4(Suppl 8):e001450. https://doi.org/10.
1136/bmjgh-2019-001450.

Bailie J, Potts BA, Laycock AF, Abimbola S, Bailie RS, Cunningham FC,
Matthews V, Bainbridge RG, Conte KP, Passey ME, Peiris D. Collaboration
and knowledge generation in an 18-year quality improvement research
programme in Australian Indigenous primary healthcare: a coauthorship
network analysis. BMJ Open. 2021;11(5):e045101. https://doi.org/10.1136/
bmjopen-2020-045101.

National Health and Medical Research Council. NHMRC gender equity.
https://www.nhmrc.gov.au/research-policy/gender-equity. Accessed 23
Dec 2022.

Mohamed J, Matthews V, Bainbridge R, Williams M. Who is speaking for
us? Identifying Aboriginal and Torres Strait Islander scholarship in health
research. Med J Aust. 2021;215(8):383-383.e1. https://doi.org/10.5694/
mja2.51281.

Harfield S, Pearson O, Morey K, Kite E, Canuto K, Glover K, Gomersall JS,
Carter D, Davy C, Aromataris E, Braunack-Mayer A. Assessing the quality
of health research from an Indigenous perspective: the Aboriginal and
Torres Strait Islander quality appraisal tool. BMC Med Res Methodol.
2020;20(1):79. https://doi.org/10.1186/512874-020-00959-3.


https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://doi.org/10.1186/s12961-020-00608-7
https://doi.org/10.1186/s12961-020-00608-7
https://doi.org/10.1111/ajr.12473
https://doi.org/10.1111/ajr.12473
https://doi.org/10.1111/ajr.12746
https://doi.org/10.1111/ajr.12142
https://doi.org/10.1111/ajr.12142
https://doi.org/10.5694/mja2.50881
https://doi.org/10.5694/mja2.50881
https://doi.org/10.1111/ajr.12429
https://doi.org/10.1111/ajr.12429
https://www.health.gov.au/resources/publications/evaluation-of-the-rural-health-multidisciplinary-training-rhmt-program?language=en
https://www.health.gov.au/resources/publications/evaluation-of-the-rural-health-multidisciplinary-training-rhmt-program?language=en
https://www.health.gov.au/resources/publications/evaluation-of-the-rural-health-multidisciplinary-training-rhmt-program?language=en
https://www.health.gov.au/resources/publications/rural-health-multidisciplinary-training-rhmt-program-framework-2019-2020?language=en
https://www.health.gov.au/resources/publications/rural-health-multidisciplinary-training-rhmt-program-framework-2019-2020?language=en
https://www.health.gov.au/resources/publications/rural-health-multidisciplinary-training-rhmt-program-framework-2019-2020?language=en
https://doi.org/10.1111/ajr.12122
https://doi.org/10.1071/NB10067
https://ucrh.edu.au/
https://doi.org/10.1111/ajr.12852
https://doi.org/10.1371/journal.pone.0163579
https://doi.org/10.1136/bmjgh-2019-001450
https://doi.org/10.1136/bmjgh-2019-001450
https://doi.org/10.1136/bmjopen-2020-045101
https://doi.org/10.1136/bmjopen-2020-045101
https://www.nhmrc.gov.au/research-policy/gender-equity
https://doi.org/10.5694/mja2.51281
https://doi.org/10.5694/mja2.51281
https://doi.org/10.1186/s12874-020-00959-3

Bailie et al. Health Research Policy and Systems

26.

27.

28.

29.

30.

31.

32.

33.

34
35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2023) 21:87

Katz JS, Martin BR. What is research collaboration? Res Policy.
1997;26(1):1-8.

Marcelin RA, Rabarison KM, Rabarison MK. Co-Authorship network analy-
sis of prevention research centers: an exploratory study. Public Health
Rep. 2019;134(3):249-54. https://doi.org/10.1177/0033354919834589.
Fonseca Bde P, Sampaio RB, Fonseca MV, Zicker F. Co-authorship network
analysis in health research: method and potential use. Health Res Policy
Syst. 2016;14(1):34. https://doi.org/10.1186/512961-016-0104-5.

Fagan J, Eddens KS, Dolly J, Vanderford NL, Weiss H, Levens JS. Assessing
research collaboration through co-authorship network analysis. J Res
Adm. 2018;49(1):76-99.

University Centre for Rural Health. UCRH Strategic Plan (2018-2020).
https://ucrh.edu.au/wp-content/uploads/2018/03/Final-Strategic-Plans-
ID-17985.pdf. Accessed 3 Jul 2023.

National Health and Medical Research Council. Health Priorities 2021-
2024 (Webpage). Commonwealth of Australia. https://www.nhmrc.gov.
au/research-policy/research-priorities/nhmrc-health-priorities. Accessed
3 Jul 2023.

Department of Social Services, Australia’s Disability Strategy 2021-2031.
Commonwealth of Australia, 2021. https://www.disabilitygateway.gov.
au/sites/default/files/documents/2021-11/1786-australias-disability.pdf.
Accessed 3 Jul 2023.

Department of Health, National Roadmap for Improving the Health of
People with Intellectual Disability. Commonwealth of Australia, 2021.
https://www.health.gov.au/resources/publications/national-roadmap-
for-improving-the-health-of-people-with-intellectual-disability?langu
age=en. Accessed 3 Jul 2023.

Riesenberg D, Lundberg GD. The order of authorship: who's on first?
JAMA. 1990;264(14):1857.

R Core Team. A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing. 2021.

Csardi G, Nepusz T. The Igraph software package for complex network
research. Inter) Complex Syst. 2006;1695(5):1-9.

Newman ME. Assortative mixing in networks. Phys Rev Lett.
2002;89(20):208701. https://doi.org/10.1103/PhysRevLett.89.208701.
Scott J. Social network analysis: a handbook. 2nd ed. London: Sage Publi-
cations; 2000.

Fruchterman TMJ, Reingold EM. Graph drawing by force-directed place-
ment. Softw Pract Exp. 1991;21(11):1129-64.

Paphawasit B, Wudhikarn R. Investigating patterns of research collabo-
ration and citations in science and technology: a case of Chiang Mai
University. Administrative Sciences. 2022;12(2):71.

Health Foundation. Effective networks for improvement: developing
and managing effective networks to support quality improvement in
healthcare. 2014, Health Foundation: London. https://www.health.org.uk/
publications/effective-networks-for-improvement. Accessed 3 Jul 2023.
Hopkins L, Chamberlain D, Held F, Riley T, Wang JZ, Conte K. Collaborative
networks in chronic disease prevention: what factors inhibit partnering
for funding? Int J Public Adm. 2021;44(2):91-9.

Bailie J, Cunningham FC, Bainbridge RG, Passey ME, Laycock AF, Bailie RS,
Larkins SL, Brands JSM, Ramanathan S, Abimbola S, Peiris D. Comparing
and contrasting ‘innovation platforms’with other forms of professional
networks for strengthening primary healthcare systems for Indigenous
Australians. BMJ Glob Health. 2018;3(3):e000683. doi: https://doi.org/
10.1136/bmjgh-2017-000683. Erratum in: BMJ Glob Health. 2018 Jun
22:3(3):e000683corr1.

Miller J, Bryant Maclean L, Coward P, Broemeling AM. Developing strate-
gies to enhance health services research capacity in a predominantly
rural Canadian health authority. Rural Remote Health. 2009;9(4):1266.
O'Sullivan BG, Cairns A, Gurney TM. Understanding the field of rural
health academic research: a national qualitative, interview-based study.
Rural Remote Health. 2020;20(3):6116. https://doi.org/10.22605/RRH6116.
Masekela R, Mortimer K, Aluoch J, Ozoh OB. Building research capacity to
correct global health's wrongs. Lancet Glob Health. 2022;10(2):e175-6.
https://doi.org/10.1016/52214-109X(21)00491-5.

Matus J, Walker A, Mickan S. Research capacity building frameworks for
allied health professionals—a systematic review. BMC Health Serv Res.
2018;18(1):716. https://doi.org/10.1186/512913-018-3518-7.

Laycock A, Conte Km Harkin K, Bailie J, Matthews V, Cunningham F,
Ramanathan S, Bailie R. Improving the Quality of Primary Health Care

for Aboriginal and Torres Strait Islander Australians. Centre for Research

Page 14 of 14

Excellence in Integrated Quality Improvement 2015-2019: Messages for
Action, Impact and Research. 2019, University Centre for Rural Health, The
University of Sydney: Lismore NSW. https://ucrh.edu.au/cre-igi/. Accessed
3 Jul 2023.

49. Centre for Research Excellence in Strengthening Systems for Indigenous
Health Care Equity, webpage. https://cre-stride.org/#:~:text=Centre%
20for%20Research%20Excellence health%20care%20systems%20(PHC).
Accessed 3 Jul 2023.

50. Harfield S, Davy C, Dawson A, Mulholland E, Braunack-Mayer A, Brown A.
Building Indigenous health workforce capacity and capability through
leadership—the Miwatj health leadership model. Prim Health Care Res
Dev. 2021;22:e52. https://doi.org/10.1017/51463423621000554.

51. Hottenrott H, Lawson C. A first look at multiple institutional affiliations:

a study of authors in Germany, Japan and the UK. Scientometrics.
2017;111(1):285-95. https://doi.org/10.1007/511192-017-2257-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Jodie Bailie is a Senior Research Fellow and has been in research
focused roles at the UCRH from 2017-current. Jodie Bailie has pub-
lished more than 20 publications in the research network.

Petr Matous is an Associate Professor and Associate Dean for
Indigenous Strategy and Services in the Faculty of Engineering.

Ross Bailie is a Professor of Rural Health and was the Director of
the UCRH (2016-2022). Ross Bailie has published more than 20 publi-
cations in the research network.

Megan E. Passey is a Professor of Rural Health and has been in
research focused roles at the UCRH from 2006 — current and was the
Director of Research at the UCRH (2012-2023). Megan E. Passey has
published more than 20 publications in the research network.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/0033354919834589
https://doi.org/10.1186/s12961-016-0104-5
https://ucrh.edu.au/wp-content/uploads/2018/03/Final-Strategic-Plans-ID-17985.pdf
https://ucrh.edu.au/wp-content/uploads/2018/03/Final-Strategic-Plans-ID-17985.pdf
https://www.nhmrc.gov.au/research-policy/research-priorities/nhmrc-health-priorities
https://www.nhmrc.gov.au/research-policy/research-priorities/nhmrc-health-priorities
https://www.disabilitygateway.gov.au/sites/default/files/documents/2021-11/1786-australias-disability.pdf
https://www.disabilitygateway.gov.au/sites/default/files/documents/2021-11/1786-australias-disability.pdf
https://www.health.gov.au/resources/publications/national-roadmap-for-improving-the-health-of-people-with-intellectual-disability?language=en
https://www.health.gov.au/resources/publications/national-roadmap-for-improving-the-health-of-people-with-intellectual-disability?language=en
https://www.health.gov.au/resources/publications/national-roadmap-for-improving-the-health-of-people-with-intellectual-disability?language=en
https://doi.org/10.1103/PhysRevLett.89.208701
https://www.health.org.uk/publications/effective-networks-for-improvement
https://www.health.org.uk/publications/effective-networks-for-improvement
https://doi.org/10.1136/bmjgh-2017-000683
https://doi.org/10.1136/bmjgh-2017-000683
https://doi.org/10.22605/RRH6116
https://doi.org/10.1016/S2214-109X(21)00491-5
https://doi.org/10.1186/s12913-018-3518-7
https://ucrh.edu.au/cre-iqi/
https://cre-stride.org/#:~:text=Centre%20for%20Research%20Excellence,health%20care%20systems%20(PHC
https://cre-stride.org/#:~:text=Centre%20for%20Research%20Excellence,health%20care%20systems%20(PHC
https://doi.org/10.1017/S1463423621000554
https://doi.org/10.1007/s11192-017-2257-6

	Patterns of collaboration and knowledge generated by an Australian rural research centre over 20 years: a co-authorship network analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data retrieval
	Data categorisation, standardisation, and cleaning
	Organisations
	Research themes
	Region of study setting
	Aboriginal and Torres Strait Islander and female authorship
	Publication metrics

	Network assembly, visualisation and analysis
	Patient and public involvement

	Findings
	Descriptive characteristics of publications
	Rurality of research settings
	Research themes
	Equity in authorship—Aboriginal and Torres Strait Islander and female authorship
	Publication metrics
	Linking people from a variety of organisations
	Relationships of organisations and structural characteristics
	Period 1: 2002–2006
	Period 2: 2007–2011
	Period 3: 2012–2016
	Period 4: 2017–2021


	Discussion
	Strengths and limitations of the study
	Box 1: strategies to strengthen research networks for rural research centres

	Conclusions
	Acknowledgements
	References


