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Abstract 

Background:  Clinical genomics represents a paradigm shifting change to health service delivery and practice across 
many conditions and life-stages. Introducing this complex technology into an already complex health system is a 
significant challenge that cannot be managed in a reductionist way. To build robust and sustainable, high quality 
delivery systems we need to step back and view the interconnected landscape of policymakers, funders, managers, 
multidisciplinary teams of clinicians, patients and their families, and health care, research, education, and philan-
thropic institutions as a dynamic whole. This study holistically mapped the landscape of clinical genomics within Aus-
tralia by developing a complex graphic: a rich picture. Using complex systems theory, we then identified key features, 
challenges and leverage points of implementing clinical genomics.

Methods:  We used a multi-stage, exploratory, qualitative approach. We extracted data from grey literature, empiri-
cal literature, and data collected by the Australian Genomic Health Alliance. Nine key informants working in clinical 
genomics critiqued early drafts of the picture, and validated the final version.

Results:  The final graphic depicts 24 stakeholder groups relevant to implementation of genomics into Australia. Clini-
cal genomics lies at the intersection of four nested systems, with interplay between government, professional bodies 
and patient advocacy groups. Barriers and uncertainties are also shown. Analysis using complexity theory showed 
far-reaching interdependencies around funding, and identified unintended consequences.

Conclusion:  The rich picture of the clinical genomic landscape in Australia is the first to show key stakeholders, agen-
cies and processes and their interdependencies. Participants who critiqued our results were instantly intrigued and 
engaged by the graphics, searching for their place in the whole and often commenting on insights they gained from 
seeing the influences and impacts of other stakeholder groups on their own work. Funding patterns showed unin-
tended consequences of increased burdens for clinicians and inequity of access for patients. Showing the system as a 
dynamic whole is the only way to understand key drivers and barriers to largescale interventions. Trial Registration: Not 
applicable
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Background
Informed by systems theory, the case has been made 
that the health system is a complex adaptive sys-
tem (CAS) [1, 2]. This is in contrast to a view that, 
although very complicated, the individual parts of the 
system work in a linear, mechanistic way with high 
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predictability of outcomes [2, 3]. Alternatively, CASs 
are characterised by multiple, semi-autonomous agents 
that interact, have interdependencies and tend to self-
organise; these systems therefore display emergent 
behaviour, and have non-linear, unpredictable out-
comes. Health systems fit this model well with their 
large numbers of interacting health professionals, 
patients and family members, nested departments, spe-
cialties and services, self-organising teams, and social 
processes. In such a system, focussing on the individ-
ual parts in isolation will not lead to an understanding 
of the system as a whole and is inadequate to address 
challenges that arise [4]. For example, the slow uptake 
of evidence into practice has been linked to a reduc-
tionist, linear “pipe-line” approach that fails to take into 
account local contextual constraints or interdependen-
cies [3, 5]. Silos of professional groups, departments, 
or disease type have been associated with a number 
of intractable problems in healthcare, such as lack of 
integration of services [6], poor communication [7], 
unhelpful gatekeeping of information [8], and resist-
ance to change [9, 10]. Yet silos are known to be a natu-
rally emergent feature of complex systems [11, 12] and 
have strengths as well as weaknesses [13]. Understand-
ing these system features by using a complexity theory 
lens will increase our ability to intervene and leverage 
improvements [14, 15].

It is becoming increasingly apparent that we need to 
deepen our understanding of health systems around 
the globe as they introduce disruptive technologies 
such as genomic testing into already complex systems 
[16]. Particularly pressing is the gap in our knowledge 
of complexity within largescale translation initiatives 
such as the implementation of clinical genomics. A 
major player in this endeavour within Australia is the 
Australian Genomic Health Alliance (hereafter Aus-
tralian Genomics). This is a transdisciplinary national 
alliance consisting of over 400 clinicians, pathologists, 
clinical and basic research scientists, non-medical mul-
tidisciplinary researchers, and community representa-
tives, performing translation activities across 30 varied 
sites, conditions, and contexts [17]. ‘Flagship’ clinical 
projects throughout Australia have collected data on 
clinical utility, patient satisfaction and feasibility across 
a wide range of rare diseases, genetic syndromes and 
cancers.

Implementation of clinical genomics requires major 
changes across the health delivery system. Use of this new 
technology requires new laboratory equipment and pro-
cesses, enhanced data storage and sharing for the giga-
bytes of data each patient’s test generates, and changed 
interdisciplinary team configurations and practices. This 
represents a significant learning curve for those involved 

and necessitates cultural shifts around ways of working; 
e.g., moving from single patient to family focussed care.

This study complements a larger program aimed at 
developing our understanding of various aspects of the 
complexity encompassing the translation of genomics 
into routine care. The larger study contains a scoping and 
critical review of genomic implementation literature ana-
lysed via a complexity lens [18], and a longitudinal Social 
Network Analysis (SNA) of Australian Genomics to 
describe patterns of socio-professional interaction [19].

The aim of this study was to develop a ‘rich picture’ 
through collection and analysis of a range of data to 
map the landscape of clinical genomics within Australia, 
allowing a more holistic evaluation of the translational 
activities of Australian Genomics. The rich picture was 
then analysed using complex systems theory to identify 
key features of the system, reveal challenges to progress, 
and suggest leverage points to supplement genomic 
implementation efforts.

Rich pictures
Rich pictures are a tool used in Soft Systems Method-
ology [20–22] to define and describe a complex human 
situation through drawings or diagrams. The rationale 
for using pictures to describe complex human situations 
is that such situations entail multiple interacting rela-
tionships which are not easily captured in tables or in 
written or spoken language. To develop a rich picture, 
information about the situation is gathered, for instance, 
by interviewing individuals with an understanding about 
the situation, attending meetings and by reviewing docu-
ments. The gathered information is then used to develop 
a graphic depiction, which elucidates the links between 
the different structures, roles and viewpoints of a situa-
tion, as well as the processes going on and current and 
potential future concerns [22, 23]. Thus, the use of rich 
pictures helps to visualise the interrelationships and 
influences both within and between parts and levels of 
a system. This in turn, helps to view systems as wholes 
rather than looking at parts of systems in isolation. As 
such, rich pictures are an ideal way to capture elements 
of a complex adaptive system [24]. While acknowledging 
that no static graphic can capture all the elements of the 
system, or completely represent the emergent properties 
of these elements, we chose a rich picture as the basis for 
our study, and developed a narrative to accompany it.

The rich picture method acknowledges the role of 
human behaviour driven by things other than on-the-
surface logic (e.g., peer pressure, anxiety, ignorance). It 
does not assume, for example that everyone follows the 
rules unquestioningly, or behaves rationally. This gives 
freedom in the data collection phase to include uncer-
tainties and contextual factors that might not otherwise 



Page 3 of 15Long et al. BMC Med Genomics           (2021) 14:63 	

be apparent. Such complex human situations are a char-
acteristic of a CAS in the context of health care. Specifi-
cally, social interactions such as group decision-making, 
learning-by-doing, and collaboration are key processes 
in clinical genomics (e.g., for multidisciplinary curation 
teams), which can in turn introduce uncertainty, unin-
tended outcomes, feedback loops and dependencies.

Methods
A multi-stage, exploratory, qualitative approach was used 
to develop the rich pictures. Starting with a list of stake-
holders and issues known to our team from previous 
work in clinical genomics [16, 19, 25, 26], we constructed 
the first iteration of the rich picture to illustrate the 
interplay of factors around the introduction of clinical 
genomics into healthcare in Australia. Informed by the 
document search and analysis, researchers (JL, HG and 
EM) used a white board to sketch out the initial picture 
for discussion within the team. Then as it was refined, 
electronic versions of the rich picture were used to exper-
iment with layout and facilitate accurate depictions of 
interactions. Creately software [27] was used to generate 
the picture. As interview data were collected, they were 
incorporated into the rich picture. Figure  1 provides an 
overview of the procedure. Validation of the penultimate 
version was conducted via an online survey. Refinements 
from this round of data collection produced the final ver-
sion of the picture.

Data
Data from a variety of sources were collected to 
develop the rich picture exploring how clinical genom-
ics was being used and developed within Australia 
including: Australian Genomics documents (website, 
Flagship project protocols, reports) and organisational 
reports (e.g., number of genetic counsellors, number 

of postgraduate students), websites (State and Fed-
eral Government Health Departments, professional 
and regulatory bodies, patient advocacy websites). 
The research team evaluated the various data sources 
looking for stakeholders to include in the picture, and 
interactions between the various components. Find-
ings were structured around broad issues such as fund-
ing, workforce capacity, health and laboratory services, 
infrastructure, equity, influence of professional and reg-
ulatory bodies, and policy at the national level. Issues 
were explored considering how clinical genomics was 
being used and developed within Australia. More detail 
was added to each broad issue iteratively, and the inter-
actions between issues within the system were mapped. 
A set of literature compiled as part of a systematic lit-
erature review [in preparation] on the implementation 
of clinical genomics was used to identify issues from 
the broader, global genomic field that were relevant to 
Australia, and also informed the picture.

Medical genomics maps across many areas of the 
health service as it is practised over a broad range of 
specialist fields and life stages. Outside of, and interact-
ing with the service, our graphic mapped the broader 
health system. Research and educational institutions, 
professional bodies, government departments, insur-
ance agencies, biotechnology industry, and consumer 
groups were all found to have a role and active interest 
in genomics, broadening our graphic’s boundary. CASs 
by definition have “fuzzy boundaries” so we used a 
pragmatic approach to this by identifying all stakehold-
ers at the micro, meso or macro level that had a role, or 
potential role in medical genomics and including them. 
We also specifically asked our participants whether 
there were parts of the system that we had left out to 
ensure our graphic was as comprehensive as possible.

Ini�al dra�ing of 
rich picture; 
iden�fying 
stakeholders and 
issues
•Iden�fica�on of 

data sources to 
inform picture

•Documentary 
analysis

•Team mee�ngsto 
dra� and refine 
the picture

Key informant 
interviews using 
latest itera�on 
of the rich 
picture to refine 
picture
•Further  

refinement in 
response to 
interviews

•Iden�fica�on of 
CAS features 
within the picture

•CAS analysis of 
dominant themes

Penul�mate 
itera�on 
presented to key 
informants using 
online 
ques�onnaire
•Valida�on of 

penul�mate dra� 
and suggested 
changes via an 
online 
ques�onnaire

Final Rich Picture

Fig. 1  Overview of the procedure used to develop and ratify a rich picture of genomic translation in Australia. (CAS = complex adaptative system)



Page 4 of 15Long et al. BMC Med Genomics           (2021) 14:63 

Semi‑structured interviews
Ten people integrally involved in clinical genomics 
through Australian Genomics or partner organisations 
were invited to be our key informants and to contribute 
to the project by commenting on the rich picture in two 
rounds of consultation; the first consisting of a semi-
structured interview commenting on an early iteration of 
the picture; the second round commenting via an online 
questionnaire on the penultimate version of the picture. 
Key informants held different roles in clinical genomics 
(e.g., health services, clinicians, laboratory, education, 
national level management) to ensure the main stake-
holder groups were represented.

Key informants were identified and approached by an 
embedded researcher (SB) within Australian Genomics; 
those who indicated interest in participating were fol-
lowed up by the external researchers. All participants 
were given information about the project and were 
required to give written consent for the first-round inter-
view to be audio-recorded. Audio recording allowed 
researchers to capture, in the participants’ own words, 
how people working within clinical genomics frame 
and explain key processes. Interviews were conducted 
face-to-face at a mutually convenient time and venue by 
health services researchers JL, EM and HG with qualita-
tive research expertise.

The interview had two parts; consideration of the pic-
ture, and commenting on three dominant themes that 
emerged during the planning phase of the project. Dur-
ing the first part of the interview, participants were 
shown the early version of the rich picture and given time 
to study it. They were informed that it was a graphic of 
features, influences and stakeholders involved in Austral-
ian Genomics’ endeavour to introduce genomic medicine 
into routine care in Australia. They were given a pen-
cil and encouraged to draw on the graphic to add, sub-
tract or move items and to “think out loud” while doing 
so [28]. Specific questions asked were: Do you think this 
is an accurate representation of clinical genomics at the 
national level? Have we missed any components or stake-
holders? Have we missed any interactions or influences?

During the second part of the interview, partici-
pants were asked about the three themes: (i) funding 
for genomic testing; (ii) how genomics necessitates new 
ways of working; and iii) how genomic medicine can give 
rise to unpredicted or unintended consequences. These 
themes were identified from findings of the scoping and 
critical review of implementation, and previous inter-
views as issues that are strongly linked to the practice of 
genomics, have a high impact on implementation out-
comes, and generate much discussion. Questions were 
open-ended, stating the theme (funding, new ways of 
working, and unintended or unpredictable consequences) 

then asking for the participants’ thoughts. Interviewees 
were not directly prompted to identify or discuss features 
of complexity such as feedback loops or interdependen-
cies. Interview schedule is supplied as Additional file 1.

Analysis
Data from the first part of the recorded interviews 
together with the pictures the participants drew on and 
amended were used to further develop the rich picture; 
moving components around, adding interactions, feed-
back loops and barriers, or additional stakeholders. This 
was done by one researchers (HG) and then discussed 
and ratified by the larger team.

We then interrogated the components and interactions 
within the resulting rich picture individually and collec-
tively for evidence of complexity using a framework of 
features associated with CAS. The framework used was 
developed and adapted from our previous work in com-
plex systems [3, 29–31]. Two researchers (HG and JL) 
undertook this work before discussion and refinement 
with the larger team. In the next step, the three themes 
of interest (mentioned above) from the second part of the 
recorded interviews were transcribed and analysed. Data 
was coded using the same framework of CAS features as 
used above. Coding was undertaken by three researchers 
(HG, EM and JL) and then discussed, refined and vali-
dated with the larger team (SB, HA, KC, LE, JB). Wher-
ever possible, CAS features from the interviews were also 
added to the rich picture. This provided more detail and 
illustrative stories around components in the rich pic-
ture. The evidence gained from the study was compiled 
and ways we could leverage naturally emergent network 
phenomena and strategically drive useful outcomes were 
considered.

Ethics and governance
This work was funded by Australian Genomic Health 
Alliance and the Murdoch Children’s Research Institute. 
It received approval from Macquarie University Human 
Research Ethics Committee (Ref: 5201701186) and was 
endorsed as an Australian Genomics member activity by 
the executive.

Results
Sixteen iterations of the rich picture were generated. Iter-
ations #1–3 were developed using Australian Genomics 
documents, grey literature, and our systematic review. 
The graphic used for the key informant interviews (Itera-
tion #3) is show in Fig.  2. Nine of the ten invited key 
informants agreed to participate in interviews, resulting 
in 333 min of data (average of 25–35 min each). Table 1 
shows details of the participants.
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Rich picture: overview
The final rich picture is structured around four nested 
systems (Fig. 3): Interdisciplinary Research, Translational 
Research, Clinical Practice, and Patients/Public. In the 
centre of the picture, at the intersection of these four, lies 
Clinical Genomics.

These systems have open dynamic boundaries acknowl-
edging the overlap of stakeholders, aims and activities as 

depicted in the final rich picture (Iteration #16), shown 
in full in Fig. 4. From the key informant interviews and 
organisational document analysis, a total of 24 types 
of stakeholders were identified as relevant to the issue 
of implementing genomics into the Australian health-
care system. These stakeholders spanned multiple levels 
(e.g., consumer groups, clinicians, researchers, profes-
sional bodies, multiple levels of government) and were 

Fig. 2  Rich picture iteration #3 used for first round of key informant interviews. Copyright permission to use Australian Genomics logo was 
obtained

Table 1  Characteristics of participants involved in interviews and feedback on rich picture

Key 
Informant 
ID

Organisation type Role in genomics Area of interest to us (e.g., patient attitudes, funding)

KI1 Research Institute Health services researcher Flagship processes, service level processes

KI2 Laboratory Medical science liaison Laboratory processes, links with industry

KI3 Clinic Genetic counsellor Genetic counselling, patient attitudes, access to services, models of care

KI4 Clinic Genetic counsellor Genetic counselling, patient attitudes, access to services, models of care

KI5 Research Institute Administrator Infrastructure and supportive work

KI6 Research Institute; hospital Research assistant and 
research genetic counsel-
lor

Recruitment of patients into genomic research, patient perspectives, clinical 
processes

KI7 Australian Genomics Research Manager Overview of programs and working parties within Australian Genomics

KI8 Research Institute; hospital Clinical lead and researcher Involved in a number of programs and flagships; international experience of 
genomics

KI9 Research Institute; hospital Clinical lead and researcher Involved in a number of programs and flagships; international experience of 
genomics
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accompanied by a range of technological artefacts (e.g., 
My Health Record, data federation and analysis systems).

Translational Research is shown at the intersection 
of Interdisciplinary Research and Clinical Practice. 
Within Translation Research there is a dynamic interplay 
between Clinical Laboratories, Multidisciplinary Models 
of Care and understandings from Functional Genom-
ics research, all supported by Technological Advances, 
Data Federation and Analysis. Depicted within Clinical 
Practice but extending in influence into Translational 
and Interdisciplinary Research, sit the important issues 
of Siloed Models of Care and Insufficient Workforce for 
Genomic Medicine. Within the Patients/Public domain, 
lie Patient Support and Consumer Groups with key issues 
of equity of access, privacy, and realisation of benefits of 
genomic medicine while minimising the disadvantages. 
The Translational Program Coordinators of Australian 
Genomics are depicted as sitting on the top of the Clini-
cal Genomics cluster linking all the elements together 
and liaising with external stakeholders.

Around the edge of the Clinical Genomics cluster are 
external stakeholders and influences. For example, Gov-
ernment, Charitable Foundations and Industry Partner-
ship (top left) provide funding to drive research. Other 
external influencers include key professional bodies 

and education providers, Government and their various 
budget models and the presence of the growing bank of 
Genomic Data.

Barriers to the integration of genomic medicine into 
healthcare across Australia that affect Australian Genom-
ics are shown as thick red lines with each end terminat-
ing in a dot. There are a cluster of barriers in the lower 
right hand section of the picture around uneven budget 
models involving State and Federal governments, hospi-
tals, Genetic Units and self-funding individuals. These 
are contributing to unequal access to services. Another 
barrier is a lack of engagement with the Biotechnology 
industry (top right).

Features of a complex adaptive system: rich picture
Some features of a CAS were depicted in the rich picture 
while others were only apparent through personal experi-
ences of the system, which were described by interview 
participants. CAS features represented in the rich pic-
ture include the porous boundaries with unclear bor-
ders between the four nested systems, the many agents 
at multiple levels including both individuals and organi-
sations, and the web of interactions and interdependen-
cies. There were also numerous uncertainties, which are 
depicted as red question marks and are mainly clustered 

Fig. 3  Nested systems at the centre of the final iteration of the rich picture. Copyright permission to use Australian Genomics logo was obtained
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in the lower left of the picture. Uncertainties involved 
Genomic data: access to the data in the future for per-
sonal health or research purposes, how consent pro-
cesses protect privacy and safe data storage, and how 
genomic testing affects insurance status. At present, 
there is no availability of Medicare funding (universal 
insurance for Australian citizens) to access genomic test-
ing, so this is portrayed as both a barrier and an uncer-
tainty for Clinical Practice. Arrows throughout show the 

flow of information or resources that are facilitating pro-
cesses. For example, Patients’ Advocacy for a Medicare 
Item number for genomic testing to the Australian Fed-
eral Government.

Features of a complex adaptive system: key informants’ 
experience
Features of a CAS were identified in all the key inform-
ant interviews. Table  2 summarises the findings, 

Fig. 4  Final iteration #16 of the rich picture of the clinical genomics landscape in Australia. Copyright permission to use Australian Genomics logo 
was obtained
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presenting themes found in the interviews and provid-
ing exemplar quotes. Most common features discussed 
were uncertainties, interdependencies and unintended 
consequences. Uncertainties pertained to ownership of 
genomic data, availability of future funding for testing, 
and questions around future demand for testing and the 
capacity of the workforce, laboratories, and biotechnol-
ogy industry more broadly to meet that demand.

Interdependencies were described by key informants 
around barriers to testing. For example, participant KI7 
described how consent to testing was dependent on a 
patient’s understanding and perception of how a test 
result might affect future insurance premiums or claims. 
This had negatively impacted recruitment for testing in 
some Flagship projects, with some people declining as 
they thought it would compromise their insurance cov-
erage, suggesting it may be a barrier in the future. There 
were also interdependencies between testing, location 
and the particular funding model the patient came under 
that determined access to testing rather than actual clini-
cal need. Unintended consequences were around inac-
curate expectations of time (e.g., underestimations of 
time taken for paperwork, and curation of results), rami-
fications of limited funding (e.g., leading to inequities of 
access) and of the technology itself (e.g., making other 
tests redundant).

Feedback loops represented as circling arrows (e.g., 
centre of the picture linking clinical laboratories, Func-
tional Genomics and MDT models of care) show how 
advances in one area can influence others in a posi-
tive growth of understandings. These feedback loops 
were apparent across most of the research clusters. For 
instance, Ethics within Interdisciplinary Research was 
formally addressing issues of uncertainty of results, inci-
dental findings and how to manage the informed con-
sent process. This in turn was informing clinical practice, 
data storage and privacy, education, position statements 
from peak bodies, and development of things such as a 
national consent form. Other research such as Health 
Economics was being used to build the evidence base of 
clinical utility and effectiveness, which in turn influenced 
funding and policy decisions.

Features of a CAS were considered for their potential 
as leverage points or modifiable factors. These are dis-
cussed below.

Discussion
A rich picture of the translational work of Australian 
Genomics within the wider genomic landscape, was 
produced through co-design of researchers with health 
services expertise, key informants with experiential 
knowledge of working within the system, a systematic 
review and review of relevant documents and websites. 

Informants described their experiences and observations 
of clinical genomics work of Australian Genomics and 
the wider context in which it operates. From this, features 
of complex adaptative systems were readily identified by 
the researchers. The rich picture, as a two-dimensional 
graphic could not depict all the nuances of complexity 
which we revealed so is accompanied by the narrative in 
Table 2.

Clinical genomics is shown to be a highly complex 
intervention involving many actors and multiple nested 
systems. The systems perspective applied in this study 
presents a holistic and nuanced view of processes, influ-
ences and interactions. Many studies have examined pro-
cesses and interactions at the unit level [32] or focused on 
a specific group of patients [33] or health professionals 
[34]. Others have looked at global endeavours in genomic 
medicine [16], describing and contrasting genomic pro-
grams in different countries. Useful as these papers are, 
this to our knowledge, is the first holistic study in which 
an entire national genomic program and its links and 
relationships with the broader context is considered. A 
holistic picture highlights key features that can easily be 
missed when using a reductionist approach. For example, 
there is the case of funding for tests wherein all funders 
intended to increase equity of access to genomic test-
ing for patients. The unintended consequences of the 
resulting patchwork of state, federal, research and phil-
anthropic funding, coupled with the burden placed on 
clinicians to seek out one or more of these sources for 
their patients to be tested, sets up an inequitable system 
of testing allocation, the overall pattern of which was 
largely invisible nationwide. This holistic perspective is 
sorely needed because the evidence for clinical utility 
of genomic interventions within different conditions is 
rapidly emerging, and its integration within routine care 
requires traditionally siloed parts of the healthcare sys-
tem to work together in new ways.

The development of a rich picture can surface diver-
gent viewpoints influencing the situation [35] that are 
essential to recognise when attempting to understand the 
situation. Furthermore, by visualising a complex situa-
tion in a picture, it can be viewed and discussed by mul-
tiple stakeholders that may have more or less knowledge 
and understanding about different parts of the system as 
well as divergent views about the situation. Therefore, 
rich pictures have the potential to aid discussions that 
can help stakeholders to conjoin their points of view and 
increase their understanding of other stakeholders’ per-
ceptions and actions, both which are essential for taking 
actions to improve a situation [22].

A frequent comment from the Key Informants of this 
study as they looked at the rich picture was that while 
they could comment on “their section of the picture” 
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they were not aware of what was going on elsewhere. 
Upstream and downstream outcomes that influenced or 
were influenced by their own local processes were also 
sometimes unexpected. So, for example clinicians were 
not always aware of issues facing the data managers or 
education providers. Laboratory scientists were aware 
of industry drivers and workforce issues but much less 
around access issues facing consumers. The interdepend-
encies, feedback loops, uncertainties and unintended 
consequences found in this study show how tightly cou-
pled processes are and indicate that a whole of system 
approach must be taken to address issues. It will not be 
sufficient to consider individual components of the larger 
system in isolation.

Implications
Funding was the strongest theme throughout the study. 
Three main implications of funding were revealed: its 
influence on which patients have access to genomic test-
ing (and the amount of paperwork and effort required 
to secure funding for different patients’ tests), on the 
employment of a suitably skilled genomic workforce that 
is needed, and on the development of test validation and 
the biotechnology industry in Australia more generally. It 
is clear that the web of interdependencies around fund-
ing mean that even small adjustments to funding for 
genomic testing will have ramifications throughout the 
system. Uncertainty of future funding for genomic test-
ing was seen to be mobilising consumer groups to advo-
cate for Medicare funding and meant that the onerous 
work done by clinicians in searching for funding sources 
(outside of research funding) for a needed test will only 
get worse if Medicare rebates are not approved for tests 
showing clinical utility. While, as one of our informants 
noted, Medicare funding was imminent for genomic test-
ing for children with intellectual disabilities, this was the 
only condition being considered at present. The clinical 
effectiveness of a number of applications of genomic test-
ing has been established in Australian and overseas stud-
ies (e.g., 36). However, we argue that funding schemes 
considering just clinical effectiveness of genomic inter-
ventions within individual conditions, do not take into 
account the funding needs for the wider workforce and 
infrastructure required when introducing a new complex 
intervention.

Unintended consequences included the high pressure 
on senior genetic specialists to mentor more junior staff 
and to contribute to the data analysis. This pressure on 
individuals is not sustainable. Learning from this and 
observing how health professionals have self-organised 
and adapted to include new roles such as biostatisti-
cians, should inform the genomic teams of the future. 
Getting the skill mix of senior and junior staff, genomic 

specialists and generalists (both within clinical and labo-
ratory settings) will be crucial for the sustainability of the 
model of care going into the future.

Genomic sequencing is heavily dependent on techno-
logical advances both now and in the future; from the 
sequencers to the reagents, to the data curation, sharing, 
and storage platforms. A key finding from this study was 
that in the initial design of Australian Genomics Flag-
ships, the biotechnology industry was not consulted. 
This lack of engagement with local industry placed a 
burden on the relationship between research and indus-
try. Genomic technology is constantly evolving and 
improving; its successful adoption and sustainable imple-
mentation as part of routine practice means industry 
partnerships are crucial.

Strengths and limitations
A static, two-dimensional rich picture has limits to what 
it can depict. The position of Education is a case in point 
(just below the middle to the right). It is physically dis-
tant from Professional Education Providers (middle 
right side) but is obviously closely linked. Government 
is also split: representing government funding on the top 
left and health funding at the bottom right. Yet another 
example is the placement of Patients and Public physi-
cally distant from the Multidisciplinary teams caring for 
them (just above the centre to the right). Drawing mul-
tiple linkages across all these interacting agents would 
make the picture too “busy” to understand visually. The 
same is true of feedback loops which were noted between 
multiple parts of the graphic.

The graphic depicts the landscape in Australia and so 
is dominated by its publicly funded health care system 
(split between Federal and State funding models). How-
ever, the list of stakeholders, issues, and the interplay 
between them will doubtless be informative to other 
countries. Methods are described in detail so that other 
research groups can develop their own rich picture. 
Other strengths are that data was acquired from multiple 
sources, and the validation process involving nine experts 
actively involved in different aspects of clinical genomics.

Conclusion
The rich picture of the clinical genomic landscape in 
Australia is the first to show as comprehensively as 
possible the full health system within which genom-
ics is embedded, with key stakeholders, agencies, pro-
cesses and their interdependencies. A complex systems 
approach, in which the system is viewed as a dynamic 
whole, represents a genuine, deep-seated attempt to 
understand key drivers and barriers to largescale inter-
ventions such as clinical genomics. Stakeholders fre-
quently commented that they were familiar with “their 
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part of the system” but not others. In depth studies of 
individual clinical microsystems, single stakeholder 
perceptions, and effects of specific policy and funding 
decisions are important for facilitating understanding 
but they do not factor in the features inherent in the 
features inherent in CASs (e.g., interdependencies, 
non-linear processes, fuzzy boundaries). An overarch-
ing understanding of health care as a CAS is important 
for feasible and pragmatic implementation decisions. 
In particular, this complexity view revealed multiple 
sources of funding forming a patchwork of funding 
models across states. While each source individually 
was intended to increase access of patients to testing, 
this had the unintended consequence of adding a bur-
den on clinicians to find funding for individual patients, 
and contributed to a clearly emerging inequity of 
access. This complexity informed perspective should be 
taken into account in future policy decisions.
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