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Abstract: The provision of health care is frequently a complex process, and favourable clinical 
outcomes are dependent on the effective management of this complexity. Contemporary med-
icine and health care practices that are biomedically aligned have been informed by a reductionist 
paradigm, potentially creating a misalignment between health care and the human organism as 
a complex adaptive system. Complexity science is increasingly gaining momentum within the 
academic literature and is being employed across a wide range of scientific disciplines, although 
this is less evident in medicine. Limited evidence was found within the literature of a complexity 
science framework being used to explore and inform individual health care practices; in this 
paper, this gap will be explored through consideration of the use of strategies and tools 
(specifically mind maps, computer-generated network mappings, exploratory data analysis, 
and computer-derived network analysis) which are congruent with a complexity science frame-
work. This information may be useful to researchers investigating health care provision and to 
clinicians wishing to incorporate a complexity sensibility within their practice.
Keywords: complexity science, health care, mind map, network mapping, case 
management, complex adaptive systems

The Complexity of Health Care
Health care provision within a clinical setting is often a complex and intricate 
task, and especially so when managing chronic illness, comorbidities, and 
polypharmacy. This complexity extends beyond the interactions between the 
various systems and organs of the material body and encompasses an extensive 
range of influences, such as the body-mind link and the lived environment. For 
example, psychoneuroimmunology research increasingly demonstrates the effect 
of the mind on physical health;1–3 placebo research shows how expectations, 
conditioning, and context influence treatment outcomes;4–6 the link between 
wellbeing, diet and lifestyle has long been recognised;7,8 and research has 
established an association between positive social connection and health and 
longevity.9–11 To be better understood and further developed, this complexity 
lends itself to a paradigm that is nonlinear and systems-based rather than 
reductionistic in its framing. In this paper, we identify potential methods for 
exploring human health using a systems-based approach, which may support the 
ongoing evolution of clinical health care to better reflect its complex nature and 
advance its quality and safety.
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The Emergence of Complexity 
Science
Since the early-twentieth century, systems thinking and com-
plexity science has had a growing presence in research and 
academia.12,13 Since the early-twenty-first century, this per-
spective has increasingly been developed and implemented 
across a wide range of academic disciplines including artifi-
cial intelligence, information technology, business, the social 
sciences, ecology, biology, and the computer sciences,14 and 
has become a prime focus in the natural and social 
sciences.15 Advancements in computer technology have 
occurred in parallel to these theoretical developments with 
a resulting increase in the capacity for large-scale network 
modelling and manipulation, allowing for the mapping and 
evaluation of complex systems.14 While these applications 
have not been health care focused, the human body as 
a complex system lends itself to a similar framework.

Complexity science reveals how a multitude of interact-
ing elements function within an ever-changing context and 
give rise to adaptive responses emerging as a result of the 
interactions collectively within any system and between any 
system and its environment.12,16 A “system” is defined as 
something being whole within itself and composed of parts 
that are interacting for a shared purpose.12 “Complex sys-
tems” are systems whose interacting parts give rise to distinct 
properties, such as emergence, nonlinearity, adaptation, feed-
back loops, and spontaneous order; complex systems lack 
central control and exhibit sensitivity to starting conditions 
and small perturbations;17 examples include economies, the 
nervous system, the climate, human organisms, and business 
and health care organisations. Linear systems rarely occur in 
nature; instead, it is nonlinear systems that are pervasive.18 At 
the system level, nonlinear effects lead to emergent outcomes 
and global patterns that provide insights into complex 
situations.15 However, these insights depend upon a shift 
from a reductionistic and mechanistic perspective to one of 
probabilities and propensities,15 from ordered and linear, to 
holistic and pattern-based. Accordingly, disease manifesta-
tion may be considered as a non-linear continuum of pattern 
deviations away from a healthy state.19

Complex Adaptive Systems and 
Human Health
Complex adaptive systems (CAS) are a ubiquitous nonlinear 
and dynamic form of complex system15 defined by their 
ability to adapt to a changing environment; these are systems 
that can learn and have the potential to exhibit novel evolving 

structure and properties.20 Human organisms are an example 
of a CAS (see Figure 1). CAS have various identifying 
characteristics, which also exemplify the human organism, 
such as being a whole self-sustaining system functioning 
within an environment of multiple nested systems, which is 
dynamic, evolving, and characterised by emergence, interac-
tive causation, and elaborate interconnectedness.16 Further, 
CAS exhibit unpredictable, exponential, and synergistic 
emergence of coherent global order, which arises as a result 
of the operation of the whole system and not through the 
activity and properties of individual components.16 This 
emergence is driven by self organisation, creating an inte-
grated system responding as an integrated whole, and gen-
erating system resilience and adaptability.16 CAS, such as 
human organisms, are paradoxically stable while continu-
ously adapting and evolving;21 balance is achieved through 
constant fluctuation and dynamic change.15

Biomedicine and Complexity
Despite the human organism being by nature a CAS, 
biomedicine operates according to a philosophical frame-
work, which does not fully embrace this. Biomedically 
cognisant health care engages with the human organism 
as though it is other than a CAS because it is primarily 
informed by a reductionist paradigm. Biomedicine arose 
during the historical time of industrialisation and 
increasing mechanical prowess, and biomedical philoso-
phy was correspondingly influenced so that the human 
organism was viewed as a complicated machine reliant 
on deterministic principles.21,22 When viewed through 
a reductionistic and mechanistic prism, all natural sys-
tems are characterised as being comprised of simple 
indivisible elements,21 encouraging notions of linear 
causality.23 These indivisible elements are considered to 
be the key to deducing and explaining high-level func-
tion and, as a result, the best and most logical manner to 
investigate a system is considered to be at the lowest 
level possible.21,24 However, essential to this reductionist 
approach is the condition that a linear system is being 
explored,24 a flawed assumption when considering the 
health of a CAS, such as the human organism.

Application of Complexity Science 
to Health and Health Care
Despite widespread application across a range of scien-
tific disciplines, complexity thinking has been less meth-
odically implemented within health care.13,24,25 To date, 
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where complexity principles have focused on health it 
has predominantly related to non-clinical applications, 
such as the social and organisational aspects of health-
care structures and networks, and health knowledge 
management, such as research networks, organisational 
affiliations, mentorship, peer support networks, and cita-
tion networks for example,26 genomic and proteomic 
interactions for example,27 and comorbidity and symp-
tom relationships, identified using large datasets, for 
example.28 It has been noted that there is generally 
limited research, education, and implementation of com-
plexity approaches within the health care domain.24,25 

While the diagnosis of pathology using syndromic pat-
terning reduces some of the complexity involved in 
clinical health care provision, it also reduces the capa-
city to individualise disease assessment and treatment, 
and to identify susceptibility and preclinical manifesta-
tions of disease.29,30 Movement towards a systems 
mindset is not a call for the abolition of reductionist 
methods and knowledge – understanding the parts is 
a valuable adjunct to working with the whole.31 

Rather, the incorporation of systems thinking into bio-
medicine may offer new and novel opportunities to learn 
more about the nature of the human organism and 

enable the evolution of innovative approaches to 
improve the quality and safety of health care.12

While it is possible that clinicians from various profes-
sions engage in complexity thinking when managing 
cases, such as focusing on the relationships between the 
elements under consideration and looking beyond linear 
cause-and-effect links to seek emergent patterns, this does 
not appear to have been researched or documented within 
the literature, and there have been limited attempts to 
develop or codify formal frameworks in this area. While 
important work has been undertaken by the international 
community to raise the profile of a biopsychosocial per-
spective within health care, a notable example being the 
World Health Organisation’s “International classification 
of functioning, disability and health”,32 this has not effec-
tively translated into an examination of clinical reasoning 
through a biopsychosocial lens or a complexity perspec-
tive. A research framework with a more encompassing 
reach than one that is designed to assess specific targeted 
interventions is necessary to evaluate the most effective 
way to manage the health of human organisms in all their 
complexity. In this paper, we forward the hypothesis that 
complexity science principles can be utilised in the exam-
ination of all aspects of clinical reasoning.

Figure 1 The relationship between complex systems, complex adaptive systems and the human organism.
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Complexity Science Tools for the 
Study of Health and Health Care
While there is a justifiable theoretical basis for considering 
complexity science when researching health and health 
care, a clear understanding of practical tools useful to 
operationalise and apply a complexity science perspective 
in health research is still needed. Specific data visualisa-
tion tools (for example, mind maps and computer- 
generated network mappings) and analysis tools (for 
example, exploratory data analysis and computer- 
generated network analysis) may be appropriate for this 
purpose and are given consideration in this paper. 
Examples of various process steps to implement the use 
of the suggested tools are provided in Figure 2. The 
authors present these as possibilities; it is probable that 
a range of other options exist for future consideration. The 
potential of data visualisation is to reveal patterns and 
information not easily accessed by other means, enabling 
treatment development that is more considerate of the 
functioning of the entire human CAS organism, and lead-
ing to quality and safety improvements. The value of net-
work analysis is to deepen the understanding of any 
system, which relative to human health may lead to 
novel insights regarding primary causality of disease, 
hypothetical risk states, leverage points and treatment 
targets.

Mind Maps
A network provides a graphical or conceptual representa-
tion of a complex system,25 and could be considered 
a complex system’s skeleton.33 Mind maps offer an 
already accepted means of representing thought in a non- 
linear and network structured format34 and represent 
a basic form of network mapping that may be amenable 
to advancing complexity science in health research. Mind 
maps consist of elements joined by links, which represent 
associative relationship,34,35 and encourage movement 
away from more traditional, natural, and innate “linear 
thought” towards radial identification of connections 
between elements.34

Mind Maps as a Knowledge Management Tool
Mind mapping is a method for managing knowledge – by 
using a mind map knowledge can be organised, assessed, 
translated, and transferred – offering a means for overtly 
conceptualising the presenting state of a networked sys-
tem. Mind maps have been used in a variety of disciplines 
(including economics, finance, marketing, public relations, 

and optometry) and the development of mind mapping 
software programs has increased the ease with which 
knowledge can be presented in this format.35 Mind maps 
are similar to concept maps, but differ in some key 
aspects, namely, mind maps are less structured, radial 
(rather than hierarchical), associative (rather than 
relational),35,36 and inclusive of any form of element rather 
than being limited to conceptual knowledge. Concept 
maps are increasingly used within educational settings to 
depict conceptually and structurally relational 
information;35–38 whereas mind maps are considered 
potentially more suited to note taking36 and 
brainstorming,35 and offer the capacity to associate dispa-
rate elements in an unstructured manner. Concept maps are 
information driven (for example, see Figure 3), whereas 
mind maps are representation focused (for example, see 
Figure 4). The value of a mind map is that it has the 
potential to provide a visual representation of how clin-
icians are making sense of the individual case presenta-
tion, in the context of the individual being a CAS. While 
mind maps are a potentially useful tool to assist clinicians 
in assessing patients’ health needs, the focus of this paper 
is on their value as a tool for capturing clinical reasoning 
for research purposes.

Mind Maps in Practice
Mind maps have the qualities necessary to depict the 
inherent knowledge and case management intentions of 
the practitioner39 and may be generated during the case 
taking process or subsequently via a document review, and 
operational using one or a multitude of cases. A written or 
narrative account, often the format used in medical case 
management, lends itself more to a chronological or line-
arly organised portrayal of a case, whereas mind maps, 
with their radial network structure, provide an opportu-
nity – using elements and connections – to map the case in 
the form of a system. The process of using a mind map 
often begins with the identification of a central element. In 
health care, the patient’s presenting issue lends itself to 
this role. The next stage of this process is to begin linking 
aspects deemed relevant to the case to the determined 
starting point. These linked elements may comprise any-
thing that is associated with the case and considered by the 
practitioner to bear influence on the presentation. Elements 
are linked in a radial networked structure, rather than 
a linear or hierarchical one, thereby creating a systems 
view of the case presentation. The clustering of elements 
into subsystems or types of influence may assist with 
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identifying priority areas. Mind maps were primarily 
designed as a strategy to enhance learning, memory and 
critical thinking, and as an aid to organise thoughts.40 

However, the characteristics of mind maps also means 
they are a potentially useful tool to represent the elements 
and associations found within a CAS, and to depict case 

Figure 2 Three process options for use of systems tools to research primary health care provision and clinical reasoning.
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Figure 3 Concept map example.

Figure 4 Mind map example.
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presentations as nonlinear network structures. As a tool, 
mind maps may be used to explore clinical understanding 
of a single case, or understanding across multiple similar 
cases, or the perspectives of more than one clinician. In 
a step beyond mind mapping, the dataset of elements and 
links derived from a patient’s case (a mind map) may be 
inputted into a network mapping and analysis tool such as 
Gephi,41 allowing the data to be visualised, manipulated 
and analysed,42 either through exploratory data analysis or 
network analysis tools.

Exploratory Data Analysis
Within the context of complexity science, exploratory 
data analysis (EDA) provides an opportunity to explore 
and analyse a data set – such as a data set consisting of 
one or more mind maps – without preconceptions, in 
order to glean information about the phenomena under 
investigation.43 Instead of hypothesis testing and model 
building, EDA employs basic descriptive statistics and 
visualisation techniques to generate novel information 
based on the nature and potential causes of relationships 
amongst the data, which further leads to the development 
of testable hypotheses.43,44 This constitutes a method for 
patterned analysis of a dataset so that key features may be 
summarised.45 A primary method of applying EDA to 
graphical models (such as mind maps or network map-
pings) is to visualise it45 in an interactive and iterative 
manner,46 a useful tool for identifying structural features 
that may be elusive in other formats.47 Through network 
mapping, cumulative data representations may also be 
generated by inputting multiple mind maps (for example, 
of various patient presentations of a similar condition, or 
multiple mind maps of disparate conditions of 
a particular demographic). The goal of using EDA is to 
maximise what can be learned from the data, and this is 
achieved based on the principles of scepticism and open-
ness: scepticism to ensure that any summarisation of the 
data does not misrepresent or obscure informative ele-
ments of the data, and the openness to be ready to receive 
unanticipated information and patterns.46 Rather than the 
more common confirmatory approach towards a dataset, 
EDA encourages an exploratory mindset, which allows 
the researcher to remain open to a wide range of possible 
alternatives.46

Network Analysis
In addition to using EDA, network mapping representa-
tions may be explored using computer enabled network 

analyses including measurements of degree, distance, 
centrality, clustering and connectivity; all potentially pro-
viding information on the network structure and its func-
tional properties, as well as clinical insights (see Table 1 
for specific clinical examples). Degree is a measure of the 
number of connections that an element has,42 and indi-
cates the extent to which an element is identified as being 
linked to other elements within a case presentation. 
Elements with high degree are known as hubs,48 and 
they act as key sites of influence within the network. 
The diameter of the structure is a measure of the shortest 
distance between the two most distal elements42 and is 
a measure of network connectedness,49 providing the 
parameters of the network. Centrality measures, includ-
ing degree, closeness and betweenness,49 signify the 
importance of a node within a network47 and may assist 
with identifying treatment targets or leverage points. 
Betweenness centrality indicates the frequency at which 
an element appears on the shortest path between any pair 
of elements;42 an indication of the role different elements 
may perform in connecting and influencing other aspects 
of the network.

Discussion
Biomedicine has managed disease over the past 200 
years or more by researching pathogenesis, inferring 
direct causal connections, and designing targeted inter-
ventions to disrupt those processes.23,50 This specific 
pathogenic approach has been extremely successful in 
treating acute disease and traumatic injury, has greatly 
expanded knowledge of physiology and pathophysiol-
ogy, and advanced diagnostic and therapeutic 
effectiveness13 but appears to have less adequately 
resolved contemporary health priorities, such as chronic 
and systemic disease which tend to be more complex 
and multifactorial.50 A direct, causal, and linear disease 
model and health care process is foundational to biome-
dicine: an agent causes disease, an identifiable set of 
symptoms emerge, and the disease is then resolved (or 
managed) with specific treatment.50 This paradigm has 
informed the bulk of current biomedical research and 
practice;50 in the past 50 years, treatment research has 
largely focused on the evaluation of specific interven-
tions through the implementation of randomised con-
trolled trials.51–53 Amongst biomedical researchers 
there is increasing awareness of the limits of biomedical 
reductionism to progress the scientific understanding of 
biology and disease.31,54 According to Pinsky,18 in order 
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to understand disease and its response to medical treat-
ment, and to continue to improve the quality and safety 
of health care, we need to develop new tools and stra-
tegies that reflect complexity principles.

By exploring and understanding the interactions and 
organising principles that exist within a CAS, it is 
possible to gain deeper knowledge of the entire system 
than what would be possible from knowing the charac-
teristics of the individual components alone.55 

Knowledge comes not just from understanding the smal-
lest possible components, it also comes from knowing 
how these components interact and this speaks to the 
tension between the reductionist (ie, the whole is the 
sum of its parts) and the holistic (ie, the whole is greater 
than the sum of its parts) stance. The complete, unified 
and complex human system in allostasis forms the basis 
of health,56 and reducing the system to its constituent 
parts negates the possibility of a comprehensive under-
standing of the whole system.57 While a complexity 
science perspective has been employed to explore CAS 
other than the human organism in various scientific 
domains to date, there has been limited engagement of 
complexity science principles within health care. It is 
possible that the provision of health care will be most 
effective in meeting the health needs of patients when it 
relates to the human organism as a CAS.

Conclusions
Clinical health care is frequently a complex endeavour. 
Complexity science is an emerging force within various 
scientific disciplines, but less so in medicine and primary 
health care. Complexity science, as a research framework, 
offers a means to move beyond the limits of reductionism 
and to further develop a comprehensive, systems-based 
understanding of the whole human organism. To develop 
this understanding, a change of perspective is needed 
towards probability, holism, and pattern recognition. Mind 
mapping is a method for managing knowledge and it offers 
a means for representing and assessing the presenting state 
of a complex adaptive system. Exploratory data analysis 
enables pattern recognition, leading to the development of 
testable hypotheses. A deeper level of understanding of the 
health of the human organism may be further achieved using 
network mapping and analysis software. The use of these 
tools and strategies, which are cognisant with complexity 
science, provides a means to broaden the paradigm of 
informing health care to one inclusive of complexity. 
Through the development of a complexity science frame-
work to conceptualise and guide primary health care as well 
as research efforts, these areas will better align with the 
human organism as a complex adaptive system and will 
potentially lead to advancements in the efficiency, quality, 
and safety of health care.

Table 1 Network Analysis Clinical Examples

Network 
Analysis 
Characteristic

Aspect of Clinical Case Potential Insight Gained

Modularity or 

community 
identification

A cluster of symptoms (for example: feeling cold, 

weight gain, hair loss).

Identification of an under functioning thyroid as a hypothetical risk, 

prompting further investigation and possible early identification of 
disease susceptibility and preventative intervention.

Hub A highly connected element or hub (for example: 
diet).

Identification of diet as a keystone element and potential treatment 
target within a specific case presentation, possibly enabling more 

systemic and efficient treatment.

Centrality An element with a high centrality measure (for 

example: stress).

Identification of stress as a potential leverage point due to it 

impacting several other elements within the system (for example: 
motivation, muscular tone, immune function, headaches, sleep quality, 

social engagement), potentially redirecting and reducing overall 

treatment needs, and enabling individualised treatment.

Link direction Direction of interaction (for example: antibiotic use 

in a directional link to urinary tract infection)

Identification of causality or direction of influence amongst the 

elements depicted in the mapping, prompting treatment of elements 
further back in terms of origin, potentially allowing treatment to be 

linked to source influences and causes rather than more indirect and 

diffuse symptoms and issues.
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