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Abstract 

Background Medical education is a multifarious endeavour integrating a range of pedagogies and philosophies. 
Complexity as a science or theory (‘complexity’) signals a move away from a reductionist paradigm to one which 
appreciates that interactions in multi-component systems, such as healthcare systems, can result in adaptive and 
emergent outcomes. This examination of the nexus between medical education and complexity theory aims to dis-
cover ways that complexity theory can inform medical education and medical education research.

Methods A structured literature review was conducted to examine the nexus between medical education and com-
plexity; 5 databases were searched using relevant terms. Papers were included if they engaged fully with complexity 
as a science or theory and were significantly focused on medical education. All types of papers were included, includ-
ing conceptual papers (e.g. opinion and theoretical discussions), case studies, program evaluations and empirical 
research. A narrative and thematic synthesis was undertaken to create a deep understanding of the use of complexity 
in medical education.

Results Eighty-three papers were included; the majority were conceptual papers. The context and theoretical 
underpinnings of complexity as a relevant theory for medical education were identified. Bibliographic and temporal 
observations were noted regarding the entry of complexity into medical education. Complexity was relied upon as a 
theoretical framework for empirical studies covering a variety of elements within medical education including: knowl-
edge and learning theories; curricular, program and faculty development; program evaluation and medical education 
research; assessment and admissions; professionalism and leadership; and learning for systems, about systems and in 
systems.

Discussion There is a call for greater use of theory by medical educators. Complexity within medical education is 
established, although not widespread. Individualistic cultures of medicine and comfort with reductionist epistemolo-
gies challenges its introduction. However, complexity was found to be a useful theory across a range of areas by a 
limited number of authors and is increasingly used by medical educators and medical education researchers. This 
review has further conceptualized how complexity is being used to support medical education and medical educa-
tion research.

Conclusion This literature review can assist in understanding how complexity can be useful in medical educational-
ists’ practice.
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Background

 “Medical education is a busy, clamorous place, 
where a host of pedagogical practices, educational 
philosophies, and conceptual frameworks collide” [1]

Medical education straddles the university, healthcare 
and community sectors, and brings together a wide range 
of pedagogies and philosophies [1] in an attempt to cre-
ate a workforce that possesses a broad range of compe-
tencies and capabilities, spanning specialities as diverse 
as, for example, general practice, neurosurgery, radiation 
oncology, psychiatry, pathology, cardiology and public 
health. The evolution of medical education has occurred 
across centuries and seen many innovations and para-
digmatic shifts [2–4]. Medical education in its full depth 
and breadth in the  21st Century is a multifarious endeav-
our. The use of complexity, as a theory or science, to aid 
this understanding is entering the literature, however the 
extent that it is used and subject matter that it addresses 
has not been scrutinised. Discovering how complexity is 
being used to support the development and understand-
ing of medical education can inform others in developing 
and researching medical education programs.

Complexity as a scientific paradigm gained momen-
tum and widespread attention from a movement of the 
1970s and 80s when an interprofessional group of scien-
tists sought to develop a collective understanding of phe-
nomena that were non-linear in nature and represented 
the dynamics of real-world systems [5]. This was a move 
away from the reductionist scientific paradigm that dom-
inated the previous centuries. The science of complexity 
saw a shift in thinking towards an appreciation that the 
whole cannot always be explained by examining its indi-
vidual components. Central to complexity are complex 
adaptive systems which are comprised of many individual 
components or agents that behave and interact according 
to a set of rules including responding to feedback from 
other agents in the system. The interaction and adapta-
tion of these agents results in dynamic and self-organis-
ing properties with the emergence of a global structure or 
system [5, 6].

Complexity is increasingly used to help understand 
social systems [7, 8], including health  care and edu-
cational systems [9]. Central to this is understand-
ing health  care as a series of interdependent complex 
adaptive systems [10]. With this in mind, this litera-
ture review explores the extent and nature of the use 
of complexity in medical education. In doing so it will 

assist those involved in medical education and medical 
education research to determine the relevance of com-
plexity to their practice.

To a novice in the field, the issue of terminology is 
confusing, yet important to tackle. There are various 
terms used to indicate what is apparently the same 
field including ‘complexity science’, ‘complexity theory’, 
‘complexity research’, ‘complex systems research’, ‘the 
science of complexity’ and for some simply ‘complexity’. 
The different terms may indicate a different orientation 
of complexity, however they can be considered under a 
single umbrella [11], and for the purposes of this paper 
the term ‘complexity’ will be used.

Distinguishing complexity from complicatedness is 
also crucial. Complicated systems can be understood as 
the sum of the individual elements, however a complex 
system is characterised by the presence of interacting 
parts which result in a collective, emergent outcome 
unable to be understood by examination of its individ-
ual components [7]. There are many orientations and 
approaches to complexity. Morin [12] and Manson [13] 
provide detailed distinctions between the orientations 
and Castellani [11, 14] describes them as a collection 
of innovations that have been hailed a “revolution in 
thinking – a paradigm shift” [14] that aim to address 
the questions of a globalised society with complex 
social problems.

Academics who propose complexity as a theory for 
education identify learning as a complex process which 
occurs in complex systems, leading to the emergency 
of knowledge in the context of educational systems 
which, when optimised, are adaptive, resilient, respon-
sive, and networked within and aside other systems.
[15–19]. Castellani and Gerrits identify education, 
health care, and public health as content topics within 
the systems theory and complex systems theory tradi-
tions [11]. Complexity as a frame of reference for edu-
cation allows a reimagining of education that is less 
didactic and more transformative with important links 
to previous scholars such as Dewey [19] and Vygotsky 
[20]. Alhadeff-Jones identifies complexity as providing 
assumptions and principles that challenge dominant 
systems of thought [15] and Doll points to learning 
that is not through direct transmission from expert to 
novice, but non-linear with multiple perspectives being 
shared and a curriculum that is “open, dynamic, rela-
tional, creative, and systems oriented” [19]. Davis and 
Sumara argue that complexity could be construed as an 
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educational theory [17] and Byrne argues for the inte-
gration of a complexity frame of reference into curric-
ula broadly [16]. Mason notes that educational research 
informed by complexity asks different questions, avoids 
an input–output ‘black-box’ causal modelling, and that 
curriculum and teaching can be understood as emer-
gent phenomenon [21]. This review aims to develop an 
understanding of how complexity is, and can, unlock 
the black box specifically in medical education.

Methods
This literature review does not fit neatly into a typical 
typology of reviews. An initial scoping of the literature 
identified the need for a method to integrate publications 
that were opinion and commentary, conceptual and the-
ory building, and empirical studies that used complexity 
as a theoretical lens. A meta-narrative review methodol-
ogy [22] was appealing because of its grounding in the 
work of Thomas Kuhn, which recognises that science 
undergoes paradigmatic shifts when current theories 
cannot explain phenomenon and a new theory is pro-
posed.. This resonated with the purpose of the review 
however meta-narrative reviews aim to explore a range of 
research traditions on a topic [22], which fails to describe 
this review with its focus on the impact that a single epis-
temological approach (complexity) has had on a disci-
pline of practice and research (medical education). The 
guiding principles of a meta-narrative review remained 
as a framework for how the review was conducted. This 
review, therefore, is a narrative review which takes a sys-
tematic approach, incorporating the guiding principles of 
a meta-narrative review.

The aim of the review is to build a rich picture of the 
position of complexity in medical education through the 
integration of all publications that engage in both. To do 
so requires building both a narrative of how complexity is 
inserted into medical education, in addition to themati-
cally examining the facets of medical education where 

authors have either theorised about or utilised complex-
ity. The six guiding principles of a meta-narrative review 
are: pragmatism, pluralism, historicity, contestation, 
reflexivity and peer review [23]. See the Additional Mate-
rials 1 for a discussion of these principles in the context 
of this review. Through reflexivity and peer review we 
determined that the principle of pluralism with respect 
to inclusion of all research traditions, a necessary ingre-
dient for meta-narrative, was counter to the aim of the 
review whose focus is a single epistemological approach. 
We therefore took a pragmatic approach to the review. 
Given the review incorporates conceptual papers and is 
not focused entirely on empirical research it was not eli-
gible for inclusion in the International Prospective Regis-
ter for Systematic Reviews, Prospero [24].

The identification of relevant literature began as a scop-
ing exercise in 2015. Medline was searched iteratively 
using relevant search terms, with reference lists of rel-
evant papers explored for further publications. Forward 
and backward citation tracking was made of key papers 
and publications citing seminal papers were scanned. 
Books which related to medical education or complex-
ity were examined  for relevant chapters. Over this time 
the authors became familiar with the use of complexity 
in healthc  are and the broader literature. In November 
2022, a systematic search of the literature was undertaken 
using five databases to locate papers not yet identified 
(Table 1). Search processes and outcomes are provided as 
a modified PRISMA diagram in Fig. 1.

All types of publications were potentially included – 
including theoretical papers, letters, opinion/commen-
tary pieces, and editorials. Publications were included if 
they genuinely engaged with complexity, and this was in 
one of three ways:

1. The primary purpose of the publication is to advance 
the understanding of complexity in the context of 
medical education.

Table 1 Databases and search terms

Database Search terms

Medline "Education, Medical"[Mesh] AND ((complexity theor*) OR (Complexity science)) n = 1,790

ERIC (complexity theory OR complexity OR complexity science OR complex adaptive systems OR complexity approach) AND (medical 
school OR medical education OR medical students OR medical curriculum OR medical student education OR clinical education) 
n = 198

Cinahl (complexity theory OR complexity OR complexity science OR complex adaptive systems OR complexity approach) AND (medi-
cal school OR medical education OR medical students OR medical curriculum OR medical student education OR clinical educa-
tion) n = 1022

Web of science ((("complexity theory") OR (complexity) OR ("complexity science") OR ("complex adaptive systems") OR ("complexity approach")) AND 
("medical school") OR ("medical education") OR ("medical students") OR ("medical curriculum") OR ("medical student education") OR 
("clinical education"))) n = 1,879

Psychinfo complexity.mp. and exp Medical Education/ n = 382
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2. Complexity is used instrumentally in building com-
mentary or theory, or to support empirical research, 
but not the primary focus.

3. Complexity is an important aspect of the commen-
tary or theory, or is used as a theoretical lens for 
empirical research, but is not central to it.

Publications also were included if they related sig-
nificantly to the education of doctors (including inter-
professional education), including undergraduate, 
post-graduate and ongoing education. Papers were 
excluded if there was only a passing or no mention of 

complexity as a theory or science or if education of doc-
tors was not a significant focus. No further limits were 
applied. Titles and abstracts were scanned for poten-
tial suitability. Full text was retrieved for all studies that 
were potentially suitable and a final decision on inclusion 
made according to the criteria described. This process 
was undertaken by a single researcher (KO) overseen and 
reviewed by the two co-authors. A limitation is that the 
process is not likely to be replicable, however the purpose 
of the review is not outcome based, rather it is a descrip-
tive analysis of a body of theoretical and empirical lit-
erature at a point in time. As with qualitative research, 

Fig. 1 Modified PRISMA diagram representing the search processes
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the results are impacted by the experience and expertise 
of the primary author who has developed a deep under-
standing of the specific and broader literature over many 
years.

Bibliographic information was collected including 
author name, year of publication,  and publication jour-
nal. Only qualitative data were extracted as none of the 
included empirical publications used quantitative meas-
ures. All publications were reviewed in their entirety and 
a summary made. Summaries were then examined, and 
the themes incorporated within each publication were 
identified. Overarching themes were identified, and pub-
lications sorted accordingly, with the majority (50/83) 
addressing more than one theme (see Additional Materi-
als 2 for a full list of publications mapped to themes, type 
of publication and type of engagement with complexity). 
Main messages were extracted from each summary, and 
these were integrated across each theme to provide nar-
ratives and summaries of thematic groupings relating to 
the use of complexity in the medical education academic 
literature. Risk of bias assessment was not deemed neces-
sary to achieve the objectives of the study.

Results
Bibliographic information
Eighty-three publications were included [18, 25–106], 17 
were commentaries, 46 were conceptual, 19 reported on 
empirical studies the majority of which were case stud-
ies and program evaluations. There were 57 individual 
primary authors, 15 of these were the primary author for 
more than one publication accounting for almost half of 
the publications (49.4%). The majority of publications 
were from English speaking countries, with the USA, 
Canada and the UK accounting for more than 25% each 
(Table 2). The number of publications by year are shown 
in Fig. 2. There was a gradual increase from 2001, with a 
spike in 2010. There was a decline in 2019; and evidence 
from 2021 and 2022 (although incomplete) that this is 
reversing. There were 28 different sources, 25 journal 
articles and three book chapters. Six journals had five or 
more publications, these were Academic Medicine, BMC 
Medical Education, Journal of Interprofessional Care, 
Journal of Evaluation in Clinical Practice, Medical Educa-
tion and Medical Teacher.

Overview
The story of the temporal and spatial insertion and 
evolution of complexity in the medical education lit-
erature is explored, followed by a discussion of what the 
reviewed literature has to say directly about the pur-
poses, value and relationship of complexity to medi-
cal education. The relationship between complexity and 
socio-materiality is discussed, given socio-materiality 

was frequently incorporated into writings. From here, a 
thematic analysis is provided of seven specific aspects of 
medical education where complexity was seen as perti-
nent, or complexity was used as a theoretical lens. These 
are: competency and capability, knowledge and learning 
theories; curricular, program and faculty development; 
program evaluation and medical education research; 
assessment and admissions; professionalism and leader-
ship; and learning for systems, about systems and in sys-
tems. Figure 3 diagrammatically represents the findings.

The insertion of complexity into medical education
While there is evidence that the use of complexity as a 
theory for medical education is becoming established, 
to date most publications come from English speaking 
countries, with 84% from the USA, Canada, and the UK, 
and a further 10% from Australia. Almost half (41) publi-
cations have primary authors who have contributed more 
than one publication; there are 15 such authors. Com-
plexity is yet to appear in the literature outside western 
populations and there are a small number of authors who 
contribute to a significant proportion of  the literature 
(Table 1).

Early publications sought to establish complexity as a 
relevant theory, and then link complexity to knowledge 

Table 2 Characteristics of included studies

Characteristic Number of 
papers n (% of 
total)

Methodology
 Commentary 17 (20.5)

 Conceptual 46 (55.4)

 Empirical 19 (22.9)

  Case study 9

  Program evaluation 6

  Qualitative study 2

  Assessment of an intervention 1

  Participatory action research 1

 Literature review 1 (1.2)

Country
 USA 27 (32.5)

 UK 22 (26.5)

 Canada 21 (25.3)

 Australia 8 (9.6)

 Netherlands 2 (2.4)

 Ireland 1 (1.2)

 South Africa 1 (1.2)

Number publications per primary author
 Primary author has 1 publication 42 (50.6)

 Primary author has > 1 publications 41 (49.4)
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and learning theories, and competency and capability. 
More recent publications use complexity to explore cur-
ricular development, and as an explanatory or explora-
tory lens to examine more specific aspects of medical 
education. This is demonstrated in Fig.  2 whereby the 
early literature is represented in the outer layers of the 

(square) onion; over time publications focused on more 
specific aspects of medical education represented at the 
right of in the inner core.

One publication not formally included in the review 
but worthy of reference is an invited presentation to the 
 100th meeting of the Association of American Medical 

Fig. 2 Number of publications over time: Nexus between complexity and medical education

Fig. 3 Narratives of complexity and medical education. 1Manson SM: Simplifying complexity: a review of complexity theory. Geoforum 2001, 
32(3):405–414. 2Mitchell M: Complexity: A guided tour. New York. NY: Oxford University Press; 2009. 3Stacey R: Emerging strategies for a chaotic 
environment. Long Range Plann 1996, 29(2):182–189. 4Fenwick T, Nerland M, Jensen K: Sociomaterial approaches to conceptualising professional 
learning and practice. Journal of Education and Work 2012, 25(1):1–13. 5Davis B, Sumara D: Complexity as a theory of education. TCI (Transnational 
Curriculum Inquiry) 2009, 5(2):33–44
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Colleges [107]. While the essay does not explicitly link 
to complexity, which was taking hold at the time through 
the work of the Santa Fe Institute, metaphors of a musi-
cal symphony resonate with complexity, including a con-
clusion that the musical metaphor was chosen because 
“each level of musical organisation has emergent proper-
ties that are not predictable from the simpler” [107]. One 
included study picks up on the same musical metaphor 
[79].

A decade later complexity was introduced to the health 
care profession in a series of four papers published in the 
BMJ [54, 108–110], one of which specifically focused on 
education [54]. This has become a sentinel publication 
and was followed by an increase in the number of publi-
cations per year, with a significant spike in 2010 (Fig. 2). 
This spike is partly explained by an edition of the Journal 
of Evaluation in Clinical Practice dedicated to complex-
ity and health professions education, with an editorial 
that notes medical education would be better served by 
contemporary learning theories and concepts than the 
reductionist explanations traditionally employed [80]. 
Five of the included articles come from this edition [18, 
30, 45, 80, 97]. The other occurrence in 2010 was the 100-
year anniversary of The Flexner Report [111], with two 
included papers reflecting on the next 100  years in the 
context of complexity [68, 81].

2011 saw a challenge to the way complexity was being 
used in the medical education literature, in particular its 
adoption at the apparent expense of linear research meth-
odologies [84]. Norman argued that when taking into 
account the true origins and definitions of chaotic and 
complex systems, medical education does not conform 
[84]. This is because complex and chaotic systems have 
characteristics that are not likely to be present in educa-
tional systems, and linear approaches have provided use-
ful insights. Regehr responded, noting that there is not a 
call to stop using experimental methodologies but rather 
their misuse, and maintaining that while there is a dan-
ger in going too far with the metaphors employed, com-
plexity is valuable in that it provides an additional way of 
thinking that does not reduce intervention to linear parts 
[89]. What appears to be at the heart of the disagreement 
is the orientation of complexity used by the respective 
authors. This was elaborated by Cristancho et  al. who 
reviewed the manner in which medical education was 
employing complexity, with concern that scholars did not 
understand the multiple orientations, highlighting how 
this can be problematic, and encouraging constructive 
dialogue acknowledging the multiple orientations [42]. 
Several valid frameworks for the multiple orientations 
of complexity are identified by Cristancho et al. [41] but 
Manson’s [13] framework is specifically noted. It identi-
fies approaches to complexity science based on discipline, 

these are: algorithmic whose origins are in mathematics; 
deterministic whose origins are in physics; and aggregate 
whose origins are in biology [13]. All share a concern for 
the nature of systems which are non-reductionist. Bleak-
ley also acknowledges the “academic spat” between those 
who object to the broader, more liberal interpretation of 
complexity and academics like himself who used a wider 
application of complexity which sees a conversion to 
holistic models such as systems, chaos and network theo-
ries [30]. A similar argument has played out in the health 
care literature [108, 109, 112–114].

A downturn in publications in 2020–2021 could be 
explained by the COVID-19 pandemic diverting the 
efforts of the medical education community towards 
issues relevant to adaptation to the pandemic. One recent 
paper relates complexity and medical education within 
the context of the COVID-19 pandemic [85].

Complexity as a theoretical lens for medical education
Doll Jr and Trueit provide an historical context of medical 
education and its transition from an Aristotelian/Ptole-
maic view of the world to a Copernican/Newtonian one, 
and in modern days a further paradigmatic shift which 
recognises the experimental tradition as “excluding too 
much of the messiness, uniqueness, and vitality of life” 
[45]. Davis and Sumara agree and argue that there is a 
compelling mass of evidence against Euclidean and New-
tonian assumptions of popular educational theories and 
the contribution of complexity is in demonstrating that 
many phenomena can only be understood at the level of 
emergence [18]. Linear reductionist approaches to health 
profession education are challenged [80] and complex-
ity identified as providing new ways to study education 
systems [49, 81]. The conceptualisation of nested learning 
adaptive systems encourages rethinking of the pragmat-
ics of teaching [18], with its focus on interconnections 
between people and systems key to complexity’s useful-
ness [64].

According to Mennin, the challenges of medical educa-
tion will require paradigmatic, not incremental, change, 
for which complexity offers a way to consider [82]. 
Applied complexity is identified as the branch that relates 
to health care and education [11], and while it is not a 
panacea, complexity can provide a number of important 
tools for inquiry into social complexity [14]. However, 
in exploring the usefulness of complexity for examin-
ing professional learning in collaboration Fenwick urges 
caution in the translation of complexity into the domain 
of human activity given its origins in mathematical and 
ecological systems [49]. This aligns with Paley in chal-
lenging those who have utilised it more liberally [115]. 
These authors urge against the use of metaphors and 
romanticism in the use of complexity, encouraging a 
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deep analysis of the intricate sociomaterial dynamics of 
emergence.

Sociomateriality and complexity
Authors in this review who cite Sociomateriality iden-
tify complexity as a sociomaterial approach [51, 71, 72, 
75, 78, 101], as guided by the writings of Fenwick [49, 50] 
who notes that complexity as it relates to social systems 
has shared premises with Sociomateriality. Sociomateri-
ality is an approach to organisational studies that “posits 
the constitutive entanglement of the social and the mate-
rial in everyday life” [116] promoting the view that the 
technical and social aspects of work are inherently insep-
arable. Sociomateriality refers to theoretical approaches 
which move away from the human as the central focus 
towards an exploration of the non-linear relationships 
between materials and social practices. In a practical 
sense the social and material combine to shape and enact 
professional practice [58]. Complexity is identified as one 
of many theoretical approaches aligned with Sociomate-
riality, all with differing origins but a common focus on 
non-linear relationships between materials and social 
practices [49–51, 71, 72, 75, 78, 101]. Sociomateriality 
and complexity both emphasise the importance of under-
standing systems as a whole – the interconnectedness of 
material conditions with social relationships in the case 
of Sociomateriality and the interactions of components of 
a system that give rise to emergent properties in the case 
of complexity. They provide complementary perspectives 
on the importance of considering the interconnectedness 
within and between social systems.

It is argued that approaches to research which are 
informed by Sociomateriality allow the recognition and 
investigation of “multiple, emergent, and shifting Socio-
material assemblages that constitute organisations” [116]. 
Sociomaterial perspectives are relevant in opening meth-
ods that make visible the messy dynamics of professional 
learning [117]. Limited attention is paid to the impor-
tance of materiality in medical education, with a human-
centric view that fails to note relations among social and 
material forces, and conflict between ideals of evidence-
based models and sociomaterial contingencies of clinical 
practice [50].

Fenwick [50] and Goldszmidt [58] further explore the 
value of sociomaterial approaches in medical educa-
tion. Drawing on a description of a busy internal medi-
cine ward, Goldszmidt demonstrates how the social and 
material are woven into the everyday work of the team, 
and such a lens can enable new questions and ways of 
exploring existing problems [58]. Fenwick identifies three 
concerns when considering medical practice and learn-
ing: that there is limited attention paid to the importance 
of materiality; that a human-centric view fails to note 

relations among social and material forces; and that there 
is conflict between ideals of evidence-based models and 
sociomaterial contingencies of clinical practice. A socio-
material approach to learning embraces a range of theo-
ries that share social and material forces, culture, nature, 
and technology as enmeshed in everyday practice [50]. In 
short, for medical education, sociomaterial approaches 
place importance on the relationship between social 
and physical environments and how these contribute to 
learning [78].

Competency and capability
In their landmark paper, Fraser and Greenhalgh note 
that complexity thinking challenges medical educators 
to educate for capability, “the ability to adapt to change, 
generate new knowledge, and continuously improve per-
formance” [54] and identify pedagogical approaches that 
can be used to achieve capability. Rees and Richards fur-
ther argue that if educators themselves were comfort-
able with complexity it would help develop capability as 
educators [87]. Aron [25] and Cooper and Geyer [38] 
distinguish between competency and capability with 
competency achieved through knowledge of basic sci-
ence, and a requirement for capability. The integration 
of basic science into clinical experience is established in 
medical education, however it is argued that translation 
into challenging clinical environments requires capability 
[46], recognising learning as an emergent process [25, 38, 
46].

Dornan et  al. distinguish capability from competence 
as an integration of knowledge, skills, personal quali-
ties and understanding into clinical practice, something 
which requires experience in practice and which com-
petency-based medical education frameworks do not 
account for [46]. Batt et al., also argue that competency 
frameworks in health care education can be improved to 
address contemporary practice through employing a sys-
tems thinking framework that incorporates complexity to 
make visible features of clinical practice otherwise over-
looked [27]. The notion that capability relates to ability to 
integrate skills into complex clinical environments is sup-
ported by Fenwick and Dahlgren who caution that com-
plexity itself does not distinguish between competency 
and capability; that the constructs of complexity explain 
systemic capabilities, not individual performance [51].

Knowledge and learning theories
Complexity provides a lens for how knowledge is gained 
and how it relates to traditional theories of learning [29, 
30, 32, 34, 44, 48, 50, 92, 95, 98]. Bleakley’s stated liberal 
line of complexity aligns with contemporary social learn-
ing theories which explain how learning occurs through 
collaborative education, rather than more dominant 
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theories that focus on individual learning [30]. Authors in 
this review identify a wide range of learning theories that 
align with complexity, including script theory, assimila-
tion theory, self-regulated learning and situated cognition 
[48]; Paragogy and Heutagogy [34]; Dreyfus Model and 
Satir Model [44]; problem-based learning [44, 79]; and 
Communities of Practice, Reflective Learning and Trans-
formative Learning [92]. This diversity is consistent with 
Davis and Sumara’s view that complexity has emerged as 
an interdiscourse, that it arises in conversations of multi-
ple diverse perspectives and is attentive to the “rhetoric 
of listening, participating and engaging” [18].

Employing the tradition of ‘Ockham’s razor’ [118], 
Bleakley illustrates the reductive nature of medicine, not-
ing that medical educators are primarily a clinical and 
not academic body whose dominant cultural and scien-
tific paradigm is reductive, impeding the wide adoption 
of complexity aligned social learning theories [30]. It is 
acknowledged that the application of complexity to the 
social and cultural spheres of human life is contested, 
however suggested that the explicit liberal line of com-
plexity, with its wider application, aligns complexity with 
social learning theories to better understand medical 
education [30].

Curricular, program and faculty development
Complexity is seen as a transformative theory of educa-
tion by Davis and Sumara [18], Doll Jnr and Trueit [45], 
and Fenwick and Abrandt [51], mostly educational-
ists whose experience lies outside medical education. 
Development, if not transformation, was a strong theme 
among the reviewed literature relating to curricular, pro-
gram and faculty development.

Complexity as a theoretical lens for program and cur-
ricular development was widespread [25, 38, 40, 44, 53, 
57, 71, 73, 81, 105]. Traditional reductionist approaches 
in medical education were deemed necessary but not 
sufficient to both explain phenomena in medical educa-
tion [25, 80], and provide a framework for evaluation and 
improvement [40, 55, 73, 81]. Guidance for curricular 
design, development and revision using complexity prin-
ciples was provided [57, 73, 81], with some authors dem-
onstrating tangible examples of curricular development 
processes in the areas of interprofessional education [38, 
40, 105], integration of basic and clinical sciences [25] 
and educational and clinical services [44], and compe-
tency based medical education [53].

In introducing medical educators to relevant key con-
cepts of complexity, Mennin aimed to stimulate dis-
cussion that would review and reframe approaches to 
the integration of curricula and the teaching–learning 
dynamic fundamental to medical education [81]. The 
curriculum planning process is described as a complex 

adaptive system, nested within other complex adaptive 
systems. Self-organisation is highlighted as a bottom-
up approach for curricular development and reform, 
where interactive curricula lead to recursive interactions, 
greater disturbance, and more likelihood of self-organi-
sation. Integration with top-down curriculum planning is 
acknowledged as complementary [81].

Goldman and Mintz describe how principles of com-
plexity guided the process of curricular revision within a 
framework of shared leadership, understanding change 
as emergence and encouraging self-organisation, simple 
rules and constant principles for coherence over time, 
and continuous adaptation [57]. Complexity can act as a 
unifying theory and make a connection between the art 
and science of medical practice [25].

Four publications [52, 70, 87, 94] specifically address 
faculty development in medical education with a com-
plexity lens, with it being a secondary focus for others 
[40, 44, 57, 74]. An example of a leadership program for 
course coordinators (as middle managers), informed 
by complex adaptive systems theory, enabled a whole 
of system, non-hierarchical approach to leadership and 
management which overcame reluctance to embrace 
leadership roles [70]. Capacity building in faculty devel-
opment for clinical educators was informed by a systems 
perspective of learning, cognition, expertise and capa-
bility, with faculty development attending to capabilities 
required to work and innovate within complex systems 
[94] and to conceptualise how clinical educators could 
play a role as change agents [74]. Complexity theory is 
applied to the evaluation of faculty development, situat-
ing it as a dynamic process that evolves over time and for 
which a complexity lens considers multiple and unpre-
dictable outcomes and impacts [52].

Program evaluation and medical education research
A complexity frame for medical education research chal-
lenges the traditional tendency of the profession to feel 
most comfortable with reductionist methodologies [33, 
38, 88]. It is suggested that medical education research 
should not be about finding generalisable solutions, but 
rather creating and sharing better ways of thinking about 
local problems to better generate rich understandings of 
the complex environments in which medical education is 
uniquely embedded [88].

The importance of using theory to determine evalu-
ation approaches is highlighted, and evaluation frame-
works informed by complexity are identified as enabling 
continual improvement in medical education programs 
[55, 72, 90]. Complexity requires moving beyond evalu-
ation as outcome only, and to understand medical 
education as dynamic processes made up the diverse 
components and their interactions [55], with multiple 
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and varied needs in a constant state of change [38]. 
Logic models and sensemaking are identified as useful 
in designing evaluation frameworks which incorporate 
complexity thinking [72].

However complexity is not a research method itself, 
rather it provides a ‘synthesising structure’ and it is still 
up to researchers to identify methods and methodolo-
gies from within the structure of a complexity approach 
[33]. Medical education researchers are urged to consider 
novel ways to present results, for example by consider-
ing the value of narrative in representing complexity [41], 
taking learnings from research methods in systems engi-
neering [90], and the use of rich pictures [43].

Assessment and admissions
It is argued by Durning et al. that while clinical reasoning 
is a non-linear process, traditional assessment strategies 
assume linearity of medical competence [48]. Comple-
mentary approaches grounded in the concept of non-
linearity are proposed such as script concordance testing, 
concept mapping, microanalytic assessment of self-regu-
lated learning (elaborated on elsewhere [119]), and work-
place-based assessment [48]. The notion of borderline 
competence is identified as a zone that can be conceptu-
alized as a non-linear three-dimensional framework that 
takes into account both clinical significance and perfor-
mance difficulty [97]. The implementation of program-
matic assessment is analysed with complexity identified 
as a relevant theoretical lens [102]. Complexity also pro-
vides an epistemology for understanding and analyzing 
a method of assessment for selection into medicine that 
promotes approaches that adapt and emerge, enabling 
widening access among under-represented groups [36].

Professionalism and leadership
The narratives of professionalism and leadership address 
the intersection between medical education and health-
care systems. Hafferty identifies six waves of the mod-
ern medical professionalism movement [67]. The fifth 
wave links structure and agency and proposes a focus 
on a view of professionalism that moves from changing 
individuals to modifying structural and environmental 
forces. More nascent is the sixth phase which draws on 
complexity and recasts “social actors, social structures, 
and environmental factors as interactive, adaptive, and 
interdependent” [67]. Hafferty and Castellani track the 
development of medical professionalism over time and 
elaborate on ways in which professionalism has become 
increasingly nuanced and a complex system of competing 
types of professionalism [68].

The traditional model of leadership in health care is 
described as outdated, paternalistic, and placing power 
and authority in physicians [86], aligning with Hafferty 

and Castellani’s professional dominance [68]. Conversely, 
a complexity leadership theory is premised on leadership 
as co-constructed and emergent, distinguishing between 
leadership and leaders, and a leadership that sits out-
side formal leadership positions [65]. Seven elements of 
complex adaptive systems theory are used to comprise 
a learning model that recognises the needs of a system, 
clarifies the need for change, and mobilises self-organ-
ising behaviour [86]. How interprofessional healthcare 
teams enact leadership at a micro level is explored, high-
lighting both traditional professional hierarchies and the 
complex emergence of leadership in healthcare, arguing 
for a shift to a distributed model of leadership [65].

Learning for systems, learning about systems, and learning 
in systems
The reviewed literature acknowledges the connection 
between complexity and systems thinking from two 
angles: learning for systems through interprofessional 
learning (IPL) and simulation-based education (SBE) 
and learning about systems. IPL and SBE is well attended 
to in the medical education more broadly, the notion of 
learning about systems is a more recent addition and 
notably aligned with complexity. Learning environments 
are also examined with a focus on the systems in which 
medical education occurs.

There is rich theoretical discussion regarding the rel-
evance of complexity principles to IPL [37, 49, 78], and 
examples of complexity being applied empirically to IPL 
activities were plentiful [28, 39, 40, 71, 77, 91, 96, 101, 
105]. With the intensely collaborative nature of medi-
cine, dominant individually focused theories are not fit 
for purpose, and socio-cultural theories offer good fit 
in dynamic often high-risk contexts such as teamwork 
[29]. Complexity allows the social and cultural aspects 
of SBE to come the surface [35] and a reconceptualiza-
tion of simulation as a pedagogy that is truly innovative, 
integrative and interprofessional [51]. It is proposed that 
IPL focus less on individual knowledge and competencies 
and more on relationship competencies [69], social inter-
actions, cultures and settings, relationships to material 
elements, documentation methods and diagnostic tech-
nologies [78]. Complexity is employed to understand and 
support the dynamics of professional collaborative learn-
ing [49].

Across several publications, Cooper and colleagues 
describe how complexity has acted as a theoretical 
framework for the development and evaluation of IPL 
with its focus on connectivity, diversity, self-organisa-
tion and emergence [37–40]. Complexity allows a move 
from a focus on the individual and how they learn, to a 
focus on the health team, health system and environ-
ment [91]. By providing IPL facilitators with a complexity 
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perspective, they were more confident integrating key 
complexity principles [77]. Other studies have used com-
plexity informed approaches to design and evaluate IPL 
activities [39, 40, 71, 96, 101, 105] and in doing so they 
acknowledge the intensely social nature of the activi-
ties involved [71], that student learning is an emergent 
and constructed process with a need to allow direction 
to arise through different approaches[39], and that com-
plexity emphasises the dynamic relationship between 
individuals and their physical and social environments 
[101]. It is proposed that the use of complexity may not 
lie far from what educators are already doing, however 
theory is useful in exploring the messiness within SBE 
and IPL [66, 75].

Individualistic aspects of the culture of medicine mean 
a systems-based approach can be unfamiliar to physi-
cians, however an understanding of complexity could 
lead to an appreciation of the importance of systems 
[59]. The introduction of systems thinking and com-
plexity informed concepts to the curriculum is argued 
for to address the challenges of the complex healthcare 
environment [93, 99]. IPL is a method for preparing stu-
dents for systems thinking [34] and introducing complex-
ity concepts into graduate and professional education is 
necessary to drive system changes that address current 
fragmentation [46, 61, 83]. Across a number of papers, 
Gonzalo and colleagues argue for the integration of 
health systems science, alongside basic and clinical sci-
ences in pre-registration medical education [60, 62, 120], 
with acknowledgement that there are challenges [63].

The multiple environments and contexts where medi-
cal training occurs influence learning, teaching and prac-
tice of medicine, making complexity a relevant theory for 
the context of education (physical and situational) [47]. 
Informal and incidental learning in clinical environments 
is examined in the context of the COVID-19 Pandemic 
using a complexity framework [85]. Small group prob-
lem-based learning viewed with a complexity lens identi-
fies the learning groups as complex adaptive systems with 
fuzzy boundaries, whereby if dynamics change, tasks and 
resources are reconfigured [79]. The principles of non-
linearity and co-evolution demonstrate that for teaching 
hospitals, education interacts and evolves with clinical 
care [103]. Complexity is also a useful lens when consid-
ering the implementation of distributed education, out-
side tertiary health care [104].

Discussion
This review explores the narratives and themes that are 
occurring in the nexus of complexity and medical edu-
cation into an integrated understanding of its relevance. 
The review identified 83 articles that clearly and overtly 
incorporated complexity as a theoretical lens. Authors 

both rationalized and utilized complexity as a theoretical 
lens across a range of medical education contexts, with 
some cautioning an over-enthusiasm to the extent that 
other useful theories are neglected [49, 84]. Understand-
ing that there are multiple orientations to complexity was 
crucial in ensuring its correct appropriation [42]. Earlier, 
the appearance of complexity was largely through theo-
retical and conceptual papers, however in the latter years 
its use as a  theoretical framework in empirical research 
becomes apparent. The literature demonstrates that com-
plexity is established in the medical education literature, 
however it is not yet widespread. Recurrently, authors 
noted individualistic aspects of the culture of medicine, 
and that doctors are more comfortable with reductionist 
epistemologies, citing these as both barriers and motiva-
tions for the introduction of complexity as a theory for 
medical education.

Despite calls for the use of theory in medical education 
research for over 20 years [121] the community is slow to 
adopt [122]. However, attention to the importance of the-
ory in medical education and medical education research 
is growing [123–125]. Emerging approaches in medi-
cal education such as programmatic assessment [126], 
competency-based education [127] and interprofessional 
simulation-based learning [128] to name a few, inherently 
involve systems. Complexity therefore is a relevant theo-
retical lens by which to develop, understand and evalu-
ate such pedagogies, which are increasingly important in 
preparing doctors for practice the complex chronic dis-
ease era of the  21st Century [129]. This review focusses 
on one theory, however it was apparent in the literature 
that there are many overlapping theories that can be used 
concurrently, consistent with the nature of complexity.

This review has several limitations. Primarily it was 
difficult to clearly demarcate the criteria for inclusion, 
meaning that reproduction of the article selection may be 
difficult. Use of the term complexity is pervasive in medi-
cine and medical education; a judgment was necessary 
to determine whether there was genuine engagement 
with complexity as a science or theory and a different 
researcher may have included an expanded or restricted 
selection of studies. While this is a limitation, the pro-
cess’s integrity is supported by the knowledge that the 
reviewer had been examining this body of literature itera-
tively over 7 years and developed an understanding of the 
ways in which complexity is adopted more broadly. The 
decision to include or exclude was clear to the reviewer 
in most cases. Having a single reviewer determine inclu-
sion is also a potential limitation, however given the 
nature of this review was appropriate for pragmatic rea-
sons. Further, as with qualitative research, the synthesis 
and interpretation of the text will be influenced by the 
researchers’ experiences and expertise. This can be seen 
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as a strength and/or limitation. The heterogeneity of the 
papers included made integration difficult; any attempt 
at over-simplification would be counter to the purpose 
of the review. However, a conceptual model (Fig. 2) that 
was created – possibly at the risk of simplification – does 
allow an overview of the breadth of the use of complex-
ity in the medical education literature. Strengths of the 
review lie in application of the six guiding principles of a 
meta-narrative review [23], even though the review was 
not able to be constructed as a meta-narrative review due 
to the nature of the research question.

Conclusion
The development of a conceptualization and mixed nar-
rative and thematic review of the use of complexity in 
medical education has explicated how complexity can aid 
development of the field and allows researchers to deter-
mine the potential for application of complexity as a the-
oretical framework.
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