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ABSTRACT
Global health as a discipline is at a moment of tremendous achievements and general optimism, but faces endur-
ing questions, notably about the sustainability of its endeavours. The field of global health defines itself through 
enumerated goals, targets, and indicators to track progress of complex changes. With this comes a broad pano-
ply of objective-driven strategies resting on assumed control over chains of cause and effect. We present areas 
where emergence and self-organization play an important role in determining the sustainability of positive 
outcomes at scale and behaviours of both the population and its service providers. The role of self-organization 
and emergence seem under-appreciated by the field and we consider three reasons for a possible “blind spot” 
of global health decision makers and influencers: (1) the culture of command and control inherent to central 
planning, (2) the structural limitations of large complex institutional edifices in processing information (vari-
ety), and (3) epistemological/cognitive constraints. More pro-active allowance for the conditions of positive 
self-organization and emergence may be required to avoid unintended and negative long-term consequences 
of global strategies, in spite of best intentions. Observational, analytical and computational multi-disciplinary 
studies are needed to bring clarity to these questions, and to inform a parallel process of dialogue, provocation, 
and learning to evolve the institutional culture of global health at both national and international levels.
Keywords: agent-based modelling, complex adaptive systems, computational sciences, emergence, global 
health, self-organization, viable system model.

1  INTRODUCTION
Global health has emerged in the last 20–30 years into its own field. Its goals are to solve the largest 
mortality and morbidity problems globally, and address health disparities [1]. It builds on decades of 
international health and international development, and brings together a wide range of actors: coun-
try institutions, government-to-government programs, United Nations, non-governmental agencies 
(NGOs), public–private partnerships, etc. Global health’s culture emphasizes performance, effec-
tiveness, accountability, country ownership, and evidence-based interventions [2, 3]. This has come 
with notable progress on reducing child, neonatal, and maternal mortality, and towards disease con-
trol and expansion of services. This evolution is part of the Millennium Development Goals (MDGs), 
which were partially achieved by their 2015 target, and now, the Sustainable Development Goals 
(SDGs) [4]. Global health has achieved great success overall and is going through a time of relative 
optimism about what can be achieved in the next generation [3, 4].

Some caution is however warranted for at least two reasons: First, mortality gains are due to far 
more than effectiveness in pursuit of defined goals [5, 6]. Progress towards the MDGs were achieved 
during a period of increase in gross domestic product (GDP) in developing countries, and an important 
part of the gains in child mortality are associated with GDP gains and social determinants of health 
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rather than specific health interventions supported by global health strategies [5, 7]. Secondly, most 
progress has been made in a context of increased development assistance [7, 8], and this raises ques-
tions about the sustainability at scale of systems, of quality, and of health outcomes [9, 10].

These questions have stimulated a growing body of literature on complexity and systems thinking 
in global health [11, 12], which this paper adds to, to make three points: emergence and self-organ-
ization play an important role in achieving and sustaining global health results (section 2); global 
health is constrained in its capacity to discern these phenomena (section 3); finally, section 4 
discusses a way forward, in terms complex systems research, and in terms of our cultural evolution.

2  EMERGENCE AND SELF-ORGANIZATION IN GLOBAL HEALTH
We refer readers to the literature for a definition of the related but different concepts of self-organi-
zation and emergence [13, 14]. We use the limited literature on self-organization and emergence in 
global health to make the case that these phenomena play a greater role in global health than usually 
acknowledged, and identify examples at three levels:

2.1  Self-organization in community and women’s groups

Two models for improving community health – Participatory Women’s Groups (PWGs) and Care 
Groups (CGs) – have drawn attention recently with large scale international implementation and a 
substantial level of evidence [15, 16]. The models bring women together in social structures to 
address specific health issues. The similarities and differences in the models are beyond our scope. 
Promoters of these approaches have defined the models to allow replicability and building an evi-
dence basis. But informal discussions with authors, if not in the publications themselves, suggest at 
least the potential for emergence and self-organization in the participatory and social interactions’ 
elements of these models. Successful women’s groups evolve, adjust behaviours, and take on new 
tasks or objectives over time and of their own volition. Longitudinal studies are not available, but 
these unanticipated self-organizing processes seem to increase with time – more tasks, new roles, 
complex group dynamics. Whether this supports initial goals or not, self-organization seems to be a 
factor in these group approaches.

2.2  Self-organization within the health workforce and between health workers and clients

We identified different examples of self-organization in the literature: health providers with formal 
day-time functions in the health system and informal clinical practice at night [17]; community 
health worker groups developing new functions (savings activities) [18]; and district managers strat-
egies to deal with the unreliability of central funds [19].

Less documented is the use and misuse of per diems for health workers. In the context of develop-
ment, external actors can sponsor activities by providing in kind or financial (per diem) compensation. 
This can both stimulate and disrupt planned activities [20]. But self-organization can also be used to 
correct such unintended effects. In two cases (undocumented), management teams systematically 
redistributed part of the per diems to incentivize staff who failed to benefit from these payments. 
Rather than establishing patronage, local self-organizing redistributed incentives more equitably.

Finally, Lanham [21] describes initiatives, which “took advantage of self-organization” between 
health workers and clients to strengthen scale-up strategies. An intervention using cellular messag-
ing to increase compliance to treatment saw unplanned uptake of phone communication between 
patients and nurses, intervention group patients relaying messages to control group friends; and 
spontaneous formation of a support network of patients.
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2.3  Scaling and sustaining global health achievements

Decentralized management and autonomy can be hard to distinguish from actual self-organizing in 
the literature [22, 23]. But we find examples of self-organization and emergence in publications on 
sustaining health outcomes: Sarriot [24] surveyed primary health care projects’ implementers, and 
reported maintenance of some activities coming through unanticipated local processes. Program 
managers referred to supporting “a local process – particularly at the community level – without 
being able to predict or control it… it was completely unintentional in terms of where we would go 
next with it . . . . It wasn’t exactly a mistake, but it wasn’t necessarily an intended strategy”. An 
assessment five-year post-project [25] describes elements of self-organization among stakeholders 
of an urban health project in Bangladesh. While on the surface the architecture for urban community 
health was as-expected, different groups’ self-interest led to a working equilibrium between all 
parties [26].

Similar language is used for scale-up processes [27]. ExpandNet, a World Health Organization 
collaborative, is dedicated to advancing scale-up of evidence-based health strategies, and recog-
nizes the existence of spontaneous scaling up, as “diffusion of the innovation without deliberate 
guidance” [28]. Plausible examples of self-organization can be found where actions by national, 
local governments and community leaders changed the course of a pre-determined scale-up strat-
egy [29]. Another series of case studies on scaling essential life-saving interventions describes 
self-organizing behaviours [30]: communities spontaneously providing homes and food to com-
munity health workers; and a program to expand access to post-partum family planning methods in 
India finding that health facilities combined planned and self-organized peer training of nurses to 
achieve scale.

These phenomena echo what is described in other fields of organizational and social sciences. The 
issue is now which factors hinder their perception by the global health community. We suggest three 
reasons.

3  CULTURAL, STRUCTURAL, AND EPISTEMOLOGICAL BIASES AS BLIND SPOTS

3.1  The international development culture – inherent and natural bias for control and predictability 
in decision-making

Policy makers require predictability from implementers, and are held accountable for return on 
investment by their own boards and governments. Objectives and targets translate into command and 
control approaches. Self-organization, by nature, runs counter to predictability. Additionally, 
emergence in complex adaptive systems depends on ill-defined timelines, which are poorly recon-
ciled with deadlines.

One of our authors participated in an aid organization workshop, convening experts to address 
how complexity affected their work. The day saw substantial discussions about local systems’ 
behaviours, adaptive processes, emergence, and how the organization might need to adapt its 
approaches. Coming to conclude the deliberations of the day, a high level leader of the institution 
specifically reminded participants that while adaptation to local contexts might be important, there 
could not and should not be ten different ways of achieving success on global targets. At another 
meeting, the leader of a network of implementing organizations was describing how trust and shared 
space within the network had allowed different partnership configurations to emerge and to respond 
to different challenges (for example Ebola). While sympathetic to the accomplishments, a donor 
agency manager present concluded the discussion by stating “unfortunately, we cannot fund ‘it 
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depends’”. These examples echo the words of Lanham [21], “the designs of [scale-up and spread] 
initiatives tend to focus on reproducing interventions with total fidelity, overlooking the unique 
attributes of local contexts [...] failed interventions could be the result of overlooking the limits of 
strict adherence to an intervention design.”

3.2  Structure – the challenge of variety engineering

Institutional hierarchies require that information be processed and reduced as it moves upstream. 
Global health has recognized, central, and influential nodes in its network. Harmonization of indica-
tors allows the relative few in the relative centre to process signals coming from nearly 200 countries, 
and thousands of districts. The diversity of experiences must be reduced level by level in order to be 
managed. A balance needs to be found between the quantity of signals and information (or “variety” 
[31]) flowing up from one level of management to the next. Self-organization and emergent phenom-
ena generate increased variety (complexity and signals), which naturally challenge the management 
capacity of each level of a control hierarchy. It becomes easier for the institutional system to retro-
spectively describe self-organization either as “happy accidents” (exceptional leadership, serendipity) 
or unintended consequences (poor coordination, corruption), essentially as surprises outside of 
implementation research considerations, leaving the signals received by the centre primarily about 
anticipated processes.

The systematic study of the success factors for countries on the “fast-track” to achieving the 
MDGs [5] combined data from up to 144 countries. It found that “no single configuration of factors 
proved necessary or sufficient” to predict success. Factors identified fit broad categories: multi-sec-
tor gains including very prominently woman’s education, woman’s participation in both workforce 
and political structures, mobilization of partners across society around evidence-based strategies, 
using evidence for accountability, rapid adaptation to change for course correction, and the use of 
guiding principles. This does not demonstrate self-organization, but it certainly suggests conditions 
leading to decentralized intelligence, and responsive adaptation.

3.3  Knowledge – increased complexity and epistemological challenges

Contextual complexity challenges knowledge and knowledge management in development efforts 
[21, 32–34] and global health itself have become more complex (through scale, number of interven-
tions, diversity and interconnections of actors,) [12, 35–37]. This challenges how to make sense of 
strategies and their evaluation. Jackson [38] presents decision-making and sense-making along two 
axes:

1.	 Participants can be characterized as unitary (sharing values, beliefs and interests), pluralist 
(different values and interests, with consensus on discrete objectives), or coercive (interests 
differ and power is a driving force); and

2.	 Systems, which can be characterized as simple (relatively stable, limited number of structured 
interactions, unaffected by external influences) or complex (large number of subsystems, adapta-
tion to each other, and a shifting environment).

Global health remains often conceptualized as unitary and simple: health is a universal value; 
evidence-based technologies need to be scaled up with reasonable but limited adaptation to context; 
priorities are established in national and global fora with correspondingly, clear and objective met-
rics. Global health may however be more often realized at different levels on the two axes: progress 
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takes place in a pluralist environment, where countries have different priorities, based not only on 
epidemiology, but also the will of the people, the competing interests of a national economy, decen-
tralized powers, and negotiated arrangements between sectors. The environment can also be 
unwittingly, coercive. Governments have to align to global decision makers who overwhelmingly 
control finances (i.e. challenging decisions about new vaccines versus routine immunization as just 
one example). Similar processes affect national to subnational negotiations. Interestingly, in the 
development field, the complexity matrix describes how specific problems fall on a continuum from 
simple to complex, and has been adapted to community health [10, 37]. As complexity accrues and 
the world becomes pluralist or coercive, the definition of the goal to be pursued and the metrics of 
progress start relying on more constructivist and participatory methods for sense-making [10, 21] to 
answer questions such as, can we sustain a level of collaboration required to maintain equitable 
health outcomes in communities?

Nurtured by medicine and epidemiology, global health has learned to rely on controlling statisti-
cally for contextual factors influencing the effectiveness of new technologies. But trying to simply 
control for context in evidence generation may inappropriately filter out important phenomena, thus 
contributing to “blind spots”. Anderson [14] states: “The constructionist hypothesis breaks down 
when confronted with the twin difficulties of scale and complexity. At each level of complexity entirely 
new properties appear. Psychology is not applied biology, nor is biology applied chemistry. We can 
now see that the whole becomes not merely more, but very different from the sum of its parts.” We 
should continue the trail and argue that complex social and institutional interventions are not applied 
medicine and epidemiology. Behaving as if that they were may cause substantial distortions in our 
understanding.

4  DISCUSSION: WHAT PATH AHEAD
The global health community has been extremely dynamic in its speed of change over the last 
decades but if our argument holds, cultural, structural and epistemological biases risk depriving a 
professional community from lessons, which may have critical impact on the sustainability of its 
efforts. How can we move forward?

4.1  Possible contributions from complex systems science

There is a growing body of literature on systems thinking and complexity in health [11, 12], sustain-
able development, and development assistance [8, 23]. This trend is welcome and should help us 
move forward.

Exploratory and diagnostic efforts are needed. In our examples, we have had repeated back and 
forth asking, “is this example really self-organization, or is it something else?” When is local organ-
ization self-organization? Our discussions navigated along a continuum, with—on the one 
end—system behaviours clearly fitting a command and control strategy, others needing marginal 
adaptation of central strategies to local conditions with global designs still dominating the solution 
landscape, and finally central evidence-based solutions requiring far more than adaptation. At this 
point, strategies may need to create space for self-organization. Studies should explicitly examine 
the how, when, why and impact of self-organization. Mechanisms for decentralized management, 
autonomous team and peer-learning, and use of performance-based incentives would benefit from 
“inside the black box” studies. There are a number of other issues, which could test when our 
hypothesis holds or is disproved [39–44]. Complex systems specialists should play an important 
role in translating study data in terms of underlying complex adaptive systems behaviours [21, 
45–47].
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Agent-based modelling (ABM) provides another direction to study the behaviours of health 
workers and social groups in different settings. Agent_Zero [47], for example, provides a template 
primed for adaptation to our questions. The model assigns agents with deliberative/cognitive and 
affective/emotional components of a disposition to act. Different environmental stimuli can affect 
their affective component, and social ties allow disposition contagion. We cannot do justice to the 
model here, but adaptations of the model could examine the disposition to perform of community 
group members, community health workers or facility-based care providers. Possible research 
questions could include how the cumulative aggregate performance of agents evolves under con-
ditions, determined by environment signals and emotional response to financial and non-financial 
incentives, social signalling (perceived fairness), and cognitive support mechanisms (peer sup-
port, supervision, etc.). The model could also be designed to test the long-term dynamics 
(sustainability) of social/health groups under different types of support. ABM would allow to 
explore whether patterns of system level performance emerge (regularities) based on environmen-
tal, emotional and social signalling, and possibly counter-intuitively to the intentions of the 
environmental signals (payment and control schemes). Interdisciplinary research could combine 
the knowledge of computational, behavioural, health care, and social systems scientists with 
implementers’ experiences.

Finally, complex systems science may also offer approaches for testing, on large data sets or in 
simulations, probabilistic models of success, based on learning from traditional methods. For exam-
ple, the Sustainability Framework [10] suggests a set of conditions, which if present at a certain 
level, will increase the odds of emergence of sustainability. These include: policies, specific capa-
bilities, social capital, community capacity, macro-economic conditions, conflict, political stability, 
feasibility and acceptability of interventions. These factors naturally affect path dependence for how 
levels of sustainability can be achieved. For example, a certain set of capabilities in a central govern-
mental health institution may be required only under a specific central-decentralized functional 
distribution of roles. An essential health district capacity in one context may become obsolete in 
another where civil society organizations are implicitly and explicitly granted public service respon-
sibilities. Simulation models informed by solid case studies could test different configurations of 
conditions required to achieve success (this may fit something similar to a percolation model, where 
success is probabilistic and subject to a tipping point).

The implications for global health planners and researchers are important [46]. Under a linear 
model, the objectives are to maximize progress on the proximal determinants of success, as defined 
by the largest and most significant coefficients. If sustainability (or scale) follows a probabilistic 
model instead (for example, a percolation model) then the goal is to advance enough positive condi-
tions while respecting principles for positive self-organization, without trying to individually predict 
what will be achieved on each proximal determinant.

4.2  Institutional and cultural evolution

New studies can provide information and signals, but are probably not enough to bring change in 
the complex adaptive system of development institutions [8]. Power, influence, trust, and network 
dynamics within development institutions are beyond this paper, but will influence the speed of 
learning [48]. Processes of dialogue, provocation, reaction and consensus, along with innovation 
and research will be needed to translate learning into new behaviours. Principles, such as Axelrod 
and Cohen’s “harnessing complexity” [47] may help not only global health and development 
practice, but also for evolving the model and behaviours of global health institutions 
themselves.
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The evolution of new forms of governance and the Paris Declaration for Aid Effectiveness are 
positive examples for how global health is able to evolve. Our argument is however not simply for 
more national leadership in development, even if this is a natural starting point. Our call is for rec-
ognition that non-linear phenomena based on decentralized agency affect our successes and failures. 
Our call for exploration and learning goes to both national and international leaders and the research 
community.

5  CONCLUSION
This paper has tackled and tried to relate together a complicated set of questions. In so doing, it has 
unavoidably been cursory in its treatment of important issues. The argument rests on three parts: (1) 
that self-organizing and emergent phenomena affect global health achievements, particularly their 
sustainability at scale; (2) that the leaders of the field of global health face inherent cultural, struc-
tural and cognitive challenges in perceiving signals about the potential importance of these 
phenomena and (3) that multi-disciplinary research directions, notably through contributions of 
complex systems science, will be necessary, but not necessarily sufficient, for the global health 
sector to better address these issues.

Both individual and institutional agency weighs heavily in the final outcomes that central planners 
are investing in. Our contention is not that self-organization is some sort of panacea. Self-organiza-
tion eventually takes place in human complex adaptive systems for better or for worse. Where 
self-organization and emergence have a positive role to play, ignorance of their potential opens the 
field of global health to both opportunity costs and unintended effects. “Where, when, and how does 
self-organization need to play out?” are the questions we need to ask. Learning how to do this could 
have a fundamental importance for resolving intractable problems, establishing more resilient social 
and health systems, and sustaining current achievements in global health. Partnership efforts between 
complex systems science and global health researchers could help national and global decision mak-
ers learn to create space for probabilistic (stochastic) processes within their deterministic plans, 
lowering the focus on individual program success but creating conditions for greater and more 
lasting overall impact.
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