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Abstract
In designing sociotechnical systems, accounting for the phenomenon of self-organisation is critical. Empirical studies show 
that workers in these systems adapt not just their individual behaviours, but also their collective structures to deal with com-
plex work environments. The concept of self-organisation can explain how such adaptations can be achieved spontaneously, 
continuously, and relatively seamlessly, and why this phenomenon is important for dealing with instability, uncertainty, and 
unpredictability in the task demands. However, existing design approaches such as resilience engineering and cognitive 
work analysis are limited in their capacity to design for self-organisation. This paper demonstrates that the diagram of work 
organisation possibilities, a recent addition to cognitive work analysis, provides a sound theoretical basis for designing for 
self-organisation. That is, it shows how essential components of the diagram are aligned with the concept of self-organisation 
and are well-grounded in empirical observations of adaptation in a variety of sociotechnical systems, specifically emergency 
management, military, and healthcare systems. Consequently, designs based on this diagram should have the potential to 
facilitate the emergence of new spatial, temporal, and functional organisational structures from the flexible actions of indi-
vidual, interacting actors, thereby enhancing a system’s capacity for dealing with a dynamic, ambiguous work environment. 
Future research should focus on validating these ideas and demonstrating their value in industrial settings.
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1 Introduction

In developing designs for sociotechnical systems, it is impor-
tant to account for how work is achieved in complex settings, 
so that the fundamental bases of successful, or safe and pro-
ductive, performance in these contexts are preserved by the 
designs. Accordingly, models of work, on which designs 
are based, must provide faithful representations of the phe-
nomena of work in natural contexts. Otherwise, the resulting 
designs may compromise performance in the workplace, per-
haps catastrophically, as many industrial accidents highlight 
(e.g., Bureau of Enquiry and Analysis for Civil Aviation 
Safety 2002, 2012; Deepwater Horizon Study Group 2011; 

Institute for Safe Medication Practices 2007; President’s 
Commission on The Accident at Three Mile Island 1979).

Building on earlier work (Naikar 2018; Naikar and Brady 
2019; Naikar et al. 2017), this paper develops the case that 
the phenomenon of self-organisation in sociotechnical 
systems is important for dealing with complex work envi-
ronments and that, therefore, we must deliberately design 
systems to preserve their inherent capacities for self-organ-
isation. First, this paper demonstrates that workers in socio-
technical systems adapt both their behaviours and structures 
in line with an evolving work environment and that the con-
cept of self-organisation can provide a plausible explanation 
of how such adaptation occurs in these systems and why 
these processes are important for dealing with complexity 
in the task demands. Following that, this paper examines 
the capacity of two existing frameworks concerned with 
adaptation in the workplace, namely, resilience engineering 
and cognitive work analysis, to support the design of self-
organising systems, observing that they have some limita-
tions in this regard. Accordingly, this paper puts forward the 
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diagram of work organisation possibilities as a means for 
designing for self-organisation, demonstrating how critical 
components of the diagram correspond with the concept of 
self-organisation and are richly grounded in empirical obser-
vations of how work is achieved in a variety of complex set-
tings. On this basis, it is argued that the diagram provides a 
solid theoretical foundation for design that is consistent with 
how the phenomenon of self-organisation manifests in these 
workplaces. Finally, this paper considers some key direc-
tions for future research in view of the goal of designing for 
self-organisation.

2  Adaptation and self‑organisation

2.1  Adaptation

Undertaking work in sociotechnical systems is challenging 
because the task demands represent very complex problem 
spaces characterised by high levels of instability, uncer-
tainty, and unpredictability (Naikar and Brady 2019; Vicente 
1999; Woods 1988). Workers must contend with dynamic 
operating conditions, which means that their task demands 
may change or evolve constantly. For instance, the particular 
challenges posed by a wildfire to emergency management 
workers may vary continuously depending on the weather 
conditions, the areas to which the fire is spreading, and the 
habitation and infrastructure in those areas. Moreover, the 
task demands are characterised by significant uncertainty. 
In a naval context, imperfections in acoustic sensors may 
mean that the true underwater environment can never be 
established with certainty. Finally, the work environment is 
demanding because of its unpredictability. Workers may be 
faced with events that have not been, and cannot be, foreseen 
or specified fully a priori (e.g., Leveson 1995; Perrow 1984; 
Rasmussen 1969; Reason 1990; Vicente 1999). Examples of 
such events include a novel military threat (Herzog 2011; 
Reich et al. 2010), an unexpected reaction of a patient to an 
anaesthetic during a surgical procedure (Hoppe and Popham 
2007), and an unanticipated chain of supplier collapses trig-
gered by a natural disaster (Park et al. 2013).

Given these characteristics of the work environment, 
adaptation in the workplace is critical (Rasmussen 1986; 
Rasmussen et  al. 1994; Vicente 1999). Workers cannot 
rely solely on fulfilling their job demands by implement-
ing well-established procedures or stable task sequences or 
by applying familiar solutions that have worked on prior 
occasions. Instead, workers must be capable of continuously 
and reliably fine-tuning their actions to the local context, 
to achieve a proper balance between competing safety and 
productivity imperatives. Moreover, when dealing with unu-
sual or unforeseen events, workers may have to demonstrate 

considerable ingenuity, so that novel work patterns may be 
created in the circumstances.

Empirical studies demonstrate that workers in sociotech-
nical systems adapt not just their individual behaviours, or 
actions, but also their collective structures, or relationships, 
in response to evolving work demands (Naikar and Brady 
2019; Naikar and Elix 2016b). Such adaptations have been 
observed in a variety of domains, including emergency 
management (e.g., Bigley and Roberts 2001; Lundberg and 
Johansson 2015; Lundberg and Rankin 2014), military (e.g., 
Militello et al. 2015; Rochlin et al. 1987), and healthcare 
(e.g., Barth et al. 2015; Bogdanovic et al. 2015).

In a field study of emergency management, specifically of 
a large fire department, Bigley and Roberts (2001) observed 
that workers frequently adapt their behaviours, demonstrat-
ing flexibility in the application of tools, rules, and routines. 
When a fire truck arrives at the scene of an incident, work-
ers often have no choice but to improvise with the tools 
available on the truck to handle the emergency. In addition, 
workers may find it necessary to breach standard operating 
procedures or rules. As an example, a fire fighter described 
a situation in which ‘opposing hose streams’ was used as the 
primary tactic for a rescue operation, despite the fact that 
this procedure is prohibited because one group can push the 
fire into another. Third, the execution of standard routines, 
such as those for ‘hose laying’ or ‘ladder throwing’, also may 
be tailored to specific circumstances.

Similarly, in a field study of naval aircraft carriers, Roch-
lin et al. (1987) observed considerable flexibility in the work 
structure. The formal organisation of the aircraft carrier is 
rigid, hierarchical, and centralised, with clear chains of com-
mand and means to enforce authority, and much of the time, 
this structure governs operations on a ship. However, the 
informal organisation, which is revealed during complex 
operations, is flat and distributed. For instance, lower ranked 
personnel can make critical decisions without the approval 
of officials with higher rankings, given that events on the 
flight deck can occur too quickly for appeals through a chain 
of command. The work organisation is flexible, as there is no 
pre-specified plan for when the shifts in structure will occur. 
Moreover, the informal structure is emergent, as there is no 
simple, fixed mapping between people and roles. Instead, the 
work organisation varies as a function of the circumstances.

2.2  Self‑organisation

Drawing on empirical studies, the preceding section dem-
onstrates that adaptations in sociotechnical systems can be 
observed at two levels—in the behaviours of individual 
actors and the structures of multiple actors. In this context, 
it is proposed that the concept of self-organisation is impor-
tant. This concept can explain how adaptations in actors’ 
behaviours and structures can be achieved spontaneously, 
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continuously, and relatively seamlessly, particularly in well-
established systems, and why this process of self-organisa-
tion is necessary for dealing with instability, uncertainty, 
and unpredictability in the task environment (Naikar 2018; 
Naikar and Brady 2019; Naikar et al. 2017). Accordingly, 
the phenomenon of self-organisation has significant implica-
tions for design.

Specifically, the concept of self-organisation (e.g., Haken 
1988; Heylighen 2001; Hofkirchner 1998), when analysed in 
the context of sociotechnical systems (Naikar 2018; Naikar 
and Brady 2019; Naikar et al. 2017), suggests that a system’s 
structure may limit its response in ways that are unsuitable 
or ineffective in particular situations (Fig. 1). Nevertheless, 
individual, interacting actors may engage in spontaneous 
behaviours, in view of the local conditions, from which a 
novel structure emerges that enables the system to respond 
satisfactorily in the circumstances. The new structure may 
remain appropriate for a time in that it constrains and ena-
bles actors’ behaviours in ways that are suited to the condi-
tions, until the situation alters in some fundamental respect 
and the flexible actions of individual, interacting actors 
result in further structural variations.

The interplay between the structures of multiple actors 
and the behaviours of individual actors is integral to the pro-
cess of a system adapting to its environment. The structures 
constrain and enable actors’ behaviours as well as emerge 
from their behaviours in ways that become fitted to the cir-
cumstances. Thus, structural properties, which are observed 
at the system level, vary with the behaviours of individual, 
interacting actors, and vice versa. Actors’ behaviours and 
structures then are closely interconnected, or correlated, and 
vary continuously in ways that become fitted, or adapted, to 
the demands of a constantly evolving work environment.

The processes of self-organisation in sociotechnical sys-
tems are not without its challenges and may not be regarded 
as perfect or flawless, at least when considered against 
normative benchmarks (Naikar and Brady 2019). That is, 
actors’ performance may be judged as falling short if it is 
assessed against idealised task sequences or goals. On the 
other hand, their performance may be regarded as reasonable 

or sufficient, and perhaps even critical or masterful, if it is 
assessed in terms of the spontaneity demanded of them 
in the circumstances, which may be unfamiliar or unfore-
seen. For example, Lundberg and Rankin (2014) found that 
although role improvisations by workers in crisis response 
teams sometimes meant that jobs were performed less effec-
tively or efficiently compared with specialists performing the 
same roles, the spontaneous arrangements were regarded 
as being better than having nobody performing the work 
or having workers sitting idle. Moreover, many sociotech-
nical systems are regarded as high-reliability organisations 
(La Porte 1996; Rochlin 1993; Weick and Sutcliffe 2001) 
because of their capacity to balance safety and productivity 
goals continuously in the face of considerable instability, 
uncertainty, and unpredictability. Clearly, then, the processes 
of self-organisation can be relatively seamless, particularly 
in systems that are well-established, and the fact is they are 
necessary. Critical events can occur too quickly and condi-
tions can be too unstable, uncertain, and unpredictable for 
alternative strategies, such as a priori planning, centralised 
coordination, or external intervention, to be feasible always. 
Instead, flexibility and adaptation are required to resolve—in 
time and in situ—the “proper, immediate balance” between a 
system’s safety and productivity imperatives (Rochlin et al. 
1987, pp. 83–84).

The phenomenon of self-organisation, therefore, has sig-
nificant implications for the design of sociotechnical sys-
tems. Designs focused either on behaviour or on structure 
will not be sufficient. That is, designs concerned primarily 
with the behaviours of individual actors may have undesir-
able consequences for the structural configurations of multi-
ple actors, and the converse is also true (cf. Fig. 1). Instead, 
designs must be conceived in the context of both actors’ 
structures and behaviours—in an integrated manner—if we 
are to recognise that self-organisation occurs in sociotechni-
cal systems and that this phenomenon is important for deal-
ing with change and ambiguity in the work environment.

3  Existing design frameworks

Existing frameworks concerned with promoting adaptation 
in sociotechnical systems have the potential to support the 
design of self-organising systems. Two such frameworks are 
resilience engineering and cognitive work analysis (CWA). 
In the following discussion, the strengths and limitations 
of these frameworks for designing for self-organisation are 
examined.

3.1  Resilience engineering

Resilience engineering is a paradigm for safety management 
in complex systems (Hollnagel et al. 2011; Hollnagel et al. 

Fig. 1  Social self-organisation (adapted from Hofkirchner 1998, with 
permission)
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2006), which appears to integrate ideas from a number of 
different fields or perspectives. Some (e.g., Costella et al. 
2009; Moorkamp et al. 2014) consider the framework to 
have roots in Jens Rasmussen’s ideas (e.g., Rasmussen 1986; 
Rasmussen et al. 1994) about the importance of adaptation 
in managing uncertainty in work settings. Others (e.g., Hale 
and Heijer 2006; Hopkins 2009, 2014) recognise the influ-
ence of the work of organisational theorists, such as Roberts 
(1990), Rochlin (1993), La Porte (1996), and Weick and 
Sutcliffe (2001), on high-reliability organisations.

A recent inspection of 60 journal papers on resilience 
engineering, which were published between 2006 and 2017, 
showed that almost all adopted a definition of resilience 
that encompassed the concept of adaptation (Naikar et al. 
2017), signifying that research on resilience is concerned 
fundamentally with adaptation and, therefore, could pro-
vide a basis for designing for self-organisation. However, 
so far, this research appears to have placed little empha-
sis on design. In a systematic review of this literature by 
Righi et al. (2015), which encompassed 237 studies pub-
lished between 2006 and 2014, design was not identified as 
a research category in its own right. Instead, the majority of 
research focused on theory, or on understanding and describ-
ing the concept of resilience, with some of the studies in this 
category based on empirical data.

Empirical studies of sociotechnical systems can be use-
ful for both theory and method development, as they may 
offer a rich understanding of how effective performance is 
achieved in complex settings. However, descriptive meth-
ods may not provide a suitable basis for design. As Vicente 
(1999) argues, when applied to individual cases, such meth-
ods result in designs that accommodate specific work prac-
tices observed under particular conditions. By definition, 
these are conditions that have been experienced, even if 
they were novel when they occurred. At best, these meth-
ods may be extended to conditions that can be anticipated. 
Thus, the capacity of resulting designs to promote effec-
tive performance in unforeseen situations, or situations that 
cannot be fully predicted a priori, is limited by the extent 
to which observed or anticipated practices are relevant to 
novel conditions.

References to self-organisation in the resilience-engi-
neering literature are uncommon. Some exceptions are the 
reports of Lundberg and Johansson (2015) and Lundberg 
and Rankin (2014), who refer to self-organisation in pro-
viding a descriptive account of the improvisations of Swed-
ish emergency management workers in responding to crisis 
situations. This study provides detailed insight into some of 
the strategies and challenges for self-organisation observed 
in two major incidents. However, as noted above, deriving 
insights for design from limited cases may be problematic.

Some researchers have examined resilience-engineering 
methods, which could be used as a basis for design, for their 

capacity to account for self-organising systems. A substan-
tial analysis is provided by Moorkamp et al. (2014), who 
focus their assessment on the functional resonance analy-
sis method, or FRAM (Hollnagel 2012), as an exemplar of 
the resilience-engineering approach. This method seeks to 
describe a system in terms of its functions or activities; to 
examine the performance variability associated with par-
ticular functions and with couplings of functions, or reso-
nating functions, when the system is in a specific state; and 
to propose ways of managing the performance variability 
identified. Moorkamp et al. call attention to the fact that 
FRAM focuses on describing a system’s functions indepen-
dently of its structure. According to Hollnagel and Goteman 
(2004), this approach is taken because representations of 
a system’s structure would necessarily signify a normative 
arrangement of functions, which is not how many organisa-
tions are structured in reality. However, Moorkamp et al. 
point out that an approach that examines a system’s func-
tions independently of the structures required for conducting 
those functions ignores the relevance of interactions between 
actors, or social interactions, for design. Moreover, it seems 
that in actual applications of FRAM (e.g., Hollnagel and 
Goteman 2004; Praetorius et al. 2015), the analysis of func-
tions is not in fact independent of structure. Rather, assump-
tions of structure appear necessary, so that in Hollnagel and 
Goteman’s study, the existing organisational structure was 
considered to be “acceptable as it is” (p. 160). Therefore, 
Moorkamp et al. contend that FRAM cannot accommodate 
systems with dynamic work organisation or self-organising 
systems.

3.2  Cognitive work analysis

CWA is concerned with the analysis, design, and evalua-
tion of work in complex sociotechnical systems, with the 
goal of fostering safety, productivity, and workers’ health 
(Rasmussen et al. 1994; Vicente 1999). Given its forma-
tive orientation, this framework defines the constraints that 
must be respected by actors in a range of circumstances, 
including those that cannot be predicted a priori, for effec-
tive performance. Within these constraints, actors still have 
many degrees of freedom for action. Therefore, designs 
tailored to these constraints can provide workers with the 
flexibility to adapt their work practices to a variety of situ-
ations, even those that have not been previously observed 
or anticipated, without crossing the boundaries of effective 
performance. The five dimensions of CWA address different 
types of constraint, specifically those pertaining to the work 
domain (work domain analysis); activity (activity analysis); 
strategies (strategies analysis); work organisation (social 
organisation and cooperation analysis); and workers (worker 
competencies analysis).
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Significant evidence exists for the value of CWA for 
design, including an extensive body of experimental inves-
tigations that demonstrates that ecological interfaces lead 
to better performance by workers than do conventional dis-
plays (Vicente 2002) and detailed industrial case studies that 
show that CWA can be used for designing teams and training 
systems that promote flexibility (Naikar 2013). However, 
although it is clear that CWA can lead to designs that fos-
ter adaptation and the standard texts on CWA (Rasmussen 
et al. 1994; Vicente 1999) recognise the importance of self-
organisation in sociotechnical systems (Naikar et al. 2017), 
this very phenomenon draws attention to the fact that the 
standard framework may result in designs that restrict a sys-
tem’s capacity for adaptation relative to its inherent capacity.

Specifically, as CWA has the intent of accommodating 
worker adaptation in a broad range of situations, including 
novel or unforeseen events, work domain analysis, one of the 
most powerful features of the framework, offers an event-
independent representation of a system’s work demands, or 
constraints. Furthermore, activity analysis and strategies 
analysis are concerned with the work demands of recurring 
classes of situation, rather than particular events or circum-
stances. All three dimensions of analysis are deliberately 
kept independent of specific actors, so that collectively, the 
three dimensions model the constraints inherent to the work 
context, capturing the action possibilities afforded by the 
environment, whether in novel or recurring circumstances.

Nevertheless, by definition, sociotechnical systems have 
very large and complex problem spaces (Naikar and Brady 
2019; Vicente 1999; Woods 1988), so that many, and often 
numerous, actors are necessary for dealing with the range of 
work demands. This means that, at some point, it is neces-
sary to take account of how a system’s work demands can 
be distributed across actors, so that within the CWA frame-
work, the value of the first three dimensions may be limited 
by social organisation and cooperation analysis, the fourth 
dimension. In this dimension, the work demands of the sys-
tem are distributed across actors in a way that is restricted 
to recurring classes of situation, so that unforeseen events 
may not be accommodated (Naikar and Elix 2016a, b). In 
addition, the analysis may be limited even further to organi-
sational structures that have been observed or are judged 
to be reasonable in these situations, so that other feasible 
structures may be excluded. As a result, the standard frame-
work does not account for the range of work organisation 
possibilities in a system, especially those that may emerge 
in unforeseen circumstances.

A clear consequence of the standard framework, there-
fore, is that it limits unnecessarily the structures of multiple 
actors in a system. However, the phenomenon of self-organ-
isation draws attention to the fact that this framework may 
limit the behaviours of individual actors as well. As high-
lighted in Fig. 1, in self-organising systems, the structures 

of multiple actors constrain and enable the behaviours 
of individual actors, as well as emerge from their behav-
iours. Accordingly, by limiting the structural possibilities 
of actors in a system, the standard framework may restrict 
actors’ behavioural opportunities as well, thereby ultimately 
compromising a system’s capacity for self-organisation—or 
means by which a system adapts to its work environment.

4  Diagram of work organisation possibilities

The diagram of work organisation possibilities is a model-
ling tool that was recently proposed as an extension to CWA 
(Naikar and Elix 2016a, b). In an earlier paper (Naikar et al. 
2017), the relevance of this diagram for designing for self-
organisation was considered. This paper further analyses 
the relationship between the work organisation possibili-
ties diagram and the phenomenon of self-organisation, as 
it manifests in sociotechnical systems. It deconstructs the 
diagram into its constituent parts to demonstrate in greater 
depth how these are aligned with the concept of self-organ-
isation. In addition, it shows how each component is well-
founded in empirical observations of adaptation in a variety 
of sociotechnical systems. In that the diagram corresponds 
with the concept of self-organisation, and is richly supported 
by empirical observations, it is argued that this modelling 
tool provides a sound theoretical basis for designing for 
self-organisation.

4.1  Description of work organisation possibilities 
diagram

The work organisation possibilities diagram accommodates 
the set of possibilities for work organisation in a system, irre-
spective of particular events or circumstances (Fig. 2). This 
diagram is produced by defining the constraints on the pos-
sibilities for work organisation, or organisational constraints, 

Fig. 2  Generic work organisation possibilities diagram (Naikar and 
Elix 2016b)
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rather than by specifying the possibilities themselves. The 
organisational constraints are limits on the distribution of 
the work demands of the environment across actors (i.e., 
human workers and automation), which cannot be broken 
under any circumstances, even those that cannot be foreseen 
or anticipated. Thus, these limits differentiate distributions 
that are possible or acceptable from those that are never 
suitable. Nevertheless, within these constraints, there are 
usually numerous possibilities for work organisation. For 
instance, in the case of a future military system for airborne 
maritime surveillance, the number of structural possibilities 
was calculated to be roughly in the order of  1027 (Naikar and 
Elix 2016b).

The work organisation possibilities diagram is developed 
within the fourth dimension of CWA, namely, social organi-
sation and cooperation analysis (Naikar and Elix 2016b). 
As indicated above, the diagram shows the organisational 
constraints, or limits on the distribution of the work demands 
of the environment across actors. For instance, Fig. 2 shows 
that work demand 1 is limited to actors A and C, whereas 
work demand 3 is limited to actor B; these are examples of 
organisational constraints. The work demands of the envi-
ronment, or environmental constraints, are defined in the 
first three dimensions of CWA, specifically work domain 
analysis, activity analysis, and strategies analysis. The terms 
‘constraint’ and ‘work demand’ are used interchangeably 
in CWA (Vicente 1999), as constraints place demands on 
actors by defining boundaries that must be respected in 
their actions for effective performance. Accordingly, the 
constraints collectively demarcate a field of possibilities for 
successful action.

Once the work demands of the environment have been 
identified using one or more of the first three CWA dimen-
sions (Naikar 2017; Naikar and Elix 2016b), the set of pos-
sibilities for work organisation in a system is circumscribed 
by utilising a number of criteria, which have been found 
to govern shifts in work organisation dynamically in socio-
technical systems (Rasmussen et al. 1994; Vicente 1999), to 
define the organisational constraints. As observed by Naikar 
and Elix (2016b), the criteria also rule out certain organisa-
tional structures outright. Specifically, these criteria relate 
to the need for compliance with policies or regulations; the 
requirements for safety and reliability; the access actors have 
to information or controls; and the need for feasible coordi-
nation demands, competencies, and workload.

As an example, in the case of the future maritime surveil-
lance aircraft mentioned above, the criterion of compliance 
limits the captaincy of the aircraft to one of the flying crew, 
rather than the tactical crew. Therefore, those work demands 
requiring the captain’s authority, such as the arming of 
weapons, must be limited to one of the flight deck actors. 
Similarly, the safety and reliability criterion constrains the 
work demands of piloting the aircraft to two flight deck 

actors, even though this responsibility could be undertaken 
by a single actor. The criterion of access to information or 
controls limits the work demands associated with sighting 
targets to actors on the flight deck and at observer stations 
in the aircraft’s cabin, who have access to windows. In addi-
tion, this criterion constrains the work demands associated 
with detecting, tracking, and identifying targets with any 
of five sensors to actors at six workstations in the cabin. 
Finally, while the coordination criterion could constrain the 
operation of all of the sensors to a single actor, the require-
ments for feasible competencies and workload would result 
instead in the distribution of these work demands to more 
than one actor.

Ultimately, this process of applying the criteria to the 
environmental work demands to identify the limits on their 
distribution, or organisational constraints, results in a dia-
gram of work organisation possibilities for the actors in the 
system. Figure 3 presents a modified version of the result-
ing diagram for the future maritime surveillance aircraft, 
which depicts its organisational constraints, and thus how 
the work demands of this system can be distributed across 
flight deck actors, observer station actors, and workstation 
actors. The actual version of this diagram cannot be repro-
duced here because of organisational restrictions. However, 
the conceptual and methodological nuances of the diagram 
are discussed in depth by Naikar and Elix (2016a, b) and 
a step-by-step procedure and case study of the application 
of the diagram to design are described by Elix and Naikar 
(2019); see also Naikar (2017, 2018) and Naikar and Brady 
(2019). The critical features of the diagram with respect to 
the self-organisation phenomenon are considered in the fol-
lowing discussion.

4.2  Relationship of work organisation possibilities 
diagram to self‑organisation

The organisational constraints encapsulated in a work organ-
isation possibilities diagram establish relationships between 
the action possibilities afforded by the work context, or the 
environment in which actors are situated, and the actors 
themselves. Therefore, whereas the three earlier dimensions 
of CWA identify the action possibilities of the work context 
without consideration of specific actors, the diagram reveals 
the relationships between those action possibilities and the 
actors (Fig. 4). As a result, the diagram simultaneously por-
trays the action possibilities of the work context at the levels 
of the behaviours of individual actors and the structures of 
multiple actors (Fig. 5) in a manner that is compatible with 
the phenomenon of self-organisation in sociotechnical sys-
tems (cf. Fig. 1). 

The following sections develop this argument in more 
depth by demonstrating how key features of the diagram 
are aligned with the concept of self-organisation and are 
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well-founded in empirical evidence. Detailed case studies 
involving field observations and interviews of personnel in 
emergency management, military, and healthcare systems 
are drawn on for this purpose. The future maritime surveil-
lance aircraft discussed above could not be utilised in this 
way, since observations cannot be conducted of a system that 

does not yet exist. However, the work organisation possibili-
ties diagram for this aircraft (Fig. 3) is used in the follow-
ing discussion to demonstrate that this modelling tool can 
accommodate the kinds of adaptations in workers’ behav-
iours and structures observed in existing systems, signifying 
that this tool is well-grounded empirically.

Fig. 3  Modified work organisation possibilities diagram for a future maritime surveillance aircraft (Naikar and Elix 2016b)

Fig. 4  The  three earlier CWA dimensions identify the action possi-
bilities of the work context without consideration of specific actors 
(left), whereas the work organisation possibilities diagram reveals the 

relationships between those action possibilities and the actors (right). 
The dashed lines represent potential behavioural trajectories
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4.2.1  Behaviours of individual actors

The work organisation possibilities diagram models the 
behaviours of individual actors in a way that is consist-
ent with the concept of self-organisation in sociotechnical 
systems. Specifically, this diagram recognises that actors 
in sociotechnical systems engage in spontaneous action 
or action that is closely fitted to evolving circumstances, 
which cannot be fully specified a priori (Naikar and Brady 
2019). Sometimes, significant shifts or improvisations in 
behaviour may be necessary, for instance, when dealing 
with novel or unforeseen situations. Otherwise, ongo-
ing, open-ended fine-tuning of behaviours is essential to 
accommodate the inevitable flux of everyday work. Such 
behavioural spontaneity occurs in view of a system’s 
constraints, or boundaries on safe and productive action, 
whether these are based in social values, such as organi-
sational goals, or in natural laws, such as those governing 
technical, physical, or biological processes.

For example, in Bigley and Roberts’s (2001) field 
study of emergency management, which was mentioned 
earlier in this paper, it was observed that workers may 
employ tools in novel ways, execute and coordinate rou-
tines in different ways, and even violate standard operat-
ing procedures if it is necessary in the circumstances. In 
fact, most of the fire fighters described cases when they 
found it necessary to breach procedures. Workers, there-
fore, have considerable discretion to adapt their actions 
to local conditions, and a captain remarked that every 
incident may require a different approach because of its 
unique characteristics. Bigley and Roberts observed that 
the improvisations are regarded as legitimate within the 

system provided they are consistent with organisational 
goals and are unlikely to harm personnel or other people.

Similarly, in a study of surgical teams, Bogdanovic et al. 
(2015) found that the situational variability inherent to sur-
gical practice requires team members to behave adaptively. 
Although planning takes place primarily on the day before 
surgery, specific details of the patient’s state, such as the 
condition of blood vessels or amount of damage to carti-
lage, can only be determined during the procedure. Further-
more, although potential challenges may be anticipated and 
planned for in advance, unforeseen complications may arise 
during surgery, such as anaesthetic problems, the presence 
of tumours or infection, or the accidental cutting of a blood 
vessel. Consequently, the surgical plan may be fine-tuned 
throughout surgery and even modified significantly or for-
mulated anew. If the patient’s condition is deteriorating, for 
instance, tasks to stabilise the patient will become the pri-
ority over continuing with the procedure. Decisions during 
surgery are influenced by a variety of considerations includ-
ing the patient’s condition and the corresponding constraints 
on the amount of operative time, blood loss, and pain the 
patient can sustain; the limits of equipment functionality; 
and the need to fulfil interns’ training requirements while 
ensuring patient safety.

In the same way, in a field study of naval aircraft carriers, 
which was mentioned earlier in this paper, Rochlin et al. 
(1987) observed considerable flexibility in the organisation’s 
day-to-day performance, with tasks, procedures, and mis-
sions executed with significant discretion. Even the same 
formal assignment varies depending on its local context. In 
addition, Rochlin et al. found that shore-based training only 
provides personnel with basic instruction and generalised 
guidelines and that although rules and procedures present 
boundaries to prevent actions known to have adverse con-
sequences, these frameworks do not provide guidance for 
optimal action. Rochlin et al. concluded that increased stand-
ardisation “would be difficult to obtain, and perhaps not even 
wise” (p. 101). Flexibility on these ships is a key mechanism 
for balancing the requirements between preserving safety 
and reliability, which impose “fixed boundary conditions” 
on performance, and attaining maximum operational effi-
ciency and combat effectiveness (p. 102).

In line with the preceding observations, the work organi-
sation possibilities diagram represents the behaviours of 
individual actors in the form of a constraint-based space 
within which actors have many degrees of freedom for 
action. In Fig. 5, the constraint-based space of each actor 
is demarcated by a set of work demands that are inherent to 
the work context, or environmental constraints, which are 
defined in the first three CWA dimensions. These constraints 
place limits on behaviour in that they must be respected by 
actors, irrespective of the situation. However, the constraints 
do not uniquely specify the behaviours of actors, so that 

Fig. 5  Relationship of work organisation possibilities diagram to self-
organisation (Naikar et al. 2017)
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within those constraints, actors still have many possibilities 
for behaviour. Consequently, actors may safely and produc-
tively engage in spontaneous action in fulfilling the work 
demands of the system without violating the boundaries of 
effective performance. Thus, the diagram reveals the action 
possibilities of the work context at the level of the behav-
ioural opportunities of individual actors.

In the case of the future maritime surveillance aircraft 
discussed above, the behavioural spaces of actors at the 
two flight deck stations encompass the constraints of flight; 
navigation; weapons authorisation; weapons release; tactical 
communications; air traffic control communications; obser-
vations of targets; detection, tracking, and identification of 
targets; mission planning; and so on (Fig. 3). These work 
demands collectively necessitate certain kinds of behaviours, 
but within these constraints, there is considerable freedom 
for spontaneous action. Therefore, in routine situations, 
pilots may follow pre-specified procedures for navigating 
the aircraft to a target without any exceptions, but under 
significant time pressure, certain tasks may be ‘shed’ (Gote-
man and Dekker 2001) or postponed or offloaded to other 
actors. Furthermore, even in ‘everyday’ (Rankin et al. 2014) 
or recurring situations, minor fluctuations in the environ-
mental conditions may produce relatively different behav-
ioural patterns. For instance, the durations of behaviours and 
the ways in which behaviours are interleaved or sequenced 
may vary considerably as a function of the local conditions, 
without violating the constraints of the system.

4.2.2  Structures of multiple actors

The work organisation possibilities diagram also models 
the structures of multiple actors in a way that corresponds 
with the concept of self-organisation in sociotechnical sys-
tems. That is, the diagram recognises that, in sociotechnical 
systems, there is usually no single, best way of organising 
work. Instead, structural flexibility is necessary for dealing 
with the requirements of a range of situations, including 
unforeseen events. Accordingly, actors in sociotechnical 
systems may spontaneously exhibit many different struc-
tural forms or configurations, some of which may not have 
been anticipated or observed previously, in line with local 
contingencies.

In Rochlin et al.’s (1987) study of naval aircraft carriers, 
it was observed that the work organisation on these ships 
shifts between formal and informal structures as a function 
of operational demands. Moreover, the work organisation is 
flexible, in that there is no pre-specified plan for when these 
shifts will occur, and the informal structures exhibited are 
emergent, in that they do not reflect a simple or fixed map-
ping between people and roles. Many high-ranking officers 
and senior personnel can perform several tasks other than 
those for which they are normally responsible and, therefore, 

can perform alternative tasks in an emergency. Hence, 
rapid transitions in roles and authority can, and do, occur in 
response to changing tactical circumstances. Rochlin et al. 
argue that no one, not even Navy personnel with extensive 
carrier experience, could “lay out all the relationships and 
interdependencies, let alone the criticality and time sequence 
of all the individual tasks” (p. 100).

Similar findings were obtained by Bigley and Roberts 
(2001) in their field study of the fire department. Although 
this system is highly formalised and hierarchically organ-
ised, with an extensive set of rules, policies, procedures, 
and instructions, this rigid organisational structure is rap-
idly converted into highly flexible configurations suited to 
specific emergencies through a number of mechanisms, 
which Bigley and Roberts called structure elaborating, role 
switching, authority migrating, and system resetting. Struc-
ture elaborating involves assembling an organisation at the 
scene of an incident with the first captain arriving becoming 
the incident commander, at least temporarily, and allocating 
roles and tasks to inbound resources. Pre-existing positions 
are only populated with people to the extent necessary in the 
circumstances, and personnel may be responsible for mul-
tiple functions, rather than having specialised roles. Role 
switching also occurs, whereby personnel are moved into 
different positions or discharged, as does authority migrat-
ing, whereby informal decision-making authority passes 
to personnel possessing the most relevant expertise given 
the specific problem characteristics. Finally, system reset-
ting involves disengaging from the task environment so that 
the team can be reconfigured or redirected, for instance, if 
the current strategy appears ineffective or if an unexpected 
event is encountered. As Bigley and Roberts observe, “The 
organisational approach must continually map to the requi-
site variety of a dynamic and risky situation… with hazard-
ous task contingencies that may not have been previously 
experienced or predicted” (p. 1286).

Likewise, in their study of surgical teams, Bogdanovic 
et al. (2015) found that the task distribution varies as a func-
tion of specific occurrences during surgery. Although the 
general distribution is established prior to surgery, based on 
such criteria as team members’ professions, levels of train-
ing, and experience, tasks that can be fulfilled by any person 
are not pre-assigned, but are assumed ad-hoc throughout 
the procedure depending on situational demands. In addi-
tion, team members may undertake tasks beyond their pro-
fessional demarcations to manage the workload within the 
group. For example, the anaesthetist may assist the scrub 
nurse if the circulating nurse is occupied with other tasks. 
Moreover, the planned distribution is assessed constantly 
and changed if necessary, for instance, if the team experi-
ences flow disruptions or perceives stress in one of its mem-
bers, if there are deviations from the intended procedure, or 
if complications arise for which a team member does not 
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possess the necessary skills. Thus, a senior physician may 
take over a step of a procedure initially assigned to an intern, 
tasks may be swapped between team members depending on 
their levels of experience, or a clinician on standby may be 
called into the team. Finally, Bogdanovic et al. found that 
the leadership is adaptable as well, varying according to situ-
ational occurrences, including the different phases of a pro-
cedure. If the patient is in pain, for example, an anaesthetist 
may take the lead from a surgeon, subsequently delegating 
tasks to the surgeon and stopping the procedure if necessary.

To account for such observations of the nature of work 
practice in sociotechnical systems, the work organisation 
possibilities diagram models the structures of multiple actors 
in the form of the set of possibilities for work organisation 
in a system irrespective of the circumstances. The set of 
possibilities are demarcated by defining the constraints on 
the possibilities, rather than by specifying the possibilities 
themselves, which are generally innumerable. As a simpli-
fied illustration, Fig. 5 shows that actors B and C can each 
take responsibility for work demand 4, which collectively 
signifies constraints on the possibilities for work organisa-
tion. Given these constraints, the fundamental possibili-
ties are that actor B has this responsibility, actor C has this 
responsibility, or actors B and C share this responsibility. 
While the organisational constraints are relevant regardless 
of the situation, the structural possibilities that are enacted 
will depend on local details, which usually cannot be fully 
specified a priori, such that the problem can only be resolved 
in situ by actors. Thus, the task distribution will vary as a 
function of the circumstances, perhaps with novel or pre-
viously unobserved structural forms demonstrated. In this 
way, the diagram signifies the action possibilities of the work 
context at the level of the structural possibilities of multiple 
actors.

In the case of the future maritime surveillance aircraft, 
the work organisation possibilities diagram portrays that 
each of the six workstation actors can be involved in several 
work demands including mission planning; aircraft posi-
tioning; sensor management; stores management; detection, 
tracking, and identification of targets; and tactics (Fig. 3). 
Accordingly, there are numerous possibilities for how these 
work demands might be distributed across the six actors, so 
that the work organisation may shift or vary spontaneously 
in line with the situational demands. For instance, it may be 
the case that a single actor is typically responsible for mis-
sion planning, aircraft positioning, and sensor management, 
but in situations involving high workload for this actor, some 
of these responsibilities may be shared with, or offloaded to, 
one or more of the other workstation actors. Furthermore, 
the responsibility for mission planning, as an example, may 
be assumed by one or more of the actors at the observer 
stations and flight deck stations as well, so that the pos-
sibilities are considerably greater if the full set of stations 

on the aircraft is considered. As noted above, the structural 
possibilities for this aircraft were calculated roughly to be 
in the order of  1027.

4.2.3  Interconnection between actors’ behaviours 
and structures

The work organisation possibilities diagram models the 
relationship between actors’ behaviours and structures in 
a manner that corresponds with the concept of self-organi-
sation in sociotechnical systems. Specifically, the diagram 
accommodates the idea that the structures of multiple actors 
emerge from the flexible behaviours of individual, interact-
ing actors, as well as constrain and enable their behaviours, 
in ways that are fitted to the circumstances. Furthermore, the 
emergent structural forms may exhibit new spatial, temporal, 
or functional properties.

In Bogdanovic et al.’s (2015) study of surgical teams, 
it was observed that team members may undertake tasks 
beyond their professional boundaries to balance the work-
load within the group, so that the anaesthetist may assist 
the scrub nurse if the circulating nurse is busy with other 
tasks. Therefore, a new functional structure emerges from 
this spontaneous behaviour, which allows the circulating 
nurse to continue with the current activities, but removes 
the anaesthetist from his or her standard duties, such that this 
structure constrains and enables actors’ behaviours, while it 
remains in place. Similarly, incidental findings during sur-
gery often require strategic changes to the surgical plan. As 
a result, the surgeon may interrupt the procedure, perhaps to 
reformulate the next steps with the team or to seek the advice 
of a more experienced clinician, so that different temporal 
relationships among actors emerge as a consequence. New 
spatial structures also may be manifested, for instance, as 
a result of team members offering or requesting assistance 
during the procedure. Examples include team members pass-
ing equipment to colleagues, assisting with re-positioning 
the patient, offering the surgeon a chair, or fetching equip-
ment or medication from outside the operating room.

In Rochlin et al.’s (1987) study of naval aircraft carriers, 
several observations highlight that the flexible actions of 
crew can give rise to different structural forms within the 
organisation, sometimes shifting it from strongly hierarchi-
cal to relatively flat. For example, under exacting time con-
straints, low ranking officers can make significant decisions 
without first clearing it with their superiors. Furthermore, 
many personnel are familiar with several tasks other than 
those they are expected to perform normally, such that they 
can carry out alternative tasks if necessary. In addition, units 
on the ship tend to operate below their full capacity. There-
fore, if a unit fails or becomes unavailable, its tasks can be 
readily transferred to other units without overloading them 
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excessively. Alternatively, reserves may be mobilised to pick 
up tasks.

Finally, in Bigley and Roberts’s (2001) field study of 
emergency management, new functional structures are 
demonstrated in a variety of ways, for example, when the 
first captain at the scene of an emergency becomes the inci-
dent commander and starts delegating roles and tasks to 
incoming resources. Personnel accept the resulting leader-
ship roles and organisation, such that the active structural 
form shapes their behaviours accordingly. In addition, new 
functional structures are created as a result of incident com-
manders delegating authority for performing certain func-
tions to other personnel or workers finding it necessary to 
take immediate action without instruction from their super-
visors. Similarly, new spatial or temporal structures may 
emerge from actors’ flexible behaviours. For instance, the 
use of ‘opposing hose streams’ to fight a fire, contrary to 
standard operating procedures, represents a spatial structure 
in which teams approach a fire from facing positions. In 
addition, ongoing adjustments in the coordination of stand-
ard routines to accommodate unexpected occurrences, such 
as fine-tuning the routines for fighting a fire from inside a 
building while ventilating it from the outside in the case of 
a peculiar building construction, may constantly renew the 
temporal relationships among actors.

The work organisation possibilities diagram accom-
modates this interplay between actors’ behaviours and 
structures by representing the behavioural opportunities of 
individual actors and the structural possibilities of multi-
ple actors within a single, integrated model. As a simplified 
example, Fig. 5 shows that the behavioural spaces of both 
actors A and C, though not B, encompass work demand 1. 
Therefore, some of the structural forms that may emerge 
from these behavioural opportunities are: actor A is engaged 
in behaviours relating to work demand 1, while actors B and 
C are occupied in other behaviours; actor C is involved in 
behaviours relating to work demand 1, while actors A and 
B are engaged in other behaviours; or both actors A and C 
are occupied in behaviours relating to work demand 1, while 
actor B is involved in other behaviours.

The structural forms constrain and enable the behaviours 
of individual actors, as well as emerge from their behaviours. 
Accordingly, when the first structural form is in place, only 
actor A may be observed to be engaged in behaviours relat-
ing to work demand 1, whereas when the third structural 
form is active, both actors A and C may be observed to be 
involved in such behaviours. However, all of the structural 
forms are possible. Therefore, depending on local contingen-
cies, the structural forms may vary in accordance with the 
spontaneous behaviours of individual actors. For instance, 
the first structural form may be in place routinely, constrain-
ing and enabling actors’ behaviours in ways that are shaped 
by the circumstances, so that only actor A is seen to be 

engaged in behaviours relating to work demand 1. However, 
if the circumstances change sufficiently, so that it is neces-
sary or beneficial for actor C to assist actor A with work 
demand 1, then a different structural form emerges from 
this flexible behaviour, which may remain in place until the 
situation changes further.

In the case of the future maritime surveillance aircraft, 
the work organisation possibilities diagram shows that the 
behavioural opportunities in relation to the work demand of 
navigation specifically are available to actors at the two flight 
deck stations as well as to actors at the two observer stations 
and six workstations in the aircraft’s cabin (Fig. 3). Accord-
ingly, the emergent structural forms in relation to this func-
tion may encompass any one or more of the actors at these 
stations on the aircraft, with the active structural form vary-
ing opportunistically as a function of the circumstances and 
constraining and enabling actors’ behaviours accordingly. 
Similarly, the behavioural opportunities in sighting targets 
out of a window are limited to actors located at the two flight 
deck stations and two observer stations. However, if there is 
an equipment failure, so that the actors at the six worksta-
tions can no longer use some of the sensors for detecting, 
tracking, or identifying targets, then some of these actors 
might relocate to the stations with a window to increase the 
chances of sighting the target. Thus, the emergent structural 
forms may exhibit new spatial properties as well as temporal 
or functional characteristics, and shape actors’ behaviours 
accordingly. For instance, if one of the workstation actors 
who relocates to an observer station or flight deck station 
is the commander of the mission, then some of the tasks 
for employing the aircraft tactically may shift temporarily 
to one of the remaining workstation actors, with the other 
actors also still at the workstations assisting this actor with 
his or her original responsibilities, while the new structure 
is in place.

4.3  Design

The preceding discussion demonstrates that the work organi-
sation possibilities diagram models actors’ behaviours and 
structures within a single, integrated representation in a 
manner that is compatible with the phenomenon of self-
organisation in sociotechnical systems. Therefore, the dia-
gram provides a means for accommodating this phenom-
enon in design. Accordingly, designs based on this diagram 
should facilitate the emergence of novel temporal, spatial, or 
functional structures from the flexible behaviours of individ-
ual, interacting actors, with the structures also constraining 
and enabling actors’ behaviours, in ways that become fitted 
to the circumstances. Consequently, the system should have 
greater capacity for adapting to a continually evolving task 
environment.
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Specifically, designs based on the work organisation pos-
sibilities diagram should have the intent of accommodating 
the system’s organisational constraints, so that actors’ full 
set of possibilities for behavioural spontaneity and structural 
flexibility is retained. In other words, the aim is to preserve1 
the action possibilities afforded by the work context at the 
levels of both actors’ behaviours and structures. As these 
work organisation possibilities are derived from the con-
straints of the system, or boundaries on safe and productive 
action, this design approach has the overarching philosophy 
of providing actors with constrained flexibility in the work-
place, so that the system’s inherent capacity for effective 
self-organisation can be preserved.

As an example, interface designs should seek to accom-
modate the information requirements associated with the 
full range of work demands, or constraints, relevant to 
each actor, as revealed in a work organisation possibili-
ties diagram, rather than restricting them unnecessarily to 
a comparatively narrow range of tasks based on idealised, 
observed, or anticipated jobs or roles. Designs that incor-
porate effectively the information requirements of the set 
of work organisation possibilities should support actors in 
shifting seamlessly between the demands of different jobs, in 
attending to the demands of multiple jobs, and in adjusting 
or changing how jobs are carried out to fit the circumstances. 
Thus, by providing greater capacity for behavioural and 
structural variability, designs based on the diagram should 
have the potential to foster levels of system flexibility that 
can match the complexity of the work environment.

One potential concern with this approach is that workers 
may become overloaded with information. However, as dis-
cussed above (see also Naikar and Brady 2019), field studies 
show that workers may need to—and do—perform tasks that 
are not considered to be part of their usual jobs because of 
situational demands (Bigley and Roberts 2001; Bogdanovic 
et al. 2015; Lundberg and Rankin 2014; Rochlin et al. 1987). 
Clearly, then, workers should not be required to do so with-
out adequate support. Instead, it makes sense to consider 
design strategies for providing workers with the necessary 
information in a way that accounts for the inherent cognitive 
capabilities and limitations of humans.

A potential strategy is offered by ecological interface 
design (Bennett and Flach 2011; Burns and Hajdukiewicz 
2004; Rasmussen and Vicente 1989; Vicente and Rasmus-
sen 1990, 1992). This design approach recognises that 
workers may engage in flexible action, in both routine and 
novel circumstances, exploiting multiple means or resources 
to achieve multiple ends or purposes. For this reason, an 

ecological interface organises information according to 
means–ends relations, and a significant body of controlled 
experimental investigations has demonstrated that ecological 
interfaces lead to better performance by workers relative to 
conventional displays (Vicente 2002).

In designing for self-organisation, the ecological interface 
design approach may be extended to account for the full 
set of work demands for which actors can be responsible, 
based on a work organisation possibilities diagram. The 
resulting interface, which would be organised according to 
means–ends relations, would have the potential to support 
workers in attending to multiple system functions, in a con-
solidated fashion, so that the information-processing burden 
on workers is reduced. Nevertheless, it is possible that, for 
some or all of the actors, the cognitive load still cannot be 
reduced sufficiently. In this case, the diagram provides a sys-
tematic basis for creating overlapping information spaces 
for actors to foster greater flexibility within the system than 
would likely be achieved with conventional approaches, 
including the standard ecological interface design approach. 
For instance, in the case of the future maritime surveillance 
aircraft, the work organisation possibilities diagram may be 
utilised to provide the six workstation actors with a coordi-
nated set of overlapping information spaces to preserve, to 
the extent possible, the system’s inherent capacity for self-
organisation. This approach is consistent with field studies 
that demonstrate that workers create overlapping operational 
representations, and shift or nest responsibilities for situ-
ational understanding, to manage the cognitive load within 
the system (Bigley and Roberts 2001; Weick and Roberts 
1993; Weick et al. 1999).

Similar ideas are applicable in developing designs for 
teams, training, and human–automation interaction using 
the work organisation possibilities diagram. The ultimate 
objective is to create an integrated system design (Naikar 
2018; Naikar and Elix 2016a, b) that is compatible with 
how complex cognitive work is carried out in sociotechni-
cal systems. Such systems are necessarily self-organising, 
at least some of the time, to deal with dynamic, ambigu-
ous work environments. Therefore, providing actors with 
constrained flexibility in the workplace through the system 
design is essential.

5  Discussion

This paper has demonstrated that the diagram of work 
organisation possibilities provides a means for design that 
recognises the importance of the phenomenon of self-organ-
isation in sociotechnical systems for dealing with instability, 
uncertainty, and unpredictability in the task environment. 
That is, the diagram models actors’ behaviours and struc-
tures, including the dynamic between these elements of work 

1 By preserving the action possibilities inherent to a system, designs 
based on the work organisation possibilities diagram may enhance the 
action possibilities provided by an existing design solution.
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performance, in a way that is attuned to the self-organisation 
phenomenon, as it manifests in sociotechnical systems. In 
that the diagram corresponds with the concept of self-organ-
isation, and is richly grounded in empirical observations, the 
diagram provides a sound theoretical basis for designing for 
self-organisation.

A significant feature of the work organisation possibili-
ties diagram is that it provides a consolidated representa-
tion of actors’ behaviours and structures. As noted earlier, 
the dynamic between behaviour and structure is integral to 
the process of a system adapting to its work environment. 
Also important is that the diagram encapsulates actors’ full 
set of behavioural opportunities and structural possibilities, 
as afforded by the work context, which is demarcated by 
the system’s constraints. Accordingly, the diagram should 
facilitate designs that promote constrained flexibility in the 
workplace, so that novel work structures can emerge from 
actors’ spontaneous behaviours, safely and productively, in 
response to situational demands that cannot be defined com-
pletely a priori. Consequently, the system’s intrinsic capacity 
for self-organisation, and thus for adapting to a continuously 
evolving work environment, should be upheld.

It is worth noting that the work organisation possibilities 
diagram was developed without explicit consideration, and 
significant knowledge, of the self-organisation phenomenon 
(Naikar and Elix 2016a, b). Instead, the diagram was moti-
vated predominantly by the recognition that sociotechnical 
systems are characterised by flexible work structures, which 
can be adapted to local contingencies. In addition, the case 
studies of military, healthcare, and emergency management 
systems discussed in this paper, which did inform the devel-
opment of the diagram, were not directed at the self-organi-
sation phenomenon. Rather, they were aimed at understand-
ing adaptive coordination strategies in teams (Bogdanovic 
et al. 2015) and how organisations are able to achieve high 
levels of reliability in extremely complex, demanding cir-
cumstances (Bigley and Roberts 2001; Rochlin et al. 1987). 
The unintended correspondence of the work organisation 
possibilities diagram to self-organisation theory underscores 
the universality of this phenomenon in complex settings.

This work extends current perspectives of the design of 
sociotechnical systems, particularly within the resilience 
engineering and CWA paradigms. Contrary to Hollnagel 
and Goteman’s (2004) view that representations of organisa-
tional structure are necessarily normative, the work organi-
sation possibilities diagram demonstrates that it is possible 
to capture the dynamic, flexible aspects of work organisa-
tion. In addition, in contrast to the standard CWA framework 
(Rasmussen et al. 1994; Vicente 1999), the diagram estab-
lishes that it is possible to accommodate work distributions 
that are relevant to a broad range of circumstances, including 
unforeseen events. While work domain analysis, one of the 
most powerful features of CWA, offers an event-independent 

representation of work demands, the value of this analysis 
is limited if the work demands are then distributed across 
actors in a way that is restricted to recurring classes of situa-
tion, or events that are known or can be anticipated, and even 
further to organisational structures that have been observed 
or are judged to be reasonable in these circumstances.

The appraisals of resilience engineering and CWA in this 
paper also highlight that the two frameworks may be used 
in a complementary fashion, especially since both are con-
cerned with promoting adaptation. In particular, resilience 
engineering can contribute descriptive studies that enrich 
our understanding of how effective performance occurs in 
sociotechnical systems, while CWA can provide a formative 
approach to design that is informed by contemporary knowl-
edge of how work can be achieved successfully in complex 
settings. For example, Lundberg and Johansson (2015) and 
Lundberg and Rankin (2014) provide detailed descriptions 
of the challenges and strategies for self-organisation expe-
rienced by Swedish crisis response teams during two major 
incidents, which should be taken into consideration in theory 
and method development, albeit cautiously. More case stud-
ies of this kind are needed to permit effective generalisation 
across a variety of systems and environmental conditions. 
Other complementary uses of resilience engineering and 
CWA are illustrated by Hassall et al. (2014).

Finally, considerable further research is necessary to real-
ise the objective of designing for effective self-organisation, 
with the work organisation possibilities diagram present-
ing a suitable starting point. Future research on the diagram 
should be concerned with empirical validation, specifically 
with establishing its validity for modelling the work organi-
sation possibilities of a range of systems and substantiating 
its value for creating designs that promote self-organisation.

Furthermore, future research on the diagram should 
investigate its applicability to large-scale as well as loosely 
bound systems. While this paper has demonstrated the appli-
cation of the diagram to a military aircraft for maritime 
surveillance, arguably, this is a relatively small-scale and 
tightly-bound system. Applications to larger scale systems, 
such as an entire Air Force, are conceivable if the actors in 
a work organisation possibilities diagram are seen as repre-
senting collections of individuals within the organisation, 
at least initially, with the analysis becoming more focused 
and fine-grained as specific design problems are identified 
or targeted. Similarly, applications to more loosely bound 
systems, such as emergency response, whereby actors may 
be globally distributed or members of the public (e.g., 
Grabowski and Roberts 2011), are feasible if the actors in a 
work organisation possibilities diagram are not seen as being 
co-located or as belonging to the same organisation.

Finally, beyond the diagram, there are a number of ave-
nues for future research. First, more empirical studies are 
needed to develop a deeper appreciation of the nature of 
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self-organisation in sociotechnical systems. Among other 
things, it would be useful to investigate the specific cogni-
tive and social strategies that enable workers to self-organise 
effectively under extremely demanding conditions. In addi-
tion, techniques for analysing and modelling self-organising 
sociotechnical systems require greater attention. While the 
work organisation possibilities diagram, and more broadly 
the CWA framework, appear to provide a useful founda-
tion, additional research in this area would be worthwhile. 
Moreover, further investigation of design strategies for pro-
moting effective self-organisation in sociotechnical systems 
is necessary.

Acknowledgements We thank two anonymous reviewers for their thor-
ough and constructive comments, which helped us greatly in improving 
our original manuscript.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Barth S, Schraagen JM, Schmettow M (2015) Network measures 
for characterising team adaptation processes. Ergonomics 
58(8):1287–1302

Bennett KB, Flach JM (2011) Display and interface design: subtle sci-
ence, exact art. CRC Press, Boca Raton

Bigley GA, Roberts KH (2001) The incident command system: high-
reliability organizing for complex and volatile task environments. 
Acad Manag J 44(6):1281–1299

Bogdanovic J, Perry J, Guggenheim M, Manser T (2015) Adaptive 
coordination in surgical teams: an interview study. BMC Health 
Serv Res 15(1):128

Bureau of Enquiry and Analysis for Civil Aviation Safety (BEA) 
(2002) AF4590 final report, Rep. Bureau Enquêtes Et Analyses, 
25 July 2000

Bureau of Enquiry and Analysis for Civil Aviation Safety (BEA) 
(2012) AF447 Final report. Rep. Bureau Enquêtes Et Analyses, 
1 June 2009

Burns CM, Hajdukiewicz JR (2004) Ecological interface design. CRC 
Press, Boca Raton

Costella MF, Saurin TA, Guimarães L (2009) A method for assessing 
health and safety management systems from the resilience engi-
neering perspective. Saf Sci 47:1056–1067

Deepwater Horizon Study Group (2011) Final report on the investi-
gation of the Macondo well blowout. University of California, 
Berkeley

Elix B, Naikar N (2019) Designing for adaptation in workers’ indi-
vidual behaviors and collective structures with cognitive work 
analysis: case study of the diagram of work organization possibili-
ties (manuscript submitted for publication)

Goteman Ö, Dekker S (2001) Flight deck call-outs and automation 
awareness. In: Proceedings of the conference on human factors 
and safety in aviation. Swedish Centre for Aviation Research and 
Development, Lund, pp 64–72

Grabowski M, Roberts K (2011) High reliability virtual organiza-
tions: co-adaptive technology and organizational structures in 
tsunami warning systems. ACM Trans Comput Hum Interact 
18(4):19.1–19.23

Haken H (1988) Information and self-organization: a macroscopic 
approach to complex systems. Springer, Berlin

Hale A, Heijer T (2006) Defining resilience. In: Hollnagel E, Woods 
DD, Leveson NG (eds) Resilience engineering: concepts and 
precepts. Ashgate, Aldershot, pp 35–40

Hassall ME, Sanderson PM, Cameron IT (2014) The development 
and testing of SAfER: a resilience-based human factors method. 
J Cogn Eng Decis Mak 8(2):162–186

Herzog S (2011) Revisiting the Estonian cyber attacks: digital threats 
and multinational responses. J Strateg Secur 4(2):49–60

Heylighen F (2001) The science of self-organization and adaptivity. 
Encycl Life Support Syst 5(3):253–280

Hofkirchner W (1998) Emergence and the logic of explanation. An 
argument for the unity of science. Acta Polytech Scand Math 
Comput Manag Eng Ser 91:23–30

Hollnagel E (2012) FRAM: the functional resonance analysis 
method. Ashgate, Farnham

Hollnagel E, Goteman Ö (2004) The functional resonance accident 
model. In: Proceedings of the international conference on cogni-
tive systems engineering in process control. Tohoku University, 
Sendai, pp 155–161

Hollnagel E, Woods DD, Leveson NG (2006) Resilience engineering: 
concepts and precepts. Ashgate, Aldershot

Hollnagel E, Pariès J, Woods DD, Wreathall J (2011) Resilience 
engineering in practice: a guidebook. Ashgate, Farnham

Hopkins A (2009) Reply to comments. Saf Sci 47:508–510
Hopkins A (2014) Issues in safety science. Saf Sci 67:6–14
Hoppe J, Popham P (2007) Complete failure of spinal anaesthesia in 

obstetrics. Int J Obstet Anesth 16(3):250–255
Institute for Safe Medication Practices (2007) Fluorouracil inci-

dent root cause analysis. ISMP, Toronto, Canada. http://www.
ismp-canad a.org/downl oad/repor ts/Fluor ourac ilInc ident May20 
07.pdf. Accessed 10 Oct 2017

La Porte TR (1996) High reliability organizations: unlikely, demand-
ing and at risk. J Conting Crisis Manag 4(2):60–71

Leveson NG (1995) Safeware: system safety and computers. Addi-
son-Wesley, Reading

Lundberg J, Johansson BJE (2015) Systemic resilience model. Reliab 
Eng Syst Saf 141:22–32

Lundberg J, Rankin A (2014) Resilience and vulnerability of small 
flexible crisis response teams: implications for training and 
preparation. Cogn Technol Work 16:143–155

Militello LG, Sushereba CE, Branlat M, Bean R, Finomore V (2015) 
Designing for military pararescue: naturalistic decision-making 
perspective, methods, and frameworks. J Occup Organ Psychol 
88(2):251–272

Moorkamp M, Kramer E-H, van Gulijk C, Ale B (2014) Safety man-
agement theory and the expeditionary organization: a critical 
theoretical reflection. Saf Sci 69:71–81

Naikar N (2013) Work domain analysis: concepts, guidelines, and 
cases. CRC Press, Boca Raton

Naikar N (2017) Cognitive work analysis: an influential legacy 
extending beyond human factors and engineering. Appl Ergon 
59:528–540

Naikar N (2018) Human–automation interaction in self-organizing 
sociotechnical systems. J Cogn Eng Decis Mak 12(1):62–66. 
https ://doi.org/10.1177/15553 43417 73122 3

Naikar N, Brady A (2019) Cognitive systems engineering: expertise 
in sociotechnical systems. In: Ward P, Schraagen JM, Gore J, 
Roth E (eds) The oxford handbook of expertise: research and 
application. Oxford University Press, Oxford (manuscript in 
press)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.ismp-canada.org/download/reports/FluorouracilIncidentMay2007.pdf
http://www.ismp-canada.org/download/reports/FluorouracilIncidentMay2007.pdf
http://www.ismp-canada.org/download/reports/FluorouracilIncidentMay2007.pdf
https://doi.org/10.1177/1555343417731223


37Cognition, Technology & Work (2021) 23:23–37 

1 3

Naikar N, Elix B (2016a) A consideration of design approaches based 
on cognitive work analysis: system design and integrated sys-
tem design. In: Proceedings of the 34th European conference on 
cognitive ergonomics. Association of Computing Machinery, 
New York, pp 1–7. http://dl.acm.org/citat ion.cfm?id=29709 51. 
Accessed 10 Oct 2017

Naikar N, Elix B (2016b) Integrated system design: promoting the 
capacity of sociotechnical systems for adaptation through exten-
sions of cognitive work analysis. Front Psychol 7:962. https ://doi.
org/10.3389/fpsyg .2016.00962 /full

Naikar N, Elix B, Dâgge C, Caldwell T (2017) Designing for self-
organisation with the diagram of work organisation possibilities. 
In: Gore J, Ward P (eds) Proceedings of the 13th international 
conference on naturalistic decision making. University of Bath, 
Bath, pp 159–166. https ://www.event sforc e.net/uob/media /uploa 
ded/EVUOB /event _2/GoreW ard_NDM13 Proce eding s_2017.pdf. 
Accessed 10 Oct 2017

Park Y, Hong P, Roh JJ (2013) Supply chain lessons from the cata-
strophic natural disaster in Japan. Bus Horiz 56(1):75–85

Perrow C (1984) Normal accidents: living with high risk technologies. 
Basic Books, New York

Praetorius G, Hollnagel E, Dahlman J (2015) Modelling vessel traffic 
service to understand resilience in everyday operations. Reliab 
Eng Syst Saf 141:10–21

President’s Commission on The Accident at Three Mile Island (1979) 
The need for change: the legacy of TMI. US Government Printing 
Office, Washington, DC

Rankin A, Lundberg J, Woltjer R, Rollenhagen C, Hollnagel E (2014) 
Resilience in everyday operations: a framework for analyzing 
adaptations in high-risk work. J Cogn Eng Decis Mak 8(1):78–97

Rasmussen J (1969) Man-machine communication in the light of acci-
dent records (report no. S-1-69). Danish Atomic Energy Commis-
sion, Research Establishment Risø, Roskilde

Rasmussen J (1986) Information processing and human-machine inter-
action: an approach to cognitive engineering. North-Holland, New 
York

Rasmussen J, Vicente KJ (1989) Coping with human errors through 
system design: implications for ecological interface design. Int J 
Man Mach Stud 31(5):517–534

Rasmussen J, Pejtersen AM, Goodstein LP (1994) Cognitive systems 
engineering. Wiley, New York

Reason J (1990) Human error. Cambridge University Press, Cambridge
Reich PC, Weinstein S, Wild C, Cabanlong AS (2010) Cyber war-

fare: a review of theories, law, policies, actual incidents—and the 
dilemma of anonymity. Eur J Law Technol 1(2):1–58

Righi AW, Saurin TA, Wachs P (2015) A systematic literature review 
of resilience engineering: research areas and a research agenda 
proposal. Reliab Eng Syst Saf 141:142–152

Roberts KH (1990) Some characteristics of high reliability organiza-
tions. Organ Sci 1:160–177

Rochlin G (1993) Defining ‘‘high reliability’’ organisations in prac-
tice: a taxonomic prologue. In: Roberts K (ed) New challenges to 
understanding organisations. Macmillan, New York

Rochlin GI, La Porte TR, Roberts KH (1987) The self-designing high-
reliability organization: aircraft carrier flight operations at sea. 
Nav War Coll Rev 40(4):76–90

Vicente KJ (1999) Cognitive work analysis: toward safe, productive, 
and healthy computer-based work. Lawrence Erlbaum Associ-
ates, Mahwah

Vicente KJ (2002) Ecological interface design: progress and chal-
lenges. Hum Factors 44(1):62–78

Vicente KJ, Rasmussen J (1990) The ecology of human-machine sys-
tems II: mediating “direct perception” in complex work domains. 
Ecol Psychol 2(3):207–249

Vicente KJ, Rasmussen J (1992) Ecological interface design: theo-
retical foundations. IEEE Trans Syst Man Cybern 22(4):589–606

Weick KE, Roberts KH (1993) Collective mind and organizational 
reliability: the case of flight operations on an aircraft carrier deck. 
Adm Sci Q 38:357–381

Weick K, Sutcliffe KM (2001) Managing the unexpected: assuring high 
performance in an age of complexity. Jossey Bass, San Francisco

Weick KE, Sutcliffe KM, Obstfeld D (1999) Organizing for high reli-
ability: processes of collective mindfulness. In: Staw BM, Sutton 
R (eds) Research in organizational behavior, vol 23. JAI Press, 
Greenwich, GT, pp 81–123

Woods DD (1988) Coping with complexity: the psychology of human 
behaviour in complex systems. In: Goodstein LP, Andersen HB, 
Olsen SE (eds) Tasks, errors, and mental models: a festschrift to 
celebrate the 60th birthday of Professor Jens Rasmussen. Taylor 
& Francis, London, pp 128–148

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

http://dl.acm.org/citation.cfm?id=2970951
https://doi.org/10.3389/fpsyg.2016.00962/full
https://doi.org/10.3389/fpsyg.2016.00962/full
https://www.eventsforce.net/uob/media/uploaded/EVUOB/event_2/GoreWard_NDM13Proceedings_2017.pdf
https://www.eventsforce.net/uob/media/uploaded/EVUOB/event_2/GoreWard_NDM13Proceedings_2017.pdf

	Designing for self-organisation in sociotechnical systems: resilience engineering, cognitive work analysis, and the diagram of work organisation possibilities
	Abstract
	1 Introduction
	2 Adaptation and self-organisation
	2.1 Adaptation
	2.2 Self-organisation

	3 Existing design frameworks
	3.1 Resilience engineering
	3.2 Cognitive work analysis

	4 Diagram of work organisation possibilities
	4.1 Description of work organisation possibilities diagram
	4.2 Relationship of work organisation possibilities diagram to self-organisation
	4.2.1 Behaviours of individual actors
	4.2.2 Structures of multiple actors
	4.2.3 Interconnection between actors’ behaviours and structures

	4.3 Design

	5 Discussion
	Acknowledgements 
	References




