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Abstract. It is intended with this paper to shed light on the potential of cogni-
tive engineering approaches to advance emergency management. Hence, the 
paper may inform future research on the problem domain. The paper considers 
cognitive engineering research paradigms, e.g., Hollnagel and Woods’ (2001) 
cognitive systems engineering and design seeded by immersion in the applica-
tion domain. The paper concludes with future directions for research in order to 
fulfil the gaps identified. 
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1 Introduction 

Global climate change related natural disasters and other events generating emergen-
cies have been steadily increasing over the past years as a consequence of increased 
pressure on the natural environment and failure to meet the challenges for sustainabil-
ity. Natural disasters are succeeding at an ever increasing rate with growing costs and 
human death tolls (UNISDR, 2011). Simultaneously, technological devices for infor-
mation and communication are becoming ubiquitous, especially considering the wide 
dissemination of personal mobile phones and smart phones. Alternative forms of 
managing emergencies have been springing up and shifting, accommodating to a 
greater or lesser extent, the new possibilities brought about by the influx of informa-
tion from steadily growing networks, and to the socio-economic context.  

Emergencies, whether natural or technological, randomly or wilfully induced,  
challenge society’s capabilities for both planning and response. They require action 
under risk and time constraints, which are imposed on responding organizations by 
the environment and thus are largely out of decision makers’ control. Moreover, de-
spite steady advances in managing emergencies, these continue to generate highly 
non-routine situations, requiring managers to generate and execute new plans nearly 
simultaneously. The resulting activities may then become part of organizational 
knowledge, increasing the capability of society to respond to future events (Mendonça 
and Wallace, 2007). 

There is growing evidence (Guha-Sapir and Santos, 2012) that it is the poorest of 
the poor who will take the highest toll when a disaster strikes, and those which are 
most vulnerable and will often be permanently submersed in poverty as a result of a 
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natural disaster. This has triggered an alternative response to emergencies, especially 
fostered in poorer regions and territories, fostering informal arrangements that are 
aimed at increasing community resilience (IEG, 2006). These approaches stand in 
contrast to formal government supported efforts to increase resilience and deal with 
emergency creating disasters. Both settings represent the outer limits of a continuum 
including many intermediate organizational settings, and levels of collaboration be-
tween diverse entities. In respect to these shifting settings for emergency management 
activities, and in order to support them, this paper presents a review of selected stu-
dies on cognition considering the activities of emergency management.  

Poorly designed emergency management practices and systems may lead to higher 
rates of operating errors and slow performance. A better understanding of the human 
cognitive processes can lead to better-designed systems and tools that enable quick 
and easier intuitive understanding. Emergency situations can be stressful. By under-
standing how stress affects cognition, these effects can be mitigated through proper 
planning, training and system design. The key to emergency management success is 
planning and preparation, so that cognition during the critical phases of actual ongo-
ing emergencies is not impaired by stress, or emotional distress of the decision mak-
ers and collaborating agents. Therefore, understanding the cognitive processes in the 
management of the response to emerging events and critical disasters provides fun-
damental insight to inform the processes leading to increased preparedness and effi-
cient action. 

1.1 Cognitive Engineering 

According to Lambie (2001), the concept of cognitive engineering is not fixed and 
unequivocal, but in its various expressions certain common features are found. Nor-
man (1987) invented the term ‘cognitive engineering’ to emphasize cognitive aspects 
of human-machine interaction. Norman (1986) stated: 
 

“(…) the aims of cognitive engineering are: 
to understand the fundamental principles behind human action and perfor-
mance that are relevant for the development of engineering principles of de-
sign, 
to devise systems that are pleasant to use. - the goal is neither efficiency nor 
ease nor power, although these are all to be desired, but rather systems that 
are pleasant, even fun: to produce what Laurel (1986) calls ‘pleasurable en-
gagement’.  
(…) The critical phenomena of cognitive engineering include: tasks, user ac-
tions, user conceptual methods and system image. The critical methods of 
cognitive engineering include: approximation and treating design as a series 
of trade-offs including giving different priorities to design decisions.” 

 
Aristotle, who claimed that a measure of quality by which a work of fiction could be 
judged was the extent to which the audience became engaged by the story, first identi-
fied the concept of engagement. Laurel applied it to computers, claiming that a sense 
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of engagement with the ‘world’ of the program that the person is using can be a cen-
tral factor in determining whether he or she experiences a positive joy. Attaining plea-
surable engagement would thus be a means of making a system pleasant to use,  
although there are other envisaged means.  

In parallel to Norman’s postulates on cognitive engineering, cognitive systems en-
gineering was developed by Rasmussen, Hollnagel, Woods, etc., and was concerned 
with systems that were safety critical or complex (Lambie, 2001). As their work de-
veloped it attracted attention, because it offered better means to design. This version 
of cognitive engineering is forward looking to precision and testing of models and 
representations, rather than backward looking towards its epistemological roots 
(Coelho, 2002).  

1.2 Cognitive Systems Engineering Approach 

Emergencies and abnormal occurrences represent critical situations close to the  
margins of safe operation that challenge the controller operational practices and su-
pervisory systems in place. The joint human and technical system is stretched to ac-
commodate new demands, inevitably putting the joint system’s resilience to the test. 
Emergencies and abnormal situations are hence fertile grounds for stories of resi-
lience, which can stimulate human factors research (Malakis and Kontogiannis, 
2011). Resilience represents the ability of a system to adapt or absorb disturbances, 
disruptions and changes and especially those that fall outside the textbook operation 
envelope (Woods et al, 2007). Resilience has been defined as a system’s capability to 
create foresight, to recognize, to anticipate, and to defend against the changing shape 
of risk before adverse consequences occur (Woods, 2005, 2006; Hollnagel, Woods, 
and Leveson, 2006).  

For Dowell and Long (1998), Human Factors (engineering psychology) is largely a 
craft, the heuristics it possesses being either ‘rules of thumb’ derived from expe-
riences or guidelines derived informally from psychological theories and findings, 
with the latter representing the science applied. It has been found increasingly that 
addressing design problems in Human Factors, Human-Computer Interaction or 
Computer Supported Cooperative Work, necessitates turning attention away from the 
research with a psychological, computational or sociological nature (Lambie, 2001). 
This kind of research aims at universality, and instead one should focus on the prob-
lem posed by the target artefact, including the constraint that it meets given require-
ments.  

Dahlman (2001) collected some of the problems, methods of analysis and types of 
consequent action that have been considered in the area where cognitive engineering 
acts. Stops, mistakes, stress and performance are the consequences we want to do 
something about, and which are due to a number of conflicts between the characteris-
tics of human beings and the properties of technology, systems, work, etc. that is  
handled. Thus there are perception limitations, attention limitations, and so on. In a 
particular working or use situation these can be identified and understood by using 
combinations of methods. This understanding can then be used to redesign the design, 
modify or set up training programs and so on. These actions stand in line with 
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Woods’ (2000) notion of observing people in actual settings and Vicente’s (1998) 
focus on testing alternative proposals. There are theories about perception, attention, 
information perception and others (e.g. signal detection theory – Green & Swets, 
1966) that support the understanding of the situation analyzed. Methods also exist that 
have been able to produce design guidelines (e.g. Woods, 1995 – display design). 
Whereas Woods (2000) goes into an introduction of a new technology used in an 
existing system as the starting point of a process which is geared to deliver design 
seeds for further development, the process described by Dahlman (2001) steps into a 
steady state of an existing system. The outcome of the latter process aims at suggest-
ing a new generation system and getting at it with design iterations towards the end of 
the process. 

Despite the large number of methods available, the lack of predictive power was a 
persistent complaint of engineers about the limitations of typical human factors input 
into design (Hockey and Westerman, 1998). In his Presidential address to the Human 
Factors and Ergonomics Society, David D. Woods (1999) claimed that over the pre-
vious five decades the profession had been developing and handing over validated 
guidelines so that others can carry out its professional practice. The process of literal 
design and “table lookup” was seen by Woods (1999) as an oversimplification that 
leaves discovery, insight and innovation out of the profession’s description of design. 
He stated ironically that the profession had been “sweeping up at the rear of the pa-
rade” (“reacting after-the fact, […] called in only when others reach impasses, re-
spond to calls for help with ‘I can test that …’, miss windows of opportunity [and] 
best work in the aftermath of surprises”). As a better alternative, Woods (1999) 
brought forward another perspective, that of complementarity, where research and 
practice are mutually reinforcing and where field settings are viewed upon as natural 
laboratories for long term learning. From this perspective, design is seen as “balanc-
ing understanding, usefulness and usability”. 

Hockey and Westerman (1998) acknowledged that measurement in the area of 
cognitive engineering is complex, claiming that various components of usability – 
performance, quality and cognitive user costs – are essentially incommensurate. Usa-
bility handbooks, such as Nielsen’s (1993), refer to crude, context free measures of 
performance that include time to complete task and number of errors in completing it. 
These measures, however, can assist in evaluating usability improvements between 
alternative systems used in the same task and context. On the other hand, subjective 
assessments refer to concepts such as motivation or satisfaction, but are generally not 
considered in practice in the methodologies for cognitive engineering. However, 
Norman (1993) considered the concept of motivated cognitive activity in his writings 
about cognitive engineering. This concept did not however seem to pass on visibly to 
research. 

2 Phases of Activity in Emergency Management  

Emergency management is a mission that can be divided into several phases: work to 
avoid crises, preparation for crises, operative work, and evaluations after an event. 
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Emergencies are unpredictable, and the needs for resources and information are diffi-
cult to define beforehand. This characterizes the operation of emergency management 
organizations in crises as dynamic systems, as their states change autonomously and 
as a result of actions upon it (Brehmer, 1992). The dynamics of the system makes 
obtaining a complete predetermined plan or task description improbable. In opera-
tions, contingency plans only cover a fraction of the types of incidents to be handled: 
often, opportunistic response and coordination by feedback is used (Smith et al., 
2003; Dynes and Quarantelli, 1977). Participants dispersed over a range of organiza-
tions and roles, accomplish this by managing a wide range of actions and decision 
making, such as tracking events as they develop, and constantly modifying plans. 

A communication structure is necessary in this type of work, and it provides 
ground for a culture of norms and practices to grow (Hutchins, 1996). Issues from the 
represented organizations affect which content is brought up into interaction and how 
proposed solutions are handled (Keyton and Stallworth, 2003). The relational needs 
associated with cooperation are compounded with task demands, and go hand in hand 
with coordination activities (Hutchins, 1996). 

The consequence of these interactions and interdependencies is that the cooperative 
task performance that underlies emergency management must be studied in relation to 
the social, organizational and technological context (Johansson, 2005) it is performed 
in. 

3 Nature of Cognition in Emergency Management 

Cognitive Systems Engineering approaches strive towards explicitly handling issues 
about how cognition and behaviour is shaped by artefacts in complex interaction 
(McNeese, 2001; Woods, 1998). This demands an understanding of the processes 
underlying cognition in human-human and human-computer interaction, with a focus 
on the external conditions and not on assumed internal mechanisms (Hollnagel & 
Woods, 2005). Cognitive Systems Engineering frames a view of humans and technol-
ogy as integrated, joint cognitive systems where the focus is on overall performance. 
Thus, the complexity in social and organizational constraints and the context of work, 
situated context (McNeese, 2001) must receive attention. This may be a productive 
approach in the integration of Geographical Information Systems and other Informa-
tion and Communication Technology systems in the fields of emergency planning and 
response. Hollnagel and Woods (2005) have explicated this in a concrete approach 
that ranges cognition as taking place in a composite system of humans and technolo-
gy, a joint cognitive system. 

As noted by Norman (1990), the aims of cognitive engineering are first ‘to under-
stand the fundamental principles behind human action and performance that are rele-
vant for the development of engineering principles of design and second, to devise 
systems that are pleasant to use’. This definition has engendered many psychological 
and design studies specifically in human–computer interaction and recently in design-
ing team decision-aiding and training systems (Jones and Mitchell, 1995). Cognitive 
systems engineering is the integration of human knowledge about task (environment 
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and perception), cognition, and artefact behaviours that can lead to the execution and 
control of specific tasks at various levels of abstraction (McBride et al., 2004). Cogni-
tive systems engineering is able to capture the human procedural, operational, and 
structural knowledge about events, activities and behaviours as reasoned through 
human actions ( Zarakovsky, 2004). This provides the main source of knowledge for 
design of cognitive aids, especially those used in training (Bedny and Meister, 1997). 
The knowledge required for training can vary along a discrete continuum of the  
operator’s level of expertise, psychological states and traits, and task dimensions (Qu-
arantelli, 1997). From the cognitive systems engineering perspective, the level of 
expertise is commonly assessed along the dimensions of skill-, rule-, and knowledge-
based behaviours known to control the decision-making ability of the human operator 
(Rasmussen 1986). Implicitly, the levels of expertise allow replicating the human 
mental model of a computerized system (Ntuen et al., 2006). 

4 Conclusion 

Research on learning, modelling and decision support in the context of emergency 
management and increasing resilience, should lead to results with implications for 
how organizations may identify and respond to unplanned-for contingencies, which is 
deemed the most critical challenge for cognitive engineering in emergency manage-
ment. Hollnagel and Woods (2005) argued that the potential for resilience can be 
measured but not resilience itself. In line with this reasoning, it is concluded that 
adaptive cognitive strategies improve the potential for resilience in two manners. On 
the one hand, by providing insights on how adaptations in the form of cognitive strat-
egies are employed to support resilience in cases of safety critical events, and on the 
other, by the use of these cognitive strategies as foundation blocks in the development 
of advanced training programs with the aim of cultivating sources of resilience in the 
emergency management system. 
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