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Abstract 
The user interface for decision support systems is normally structured for presenting relevant 
data for the skilled user in order to allow fast assessment and action of the hazardous situation, 
or for more complex situations to present the relevant rules and procedures to be followed in 
order to deal most efficiently with the situation. For situations not foreseen, however, no rules 
exist, and no support may be given to the user by suggested actions to be fulfilled. The idea of 
ecological user interface is to present to the user the complete situation at various interrelated 
levels of abstraction supporting the situation assessment and remedial actions based on the 
domain knowledge of the user. 
 
Introduction 
Decision support systems for emergency management are all based on experiences from and 
analysis of previous emergencies and drills which indicate need of further training and support. 
Based on this input decision support for most hazardous situations are covered by updated 
preparedness plans and what-if scenarios revealing the best counter action to all known 
situations. However, even though this is sufficient in most situations the drawback of these 
systems is exactly that they rest on foreseen hazardous situations and therefore are not capable 
of supporting or handling unanticipated situations. Situations may be unanticipated because 
these situations have not previously been experienced, and because nobody has had the fantasy 
to dream them up. Often hazardous situations arise from a sequence of events that not even the 
most creative fantasy could imagine. Each of these events may be more or less harmless on 
their own, but a specific succession not even realised could happen, and perhaps even in 
aggravating environments, may result in a hazardous situation of huge dimensions.  
 
The idea of the ecological user interface is to support or handle not only the well known 
situations, but also to support decision makers in actions related to completely new and 
complex situations.  
 
Decision support systems are normally based on presenting the preparedness plans, the agreed 
procedures, and the location and status of all rescuing equipment. The ecological user interface 
must present the same very important issues including the prescribed procedures if possible due 
to the type of hazardous situation. But furthermore, the hazardous situation or the symptoms 
hereof should be presented on a variety of abstraction levels in order to give the decision-maker 
an overview from various points of view. This overview, which could include presentation of 
potentially risky or vulnerable objects, may hopefully expose the intentions and goals to be 
pursued supporting the decision-makers to act based on their personal knowledge of the present 
domain.  
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The means-end hierarchy 
The task analysis of the situation will be based on the means-end hierarchy, a tool well suited 
for analysis of specific domains, see figure 1.  

 

Figure 1, The means-end hierarchical structure 
 
The Means – Ends hierarchy was developed as a domain representation describing the various 
levels of abstraction in a working situation (Rasmussen, Pejtersen, and Goodstein). The 
framework has been utilised previously, however, for analysis and design of decision support 
systems (Andersen ad Rasmussen, 1987ghest level corresponds to the system objectives, the 
middle levels to functional descriptions and procedures of the working situation at various 
levels of abstraction, and the lowest level corresponds to the physical form of the domain. The 
functional connection between the levels are expressed in the relational column indicating that 
for each level, the next upper level will give the reason for the task to be performed, and the 
next lower level give the answer to how to perform this task.  
 
The use of this hierarchical analysis for the emergency management domain is given in figure 2 
indicating - as the purpose of the overall goal of the emergency management - the protection of 
human beings, their property, and the environment. Going from the more abstract level to less 
abstract levels, the overall goal may be pursued by striving for preventing accidents from 
developing or at least diminish the consequences of unavoidable accidents. This level will 
likewise be supported by the available preparedness plans, which again is built on knowledge 
and experiences from previous events about how to handle various emergency situations. At the 
end all potential interaction with the hazardous situation will built on available human and 
technical resources. 
 
In the abstraction hierarchy the specific task situation must be described completely at each 
level. The skilled person exposed to familiar situations will be able – based on the lowest levels 
– to deal with such situations by implementing actions directly. For less skilled persons 
exposed to situations unfamiliar to them, but anyway anticipated by domain experts, the higher 
levels – indicating specific functions to be fulfilled - will be needed. Finally, for situations not 
anticipated even by domain experts, the highest levels will point to the end-goal to be fulfilled, 
and the combined input from all levels may stimulate the experts – based on their domain 
knowledge – to cope in the best possible way with the hazardous situation.  
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Figure 2, The means-end relations adapted to emergency management 

 
The various conditions are reflected in figure 3, the decision ladder (Rasmussen, Pejtersen, and 
Goodstein) giving possible shortcuts on the complete process from the incoming alarm to the 
final execution of diminishing and rescuing actions. The shortcuts are directly related to the 
skill and familiarisation of the decision-maker in relation to the specific situation. 
A more detailed analysis of tasks to be fulfilled at various levels is specified in figure 4. 
 

 
Figure 3, Sequence of actions in a decision/action model 

 
Applications for ecological interface design 
As mentioned above the idea of ecological interface design, EID, is to support decision makers 
when exposed to unanticipated events contradicting existing system normally built on 
experience from events related to previous incidents or accidents, or problems revealed from 
drills or other kind of exercises. The foundation of the EID is the hierarchical work domain 
analysis as sketched above and the various degrees of skills and expertise, which is reflected in 
the decision ladder.  
 
The theoretical foundation of EID has been dealt with in detail by Vicente and Rasmussen 
(Vicente and Rasmussen, 1990; Vicente and Rasmussen, 1992) and recent demonstrations in 
various domains by, e.g., Vicente (Vicente, 2002) and Reising and Sanderson (Reising and 
Sanderson, 2002). 
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Figure 4, Abstraction hierarchy of a work domain analysis related to decision support for emergency management 
 
 

Functional purpose Improving safety and maintaining human, property, and environmental values

Abstract functions      Avoid hazardous situations      Minimise the consequences from emergencies

General functions         Preventive procedures       Situation assessment   Physical rescuing procedures

Physical processes    Opdating of PP Measures      Best practise  Rescuing equipments maintainability and availability

Physical form  Preparedness plans  Monitors Rescuing equipment
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Figure 5 gives a suggestion for the necessary contents of presentation at the various levels of an 
EID for emergency management. The skill or expertise of the decision-makers has been related 
to the ‘skill, rule, knowledge’ philosophy presented by Rasmussen (Rasmussen, Pejtersen, and 
Goodstein). Similarly, the user interface has been chosen for supporting these three levels of 
skill. All three levels must fully present the hazardous situation in relation to the related levels 
of abstraction. The lowest level – the skill based one - will give the decision-maker all the 
needed information concerning the alarm and available measures, the resources – human as 
well as technical – and their availability. For familiar events and skilled decision-makers this 
information may be sufficient for starting immediately the necessary operations for handling 
the emergency. Less skilled decision-makers may prefer to go the next higher level of 
presentation – the rule based - presenting preparedness plans, what-if scenarios, and best 
practices. For unfamiliar events the decision-maker may – due to shortcomings in the 
preparedness plans or lack of best practice – go to the highest level – the knowledge based - to 
get an overall impression of the symptoms and consequences of the situation.  

 
Figure 5, the three levels of EID for emergency management for covering all aspects of 
decision support for the emergency manager 
 
However, the various levels, individually, are not sufficient for having an EID. The levels need 
to have well specified mutual constraints to be fulfilled when going from one level to another. 
Clicking an object, say a vulnerable one, on the high level may open the preparedness plans, 
what-if scenarios and best practise - if possible - on the next lower level directly related to this 
object. Likewise, the resources to be presented on the lower level must be related – once again 
– to the object considered. 
 
For all anticipated events the path among levels will be complete. For unanticipated events this 
will not be possible. However, a detailed presentation of the actual event on the highest level 
may create a mental model for the decision maker that combined with his domain knowledge 
and experience from similar events may support his ability for managing the actual hazard. 
 
Conclusion 
The motivation for this paper is the lack of support from existing emergency management 
decision support systems concerning complex unforeseen events. The EID concept has been 
tested in a variety of other domains, like process control, aviation, and medicine (see Vicente 
2002), but not in the area of decision support for emergency management. The concept, 
however, looks very promising for including valuable support for coping with unexpected 
hazardous events. The real test and evaluation of this type of system for emergency 
management remain to be seen following a design and implementation of such a system 
including all the aspects related to the field of cognitive systems engineering. 
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