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Abstract: Decision making is an essential aspect of emergency management and a successful response to an emergency
situation highly depends on whether decisions are being taken in an effective and timely manner. Acute emergency situations
represent decision environments that are characterised by high complexity, due to a large number and interdependence of
variables involved, dynamism, uncertainty and intransparency of the situation, information overload or lack of information,
time pressure, risk, plurality of goals, and multiple players involved. To meaningfully support decision makers in emergencies,
a comprehensive understanding of human decision making and its background processes is required. We therefore suggest
bringing in psychological knowledge on human cognitive processing in information system research on computer-based
decision support. A framework is presented that models the stages and components of decision making in the context of
emergency management. To this end, psychological research on human perception and information processing, knowledge
and competence modelling, human judgement and decision making, individual and situational factors, stress, and selfregulation are taken up and integrated. The psychological framework provides a basis for empirical studies on the perception
and decision making process of emergency managers, for a better understanding of the involved cognitive processes and
influencing factors. Based on this, the framework may provide useful input to different areas of work on decision support
systems (DSS) for emergency management. It may be used for deriving requirements by systematically describing decision
tasks in emergency situations and identifying needs for supporting them. The knowledge on human information processing
and decision making represented by the framework can be translated into design principles feeding into and guiding the
interface design. Furthermore, the psychological framework supports the design and implementation of training
programmes by modelling emergency and decision making knowledge and competence. The psychological knowledge may
also inform the evaluation of DSS by providing a theoretically founded representation of relevant aspects in emergency
decision making and human-system interaction, which may facilitate the definition of variables to be addressed in usercentred evaluation.
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1. Introduction
An emergency poses additional challenges to emergency managers. This needs to be taken into account when
considering information processing in emergency situations, and when aiming at supporting cognitive functions.
Human cognitive processing in emergencies is different from cognitive processing in business or other scenarios.
Situations in emergency management involve high complexity and stress; emergency must “act under
conditions, in which lives may be at risk, high-value property may be at stake, and chances for escalation of
damage may be high” (Comfort & Wukich, 2013, p. 54). Decision making is an essential aspect of emergency
management and a successful response to an emergency situation highly depends on whether decisions are
being taken in an effective and timely manner. Decision making in emergencies cover a broad range of decisions
to be taken, from declaring a state of emergency, issuing an evacuation, to decisions on specific operational
options, depending also on the decision maker’s level in the command structure (i.e. strategic, tactical, or
operational level). Acute emergency situations represent decision environments that are dynamic and complex,
due to a large number and interdependence of variables involved, dynamism, uncertainty and intransparency
of the situation, information overload or lack of information, time pressure, risk, plurality of goals, and multiple
players involved (St.Pierre et al., 2008). To meaningfully support decision makers in emergencies, a
comprehensive understanding of human decision making and its background factors and processes is required.
With the psychological framework presented in this paper we aim at contributing to and enriching the
knowledge base on decision making in emergency management. Our framework has been defined to better
understand how emergency decision makers perceive information and how to effectively represent information
to support them. It consolidates research from different psychological disciplines and contextualises them in the
specific application area of emergency situations. It provides a theoretical basis for further empirical research.
This psychological perspective may meaningfully feed in the development and testing of decision support tools
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in different ways. Thus, the framework forms a bridge between psychological research and research on DSS for
emergency management.
The remainder of this paper is structured as follows: In section 2 the psychological framework and its different
components are described. Section 3 outlines how the psychological framework can be meaningfully applied in
the field of DSS research. Section 4 summarises the main ideas and provides and outlook to future work.

2. The psychological framework
This section introduces a psychological framework of decision making in emergencies that is defined based on
an integration of different fields of psychological research and translates these theoretical foundations to the
specific area of decision making in emergency management. The framework aims at describing and capturing
the cognitive processes, involved skills, relevant influencing factors and intra-/inter-individual differences in
emergency preparedness, response, and recovery, to meaningfully feed into the design of effective DSS for
managing emergencies. Figure 1 presents the psychological framework. At its centre is decision making, which
is broken down into different stages and mediated by a range of psychological aspects. The different
components of the framework are explained in more detail in the subsections below.

Figure 1: Psychological framework of decision making in emergencies

2.1 Self-regulated decision making
Decision making involves making judgements and drawing conclusions on the basis of available evidence and
knowledge. It consists in activities of gathering information and analysing a situation, as a basis to choose
between alternatives, picking one alternative and dropping the others, implementing and evaluating the
solution. The characteristics of emergency situations, i.e. complexity, uncertainty, intransparency etc., are
experienced as obstacles in collecting and integrating information, and planning and implementing effective
action.
Different theories have been devised in psychology and behavioural economy to model human decision making
(for an overview see e.g. Koehler & Harvey, 2004) and aim at explaining and predicting decisions and defining
rules of ideal decisions. Such models and rules of rational judgement and decisions are systematically
implemented in computer-based DSS to support human decision making. In contrast to these outcome-oriented
theories of decision making we take a process-oriented approach and model the process and phases of decision
making, with the main goal of capturing relevant psychological aspects on human cognitive processing in
emergency situations.
Decision making - in terms of an explanatory framework - can be seen as a multi-step procedure; essentially, the
process is defined by the following main stages: pre-decision, decision, and post-decision (e.g. Zeleny, 1982).
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These decision making stages parallel the process of self-regulation, which is usually described as a cyclical
process of three phases – forethought, performance or volitional control, and self-reflection – and emphases
the role of meta-cognitive activities and skills (Zimmerman, 2000). Considering the decision making process as a
concrete application of self-regulation makes evident the importance of metacognitive knowledge and
regulation in decision making.
The core process of our psychological framework is therefore a three-stage model of self-regulated decision
making in emergency situations:


Forethought (Pre-decision): This phase refers to identifying the problem, i.e. an undesirable situation or
condition (like a disaster) that exists or will exist in the future, and assessing this problem through gathering
and judging information about the emergency situation.



Decision: This phase involves exploring, developing, and evaluating alternative solutions to the problem
identified, selecting alternatives on the basis of their evaluation, existing contingencies, and under
consideration of outside factors (e.g. political, safety, financial, environmental, ethical), and implementing
this solution.



Reflection (Post-decision): The reflection phase consists in evaluating the solution, i.e. determining the
results of the implemented decision, whether the problem has been resolved or additional action is needed,
whether the situation has changed, more resources are needed etc. This reflective/evaluative phase is
essential, since it provides input and information for subsequent decision making (Kersten & Szpakowicz,
1994).

2.2 Emergency management and decision making competence
Emergency decision making requires domain-specific knowledge on emergencies and emergency management,
as well as decision making knowledge and competence. Both types of knowledge and competence are applied
in concert for effective emergency management.
Emergency management knowledge can be represented and modelled by three categories (Diniz et al., 2005):


Previous personal knowledge is embedded in each emergency responder’s mind and has been acquired
during past experiences, training and simulations.



Previous formal knowledge is information or knowledge relevant to the decision and coming from a reliable
source; examples are emergency response plans describing procedures to be followed, maps etc.



Current contextual knowledge is knowledge related to or generated by the emergency itself or by the
response to it; it relates to the actual emergency situation and to actions performed by emergency teams
and can also be denoted as ‘situational awareness’.

Decisions in an emergency are taken on the combination of previous personal, previous formal and current
contextual knowledge. Adequate decision making in emergencies requires appropriate and sufficient previous
(personal and formal) as well as contextual knowledge. In particular, for prudent decision making emergency
leadership and response teams need to be very familiar with standard operating procedures designed and
defined to minimise disastrous events. Decision making is furthermore challenged by the instability and
dynamism of the situation that is given in an emergency, meaning uncertainty in decision making. Adequate
contextual knowledge is therefore crucial and needs to involve continual updates. Any decision taken and
implemented will influence and change the current contextual knowledge forming the basis for further
decisions.
Knowledge and competence on decision making itself refers to decision making skills in terms of metaknowledge and capabilities involved in the self-regulated decision making process. Decision making constitutes
an area of critical thinking skills that is considered essential for students and workers in the 21st century. Decision
making competence is a multidimensional construct including a range of different key skills (e.g. Finucane &
Gullion, 2007; Mincemoyer & Perkins, 2003). In the context of our psychological framework a set of decision
making skills has been defined in alignment with the stages of decision making (see Figure 2).
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Figure 2: Decision making skills and their structure
For a systematic approach to representing emergency knowledge and decision making skills, we use
Competence-based Knowledge Space Theory (Doignon & Falmagne, 1999; Heller et al., 2006), a psychological
set-theoretic framework for modelling domain and individual knowledge. This theoretical approach establishes
a structure on a knowledge domain by capturing the inherent structural dependencies (prerequisites) between
the items or skills of a domain (see Figure 2).

2.3 Psychological factors: Person and situation
A range of relevant psychological factors affect the emergency decision making process. These consist in
characteristics of the emergency situation itself and in characteristics of the individual decision maker.
Situational factors refer to the circumstances given in an emergency and decision situation. Among the most
important are time pressure, lack of information or conflicting information, and uncertainty (FEMA, 2005). In
addition, consequences of prior decisions in terms of life or death may significantly affect decision making. These
factors have some link to the phase of the emergency management process (mitigation, preparedness, response,
recovery), which may also be considered as a basic contextual characteristic of the decision making process.
Another relevant situational factor is the approach to decision making – individual decision, individual decision
with consultation, delegation of decision, or group decision. Groupthink (i.e. group pressure and desire for
conformity resulting in dysfunctional decision making in groups) occurs more likely during emergencies due to

209

Christina Steiner, Alexander Nussbaumer and Dietrich Albert
the time pressure usually existing in emergency situations, cohesion given in emergency response teams, and
the small number of experts that are building emergency response teams.
Person factors are characteristics related to individual or groups of decision makers, i.e. individual differences
affecting judgement and decision making (Appelt et al., 2011). These may be categorised into two main
categories, relatively stable individual characteristics (traits) and temporary changing states. Good decision
makers, in general share certain characteristics, like a deep knowledge and understanding of all factors involved
in the problem situation (situation awareness), good self-knowledge, appropriate strategies to overcome their
cognitive limitations, perceptiveness, good communication skills, good judgement ability and calculated risk
taking, self-confidence, and creativity under stress (e.g. Shanteau, 1988). In emergency situations, experience
has been identified as one of the most influential factors affecting decision making. Experience facilitates the
correct perception and analysis of risk and rational decision-making. Other relevant factors are education and
training, which provide a feeling of security in an emergency situation.
Decision making in emergency management usually comes along with stress. Stress is a psychological factor that
significantly impacts decision making and that results from a combination of situation factors (e.g. time pressure
or cognitive load that act as so-called stressors) and person factors (e.g. available stress coping strategies).
Stressful circumstances do not automatically lead to problems in judgement and decision making, but it is a
person’s active perception that leads to the experience of stress. Stress has a critical impact on decision making
and the quality of decisions taken, since it affects perception and focus of attention, information processing
capacity and strategies (Kowalski-Trakofler & Vaught, 2003).

2.4 Perception, information processing, and system interaction
Humans operate in a perception-action cycle: senses take in information from their environment, the mind does
computations on these environmental stimuli, and the results of these guide subsequent goal-directed actions.
A key aspect thereby is that the biological organism and information processing capacity is limited and humans
must select from all the environmental stimuli available in a situation to which to attend to (Goldstein, 2010).
Perception and information processing have an influence on the self-regulated decision making process, since
human perception and processing influences the way in which information and graphics are interpreted, and
vice versa, the way information is presented and visualised affects how it is perceived and understood by
humans. Gestalt psychology can help to understand perceptual organisation, i.e. the way objects and patterns
are perceived and recognised. The well-known ‘Gestalt principles’ explain how humans organise individual
elements into groups. The principles of similarity (similar things are perceived as a group), proximity (things near
to each other are perceived as group), and common region (things in the same region are perceived as group)
are among the most well-known Gestalt principles (see Figure 3).

(a)

(b)

(c)

Figure 3: Example illustrations for the Gestalt principles of (a) similarity, (b) proximity, and (c) common region
Information presentation factors may influence time efficiency, accuracy, or strategy selection during decision
making. The modality and structure of presentation (e.g. images vs. text), for example, have been shown to
influence time efficiency of decisions (e.g. Aminilari & Pakath, 2005). If information is structured meaningfully
and in line with the decision task, this positively affects the perceived value of information and time efficiency.
Many decision makers feature a tendency of trying to collect more information than would actually be required
for making a good decision; this necessarily means additional processing time. It may even lead to information
overload, such that the entirety of available information cannot be managed and evaluated appropriately,
leading to selective use of information and missing of pertinent information. An appropriate presentation format
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of information is therefore important and should be chosen in order to support information processing and
decision making. This is even more important when considering the fact that under stress (which is usually given
in emergencies) information processing and focus of attention are affected (Kowalski-Trakofler & Vaught, 2003).
In the context of emergency management information is usually presented to decision makers via a warning
system or DSS. Human information processing in emergency decision making can therefore be described
through a triangle of human/user, system, and information, and the interactions between them, as illustrated
in Figure 4. The system refers to the technical infrastructure, user interface, services and tools. Information
refers to the emergency information given to the user, which is visualised and made accessible through the
system. Users perceive and process the presented information and carry out actions of information exploration
and evaluation. Through the system’s user interface and the way in which information is presented emergency
managers may be supported in the perception and management of information.

Figure 4: Interaction triangle of information processing in a DSS

3. Applying the psychological framework to develop DSS for managing emergencies
The psychological framework presented in section 2 provides a deeper understanding on decision making in
emergencies by establishing a theoretical model that integrates different areas of psychological research. This
framework may be used as a reference point for carrying out systematic psychological studies on the influence
of, impact on, and interrelation between different variables in emergency decision making (e.g. investigating the
effect of user interface design and/or stress perception on decision performance). The theoretical framework
and the related empirical outcomes may be used as an information source towards supporting decision makers
in managing emergencies. The psychological know-how on cognitive processing and relevant influencing factors
of decision making may feed into different areas of work in developing DSS for managing emergencies, as
outlined in more detail below.

3.1 Defining requirements
The psychological framework establishes a link to the specification of requirements towards a DSS by
systematically describing decision tasks in emergency situations. A DSS should, in general, support the phases of
the self-regulated decision making process (forethought, decision, reflection), e.g. by providing features that
support the actions involved in these different stages or by appropriately changing the user interface in the
different process stages. Since person factors play an important role in emergency decisions, a user model
should be maintained by the system that stores and updates information on relevant individual variables, like
experience or clearance level. In particular, the system should also record and monitor information about users’
knowledge and competence. This may be used to identify specific needs for guidance and to provide optimal
decision support by adapting the system to individual users in terms of tailoring the information/data presented
and functionalities offered, e.g. depending on the decision making competence or user group. Appropriate
functionality to present the different types of emergency knowledge (previous formal knowledge, current
contextual knowledge) should be provided. The presentation of information should enable appropriate use of
and interaction with this kind of information. Information presentation in a DSS needs to take into account
general facts about human information processing, like the limited capacity of information processing, which
may be further constrained by perception of stress.
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3.2 Designing the user interface
The design of user interfaces should take into account knowledge of how humans perceive and process
information and how they reason and solve decision tasks. Considering the basic mechanisms of human
perception and information processing, in general, and situational factors in emergency situations, in particular,
which are captured by the psychological framework, implications for DSS user interface design can be derived.
Design can be leveraged by accommodating top-down processes and related perceptual biases due to
experience, context, and goals (Johnson, 2010). Ambiguity in information displays, which would allow different
interpretations of the presented information, needs to be avoided. Controls, information, and data displays
should rely on existing conventions and common approaches of information displays, and should be consistent
(e.g. same position, format). Interface design needs to be based on an understanding of the decision tasks and
goals of future users of the DSS. Considering the fact that the human information processing system and
attention is limited, and may be further narrowed by stressful conditions, interface design of DSS in particular
needs to avoid overload of information presented. Instead, putting information where users are looking or,
respectively, guiding attention by creating focal points through salient stimuli (e.g. warning/error symbols)
should be ensured. The Gestalt principles of perceptual organisation are increasingly acknowledged as useful
theoretical basis for deriving basic principles in designing user interfaces (e.g. Chang & Nesbitt, 2006; Johnson,
2010). These principles can be translated into design implications on how to structure information displays in
order to support users in perceptual organisation and information processing, and to avoid suggesting
relationships/grouping between elements that are not intended.

3.3 Implementing training
Training and education are factors that may positively affect decision making in emergencies. Through a careful
consideration of the types of knowledge and competence involved in emergency decisions and the explicit
definition and structuring of the related skills, as provided by the psychological framework, the learning
objectives to be addressed by a training programme can be defined in a systematic and sound manner. These
also provide a sound basis for program evaluation measuring whether the training is effective and successful.
The knowledge and competence types elaborated in the psychological framework therefore represent a
valuable basis for the design, implementation, and assessment of training programmes on emergency
knowledge and decision making for emergency managers. By modelling and structuring decision making and
emergency knowledge and competence in the tradition of CbKST (Heller et al., 2006) a systematic selection and
sequencing of learning material based on the underlying theoretical structures is enabled. Given the current
competence state of a learner, meaningful learning paths can be generated to close existing competence gaps
and to reach a specified learning goal, taking into account the prerequisites existing between skills. Furthermore,
the competence structures and their mapping to training material and assessment problems may serve the
implementation of adaptation procedures for personalised learning paths or recommendations of relevant
training content and for deploying adaptive assessment procedures.

3.4 Carrying out evaluation
The psychological framework can be used to determine relevant variables for evaluating a DSS in terms of its
quality and effectiveness for end users. In particular, the triangle of system, information, and user (see Figure 4)
serves as a valuable reference point; on the interaction axes between these components variables that are
meaningful for measurement in evaluation can be identified:


Usability (system-user axis) relates to the question whether the communication and interaction between
user and system are smooth and whether the system is easy to use and learn. It also includes aspects of the
learnability, navigation and complexity of the system.



User Acceptance (system-user axis) addresses the specific question as to whether users consider the
research environment and its services acceptable. Commonly, the following user acceptance aspects are
distinguished: perceived ease of use, perceived usefulness, and behavioural intention to use.



Performance (system-information axis) relates to the background operations in terms of processing
aggregating, and presenting information through the system, and addresses the question whether these
operations are accurate and timely.



Usefulness of information (information-user axis) relates to the question whether the information and data
provided is relevant for the user, taking into account the task to be solved. In other words, does the
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information presented meet the user’s personal information needs and/or the information needs of the
user group?


Usefulness of format (information-user axis) relates to information presentation, i.e. the question whether
the format in which information is presented is appropriate and meaningful to the user. Evaluation of this
aspect should take into account relevant psychological factors, like stress.

This represents a reinterpretation of the so-called Triptych evaluation model for digital libraries (Tsakonas &
Papatheodorou, 2006; Steiner et al., 2014) to the field of DSS for emergency management. In addition, the
design principles derived from the psychological framework (cf. section 3.2) may be used as a basis for a
systematic evaluation (e.g. a checklist approach) of the user interface in terms of the conformance to those
principles. Emergency and decision making knowledge and competence, as well as person factors modelled by
the psychological framework also represent meaningful variables for impact measurement of a DSS or for
consideration as relevant covariates.

4. Conclusion
In this paper we have introduced a psychological framework that models decision making in emergency
management by integrating different areas of psychological research. The framework enriches the knowledge
base on emergency decision making in the context of DSS research by introducing a psychological perspective
and providing a deeper understanding of the cognitive processing and decision making of people involved in
emergency response at strategic, tactical, as well as operational level. Our approach to modelling decision
making provides an explanatory framework of the decision making process by presenting it as a multi-step
procedure and elaborating on involved processes of perception, underlying skills and influencing factors in
emergency decisions. The presented framework complements existing outcome-oriented theories modelling
and predicting human decision making, which are traditionally incorporated in the data model and decision
context of DSS. It feeds into the user interface design of DSS and provides guidance on requirements and
evaluation of such systems, as well as on training measures for decision makers.
Future work consists in leveraging the psychological framework by applying it in the development of a
comprehensive DSS that shall provide a novel European approach to emergency management. The framework
is used as a basis for psychological studies on cognitive processing in emergency management. Currently a first
study is being conducted to analyse effects of the use of design principles in interface design on decision making
performance. The empirical results obtained will be used to further refine and enrich the psychological
framework and to analyse and validate its application in the design and evaluation of a DSS and for training of
emergency managers.
The presented psychological framework has great potential for reuse beyond an emergency management
context. The generic components of the framework also apply to different types of decision situations (e.g. in
business management). While the core process of self-regulated decision making remains the same in diverse
use cases, the specific psychological factors and domain-specific knowledge are different and have to be
elaborated for the respective field of application.
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