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Abstract 

The spread of influenza A subtype H5N1 has recently heightened pandemic concern and 
preparedness for a pandemic influenza virus has become a global priority. Research in risk 
communication emphasizes the importance of providing the recipients with information they 
need to make informed independent judgments. This entails understanding how these 
judgments are made, and what kind of information that serves this purpose. Decisions have 
been examined in a wide variety of scientific disciplines and produced several interesting 
methods and models to understand judgment and decisions. These methods and models were 
investigated and compared with regard to their fit to these conditions.  

The work in this thesis was oriented toward three main questions. The first question was how 
to find out how people would react during an emergency. The second question was what kind 
of research in decision theory could explain and be used to predict these results. The third 
question was whether a mental model of the threat of pandemic influenza can be described, 
and what is its implication on risk communication. 

A mental model approach to explore risk communications was used with qualitative 
interviews with health care workers in Östergötland, Sweden. The transcripts were analyzed 
according to methods drawn from mental models research and risk communication to extract 
influence diagrams. These influence diagrams serves as an abstract representation of the 
respondents’ mental model of the threat of pandemic influenza. This influence diagram was 
compared to a corresponding expert mental model developed from literature and interviews 
with influenza experts.  

The mental models approach has been shown to provide a description of comprehension with 
several benefits. One benefit is that the method is a relatively easy way to gather notions in 
the target population which can be used for drafting risk information. Another benefit is that 
the existing notions and sense of causal patterns can be described, instead of merely 
memorized facts.  

The comparison between the mental models of health care workers and influenza experts 
revealed both functional and destructive misconceptions. Unrelated information received by 
the respondents was also shown to be linked together in a way that is in conflict with expert 
knowledge. This tendency to create causal connections in order to organize knowledge may 
be important to consider in risk communication. 

Keywords: Decision making, comprehension, mental models, performance, risk 
communication, laypeople 
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1 Introduction 

There is nothing so practical as a good theory. 

Kurt Lewin 

 

The emergence of avian influenza A subtype H5N1 has heightened pandemic concern 
recently, and preparedness for a pandemic influenza virus has become a global priority 
(WHO, 2005). It remains unknown from where a pandemic strain may emerge, but H5N1 is a 
probable candidate and have attracted much attention and concern (Russell & Webster, 2005; 
Goodman et al., 2006). The estimation of the risk of a pandemic influenza is swamped with 
uncertainties which make preparations very problematic. A new pandemic influenza seems 
inevitable, but when it will strike and its severity is merely estimates. There is however an 
agreement that the threat is serious enough to motivate global preparations.  

One important strategy in the preparation for such a scenario is to inform stakeholders 
properly. Issues such as a pandemic threat is however not as simple as informing about health 
hazards to influence risk behavior. In more traditional information campaigns about health 
hazards such as smoking, it is certain whether it is dangerous or not, and what the appropriate 
course of action would be, i.e. stop smoking. Risk information is in such a case more a 
concern of getting the stakeholders attention to the hazard. Regarding a pandemic threat, there 
is no obvious appropriate course of action. To complicate matters, the media responsible for 
providing a large portion of the information often focuses on the threat itself and commonly 
fails to provide alternatives available.  

The literature provides much information in developing efficient risk information. Studies 
have been preformed regarding the means and content of the message, and its effect on the 
intended recipients. However, much work is concerned with traditional information 
campaigns aimed to increase awareness of health issues and bring about desired changes in 
behavior. Concerning dynamic shifting environments such as an influenza pandemic threat, 
there is a need for more considerations than just changing a behavior. The scenario for 
pandemic influenza is shifting and the appropriate content of the risk information may change 
rapidly. In this complex, dynamic, and stochastic environment it is paramount that the 
information, not only is comprehensible, but timed correctly in the right format and needed 
and accepted by the intended recipient.  

Risk communication is generally concerned with supplying people with the information that 
they need in order to make informed decisions about risks (Morgan et al., 2002; Covello et al., 
2001; Breakwell, 2000; Needleman, 1987; Thorne et al., 2003). The purpose of, and reason 
behind risk communication is however not consistent in the literature. In risk communication 
there are individuals and institutions who would like to exaggerate or underestimate risks for 
various reasons. To some, risk communication means persuading the public that the risk from 
a technology is small and should be ignored (Morgan et al., 2002).  

Some research focuses on the changes to rules of communication in high-concern situations 
(Covello et al., 2001), the content and means of delivering a message (Breakwell, 2000), 
means of changing the behavior of the recipient (Needleman, 1987), or knowing the hazard, 
the recipient and the audience’s communication preferences regarding the message, source 
and channel (Thorne et al., 2003). Morgan et al. (2002) stipulates risk communication as 
“communication intended to supply lay people with the information they need to make 
informed independent judgments about risks to health, safety, and the environment” which 
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will serve as a definition in this thesis. This approach to risk communication implies 
understanding what the lay public need, and to provide information required to make these 
informed independent judgments. 

Patel et al. (2002a) argue that understanding decision processes can provide a meaningful 
framework for facilitating decision making in practice. They claim that medical decision-
making research has been less than satisfactory in both understanding the decision process 
and conceiving of methods. The literature provides a long tradition of research on decision 
making, judgment and heuristics that seem relevant in order to understand the situation in 
which risk information recipients operate.  

1.1 Issues and Contributions 

A common approach to understand and explore a high demand situation is to interview 
respondents and observe an actual ongoing situation to get first hand data. However, since a 
situation such as the current threat of a pandemic influenza is unprecedented this is not 
possible. Without the means to observe an actual pandemic and its effect on health care, other 
less accurate methods need to be considered. The aim of the work in this thesis is therefore to 
investigate how this can be done to extract useful data. Each approach has methodological 
problems and generates different kinds of data.  

Morgan et al. (2002, p.4) approach to risk communication as “communication intended to 

supply lay people with the information they need to make informed independent judgments 

about risks to health, safety, and the environment” implies understanding what the lay public 
need, and to provide information required to make these informed independent judgments. For 
this reason it is important to understand the recipients’ situation, information needed, and the 
interpretation of this information to make informed decisions. This entails understanding how 
recipient use, search for, and understand information. Important factors for the recipients’ 
situation include their sense of preparedness, willingness to treat patients despite personal 
risk, and belief in the professional duty of health care workers. The understanding of the 
interpretation of risk information may benefit from theories of risk communication, judgment 
and decision management, mental models research and naturalistic decision making research.   

The approach chosen was to investigate medical center healthcare workers’ mental models of 
the threat of a pandemic influenza, how they think about pandemics, what risk factors they 
perceive, what problems they may foresee in contacts with the public, their expectations on 
public reactions, their information gathering preferences and factors perceived important for 
their ability to manage a pandemic. 

1.1.1 Issues 

To investigate how people would react during an emergency, such as a pandemic influenza, 
would be of much value to the design of risk information. The work in this thesis was oriented 
toward three main overall questions.  

The first overall question in this thesis was therefore how to find out how people would react 
during an emergency. This was investigated though exploration of attitudes, comprehensions 
and predictions.  

How do medical center personnel think of pandemic influenza scenario in comparison to 
specialists and researchers? 

What is an appropriate method for revealing attitudes among respondents? 

How can knowledge and comprehension be measured? 
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What are the implications of these issues for risk communication? 

The second overall question in this thesis was what kind of research in decision theory could 
explain and be used to predict these attitudes, comprehensions and predictions. This was 
investigated with a literature study of decision research. 

How can theories of decision and judgment contribute to the effectiveness of risk 
communication? 

How can theories of decision contribute to crisis management? 

What models in decision making research would be useful for navigating a crisis. 

The third overall question in this thesis was whether a mental model of the threat of pandemic 
influenza can be described, and what is its implication on risk communication. The answer to 
this question is dependent on the results of the other two. 

What preparation in terms of information does the observed attitudes and knowledge in 
medical center personnel imply? 

Does decision theory contribute to the methods of risk communication? 

1.1.2 Contributions 

The literature study in this thesis should provide a comprehensible overview of current 
research in decision theory and their fit to development of risk information in a crisis. It is 
also an ambition to show that even though much research in decision theory seems to be in 
opposition it is rather a matter of investigations of different aspects of decision.  

The empirical study provides both a method for investigating notions in a target population 
useful when drafting risk information and illuminates some typical differences between 
experts and non-experts. This tendency is traced to a tendency to create simplified causal 
connections that sometimes serves as a good simplification, but sometimes can cause 
problematic misunderstandings.  

Finally a model of decision making is presented that illuminates what decision is, in regard to 
what information that is useful for a decision maker, whether it is a person, a group, or an 
organization. 

1.1.3 Limitations 

Even if this work is aimed towards an understanding of the situation where decisions are 
made and investigations of this sort can provide background for development of supporting 
technology, recommendations on design of technologies for this purpose is beyond the scope 
of this thesis.  

The literature study of decision theory is merely an orientation and is not an exhaustive 
literature review of decision theory. Recent discussions on decision theory in regard to 
judgment and decision theory, naturalistic decision theory and fast and frugal models were 
investigated with some rigor; however, it is merely a last generation investigation. The origin 
of many of these theories can be traced back to seminal work by influential authors, but in 
most cases, the sources of these theories has not been evaluated themselves. In cases where 
the origin may be of importance for the context relevant for this study, these references are 
mentioned in footnotes for reference, since they have not been investigated specifically.  
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1.2 Thesis outline 

Background 

The background is divided into three parts. First, to evaluate and understand the stakeholders’ 
mental model of pandemic influenza, it is necessary to understand something about influenza 
itself, the present threat of a new pandemic influenza and the countermeasures available. This 
is what is called a conceptual model in mental models research (Norman, 1983). It is also 
denoted expert model by Morgan et al. (2002).  

Second, to investigate appropriate ways of supporting stakeholders, risk communication has 
much to offer. An orientation of different contributions to risk communication is described 
with focus on the mental models approach to risk communication advocated by Morgan et al. 
(2002). 

Several researchers have suggested that theories of comprehension and decision making 
should be useful in understanding risk behavior. The third part presents an orientation of 
different decision making research programs, such as judgment and decision management and 
naturalistic decision making, but also fast and frugal heuristics and cognitive systems 
engineering.  

The literature study 

The research in decision making provides a wealth of information, but not all research seems 
to deal with the same kind of phenomena. This chapter attempts to clarify in what ways 
decision research is conflicting and what kind of research that would prove useful in 
informing stakeholders in a time of crisis.  

The empirical study 

The conclusions from the previous chapter are used as a foundation for a method used to 
explore peoples notions about a domain and their comprehension and attitudes about this 
domain. The results of the field study are presented with focus on the differences in 
comprehension between subjects and experts. 

General discussion 

The implications of the results of the field study are compared to the results of the literature 
study and some conclusions about the merit of decision making are discussed. A model of 
decision making is then formulated. 

1.3 Relation to previous studies 

Inspiration for the work in this thesis draws from several studies on reactions to bioterrorism 
and epidemics. The results from these studies have served as a starting point for investigating 
reasoning at the recipient end of risk communication and provide some background on how 
recipient comprehend and interpret risk information.  

1.3.1 Comprehension and decision making  

Over a period of five months in 2003, about 8000 people were infected by a novel human 
coronavirus. The virus spread to human when infected animal were sold and slaughtered in 
unsanitary and crowded markets in China’s Guangdong Province (Osterholm, 2005). 
Although the transmission rate of SARS (severe acute respiratory syndrome) was modest in 
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comparison to that of influenza, it demonstrated how quickly such an infectious agent can 
circle the globe, given the ease and frequency of international travel (Osterholm, 2005). Once 
SARS emerged in rural China, it spread to five countries within 24 hours (Osterholm, 2005). 

Interrelationships between the lay public’s understanding of health-related processes, 
information gathering behaviors and action taken during an outbreak of SARS were 
investigated by Slaughter et al. (2005) in SARS-affected areas. To capture these 
interrelationships they used an adoption of narrative analysis (Riessman, 1993), a qualitative 
method used to investigate a phenomenon through interpretation of the stories people tell 
about their experiences. Slaughter et al. (2005) used a data analysis attending to participant’s 
discussions about risk perceptions that was connected with information seeking acts. 
Sivaramakrishnan and Patel (1993) had previously shown that knowledge about disease 
consisted of combination of representations constructed from both informal social channels 
and formal instructions of scientific knowledge and that these two types of knowledge may 
exist together.  

The hypothesis was that epidemic decisions were not based on emotional reactions or social 
influences entirely. Instead they were based on strong connections between knowledge 
building, information gathering, and decision making. Slaughter et al. (2005) found that many 
decisions in an epidemic we carefully considered and involved significant use of information 
gathering, consistent with some of the literature but not in the literature related to decisions in 
emergency situations. Slaughter et al. (2005) found that as concern increased, participants 
became more aware of information until they felt the need to actively search for information. 
Slaughter et al. (2005) suggests that decisions and actions are largely based on individuals’ 
cognitive representations of events, which are in turn shaped by prior knowledge and new 
information. 

1.3.2 Physicians preparedness for bioterrorism 

To explore physicians’ readiness to address potential acts of bioterrorism, Alexander and 
Wynia (2003) conducted a mail survey. The survey focused on physicians’ perceived personal 
and workplace preparedness for bioterrorist attacks and their willingness to expose themselves 
of risk while caring for patients. Only about 20 percent felt well prepared to play a role in 
handling a bioterrorist event but 80 percent affirmed a willingness to treat affected patients. 
Only about 50 percent agreed that “physicians have an obligation to care for patients in 
epidemics even if doing so endangers the physician’s health”. 80 percent were willing to 
continue to treat patients in the event of the release of an unknown, but potentially lethal 
disease. 40 percent were willing to expose themselves to risk of infection to save the life of 
others.  

1.3.3 Nurses preparations for a pandemic 

To describe how nurses are affected and prepare themselves facing an abstract threat such as a 
predicted pandemic Andersson and Josephson (2005) conducted a questionnaire survey 
among nurses in Malmö, Sweden. The results showed that many nurses perceived a 
considerable threat from an oncoming epidemic but that most, despite this, have not prepared 
themselves in any way. Nurses were found passive and trusted that they would receive any 
information they needed when they needed it. 

1.3.4 Simulation of outbreak of an infectious disease 

Tendencies in information seeking behavior and comprehension of risk information were 
studied by DiGiovanni and colleagues (2003) where video with a series of simulated print and 
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television “news reports” over a fictional 9-day crisis was used, telling the story of the 
intentional disease outbreak. They invited medical first-responders, their spouses or partners, 
journalists and others within a community to view the videotape and answer questions about 
their reactions. Questions addressed job abandonment, quarantine compliance, demand for 
drugs and vaccines, and information requirements. Even though information that the rift 
valley fever virus (RVFV) was transmitted by mosquitoes and not from person to person was 
stated by authorities at the televised press conference, as well as by academic expert 
interviews on television after the press conference, only 30 to 35 percent in all investigated 
groups knew of this. None of the participants were satisfied with only information from 
authorities and most of them wanted additional information from local public health 
authorities. Representatives of the media indicated they would turn to a variety of local 
sources for their assignments. Most of these sources were professors in the local medical 
school; other sources included the reporters’ personal physicians and veterinarians 
(DiGiovanni et al., 2003). 

Journalists are key participants in risk communication, yet in this study, the media exhibited 
more fear than any group other than spouses, made high demands for vaccine, had the poorest 
understanding of medical issues associated with RVFV, and were most likely to stay away 
from work after terrorism was recognized. Had this been an actual bioterrorism-related 
outbreak, the media might not have served effectively as conducts of information to the public 
because they had not been adequately educated to eliminate confusion and dispel fear about 
their personal safety (DiGiovanni et al., 2003).  

1.3.5 Management of and outbreak of Smallpox 

The recent threat of anthrax required that physicians participate in the distribution of 
antibiotics without undertaking significant personal risk. But other scenarios, such as 
outbreaks of smallpox in the scenario of Dark Winter (O’Toole et al., 2002) and new diseases 
such as SARS, could require physicians to act at some risk to their own health. In a training 
exercise for bioterrorism, a simulation of an outbreak of smallpox, military and public health 
strategists assumed that a number of physicians might not be willing to treat patients in the 
face of a potentially deadly, contagious illness (O’Toole et al., 2002).  

In 2001, the Johns Hopkins Center for Civilian Biodefense Strategies, in collaboration with 
the Center for Strategic and International Studies (CSIS), the Analytic Services (ANSER) 
Institute for Homeland Security, and the Oklahoma National Memorial Institute for the 
Prevention of Terrorism, held a senior-level exercise entitled “Dark Winter,” which simulated 
a covert smallpox attack on the United States (O’Toole et al., 2002).  

The purpose of the Dark Winter exercise was to examine the challenges that senior-level 
policy makers would face when confronted with an outbreak of a highly contagious disease 
(O’Toole et al., 2002). Among other observations, it was found that after a bioterrorist attack, 
leaders’ decisions would depend on data and expertise from the medical and public health 
sectors. In Dark Winter, decision makers were confronted with many uncertainties and wanted 
information that was unavailable (O’Toole et al., 2002). The lack of sufficient vaccine or 
drugs to prevent the spread of disease severely limited their management options. In the 
exercise, smallpox vaccine shortages significantly affected the response available to contain 
the epidemic, as well as the ability of political leaders to offer reassurance to the public. Other 
observations included that federal and state priorities may be unclear, or in conflict. 
Conclusions from the exercise included that individual actions of US citizens will be critical 
in ending the spread of contagious disease; therefore leaders must gain the trust and sustained 
cooperation of the public. Participants in Dark Winter worried that it would not be possible to 
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forcedly impose vaccination or travel restrictions on large groups of the population without 
their general cooperation. They recognized the importance of persuading the public that the 
measures were for the general good of society (O’Toole et al., 2002). 
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2 Background 

One philosopher was struggling to decide whether to stay at Columbia 
University or to accept a job offer from a rival university. The other advised 
him: “Just maximize your expected utility – you always write about doing 
this.” Exasperated, the first philosopher responded: ‘Come on, this is 
serious.” 

Gigerenzer & Todd, 1999, p.9 

2.1 Influenza 

Influenza is a viral respiratory tract infection, which spreads rapidly and occurs annually as 
seasonal epidemics with outbreaks lasting for 6–16 weeks. The typical (seasonal) flu 
epidemics are caused by viruses that have been circulating for decades and change only 
slightly from year to year. 2-20 percent of the population contracts the infection each year 
(Goodman et al., 2006; Uhnoo et al., 2003). Complications, most commonly bacterial 
pneumonia, occur mainly in patients with underlying cardiovascular or pulmonary disease and 
in people past 65 years old. Influenza viruses are distinguished into three different types, 
influenza A, B and C. Influenza A being the most common source of epidemics. Influenza B 
can also cause epidemics, while influenza C typically results in mild upper respiratory tract 
infections (Uhnoo et al., 2003). Influenza A viruses are classified into antigenic subtypes 
based on their HA and NA proteins, with HA proteins falling into H1 to H16 classes and NA 
proteins falling into N1 to N9 classes (Russell & Webster, 2005). The avian influenza viruses 
currently circulating that are considered to have the highest pandemic potential include the 
H2, H5, H7, and H9 subtypes (Russell & Webster, 2005). 

Influenza B virus only undergoes minor antigenic changes1 and usually causes smaller 
outbreaks. The symptoms of influenza A and B are similar (Uhnoo et al., 2003). The viruses 
replicate in the respiratory tract epithelial cells (Uhnoo et al., 2003). The constant evolution 
and transmission cycles of influenza virus explains its seasonal characteristics. Vaccines made 
one year are generally useless the following (Garret, 2005). 

Influenza is spread via saliva drops, aerosol or contact. The excretion of viral particles peaks 
during the period 24 hours before and 48 hours after the onset of symptoms. Children who 
experience their first influenza infection excrete viruses for a longer period than adults. The 
amount of viruses excreted correlates to the increase in body temperature. The incubation time 
is short, usually 1–3 days (Uhnoo et al., 2003).  

Influenza viruses have several proteins that are implicated in virulence: the surface proteins 
hemagglutinin (HA) and neuraminidase (NA), the polymerase complex, and the nonstructural 
(NS) proteins (Russell & Webster, 2005). Direct transmission from the birds to humans has 
not been demonstrated, but when a virus is transmitted from wild birds to domesticated birds 
such as chickens, it undergoes changes that allow it to infect mammalian hosts (Osterholm, 
2005). Once in the lung cells of a mammalian host, the virus undergoes reassortment2, or 

                                                
1 A minor change in the antigens is called antigenic drift and a major change resulting in a new hemagglutinin is 
called antigenic shift. Such a shift may result in an influenza pandemic (Uhnoo et al., 2003). 
2 Like most RNA viruses, influenza reproduces sloppily: its genes readily fall apart, and it can absorb different 
genetic material and get mixed up in the process called reassortment (Garret, 2005). 
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mixing of genes, with human influenza viruses present in the host (Osterholm, 2005). During 
gene reassortment, a new influenza virus is generated through the mixing of the eight gene 
segments of two different parent influenza viruses (Russell & Webster, 2005). This process 
can lead to an entirely new viral strain, capable of sustained human-to-human transmission 
(Osterholm, 2005; Garret, 2005). The 1957 Asian influenza virus acquired avian BP1, HA, 
and NA genes, and the 1968 Hong Kong influenza virus acquired avian HA and PB1 genes 
through the process of gene reassortment (Russell & Webster, 2005). Influenza viruses from 
pigs or fowl may also infect humans without recombination, as was the case in 1918 (Spanish 
flu) and in 1997 in Hong Kong3 (H5N1), respectively (Uhnoo et al., 2003). These two 
outbreaks have so far been the most serious ones in terms of mortality. However, the Hong 
Kong avian influenza virus seemed unable to spread from person to person (Uhnoo et al., 
2003).  

Effects of influenza can range from an asymptomatic infection to a very severe fatal illness 
depending on such factors as age, pre-existing illness and genetics, as well as the virulence of 
the particular viral strain. It typically involves inflammation of the respiratory tract 
accompanied by fever, chills, muscular pain, and weakness (Goodman et al., 2006; Uhnoo et 
al., 2003). Multicycle replication by less pathogenic influenza viruses is restricted to the upper 
respiratory tract where trypsin is expressed. Highly pathogenic influenza viruses usually 
contain an HA protein with a multibase cleavage site that is recognized by more ubiquitously 
expressed host cell proteases such as furin. As a result, these viruses can spread throughout 
the lungs and in some case throughout the body (Russell & Webster, 2005). 

Influenza viruses are highly unstable and can mutate rapidly. They are highly contagious and 
can develop resistance to available treatments, spreading rapidly throughout regional and 
global populations (Goodman et al., 2006). Among the eight influenza genes there are two, H 
and N, which provide the code for the proteins recognized by the human immune system 
(Garret, 2005). These recognized proteins are the two surface antigens4, hemagglutinin, which 
mediates attachment of the virus to host cell receptors, and neuraminidase, which has an 
enzymatic receptor-destroying function essential for the release of progeny virus from 
infected cells and for the spread of virus in the respiratory secretions (Uhnoo et al., 2003). A 
different combination of the proteins encoded by the H and N genes will trigger a different 
human immune response5 (Garret, 2005). Both hemagglutinin and neuraminidase change 
continuously over time by mutations and infrequently by genetic recombination in pigs 
between human and avian influenza viruses (Uhnoo et al., 2003). 

2.1.1 Pandemic Influenza  

A pandemic influenza is a highly contagious strain to which the majority of the world’s 
population has little or no immunity and occurs when influenza spreads globally, infecting 
20–40 percent of the world population in one year, resulting in a few million to tens of 
millions of deaths (Goodman et al., 2006). Pandemics have occurred about every 10–50 years 
for at least several centuries, including three in the twentieth century; the 1918 Spanish flu 

                                                
3 This influenza should not be confused with 1968 Hong Kong Influenza Pandemic. 
4 An antigen is something an antibody can recognize. 
5 For example, if a strain of H2N3 influenza circulates one year, followed by a different variety of H2N3 the next 
year, most people will be at least partially immune to the second strain. But if an H2N3 season is followed by an 
outbreak of H3N5 influenza, few people will have any immunity to the second virus, and the epidemic could be 
enormous But a widespread epidemic need not be a severe or particularly deadly one: a virus' virulence depends 
on genes other than the two that control the H and N proteins (Garret, 2005). 
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virus (H1N1), the 1957 Asian flu virus (H2N2), and the 1968 Hong Kong flu virus (H3N2). 
By far the most severe pandemic was the Spanish6  flu in 1918; killing an estimate of 20 to 
100 million people worldwide7 (Goodman et al., 2006; Russell & Webster, 2005; Johnson & 
Mueller, 2002; Osterholm, 2005; Thorson & Ekdahl, 2005). Human pandemic influenza 
viruses emerge when avian influenza virus genes, previously unseen by the majority of 
humans, are incorporated into human influenza viruses in a way that allows for efficient 
spread of these viruses between humans (Russell & Webster, 2005).  

Most strains of influenza do not kill people directly; rather, death is caused by bacteria, which 
surge into the embattled lungs of the victim. As an exception, the Spanish flu that circulated in 
1918 was a direct killer. Victims suffered from acute cyanosis, a blue discoloration of the skin 
and mucous membranes, and vomited and coughed up blood (Garret, 2005). Many young 
people suffered from encephalitis, as the virus affected their brains and spinal cords (Garret, 
2005). Many people died within the first few days of infection, and other deaths resulted from 
secondary bacterial lung infections at a time when antibiotics were not available. A major 
factor contributing to this high mortality rate was likely the immune reaction to the new virus, 
known as a “cytokine storm”, whereby the body over-reacts to a strange virus with a cascade 
of responses pouring immune cells and immune system substances into the lungs, leading to 
acute respiratory distress syndrome (ARDS) and suffocation (Goodman et al., 2006). ARDS 
is an immunological condition in which disease-fighting cells so overwhelm the lungs in their 
battle against the invaders that the lung cells themselves become collateral damage and the 
victims suffocated (Garret, 2005). A similarly high death rate has not occurred in this age 
group in either prior or subsequent influenza A pandemics or epidemics (Tumpey et al., 
2005). A flu that induces this severe reaction is less likely to respond to treatment with 
antiviral drugs (Goodman et al., 2006). 

The first clues to the pathogenicity of the 1918 virus were obtained when the HA and NA 
genes was put into the backbone of a less pathogenic virus. It turned out that the hybrid 
viruses spread more broadly and caused increased inflammation in the lungs of mice by 
releasing a storm of cytokines (Russell & Webster, 2005). However, it has not been clear 
whether other genes, such as the NS or polymerase genes, contributed to the lethality of the 
1918 influenza virus. To answer this, Tumpey et al. (2005) reconstructed the entire virus from 
oligonucleotide DNA. For the first time, an extinct virus, the influenza virus that caused the 
1918 pandemic, was reconstructed. It turned out that the reconstructed 1918 virus kills mice 
faster than any previously characterized influenza virus. It is known that part of the 
pathogenicity of the 1918 virus lies in it’s HA and NA surface proteins. Tumpey et al. (2005) 
demonstrated that another part of the pathogenicity of this lethal virus is due to its avian-like 
polymerase genes. Like other highly pathogenic influenza viruses, the 1918 virus has a HA 
protein that is cleaved into an active form in the absence of trypsin. However, unlike any other 
HA proteins from highly pathogenic influenza viruses that have been characterized so far, the 
1918 virus HA did not have a multibasic cleavage site that can be cleaved by furin and furin-
like proteases. Instead, its own NA protein is involved in cleavage of HA by a new 
mechanism that is not yet understood. As a result, low pathogenic influenza viruses could 
potentially increase their virulence not only through mutations in their HA gene but also 
through mutations in or reassortment of their NA gene (Russell & Webster, 2005). 

                                                
6 The Spanish flu got its name because Spain suffered from an early and acute outbreak, but it did not originate 
there. Its actual origin remains uncertain (Garret, 2005). 
7 The recorded statistics of influenza morbidity and mortality are likely to be a significant understatement. 
Limitations of these data can include nonregistration, missing records, misdiagnosis, and nonmedical 
certification, and may also vary greatly between locations (Johnson & Mueller, 2002). 
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Comparison of the 1918 virus with recombinant viruses expressing one or more 1918 virus 
genes demonstrated that the 1918 HA and polymerase genes are essential for optimal 
virulence and that the constellation of all eight genes together make an exceptionally virulent 
virus in mice, the model systems examined (Tumpey et al., 2005). In fact, no other human 
influenza viruses that have been tested show a similar pathogenicity for mice 3 to 4 days after 
infection. This information provides a partial explanation for what made this virus so lethal 
(Tumpey et al., 2005). 

In another important study, Taubenberger et al. (2005) assembled the sequence of the eight 
gene segments of the 1918 pandemic virus from RNA fragments obtained from paraffin block 
and frozen tissue of several victims who perished in the 1918 pandemic. They proposed that 
the 1918 virus was not a reassortant virus (like those of the 1957 and 1968 pandemics), but 
more likely an entirely avian-like virus that adapted to humans (Taubenberger et al., 2005). 
These data support prior phylogenetic studies suggesting that the 1918 virus was derived from 
an avian source. A total of ten amino acid changes in the polymerase proteins consistently 
differentiate the 1918 and subsequent human influenza virus sequences from avian ditto. 
Notably, a number of the same changes have been found in recently circulating, highly 
pathogenic H5N1 viruses that have caused illness and death in humans and are feared to be 
the precursors of a new influenza pandemic (Taubenberger et al., 2005). This means that the 
currently circulating, highly pathogenic avian influenza viruses could evolve into human 
pandemic viruses either through gene reassortment or through direct mutation of viral genes 
(Osterholm, 2005; Russell & Webster, 2005; Thorson & Ekdahl, 2005). If 1918 mortality data 
are extrapolated to the current population, 180-360 million people could die, half of them 
between the ages of 18 and 40 (Osterholm, 2005; Goodman et al., 2006). Corresponding 
estimates modeled on the mild 1968 pandemic are between 2-8 million (Goodman et al., 
2006). 

However, not enough is yet learned from the 1918 virus to predict or prevent a future 
pandemic. The role of the NS gene in disarming the interferon-based defense system of its 
mammalian host remains unresolved. Furthermore, the molecular basis of the transmissibility 
of the 1918 virus is not yet fully understood (Russell & Webster, 2005). 

The concern has been raised that the dangers of resurrecting the virus are just too great (von 
Bubnoff, 2005). It has been proclaimed that the risk that the recreated strain might escape is 
so high, it is almost a certainty. Additionally, the publication of the full genome sequence 
gives any rogue nation or bioterrorist group all the information they need to make their own 
version of the virus (von Bubnoff, 2005). In 2003, a SARS virus escaped accidentally from a 
level-3 lab8 (the same level as used in the current experiments) in Singapore, and in 2004 two 
further escapes occurred from such labs in Beijing (von Bubnoff, 2005). 

2.1.2 Avian influenza 

The avian flu virus currently circulating is the H5N1 strain (HPAI A, H5N1 z+). More than 
100 million birds have died from the virus or been killed in order to limit its spread (Goodman 
et al., 2006; Thorson & Ekdahl, 2005). The current ongoing epidemic of H5N1 avian 
influenza is unprecedented in its scale, in its spread, and in the economic losses it has caused 
(Garret, 2005). Over the course of this brief but rapid evolution, the H5N1 virus developed in 
ways unprecedented in influenza research (Garret, 2005). It is not only incredibly deadly but 
also incredibly difficult to contain. The virus apparently now has the ability to survive in 

                                                
8 It has also been suggested that if any experiments should be made on this virus, it should be conducted under 
level-4 lab restrictions, the highest possible (von Bubnoff, 2005). 
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chicken feces and the meat of dead animals, despite the lack of blood flow and living cells 
(Garret, 2005). The havoc such a disease could wreak is commonly compared to the 
devastation of the 1918 Spanish flu. But avian flu is actually far more dangerous and has 
killed all of the domesticated chickens it has infected (Garret, 2005). It has infected a small 
number of humans and has the potential to develop into a pandemic strain. H5N1 first 
transferred from birds to humans in Hong Kong in 1997. It is highly virulent in humans which 
lack immunity with a reported human fatality rate of 50%, based on cases reported to WHO9. 
There is a substantial risk of either reassortment of virus or adaptation of the influenza virus to 
humans. If a human-to-human transmissible form emerges and spreads rapidly, it will pose a 
great threat to global public health, although the mortality rate may not be as high as observed 
thus far (Goodman et al., 2006; Thorson & Ekdahl, 2005).  

The fear of an influenza pandemic is well grounded (Webby & Webster, 2003; Thorson & 
Ekdahl, 2005; Osterholm, 2005; Goodman et al., 2006). All influenza A epidemics in humans 
originate from birds, and the advent of a new epidemic virus strain is mostly the result of viral 
reassortment (Thorson & Ekdahl, 2005). A major challenge in controlling influenza is the 
sheer magnitude of the animal reservoirs. It is not logistically possible to prepare reagents and 
vaccines against all strains of influenza encountered in animal reservoirs, and therefore, virus 
subtypes must be prioritized for pandemic vaccine and reagent preparation (Webby & 
Webster, 2003). 

It is not known whether the next pandemic will be caused by H5N1 or another new virus, or 
to predict when a pandemic will hit, or whether it will rival the influenza of 1918 or be less 
severe like in 1957 and 1968 (Osterholm, 2005; Goodman et al., 2006). The reality of a 
coming pandemic, however, cannot be avoided, only its impact can be lessened (Osterholm, 
2005). The extent and nature of the outbreaks of H5N1 infections, along with other genetic 
and environmental factors including ample opportunities for the strain to mutate as it thrives 
in large populations of birds with closely interacting humans suggest that H5N1 is a likely, 
though not certain, source of the next pandemic (Goodman et al., 2006). 

2.1.3 Vaccination  

Since the 1970s, influenza vaccines have been made by exploiting the tendency of the 
segmented influenza genome to reassort (Webby & Webster, 2003). This natural process has 
been used to produce vaccine strains that simultaneously contain gene segments that allow 
them to grow well in eggs and gene segments that produce the desired antigenicity. Natural 
reassortment is allowed to occur in embryonated chicken eggs, and reassortants with the 
desired characteristics are selected. These reassortants are then grown in large quantities in 
embryonated chicken eggs, inactivated, disrupted into subunits, and formulated for use as 
vaccines (Webby & Webster, 2003).  

In reverse genetics, genes from a harmful influenza virus are combined with genes from a 
relatively harmless influenza virus to form a reassorted, weakened virus that can be used as a 
“seed strain” for rapid and efficient vaccine production. Experimental H5N1 vaccine seed 
strains have been produced in less than four weeks using reverse genetics techniques by 
removing the virulent genetic material from H5N1, and have been found viable for growth in 
eggs (Goodman et al., 2006). Because the reverse genetics process uses mammalian cells and 
yields genetically modified organisms, it is subject to strict regulatory requirements. Such 
reverse genetics techniques have not been licensed for use in humans (Goodman et al., 2006). 

                                                
9 It has been noted however, that there probably exist milder cases not reported to WHO, therefore raising the 
fatality rate in WHO statistics. 
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Vaccine development against a particular influenza strain can start only once a pandemic 
begins and the strain is identified. Then it can take another six months or more for mass 
production of the vaccine using current technology. Therefore, virus-specific vaccines are 
unlikely to be available during the initial wave of a pandemic (Goodman et al., 2006; 
Osterholm, 2005; Webby & Webster, 2003). Influenza pandemics infections have occurred in 
multiple waves separated by months, and later months have tended to have more severe health 
effects. This pattern over time could provide an opportunity for a large, responsive vaccine 
production and distribution capacity to reduce its impact. However, the modern extent of 
international travel, population density, and other factors may limit even this opportunity 
(Goodman et al., 2006). 

The H5N1 strain of avian flu poses an additional problem in regard to vaccine development. 
The virus is 100 percent lethal to chickens, including chicken eggs10 (Garret, 2005; Uhnoo et 
al., 2003; Webby & Webster, 2003; Goodman et al., 2006). The most promising means of 
expediting the response to pandemic influenza is the use of plasmid-based reverse genetic 
systems to construct influenza virions and vaccines (Webby & Webster, 2003). Although new 
technology may allow an increase in production capacity, manufacturers have never made 
more than 300 million doses of flu vaccine in a single year. The slow pace of production 
means that in the event of an H5N1 flu pandemic millions of people would likely be infected 
well before vaccines could be distributed (Garret, 2005). 

Vaccine would have no impact on the course of the virus in the first months and would likely 
play an extremely limited role worldwide during the following 12 to 18 months of the 
pandemic. Currently, annual production of influenza vaccine is limited to about 300 million 
trivalent11 doses, or less than one billion monovalent12 doses (Goodman et al., 2005; 
Osterholm, 2005). To counter a new strain of pandemic influenza that has never circulated 
throughout the population, each person would likely need two doses for adequate protection. 
With today's limited production capacity, that means that less than 500 million people, about 
14 percent of the world's population, would be vaccinated within a year of the pandemic 
(Osterholm, 2005; Goodman et al., 2006). 

In the event of a pandemic, reverse genetics would be the most rapid means by which to 
produce an antigenically matched vaccine. Although reverse genetics offers great advantages 
for the rapid preparation of influenza vaccine strains and for understanding pathogenesis, the 
reverse side of this benefit is its potential for the development of bioterrorism agents (Webby 
& Webster, 2003). Regardless of human endeavors, nature’s ongoing experiments with H5N1 
influenza in Asia and H7N7 in Europe may be the greatest bioterror threat of all (Webby & 
Webster, 2003). Even if the system functions to the best of its ability, influenza vaccine is 
produced commercially in just nine countries13. In the event of an influenza pandemic, they 
would probably nationalize their domestic production facilities, as occurred in 1976, when the 
United States, anticipating a pandemic of swine influenza (H1N1), refused to share its vaccine 
(Osterholm, 2005). 

Until the actual emergence of the influenza virus strain responsible for an influenza pandemic, 
there is no direct evidence of the effectiveness of vaccine and antiviral drug prevention and 

                                                
10 two of the viruses of greatest concern, those of the highly pathogenic H5 and H7 subtypes, cannot be 
successfully grown in eggs (Webby & Webster, 2003). 
11 which protect against three different influenza strains in one dose. 
12 which protect against a specific influenza strain. 
13 Australia, Canada, France, Germany, Italy, Japan, the Netherlands, the United Kingdom, and the United States. 
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treatment strategies for lowering mortality and morbidity, or for containing or delaying the 
spread of an influenza pandemic. However, vaccination is well established as the most 
effective means of preventing influenza (Goodman et al., 2006). 

The scarcity of flu vaccine, although a serious problem, is actually of little relevance to most 
of the world. Even if pharmaceutical companies managed to produce enough effective vaccine 
in time to save some privileged lives in Europe, North America, Japan, and a few other 
wealthy nations, more than six billion people in developing countries would go unvaccinated 
(Garret, 2005). Stockpiles of Tamiflu and other anti-influenza drugs would also do nothing for 
those six billion. In the event of a deadly influenza pandemic, it is doubtful that any of the 
world's wealthy nations would be able to meet the needs of their own citizenry, much less 
those of other countries (Garret, 2005). 

2.1.4 Antiviral drugs 

Antiviral drugs for influenza currently include two classes, each with two drugs: M2 ion 
channel inhibitors amantadine and rimantadine, and neuraminidase inhibitors (NAIs) 
oseltamivir (Tamiflu) and zanamivir (Relenza). Both drug classes have shown partial 
effectiveness for prevention and treatment of influenza A viruses. NAIs, but not M2 
inhibitors, are also active against influenza B viruses (Goodman et al., 2006). When taken 
daily during exposure, antivirals can prevent the illness or lessen its severity. However, any 
protection from antiviral drugs cease when a person stops taking the drug. Additionally, 
antivirals can reduce severity and duration, only if taken within 36 to 48 hours of the onset of 
illness, which requires rapid diagnosis (Goodman et al., 2006).  

When taken daily during exposure to influenza, antivirals can prevent the illness or lessen its 
severity. However, existing and emerging resistance of flu strains to some antivirals threatens 
their effectiveness. Experience with antivirals during a pandemic and in patients with avian 
flu is very limited (Goodman et al., 2006). Studies have demonstrated little or no benefit from 
antiviral therapy (Uhnoo et al., 2003). Influenza A viruses14 have become increasingly 
resistant to M2 inhibitors (Goodman et al., 2006). Resistance to antivirals is up to about 12% 
of influenza A strains worldwide, with much higher resistance in viral samples collected in 
some regions, including China, with 74% resistance (Goodman et al., 2006). Resistance to 
oseltamivir has been detected in H3N2 and H1N1 and resistance of H5N1 to oseltamivir has 
been confirmed in at least one patient (Goodman et al., 2006). 

Although there is no data for H5N1, it is assumed antivirals would also prevent H5N1 
infection if taken before exposure. There is no evidence, however, that current antiviral drugs 
would help if the patient developed the kind of cytokine storm that has characterized recent 
H5N1 infections (Osterholm, 2005). As with vaccines, countries would probably nationalize 
their antiviral supplies during a pandemic. Even if the medicine were available, most countries 
could not afford to buy it. Critical antibiotics, for treatment of secondary bacterial infections, 
would also be in short supply during a pandemic. Even now, supplies of eight different anti-
infective agents are limited in the United States due to manufacturing problems (Osterholm, 
2005). 

2.1.5 Preparedness 

Besides these grave medical consequences, the modern society is not fit and prepared for a 
situation when, locally during the peak of an epidemic, perhaps as much as half the work 

                                                
14 H3N2, H1N2, and H1N1. 
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force may be absent from work (Thorson & Ekdahl, 2005). During the pandemic, the 
healthcare sector will be put under extreme pressure. There will be a marked increase in 
demand for persons to care for the sick, for appropriate facilities and for equipment (Thorson 
& Ekdahl, 2005; Garret, 2005; Osterholm, 2005). Even during a normal flu season, hospitals 
have great difficulty meeting the demand. In a pandemic, it is doubtful that any nation would 
have adequate medical facilities and personnel to meet the extra need (Garret, 2005). The 
potential for a pandemic comes at a time when the world's public health systems are severely 
taxed and have long been in decline (Garret, 2005). The healthcare organizations and 
communities will need to have prepared plans ready for emergency performance of 
healthcare, using both professional health staff and volunteers. To limit the spread of infection 
to healthcare personnel and to patients admitted with other diseases, infection control 
measures will be imperative (Thorson & Ekdahl, 2005). Surveillance of respiratory infections 
in humans, which is a key-issue when trying to identify early transmission of avian influenza 
between humans, puts pressure on health systems that are already strained (Thorson & 
Ekdahl, 2005). Aside from medication, many countries would not have the ability to meet the 
surge in the demand for health-care supplies and services that are normally taken for granted 
(Osterholm, 2005). Virtually every piece of medical equipment or protective gear would be in 
short supply within days of the recognition of a pandemic. Throughout the crisis, many of 
these necessities would simply be unavailable for most health-care institutions (Osterholm, 
2005).  

Since first-line choices to reduce morbidity and mortality such as vaccines or widely available 
antivirals will be scarce, time–saving measures to prevent the epidemic from becoming a 
pandemic are critically important. International collaboration on surveillance activities, 
following WHO guidelines, would be crucial to any such measure (Thorson & Ekdahl, 2005). 
Prompt identification of clustering of human cases is a challenge when health seeking is 
associated with high fees and where a large part of the population faces financial and 
geographical barriers to the national healthcare system (Thorson & Ekdahl, 2005).  

2.1.6 Ethical issues 

The shortage of vaccines and antivirals will force national authorities to make difficult 
priorities on who will be in first line to receive the scarce doses available. Ahead of the 
elderly and those with certain chronic diseases that are primarily targeted during the inter-
pandemic influenza campaigns, key persons such as medical personnel, emergency responders 
and leaders may be targeted for priority protection due to their critical roles during the 
pandemic response. These difficult decisions with ethical, economic and political implications 
are best made well in advance of a pandemic situation (Thorson & Ekdahl, 2005). Health-care 
workers would probably get sick and die at the same rate as the general public perhaps at an 
even higher rate, particularly if they lack access to protective equipment. If they lack such 
fundamental supplies, it is unclear how many professionals would continue to place 
themselves in high-risk situations by caring for the infected (Osterholm, 2005). Volunteers 
who are naturally immune as a result of having survived influenza infection would thus have 
to be found and employed. That means that the medical community's strong resistance to 
using lay volunteers would need to be addressed (Osterholm, 2005). 

2.2 Risk communication 

Risk communication is generally concerned with supplying people with the information that 
they need in order to make informed decisions about risks (Morgan et al., 2002; Covello et al., 
2001; Breakwell, 2000; Needleman, 1987; Thorne et al., 2003). However, the reason behind 
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and purpose of risk communication is not entirely consistent in the literature. With many 
risks, there are those who would like to exaggerate or underestimate risks. As a result, there 
are significant disagreements about the content of risk communications. To some producers of 
new technology that produces new risks, risk communication implies persuading the public 
that the risk from a technology is small and should be ignored (Morgan et al., 2002). But even 
within the field of risk communication as a scientific subject, the opinions of definitions are 
not unanimous. Some researchers focus on the changes to rules of communication in high-
concern situations (Covello et al., 2001), the content and means of delivering a message 
(Breakwell, 2000), means of changing the behavior of the recipient (Needleman, 1987), or 
knowing the hazard, the recipient, and the audience’s communication preferences regarding 
the message, source and channel (Thorne et al., 2003). 

Morgan et al. (2002, p.4) stipulates risk communication as “communication intended to 
supply laypeople with the information they need to make informed, independent judgments 
about risks to health, safety, and the environment”, which will serve as a definition in this 
thesis. An important feature of this definition is that risk communication is not a mean to 
change a behavior in a desired way, but to give the proper information for independent 
judgments. If the purpose is to provide lay people with the information they need to make 
these judgments, it becomes of central concern to discover what that information might be.  

This approach is fully consistent with ethical principles of autonomy (Edwards et al., 2001). 
The behavior change approach has a tendency to back-fire, as in the reassurance after the 
attack on world trade center (Thurston & Chen, 2002). Manipulations have potentially 
powerful effects and these must be taken into consideration in the delivery of risk 
communication to individuals or groups (Edwards et al., 2001). Risk communication should 
therefore not be a question of manipulating lay people into desirable ways, but to provide 
them with information needed to comprehend and evaluate the situation themselves (Covello 
2003, Morgan et al., 2002).  

2.2.1 Finding out what the recipient need 

The content of the risk communication depends on what the audience intends to do with the 
information. In some cases, recipients only want a trustworthy expert to tell them what to do, 
in some cases they want to make their own choices but need details in order to do so. In some 
cases, they want help in organizing their thinking (Morgan et al., 2002). Effective risk 
communication is not a one way channel, but (at least) a two way, interactive process that 
respects different values and treats the public as a full partner. As part of this process, non-
experts acquire information about the risk and about the assessment and management of the 
risk. Experts and risk management authorities acquire, in turn, information about the interests 
and concerns of stakeholders (Covello et al., 2001; Covello, 2003; Breakwell, 2000).  

2.2.2 Framing 

There has been extensive research upon the manner in which information should be presented 
in order to have maximum intelligibility (Breakwell, 2000; Thorne et al., 2003), but evidence 
about what must be done in order to motivate individuals to change their behavior once they 
have attended to and comprehended risk information is less conclusive. Changes in levels of 
knowledge about a hazard are not found to correlate simply with modifications in behavior 
(Breakwell, 2000). In issues of comprehensibility, the conclusions drawn are not particularly 
remarkable. Conclusions include that information need to be unambiguous, definitive and 
easily interpreted by those who need to attend it. According to Breakwell (2000) this argues 
for the need to pay attention to the mental models of the hazard held by the target audience. 
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The implicit assumption of the approach of giving information in the right framing is that 
given the appropriate readability level, the readers will extract from the text precisely the 
message intended by the message designers (Keselman et al., 2005). The problem with this 
assumption is that lay individuals do not approach the task of text comprehension as empty 
vessels, but bring to the table their knowledge of relevant issues (Keselman et al., 2005). 

Research in concerning message composition in risk communication has shown that refute-
then-support order of arguments is more effective than the reverse (Morrison et al., 2005). 
These messages begin with a counterargument, which is followed by an argument. Since these 
guidelines can be expressed as rules Morrison et al. (2005) suggested that developing a novel 
framework for characterizing health message structure and a method for analyzing messages 
appear to be reproducible and potentially useful for assisting formulation of risk messages.  

Edward et al. (2001) performed a review of 24 studies assessing the effects of manipulating 
information in the context of clinical risk communication. The findings were consistent with 
earlier work by cognitive psychologists in the nonclinical arena (Kahneman & Tversky, 
1979). Studies of framing in loss versus gain showed greater effect on uptake of practices if 
the message emphasized the risk or disadvantages of not acting, rather than the benefits of 
acting. Findings in negative versus positive framing was less conclusive, but there were some 
results indicating traditional research of subjects being more likely to choose an apparently 
riskier option if the outcomes for the treatments were positively framed. In particular, 
treatments were perceived as more beneficial if their risk-reducing properties were presented 
in relative risk form (Edwards et al., 2001).  

These studies suggest that patient’s preferences for treatment options cannot be so easily 
manipulated by the way in which risk information is presented as may be suggested from 
“laboratory” studies (Edwards et al., 2001). Presenting more data rather than less in written 
side effect information did not improve compliance; graphical illustration of risks in addition 
to numerical information presented in a health risk appraisal did not have any impact on 
intentions to change behavior; and presenting vivid case history information instead of 
abstract information had no effect in encouraging preventive behaviors (Edwards et al., 2001). 

2.2.3 Trust 

Establishing trust is a common thread in all risk communication strategies (Covello et al., 
2001). Only when trust has been established can other goals be achieved. To establish or 
maintain trust, four trust determination factors are considered important; caring and empathy; 
dedication and commitment; competence and expertise; and honesty and openness (Covello et 
al., 2001). Trust is associated with believing that the source is expert, knowledgeable, 
unbiased, has no vested interest in the hazard and is not seeking to sensationalize the hazard. 
The public have been shown to hold quite strong opinions about the level of trust they 
attribute to different sources of information (Breakwell, 2000). Perceptions of trust are 
decreased by actions or communications that indicate: disagreements among experts; lack of 
coordination among risk management organizations; insensitivity by risk management 
authorities to the need for effective listening, dialogue, and public participation; an 
unwillingness to acknowledge risks; an unwillingness to disclose or share information in a 
timely manner; and irresponsibility or negligence in fulfilling risk management 
responsibilities (Covello et al., 2001). Evaluation studies indicate that individual or small 
group settings, such as information exchanges and public workshops, are the most effective 
venue for communicating these trust factors (Covello et al., 2001).  

After the attack on the World Trade Center, government agencies rushed to reassure the 
public with announcements of safety that were based on limited information (Thurston & 



Background 

19 

Chen, 2002). Public confidence declined and turned to alternative sources of information such 
as physicians, academics and residents living near the site (Thurston & Chen, 2002). It has 
become clear that the public wants facts upon which they can make individual decisions, not 
just reassurances (Thurston & Chen, 2002). 

2.2.4 Risk perception 

Risk perception research suggests that it is important to collect and evaluate empirical 
information about stakeholder judgments of risk perception factors15 (Breakwell, 2000; 
Covello et al., 2001). To organize effective risk communication strategies, understanding of 
the stakeholder perceptions and the expected levels of concern, worry, fear, hostility, stress, 
and outrage is necessary (Covello et al., 2001). Many factors affect how risks are perceived 
(se table 1). These factors play an important role in determining levels of concern, worry, 
anger, anxiety, fear and hostility, and outrage, which can significantly change attitudes and 
behavior (Covello et al., 2001).  

Table 1 Risk perception factors 

Risk perception factors 
1 Voluntariness 
2 Controllability 
3 Familiarity 
4 Equity 
5 Benefits 
6 Understanding 
7 Uncertainty 
8 Dread 
9 Trust in institutions 
10 Reversibility 
11 Personal stake 
12 Ethical/moral nature 
13 Human versus natural origin 
14 Victim identity 
15 Catastrophic potential 
Adapted short version from Covello et al., 2001. Factors listed makes the risks more readily 
accepted. A familiar risk for example, is more readily accepted than an alien risk. 

2.2.5 Problems in risk communication 

Evaluation studies indicate that personnel from many agencies and organizations lack the 
knowledge, sensitivity, and skills needed for effective risk communication (Covello et al., 
2001). There is a tendency to follow the “decide, announce, defend” model with limited 
understanding of stakeholders’ values and concerns (Covello et al., 2001). Complex, 
confusing, inconsistent, or incomplete risk messages, lack of trust in information sources, 
selective and biased reporting by the media, and psychological factors complicate matters 
even more (Covello et al., 2001).  

Risk communication is often evaluated in terms of how well the message has been sent, using 
criteria such as the proportion of the target population reached, the clarity and accuracy of the 
risk information offered, and the level of measurable change in awareness and attitude among 
those notified of the risk they face (Needleman, 1987). But such criteria does not match with 
the public health and human rights usually presented as empowering those at risk to make 
informed decisions (Needleman, 1987). Risk information must, somewhere along the line, 

                                                
15 in particular trust, benefits, control, fairness, and dread. 
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stimulate behavioral changes that reduce health risks; otherwise, the risk communication 
becomes a kind of ritualistic activity, and end in itself (Needleman, 1987). Needleman has 
shown that many risk information campaigns deemed successful actually is lacking. The have 
only increased awareness of a hazard without any behavioral changes. Dissemination of 
information is necessary but not sufficient. For a successful process an action response to the 
information by those who face the risk is needed (Needleman, 1987). 

In risk analysis literature, the theme of overreaction overshadows the theme of underreaction 
(Needleman, 1987). This suggests that ritualism is presently commonplace in risk 
communication interventions. A great deal of attention has been given to the possibility that 
people will respond to risk information with anxiety unjustified by the objective risk involved, 
causing unnecessary problems (Needleman, 1987). Much less attention has been given to the 
opposite possibility that the target of risk communication will fail to use information about the 
risk that potentially could protect lives and health. From what is known about public reactions 
to bad news suggest that underreaction is actually quite likely to occur, people have a well-
documented tendency in general to resist information that has frightening implications or 
suggest a change in habits (Needleman, 1987). Another relevant phenomena is when exposed 
to a large number of risk messages simultaneously, recipients reach a saturation point, feel 
overloaded and stop listening. All things considered, ignoring the message is probably the 
most common behavioral response to risk communication (Needleman, 1987). 

Needleman and Connally (2003) suggest that when designing worker notifications, 
consideration should be given to what kind of information the workers already have and what 
kind of information they most want and need, to not leave burning questions unaddressed. 
This would require a preliminary reconnaissance effort very early in the planning stage before 
materials are drafted (Needleman & Connally, 2003). 

Models used in risk assessment and risk management tend to make simplifying assumptions 
about risk-related behavior for the purposes of analysis. They assume rational action by 
autonomous, competent individuals resulting in clear, permanent choices. Individuals at risk 
live in a world where these assumptions are not valid (Needleman, 1987). People are subject 
to influences from their social environment; they may periodically rethink their risk decisions; 
they may react to risk information with denial, cynicism, or fatalism (Needleman, 1987).  

The fact that the risk information offered may differ drastically from the risk information 
needed is more than merely unfortunate or a matter of academic curiosity. It has economic 
costs, as well as costs in equity and quality of life. When the targets of a risk communication 
effort remain unable or unmotivated to take practical and timely steps to protect their health, 
opportunities for disease prevention is lost (Needleman, 1987). 

An important channel for risk information is media. However, Needleman (1987) has shown 
that even though media distribute information, they tread the message with different criteria. 
In a campaign for informing on the nature, extent, and seriousness of asbestos exposure, a risk 
message was developed with two parts. The first was to increase awareness of and 
information about asbestos exposure for the risk target audiences. The second part was to 
support the risk audience with alternatives (Needleman, 1987). Even though the first part was 
delivered by media, editors tended to delete the second part of the message (Needleman, 
1987). 

2.3 Mental models 

There has been considerable work to develop methods which allows examination of the 
mental models which individuals use in their appreciation of hazards (Breakwell, 2000, 
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Morgan et al., 2002). The mental models approach seeks to identify both accurate and 
inaccurate beliefs as the basis for developing risk communication material to correct 
misunderstanding.  The object it to bridge the gap between lay and expert models of the risk 
by adding missing concepts, correcting mistakes, and strengthening correct beliefs 
(Breakwell, 2000). Essentially, the mental models approach argues that people have an 
intuitive understanding of risk and that they can be helped to a better appreciation and thereby 
makes informed decisions when presented with new information that is consistent with their 
initial belief system (Breakwell 2000, Morgan et al., 2002). Any information provided by risk 
communication must be designed so as to take account of the way in which the entire system 
of belief will respond (Breakwell, 2000). In their book Risk Communication: A mental model 
approach Morgan et al (2002) proposes a method to investigate, compare and analyze mental 
models as a tool to use in risk communication. 

2.3.1 Mental models research 

Mental models research is a field of research on comprehension based on the assumption that 
people’s views of the world, of themselves, of their own capabilities, and of the task that they 
are asked to perform, or topics they are asked to learn, depend heavily on the 
conceptualizations that they bring to the task (Norman, 1983). Mental models research is 
fundamentally concerned with understanding human knowledge about the world (Stevens & 
Gentner, 1983). The approaches towards knowledge representation in mental models research 
are based on computational semantics as developed by the artificial intelligence community, 
rather than on mathematical formalisms (Stevens & Gentner, 1983). The methodologies used 
are eclectic: they include protocol analysis, traditional cognitive psychology experiments, 
developmental studies, expert-novice studies, simulation of possible psychological models 
and comparisons across cultures, comparison across time within the same culture, and what 
might be called designed field observation, in which an artificial domain is constructed that 
has interesting relevance to the real domain under consideration (Stevens & Gentner, 1983). 

In mental models research four things are considered: the target system, the conceptual model 
of that target system, the user’s mental model of the target system, and the scientist’s 
conceptualization of that mental model (Norman, 1983). A target system is anything of which 
there exist models, such as artifacts, organizations, science or even the own person. Mental 
models are naturally evolving models. That is, through interaction with a target system, 
people formulate mental models of that system. These models need not be technically 
accurate (and usually are not), but they must be functional (Norman, 1983). Conceptual 
models are devised as tools for the understanding or teaching of target systems. The scientist’s 
conceptualization of a mental model is a description of that mental model, and obviously, a 
model of a model (Norman, 1983). Mental models are not precise, elegant models, but contain 
partial descriptions of operations and huge areas of uncertainties. People often feel uncertain 
of their own knowledge, even when correct, and their mental models include statements about 
the degree of certainty of different aspects of their knowledge (Norman, 1983). 

Another important aspect of mental models research is how mental models are formed and 
what it is that makes some models superior to others in respect to predictability (DiSessa, 
1983). The difference between novices and experts is not as much the character or even 
content of knowledge, but rather its organization. Specifically, experts have a deeper and 
more complex priority system (DiSessa, 1983). 

To figure out what models users actually have requires going to the users, performing 
psychological experiments and observations (Norman, 1983). However, when asking people 
why or how they have done something, they are apt to feel compelled to give a reason, even if 
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they did not have one prior to the question. They are likely to tell the researcher what they 
believe the researcher wants to hear (using their mental model of the researcher’s 
expectations) having then generated a reason, they may then believe it themselves, even 
though it was generated on the spot to answer the question (Norman, 1983). 

2.3.2 Mental models of laypersons 

The reason for distinguishing between the laypersons’ mental model and the scientist’s 
conceptualization of that model is not to argue for some ontological difference between the 
model the scientist thinks the layperson has and the one he really has, but to clarify the role 
that the mental model is meant to play16 (Young, 1983). Is the purpose of the model to help 
the layperson employ a device more easily and effectively, or to help the scientist make better 
predictions of the user’s behavior? Although these aims are not necessarily contradictory, 
there is a possibility that their different requirements will shape the model in different ways 
(Young, 1983). Also, it might seem strange to suggest that the device can have its own model 
of itself, and for devices as simple as pocket calculators it is clearly not so (Young, 1983). But 
once the device achieves the complexity and aspirations of a computerized tutor or 
“Intelligent Teaching System”, where it has to adapt to the user in complex ways, then it 
needs its own model of the user’s knowledge about the device (Young, 1983).  

It is however not necessary to go into such complex devices to find models of users. In 
Cognitive Systems Engineering (CSE) this point is drawn even further. Hollnagel and Woods 
(2005) discusses that besides end users’ ideas about the device17, the designers’ ideas about 
the device, and the designers’ ideas of the users, there are the assumptions built in to the 
device about the users, the artifacts’ image. In other words, the artifacts model of the user. 

                                                
16 Young uses a different terminology than presented here. In his version the user has a User Conceptualization 
Model, and the psychologist and designer other conceptualizations. However, it seems appropriate to assume that 
the term mental model and scientist’s conceptualization of that model works as well, and makes the terminology 
consistent with that of Norman (1983). 
17 It is supposedly intentional in CSE to speak of the users’ ideas, rather than the user idea. 
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The designer(s)
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SYSTEM'S
IMAGE
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Designer's notion
of users' needs

Designer's own
ideas about the

artefact

End user's various
ideas about the

artefact

System's built-in
assumptions about

user(s)

Figure 1 Varieties of models (after Hollnagel & Woods, 2005). 

2.3.3 Mental models approach to risk communication 

Morgan et al. (2002) propose a public-centered approach to developing risk messages and 
focuses on the things that people need to know. Designers of risk information typically ask 
technical experts what they think people should be told, rather than conduct a systematic 
analysis of what the public believes and what information they need to make the decisions 
they face. Morgan et al (2002) have developed a five-step method for creating and testing risk 
messages in a way that is faithful to the sciences of risk and communication.  

As a first step, an expert model18 is created through reviewing current scientific knowledge 
about the processes that determine the nature and magnitude of the risk. Morgan et al. (2002) 
uses an influence diagram, a directed network drawn from decision theory. Once created, the 
expert model is reviewed by technical experts with different perspectives in order to ensure 
balance and authoritativeness.  

The second step is to conduct open-ended interviews, eliciting people’s beliefs about the 
hazard, expressed in their own terms. The interviews are analyzed in terms of how well these 
elicited mental models correspond to the expert model captured in the influence diagram.  

The third step is to create confirmatory questionnaire whose items capture the beliefs 
expressed in the open-ended interviews and expert model. Administered appropriately to 
larger groups from the intended audience, this is used to estimate the population prevalence of 
these beliefs.  

The fourth step is to use the results from the interviews and questionnaires to determine which 
incorrect beliefs most need correcting and which knowledge gaps most need filling.  

The final step is to evaluate the risk communication with test and to refine the communication 
with individuals selected from the target population, using a variety of methods to get an 
understanding of how well the communication is received. This process is done until the 
communication is understood as intended.  

                                                
18 In this case, the expert refers to the individual creating it, without implying that their beliefs are perfect or even 
superior to lay beliefs in all respects. 
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Morgan et al. (2002) used four categories to sort nonexpert concepts; 1) misconceptions; 2) 
peripheral beliefs, correct but not particularly relevant to the risk; 3) indiscriminate beliefs, 
correct as far as they go, but not specific enough to be very useful; and 4) background beliefs, 
so basic that they do not explicitly show up in the expert model, even if they represent 
important facts. 

2.4 Extended Risk Communication 

According to Keselman et al. (2005) studies in risk communication provide valuable insights 
into lay individuals’ biases in dealing with probabilistic information, but they do not address 
the role of conceptual and contextual factors in evaluating crisis information. Traditional risk 
communication studies also provide no insight as to how decision-makers arrive at their 
decisions. Keselman et al. (2005) state that the risk communication field’s growing 
recognition of the importance of decision processes led to the development of innovative 
research methods such as mental model approach to risk communication (i.e., Morgan et al., 
2002) and even if this approach identifies misconceptions and gaps in lay understanding of 
risk, it does not explore why people may have particular misconceptions. Patel et al. (2002a) 
argues that the empirical/descriptive research program in medical decision-making has been 
too narrowly conceived. As currently constituted, the traditional program in decision research 
cannot adequately inform the development and implementation of effective decision-support 
systems and the practice of evidence-based medicine.  

Patel et al. (2002a) argue that some of the newer directions in decision research (e.g. 
naturalistic decision making) can contribute to a more robust framework for understanding 
and modifying the medical decision-making process. To understand how people actually 
understand and act upon risk information it seems interesting to look beyond communication 
between source and stakeholders and look into research on decision making. This section 
picks up from observations of Slaughter et al. (2005), Keselman et al. (2005), and Kushniruk 
& Patel (2004) on lay peoples understanding and examines relevant research fields of interest. 

Keselman et al. (2005) reviewed studies of individual’s comprehension of medical and health 
information and established the need for integrating cognitive theories of comprehension. 
They argue that in order to be useful for the study of response to bioterrorism coverage, 
current theories of comprehension need to consider emotional factors (Keselman et al., 2005). 
They proposed that there is a theory missing that includes cognitive and contextual factors 
explaining how individuals construct representation of disaster information. Existing theories 
relating risk perception and risk communication are based on studies conducted in somewhat 
artificial experimental settings. Keselman et al. (2005) suggest research to explore how (1) 
general knowledge of the world, disasters and infectious diseases influence the way 
representations are constructed, how (2) information from multiple sources is combined and 
integrated, (3) what aspects of rich and complex media coverage are most likely to be 
remembered, how (4) individuals resolve contradictions among messages, and how (5) 
individuals use information to reason about various hypothetical events (Keselman et al., 
2005). 

They propose that a theoretical foundation that could address these issues would be a very 
useful addition to the current knowledge of what it means to provide information with clarity 
and effectiveness. They suggest turning to cognitive and social sciences for theories and 
methods (Keselman et al., 2005). In a related paper Kushniruk and Patel (2004) suggest that a 
cognitive approach to evaluation emphasizes the fact that users must gain sufficient 
knowledge, skill, and familiarity with systems to use them effectively and safely. Much of this 
approach borrows from cognitive systems engineering which attempts to situate the 
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development of systems in the context of how systems can be designed to facilitate and 
enhance human decision making and reasoning processes, in particular as they are applied in 
real world tasks (Kushniruk & Patel, 2004).  

Experts typically rely on heuristics as shortcuts when performing under time pressure or in 
routine situations that involve extremely familiar actions. However, when given sufficient 
time in dealing with non-routine problems, health professionals return to knowledge-based 
reasoning (Keselman et al., 2005). This relationship between urgency, problem complexity, 
and knowledge-based reasoning was demonstrated in a study by Leprohon and Patel (1995). 
With respect to the lay public’s decisions in disaster situations, it is perhaps reasonable to 
expect that in some situations, decision-making will involve quick reactions with little 
information processing. This may be especially true for crisis situations that involve 
immediate physical danger. Other situations will be characterized by more deliberate, 
knowledge-based decision-making (Keselman et al., 2005). 

Keselman et al. (2005) argues that even though decisions in high-urgency, where the action is 
required within seconds or at the most, minutes, are likely to be rapid and superficial, many 
decisions that individuals may have to make in disaster situations are likely to be of medium 
urgency. They therefore argue that the role of knowledge in disaster response is prominent, 
and should be treated as an important research issue (Keselman et al., 2005).  

Problems with lay understanding have been demonstrated in areas that are likely to have 
implications for comprehension of disaster information. One such area is media news 
comprehension, in which misunderstandings seem to be the rule rather than an exception 
(Keselman et al., 2005). Another such area is health, in which people fail to reconcile formal 
and everyday notions about health and disease. Whether faulty or accurate, mental 
representations of situations are likely to mediate decision-making and affect actions. This 
link between understanding and decisions is especially robust in medium-urgency situations 
that allow time for deliberate weighing of alternatives (Keselman et al., 2005).  

Keselman et al. (2005) argue comprehension is crucial because decision-making is ultimately 
based on the mental representation of the information that is constructed by the recipient. 
Bioterrorism and disaster-related information are likely to come to lay individuals from a 
variety of sources, from mass media, public health, and government sources to informal 
workplace exchanges. As the information from all of these sources is integrated, an individual 
forms a representation that will serve as a basis for decisions and actions. Any program 
intended to influence the lay public’s actions and adherence to guidelines during an epidemic 
could benefit from theories of how lay people understand conceptually complex, emotionally 
laden information related to potential or immediate threats (Keselman et al., 2005). 

In the evaluation of lay people comprehension Patel et al. (2002b) conclude that both 
physicians and patient generate mental models of the patient problem. The physician’s mental 
representation of the patient problem centers on the biomedical understanding of the disease, 
whereas the patient’s representation centers on the consequences of the disease for the patient, 
in particular about the disruption of his or her daily life. The prior beliefs held by patients 
played a fundamental role in their understanding of their disorder and in their future 
adherence to the physician’s prescribed treatment and disease management plan (Patel et al., 
2002b). 
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2.4.1 Classical decision making  

Classical Decision Making
19 (CDM) is in some respect something every other direction of 

decision theory relates to. According to Lipshitz et al. (2001), the essential characteristics of 
CDM were choice, input – output orientation, comprehensiveness, and formalism, and the 
history of decision research consists of the gradual replacement of these characteristics, 
beginning with doubts regarding their effect on the descriptive validity of CDM and 
culminating in the replacement of all four by other characteristics for descriptive as well a 
prescriptive purposes in Naturalistic Decision Making (Lipshitz et al., 2001). 

Lipshitz et al. (2001) propose that serious doubts regarding the validity of the rational choice 
model as a valid description of human decision making came with Simon and his associates’ 
seminal work. Through the concept of bounded rationality, which points to attention as the 
scarce resource in human decision making, Simon et al. showed that people’s systematic 
deviations from the rational choice model make sense from an adaptive perspective: under 
bounded rationality information processing is exhausting, and potentially futile (Lipshitz, 
2001). These objections have been important for naturalistic decision making as well as fast 
and frugal heuristics. 

2.4.2 Judgment and decision management  

Research in judgment and decision management
20 (JDM) has shown that people tend to 

deviate systematically from the rational choice model even when presented with relatively 
simple tasks (Kahneman et al., 1982). However, Judgment and decision management retained 
the essential characteristics of CDM and adhered to its normative models as standards for 
evaluating decision quality (Lipshitz et al., 2001). Thus, Elimination by Aspects21, Prospect 
Theory (Kahneman & Tversky, 1979), and Einhorn and Hogarth’s22 Ambiguity Model, as 
three representative examples, are all formal choice models that describe which alternative is 
chosen from an available set of alternatives based on different comparison schemes (Lipshitz, 
2001).  

Heuristics attained a central status in cognitive psychology through a series of seminal articles 
by Amos Tversky and Daniel Kahneman (Wilson et al., 1999)23. They observed that 
judgments under conditions of uncertainty often call for heuristic solutions. These papers have 
influenced a substantial research literature (Kahneman et al., 1982; Kahneman & Tversky, 
2000). The perspective fits the cognitive revolution’s subtext of tracing human failures to 
unintended side effects of generally adaptive processes (Wilson et al., 1999). These heuristics 
operationalize Simon’s notion of bounded rationality in ways subject to experimental 
manipulations. The heuristics and biases metaphor also provides an organizing theme for the 
broader literature on failures of human decision making (Wilson et al., 1999). The view of 

                                                
19 According to Lipshitz et al. (2001) CDM can be traced to Bernoulli, D. (1738), Specimen theoriae novae de 
mensura sortis. Commerentarii Academmiae Scientrum Imperialis Petropolitanae, 5, 175-192 (English 
translation by Sommer, L. (1954). Exposition of a new theory of the measurement of risk. Econometrica, 22, 23-
46) and, more recently Savage, L. J. (1954) The foundations of statistics. New York: Wiley, and Von Neumann, 
J. & Morgenstern, O. (1944) Theory of games and economic behavior. New York: Wiley. 
20 According to Lipshitz et al. (2001) BDT and JDM have their origins in Edwards E. (1954) The Theory of 
decision making. Psychological Bulletin, 51, 380-417 and Meehl P. E. (1954) Clinical vs. Statistical Predictions: 

Theoretical Analysis and Review of the Evidence. Minneapolis: University of Minnesota Press. 
21 Tversky, A (1972) Elimination by aspects: a theory of choice. Psychological Review, 79, 281-299. 
22 Einhorn, H. J. & Hogarth, R. M. (1986). Decision making under ambiguity. Journal of Business, 59, 225-250. 
23 From The MIT Encyclopedia of the Cognitive Sciences, on Judgment and heuristics by Fischhoff, Baruch. 
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these tendencies as failures have been challenged in the literature and judgment and decision 
management has been accused of focusing on failures rather than the adaptive nature of 
heuristics24. One central concern has been whether laboratory results extend to high-stakes 
decisions, especially ones with experts working on familiar tasks (Wilson et al., 1999). 

Tversky and Kahneman (1982, original 1974) compare these heuristics with the phenomenon 
that the more sharply an object is perceived, the closer it appears to be. In their paper from 
1974, Tversky and Kahneman identified three such heuristics; Representativeness (similarity), 
availability (comes easily to mind), and adjustment and anchoring (comes first). Since then, 
many biases, at least 12, have been found and examined25 (Patel et al., 2002a). 

Representativeness  

Representativeness is used when answering question such as if A belongs to B, with what 
probability A depends on B, and with what probability B implies A. In these cases, estimates 
of the relation depend on the similarity between A and B. One factor that has large impact on 
probability, but no effect on the estimate is base-rate (Tversky & Kahneman, 1982, original 
1974).  

Availability 

Availability is when the probability is estimated according to how readily an example comes 
to mind. This type of fallacy was established by Kahneman and Tversky (1979) in their 
seminal paper Prospect Theory. There are situations where people estimate the frequency or 
the probability for an event based on how readily it is to imagine the event or consequence 
(Fischhoff et al., 2005; Tversky & Kahneman, 1982). An event seems more probable if there 
have been many examples in the past. Media report more frequently of homicide than suicide, 
which may explain why the public estimates the frequency of homicides to be higher than 
suicide. Slovic et al. (1982) showed that people tends to overestimate unusual risk, but 
underestimates common risks. This was shown by letting subjects estimate the mortality of 
different risks (table 2). Slovic et al. (1982) argue that the reason for this is news coverage. 
One distinct example is the overestimated risk of flying, since what you hear in the news 
about airplanes are crashes. Accurate perception of misleading samples of information might 
also be seen to underlie another apparent judgmental bias, people’s predilection to view 
themselves as immune to personal hazards. 

                                                
24 This includes the research on fast and frugal heuristics and naturalistic decision making. 
25 The problem of enumerating biases is that some of them are overlapping and different terms of the same bias is 
often used. 
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Table 2 Bias in judged frequency of death. 

Most overestimated Most underestimated 
All accidents Smallpox vaccination 
Motor vehicle accidents Diabetes 
Pregnancy, childbirth, and abortion Stomach cancer 
Tornadoes Lightning 
Flood Stroke 
Botulism Tuberculosis 
All cancer Asthma 
Fire and flames Emphysema 
Venomous bite or sting  
Homicide  
Adapted from Slovic et al., 1982 

Anchoring and adjustment  

Tversky and Kahneman (1982) argue that people make estimates by starting from an initial 
value that is adjusted to yield the final answer. The initial value, or starting point, may be 
suggested by the formulation of the problem, or it may be the result of a partial computation. 
In either case, adjustments are typically insufficient. When subjects were asked to estimate the 
number of African countries in the UN, a number produced by a fortune wheel clearly 
influenced their estimates. The same effect is observed when doing a sequence of 
multiplications. If the first couple of numbers are larger, the estimate is higher, compared to 
when the initial numbers are low. 

Hindsight 

Fischhoff et al. (2005) examined the cognitive and emotional responses to terror risk in a 
nationally representative sample of Americans between late 2001 and late 2002 and 
established two additional biases beside availability26. During the process of learning, people 
incorporate newly acquired information with previous knowledge. When people try to recall 
past beliefs, their view is unwittingly contaminated by subsequently acquired ones. As a 
result, they exaggerate the extent to which they knew all along what they actually learned only 
later (Fischhoff et al., 2005).  

Probability neglect 

Probability neglect is when the probability of harm will be neglected when people’s emotions 
are involved (Sunstein, 2003). If a terrorist attack is easy to visualize, large-scale changes in 
thought and behavior are to be expected, even if the statistical risk is lower than that 
associated with many activities that do not produce public concern. The bias helps explain 
public overreaction to highly publicized, low-probability risks, including those posed by 
sniper attacks, abandoned hazardous waste dumps, and anthrax (Sunstein, 2003). Fischhoff et 
al. (2005) argue that people may generate sympathetic nervous system responses to a risky 
option before they can articulate its risk. As a result, emotions might help people to gauge 
future risks and recall past ones.  

Framing 

In a study conducted by Slovic et al (2000) of estimation of risks concerning case summaries 
of patients hospitalized with mental disorder forensic psychologists and psychiatrists were 
asked to judge the likelihood that the patient would harm someone within six months after 
                                                
26 In their paper they use the term foresight instead of availability. 
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discharge from the hospital. The result showed that the estimates varied depending on if 
probabilities or frequencies were used. Frequency scales led to lower mean likelihood 
judgments than did probability scales, but at any given level of likelihood, a patient was 
judged as posing higher risk if that likelihood was derived from a frequency scale (e.g., 10 out 
of 100) than if it was derived from a probability scale (e.g., 10%). Similarly, communicating a 
patient's dangerousness as a relative frequency (e.g., 2 out of 10) led to much higher perceived 
risk than did communicating a comparable probability (e.g., 20%). The different reactions to 
probability and frequency formats appear to be attributable to the more frightening images 
evoked by frequencies (Slovic et al., 2000). 

2.4.3 Fast and frugal heuristics 

The notion of bounded rationality proposed by Simon has led to several approaches, of which 
fast and frugal heuristics is one. Gigerenzer and his colleagues have proposed a family of 
models of bounded rationality generally referred to as fast and frugal models of decision 
making (Gigerenzer & Goldstein, 1996). The family of fast and frugal models rests on the 
proposition that in many circumstances people make decisions or inferences based on a single 
cue, predictor, or factor rather than on some process that entails integration of information 
(Slegers et al., 2000). Fast and frugal models were developed within the framework of 
probabilistic mental models. This framework embodies Brunswik’s theory of probabilistic 

functionalism
27 and Simon’s notion of bounded rationality

28. One of the key principles of 
these is that individuals adapt to their environments. Fast and frugal models are simple 
process models that do not search through all available information, do not integrate all 
relevant information, and base their decision on only one cue (Gigerenzer & Todd, 1999). 
Information search is limited by simple stopping rules such as stopping once the first cue that 
discriminates between two alternatives in a choice task is found, so decisions are based on one 
cue alone (Dhami & Harries, 2001). The fast and frugal program is aimed at satisfying a 
number of criteria, three of which are that the model be ecologically grounded, 
psychologically plausible, and computational (Slegers et al., 2000). 

A cardinal principle of the fast and frugal program is that people are, in many circumstances, 
quite well adapted to the environment. Hence any model that purports to be a model of human 
inference ought to show that substantial domains of inference behavior are predictable based 
on models that describe the environment. This aspect of the fast and frugal program derives 
from a commitment to the probabilistic functionalism of Egon Brunswik (Slegers et al., 2000).  

Gigerenzer and his colleagues have stressed the central importance of plausibility in their 
approach to modeling (Slegers et al., 2000). They have contrasted the fast and frugal model 
with statistical models, specifically regression models as propounded in Social Judgment 
research and Bayesian models (Slegers et al., 2000). The critique of social judgment theory 
and Bayesian models is their complexity (Slegers et al., 2000). 

Theories of rationality can be divided into two groups; unbounded and bounded rationality. 
Unbounded rationality is traditionally modeled by probability theory, realized in the 
maximization of expected utility and Bayesian models. Unbounded rationality entails 

                                                
27 Brunswik emphasized the heuristic nature of the perceptual process. We weigh up the cues available, and 
make a best guess as to what has produced the proximal stimulus. Each cue has a weight, so that a cue such as 
interposition would have a greater effect than height in the visual field. 
28 In 1956 Simon proposed the concept of bounded rationality (Newell et al., 2003). Simon argued that people 
satisfice, or looks for good enough solutions that approximated the accuracy of optimal algorithms without 
placing too heavy a demand on the cognitive system (e.g., working memory, processing capacity). 
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decision-making that have little or no regard to the constraints of time, knowledge and 
computational capacities. The decision-maker is, so to speak, thought of as a Laplacian29 
super intelligence (Gigerenzer & Todd, 1999). They propose that the moment one moves 
beyond simple constrained settings to real-world situations that people actually face, the time, 
knowledge, and computation that probabilistic models demand grow unfeasibly large 
(Gigerenzer & Todd, 1999). 

Gigerenzer and Goldstein (1999) instead suggest that the heuristic used is much simpler. They 
suggest that cues are compared, and a decision is reached as soon as a difference in value is 
found. Gigerenzer and Goldstein (1999) shows plausible ways in which humans make 
decisions, and make a good point that judgment and decision management research eliminated 
the actual searching for cues from the decision. They also provide some ideas in which way 
these cues are ordered. They do, however not account for how these cues are selected.  

The requirement of real-world decision lead to a new conception of what proper reasoning is; 
what Gigerenzer & Todd (1999) calls ecological rationality. The question of how decision-
making is possible in the face of the constraints of a stochastic, unpredictable and fast 
changing reality. One vital piece resides in the distinction between generality versus 
specificity. While coherence criteria are very general, such as logical consistency for instance, 
that can be applied to any domain; the correspondence criteria that measure a heuristic’s 
performance against the real world require a much more domain-specific solution (Gigerenzer 
& Todd, 1999).  

According to Gigerenzer and Todd (1999) a desirable feature of a scientific proposition is that 
it is computational. The fast and frugal models clearly satisfy this criterion in that they are 
framed so that each can be implemented in an algorithm. The algorithms have explicit outputs 
that serve as predictions to be tested against behavior. Regression models share this 
characteristic of computability, as do Bayesian models. In contrast, many of the propositions 
in the judgment and decision management program do not.   

A Probabilistic Mental Model Model 

The theory presented by Gigerenzer et al. (1991) deals with spontaneous confidence, an 
immediate reaction, not the product of long reflection. Figure 2 shows the flow chart of the 
process that generates confidence judgments in two-alternative general-knowledge tasks. 
Gigerenzer et al. assumes that the mind first attempts a direct solution that could generate 
certain knowledge by constructing a local mental model. Local mental models are of limited 
success in general-knowledge tasks and in most natural environments, although they seem to 
be sufficient for solving some syllogisms and other problems of deductive logic. If no local 
mental model can be activated, it is assumed that a probabilistic mental model is constructed 
next. A probabilistic mental model solves the task by inductive inference, and it does so by 
putting the specific task into a target context. A probabilistic mental model connects the 
specific structure of the task with a probability structure of a corresponding natural 
environment. The reference class determines which cues can function as probability cues for 
the target variable and what their cue validities are. A probabilistic mental model for a given 
task contains a reference class, a target variable, probability cues, and cue validities. A 
                                                
29 Refers to the deterministic idea proposed by Laplace, later dubbed the demon of Laplace. “We may regard the 
present state of the universe as the effect of its past and the cause of its future. An intellect which at any given 
moment knew all of the forces that animate nature and the mutual positions of the beings that compose it, if this 
intellect were vast enough to submit the data to analysis, could condense into a single formula the movement of 
the greatest bodies of the universe and that of the lightest atom; for such an intellect nothing could be uncertain 
and the future just like the past would be present before its eyes” – Marquis Pierre Simon de Laplace. 
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variable is a probability cue Ct (for a target variable in a reference class R) if the probability 
p(a) of being correct is different from the conditional probability of being correct, given that 
the values of a and b differ on Ct (Gigerenzer et al., 1991). 

task

objects: a and b
variable: t (target)
problem: a > b on t?
confidence?

can a local mental
model be constructed?

generalize a, b to a
reference class R in a
known environment;

generate cures and cue
validities

local MM

object: a and b
variable: t (target)
solution strategy: retrieval from memory
and logical operations
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objects: reference class R(a,b,∈R)
variables: t (target), cues, cue validities
solution strategy: inductive inference
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objects: reference class R
variables: t(target), cues,
ecological validities
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generate cue
highest in cue

validity

test cue

can cue be
activated?

no yes

yes
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STRUCTURE OF TASK MENTAL MODEL OF TASK STRUCTURE OF PERCEIVED
ENVIRONMENT

 

Figure 2 Cognitive processes in solving a two-alternative general-knowledge 

task (Gigerenzer et al., 1991). 

Naturalistic decision making 

The term Naturalistic Decision Making (NDM) first appeared in 1989, when researchers who 
had stepped outside of the traditional decision research paradigms could discuss their findings 
at a conference, and then publish them in a single volume; Decision Making in Action: Models 

and Methods (Klein, 1993). NDM is an attempt to understand how people make decisions in 
real-world contexts that are meaningful and familiar to them. Fulfilling this ‘mission’ 
produced research marked by five essential characteristics: proficient decision makers, 
situation – action matching decision rules, context-bound information modeling, process 
orientation, and empirical-based prescription (Lipshitz et al., 2001). The original definition of 
NDM emphasized the shaping features of the context in which many decisions of interest are 
made: ill-structured problems, uncertain, dynamic environments, shifting, ill-defined, or 
competing goals, multiple event-feedback loops, time constraints, high stakes, multiple 
players, and organizational settings (Lipshitz et al., 2001). 

Since the first NDM conference in 1989, the definition of NDM has changed, marked by a 
shift in the relative emphasis placed on expertise and features of field settings in which 
decisions are made (Lipshitz et al., 2001). By the time of the second NDM conference, an 
alternative definition had emerged that a primary factor defining NDM studies is expertise 
(Lipshitz, 2001). Being an expert does not only imply knowing more. NDM asserts that one of 
the markers of expertise seems to be the organization of knowledge. According to Cannon-
Bowers et al (1997) experts are able to organize knowledge more effectively. Experience 
allows expert to build up knowledge templates which they can use in new decision-making 



Background 

32 

situations. Leprohon and Patel (1995) has shown that even if experts typically rely on 
heuristics as shortcuts when performing under time pressure or in routine situations that 
involve extremely familiar automated actions, when given sufficient time in dealing with non-
routine problem, health professionals return to knowledge-based reasoning.  

What differs in NDM compared to traditional decision research is that the focus in the 
decision event is more front-loaded compared to traditional decision making paradigms. 
Decision makers are more concerned about sizing up the situation and refreshing their 
situation awareness through feedback, rather than developing multiple options to compare to 
one another (Zsambok, 1997). These characteristics followed once researchers within the 
NDM framework embarked on the construction of descriptive models of proficient decision 
makers in natural context without relying on normative choice models as starting point. 
Following the emphasis on bounded rationality of Simon, NDM placed the human proficient 
decision maker at its center of interest and as its basis for prescription (Lipshitz et al., 2001). 

Most traditional decision research has involved inexperienced people who are engaged in 
laboratory tasks where contextual or situational factors play a limited role. The traditional 
paradigm emphasizes understanding the back end of the decision event – choosing among 
options (Zsambok, 1997). NDM aims at understanding how people use their experience to 
make decisions in complex, dynamic, real time environments. It explores the methods used by 
experts to identify and assess their situation, make decisions, and take actions whose 
consequences are meaningful to them and to the larger organization in which they operate 
(Gordon & Gill, 1997; Klein, 1997; Zsambok, 1997). In short, NDM is the way people use 
their experience to make decisions in field settings (Zsambok 1997).  

The emphasis in NDM is that different cognitive strategies and processes are used when the 
decision situation is viewed as a temporally evolving one rather than a static event. Action and 
perception are crucial aspects of cognition. Human resource limitations are an important 
factor in decision making. Human decision-making competence rather than dysfunction 
should be emphasized when undertaking decision-making research (Cannon-Bowers et al., 
1997; Klein, 1997; Zsambok, 1997). 

In contrast to input-output orientation, NDM models do not attempt to predict which option 
will be implemented, but describe the cognitive processes of proficient decision makers. This 
difference in orientation has important implications for validation. To be valid, NDM models 
have to describe what information decision makers actually seek; how they interpret it, and 
which decision rules they actually use. This is another reason why NDM models tend not to 
be formal, and especially not abstract (Lipshitz et al., 2001). 

Matching is a generic label for decision with the basic structure of “Do A because it is 
appropriate for situation S’. The study of proficient decision makers leads to modeling 
decision making as matching rather than choosing. Numerous studies have consistently shown 
that proficient decision makers typically make decisions by various form of matching and not 
by concurrent choice (i.e. ‘Do A because it has superior outcomes to its alternatives’). 
Matching differs from concurrent choice in three respects. (1) Options are evaluated 
sequentially one at a time. Evidence exist that even when presented with several options, 
decision makers quickly screen most of them by comparing them against a standard, rather 
than with one another, and then focus on one, or at most two, options, which are compared. 
(2) Options are selected or rejected based on their compatibility with the situation, or the 
decision maker’s values rather than on their relative merits. (3) The process of matching may 
be analytic but more often it relies on pattern matching and informal reasoning (Lipshitz et al., 
2001). 
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Recognition-primed decision making  

Lipshitz et al (2001) propose the Recognition-primed decision making (RPD) model as a 
standard model of naturalistic decision making. This model was developed on the basis of 
cognitive task analyses of firefighters. The initial research was designed to better understand 
how experienced commanders could handle time pressure and uncertainty (Lipshitz et al, 
2001). 

The RPD model has three variations. In the simplest variation of the model, a decision maker 
sizes up a situation and responds with the initial option identified. The hypothesis is that 
skilled decision makers can usually generate a feasible course of action as the first one they 
consider. Skilled decision makers perceive situations as typical cases where certain types of 
actions are typically appropriate, and are usually successful (Lipshitz et al., 2001). The second 
variation describes what happens if the situation is unclear. Here, the skilled decision maker 
will often rely on a story-building strategy to mentally simulate the events leading up to the 
observed feature of the situation. The third variation describes how decision makers can 
evaluate a course of action without comparing it to others. The evaluation is conducted by 
mentally simulating the course of action, to see if it will work, and to look for unintended 
consequences that might be unacceptable (Lipshitz et al., 2001). 

These three variations depend heavily on expertise. In the first variation, expertise provides a 
sense of typicality that allows decision makers to quickly categorize situations and to 
recognize how to react as an aspect of the categorization. In the second variation, expertise is 
needed to construct the mental models needed to find one explanation more plausible than 
another. In the third variation, expertise is defined as an ability to mentally simulate a course 
of action in a situation, and anticipate how it will play out.  

The three variations explain how decision makers can handle the constraints and stressors 
often found in field settings. Under extreme time pressure, the first variation will result in 
reasonable reactions without the need to perform any deliberations or analyses. Under 
uncertainty, the second variation describes how the plausibility of alternative stores can help a 
decision maker choose an interpretation, and categorize a situation. When faced with ill-
defined goals, the decision makers are not pacified because the RPD model is aimed at 
working forwards, from existing conditions, rather than backwards, from goal states (Lipshitz 
et al., 2001). Patel and Groen (1986) have shown that people with greater expertise are more 
likely to use forward-chaining reasoning, whereas novices and intermediate subject usually 
rely on backward-chained reasoning (Lipshitz et al., 2001). 

Patel and Groen (1986) argue that the explanations of physicians making an accurate 
diagnosis can be accounted for in terms of a model consisting of pure forward reasoning 
through a network of causal rules, actuated by relevant propositions embedded in the stimulus 
text. These rules appear to derive from the physician's underlying knowledge base rather than 
any information in the text itself. In contrast, subjects with inaccurate diagnoses tend to make 
use of a mixture of forward and backward reasoning, beginning with a high level hypothesis 
and proceeding in a top-down fashion to the propositions embedded in stimulus text, or to the 
generation of irrelevant rules (Patel & Groen, 1986). 

2.4.4 Cognitive systems engineering 

Cognitive systems engineering (CSE) was formulated in Cognitive Systems Engineering: New 
Wine in New Bottles (Hollnagel & Woods, 1983) and emphasizes technology and social 
systems coacting rather than minds and computers interacting. Cognitive Systems 
Engineering has much in common with naturalistic decision making, but is not a research on 
decision as such. Hollnagel and Woods (2005) argue that in order to understand the 
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performance of the human-machine ensemble, it is necessary to extend the meaning of 
cognition beyond the notions of human information processing. Notions such as Hutchins 
‘cognition in the wild’ argues Hollnagel and Woods (2005), implies that cognition is 
something that can be studied without context. From a CSE perspective, the question is 
whether one should study cognition per se at all. Instead Hollnagel & Woods (2005) propose 
the study of performance. In CSE, cognition is no longer the central issue, regardless of 
whether it is assumed to exist in the mind or in the world. In practice there is no dramatic 
deviation in CSE from ‘cognition in the wild’. Rather, it has something to do with a 
reservation to the inappropriate use of the traditional term cognition. Considering cognition 
and context together is not only appropriate, it is imperative and therefore in a sense 
superfluous (Hollnagel & Woods, 2005).  

Decision making traditions and decision support 

Hollnagel and Woods (2005) argue that decision making research still very much is seen as a 
question of making the right decision, hence of obtaining and processing information. The 
view that decision making is a distinct process that can and should be supported is according 
to Hollnagel and Woods (2005) a misconception inherited from normative decision theory and 
reinforced by the school of human information processing. In a CSE perspective, it makes 
more sense to support making sense rather than making decisions (Hollnagel & Woods, 
2005). 
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3 The literature study 

In theory there is no difference between theory and practice. In practice 
there is. 

Yogi Berra  

The stereotypical version of the decision maker suggests a dispassionate, rational being 
systematically considering well-defined options on the basis of a careful weighing of the 
evidence (Patel et al., 2002a). This view has been criticized extensively in the literature. 
Simon (1978) raised the objection to this view of normative decision making, picked up both 
by the program of fast and frugal heuristics (Gigerenzer & Todd, 1999) and the tradition of 
normative decision making (Klein, 1993). Equally common is the less competent being, a 
fallible reasoner subject to biases and particularly deficient in the application of probability 
theory to decision problems (e.g. Tversky & Kahneman, 1982). These notions has also been 
criticized in both the program of fast and frugal heuristics (Gigerenzer & Todd, 1999), as well 
as in cognitive systems engineering (Hollnagel & Woods, 2005), and naturalistic decision 
making (Klein 1993). 

3.1.1 Classical decision theory 

The most widely known and influential research program in the psychology of decision-
making is Kahneman and Tversky’s work on judgment under uncertainty. This program, 
exemplified by work on heuristics and biases, had a profound influence on decision research 
in many disciplines (Patel et al., 2002a). By the time of the emergence of judgment and 
decision management30, it was apparent that people are not skilled Bayesians and that their 
probability judgments deviated from the normative standards in systematic ways. However, a 
psychologically adequate explanation for individuals biased judgments was lacking.  

3.1.2 Judgment and decision management 

Kahneman and Tversky’s seminal studies and theories revolutionized the field of decision 
research. The deviation between the actual response and the normative response is explained 
by heuristics in which the reasoner selectively attends to certain variables or exhibits 
particular kinds of biases such as ignoring base rates (Patel et al., 2002a). Gigerenzer argues 
that humans are evolutionarily adapted to acquire information about risks in their environment 
through natural sampling of event frequencies rather than in terms of sets of probabilities or 
percentages. He argues further that one can make perfectly rational inferences and decisions 
without explicitly paying attention to base rates. Human beings may appear to be less 
competent or rational if they are asked to render judgments, based on explicit statistical 
information (Patel et al., 2002a). Gigerenzer’s work serves to highlight the adaptive (rather 
than the suboptimal) character of decision-making (Patel et al., 2002a). Gigerenzer (1996) has 
also argued that the problem with heuristics such as availability and representativeness is that 
they at once explain too little and too much. Too little, because we do not know when these 
heuristics work and how; too much, because post hoc they can be fitted to almost any 
experimental result (Gigerenzer 1996). Gigerenzer and colleagues have also pointed out that 

                                                
30 The body of research is denoted heuristics and biases by Patel et al. (2002a). Other labels have been used such 
as the heuristic and bias approach to judgment under uncertainties. In this thesis, this program is labeled 
judgment and decision management, as used by Lipshitz et al. (2001). 
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biases are not computational in the same way as normative Bayesian models. The proposition 
that people are not appropriately sensitive to the base rate is not implied with a computable 
model. The same holds for framing, anchoring/adjustment, and representativeness in that they 
are descriptive terms for which no computable descriptive model is provided (Slegers et al., 
2000). 

Gigerenzer and Kahneman have had some differences of opinion regarding empirical, 
methodological, and normative approaches to the study of biases and heuristics (Kahneman & 
Tversky, 1996; Gigerenzer, 1996; Vranas, 2000). In short, this difference of opinion concerns 
the position of normative statistics as a suitable golden norm for rational decisions. 
Gigerenzer critique seems almost Gorigan31 at first. The critique summarized is that no norms 
are appropriate for single-case judgments because single-case probabilities are meaningless. 
Even if single-case probabilities make sense, they need not be statistical norms because such 
norms are content-blind, and finally statistical norms are conflicting (Vranas, 2000). 
Evaluating Gigerenzer’s critique at any detail is beyond the scope of this investigation, but it 
is suffice to say that the objection to statistics as a starting point for rational choice is 
compelling. In Judgment and Decision management32 decisions and judgments are evaluated 
against a normative standard. Gigerenzer is not denying the existence of norms, but objects to 
the assumption that they exist and that they serve as a golden rule in explorations of judgment. 
Statistics is by nature context-free and judgments are not.  

Availability, a common bias in judgment and decision theory, is not necessarily as easy as 
recalling events of the past. Goldstein and Gigerenzer (1999) make a distinction based on 
recognition and recall in what they dubbed ignorance-based decision-making. The term 
“availability” and “familiarity” are often used as common sense explanations rather than as 
process models. Availability, they argue, is about recall, not about recognition. Recognition 
concerns the difference between items in and out of memory. The term familiarity33 is 
typically used to denote a degree of knowledge or experience a person has with respect to a 
task or object. It does not pick up on the most important distinction for recognition heuristic 
which is between recognized and unrecognized objects (Griggs & Cox, 1982). As intuitive as 
notions such as availability and familiarity may be, there is a need to bring them from one-
word explanations to precise models for heuristics. Goldstein and Gigerenzer (1999) argue 
that if this is done, a deeper, more detailed understanding that can explain unexpected 
consequences would be possible. In this sense, Gigerenzer and colleagues advocate both to 
move into context and move the models into the mind. 

3.1.3 Fast and frugal heuristics 

Dhami and Harries (2001) admit that fast and frugal models are easier to understand, and 
psychologically more plausible than regression models because they are more compatible with 
humans’ cognitive limitations and flexible use of information. At the same time, studies on 
fast and frugal heuristics compared to traditional models of rationality have been inconclusive. 
Generally speaking, fast and frugal heuristics are better at predicting some decisions then 
others (Newell et al., 2003; Kee et al., 2003). Dhami and Harries (2001) have raised some 
methodological concerns with the studies using fast and frugal models. They have shown that 

                                                
31 refers to Gorgias, the ancient Greek philosopher that argued that (1) nothing exists, (2) even if it did, we would 
not know it, and (3) even if we would know it, we would not be able to pass it on to others. 
32 also denoted the heuristics and biases approach to judgment under uncertainties in this debate 
33 The term familiarity and availability are here used interchangeable since both deals with degree of recall, in 
opposition to mere recognition, even if they are not identical.  
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in comparisons between regression models and fast and frugal models, different criteria have 
been used for the two models. Often regression models compared have had a continuum in 
both dependent and independent variables, where the fast and frugal counterpart has used 
binary measures. Additionally, when the effectiveness of fast and frugal models as 
descriptions of human judgment behavior has been demonstrated, non-professional 
participants have been used (Dhami & Harries, 2001).  

3.1.4 Naturalistic decision making 

Roelofsma (2001) raised the argument in regard to NDM research that it has a somewhat 
unfair attitude towards basic research. In the NDM program it is argued that only when the 
research setting is analogous to the real-life setting progress is possible. Roelofsma (2001) 
instead argue that when trying to understand the underlying processes, it is not the situation 
that produces these processes that needs to be studied. In research, assumptions about the 
representativeness of the experiments regarding research variables, subjects, and setting must 
always be made, but NDM simply refrain from making them, as if they do not have to be 
made. When these assumptions are ignored, NDM implicitly introduces other assumptions. 
NDM experiments often lack the strict experimental control of laboratory research, but the 
followers of the NDM movement argue that what they lack in control is more than made up 
for by increased ecological validity (Roelofsma, 2001). NDM is correct in their concern for 
ecological validity, but Roelofsma argues that it is important to distinguish between realism 
and generalizability. He argues that the ability of an experimental result to generalize to other 
situations is more important than resemblance to the real world. Further, NDM ignores the 
distinction between realism and generalizability. It can be seriously questioned whether the 
loss of experimental control is worth the increased surface realism of NDM (Roelofsma, 
2001). NDM research is concerned with idiosyncratic and highly specialized decisions often 
made under conditions of acute stress and time pressure. These decisions are fascinating and 
important to understand, but they render controlled experimentation impossible (LeBoeuf & 
Shafir, 2001). Roelofsma (2001) also propose that even if formal lab studies of decision 
making may be artificial, they do predict behavior in the real world. 

Another argument proposed concerns the study of experts that is said to be a striking feature 
of NDM. LeBoeuf and Shafir (2001) argues that JDM research has investigated experts in 
several meaningful and familiar contexts, ranging from physicians making treatment decisions 
to taxi drivers’ allocation of working hours, and that the claim that NDM is alone in the field 
of expert decision making is exaggerated (LeBoeuf & Shafir, 2001). 

The NDM research program does not rely on a normative foundation for decision making. 
LeBoeuf & Shafir (2001) asks how any approach, NDM included, can do differently when 
presumably offering prescription without a normative framework. The NDM framework 
prescribes that novice performance should be evaluated using experts’ decisions as 
measurement. However, an adequate understanding of the decision process of pilots, 
firefighters, or air-traffic controllers is certain to uncover systematic weaknesses (LeBoeuf & 
Shafir, 2001). Adequate remedies will have to take into account the psychology that underlies 
human capacities as well as the normative ideals we want to approximate in these areas of 
expertise. In short, since people are fallible, why should people be the ideal in decision 
making?  

Methodological problems in NDM have also been proposed by LeBoeuf and Shafir (2001). In 
NDM, interviews with experts about past incidents are fundamental to NDM methodology. 
The willingness to generate models based on such interviews is predicated on at least two 
assumptions. First, it is assumed that these experts have good introspective access to their 
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decision-making processes and the factors influencing their decisions, and second, that the 
experts’ memories of the decisions in question are available and intact (LeBoeuf & Shafir, 
2001. Evidence, from JDM and related research, suggests that neither assumption is 
warranted. People are often unaware of the factors influencing their decisions (LeBoeuf & 
Shafir, 2001). 

Others have argued that the types of circumstances that are true of the decisions that NDM 
studies is not general to all types of decisions. Kerstholt and Ayton (2001) argues that the 
NDM framework readily applies to military decision making, a domain in which the selection 
of an action often becomes quite obvious once the actual and anticipated situation is 
understood. In the domain of consumer choice or medical decision making, on the other hand, 
situation assessment is less of an issue, and the real problem is one of choice. It is for this 
reason that results from traditional decision-making research have been successfully applied 
to these latter domains (Kerstholt & Ayton, 2001). 

Another objection raised is that the NDM should be seen as a complementary one, an 
opportunity to broaden the scope of decision making research (Kerstholt & Ayton, 2001). In 
natural context decision making is not always restricted to simply comparing and selecting 
among clearly articulated alternatives. But the definition of decision making that is implicit in 
the NDM framework implies that experts often do not determine their actions by explicitly 
evaluating alternatives and selecting from among them. Instead, experience dictates that the 
first plan that occurs to experts is typically the only one they consider and then implement. In 
this sense, recognition-primed ‘decisions’ have more resemblance to automatic unconscious 
processes. The question can therefore be raised if this behavior is decision making at all? If 
so, there is a danger of considering almost any skilled behavior as decision making (Kerstholt 
& Ayton, 2001).  

3.1.5 Macrocognition and laboratory settings 

Macrocognition is a term coined by Pietro Cacciabue and Erik Hollnagel to indicate a level of 
description of the cognitive functions that are performed in natural (versus artificial 
laboratory) decision making settings (Klein et al., 2003). Traditionally cognitive researchers 
have conducted lab experiments on topics such as puzzle solving, serial versus parallel 
attentional mechanism, and other standard laboratory paradigms for psychological research. 
Klein et al. (2003) named these microcognition because they are aimed at investigating the 
buildings blocks of cognition, the processes that are believed invariant and serve as the basis 
for all kinds of thinking and perceiving (Klein et al., 2003). In contrast, the methodology for 
macrocognition focuses on the world outside the lab. This includes context designated by such 
terms as the “field setting,” the “natural laboratory”, and the “real world”. Key features of 
cognition in naturalistic context include decisions that are typically complex, often involving 
data overload, made under time pressure and involve high stakes and high risks. Research 
participants are domain practitioners rather than college students, goals are sometimes ill-
defined, and multiple goals often conflicting, and decisions must be made under conditions in 
which few things can be controlled or manipulated (Klein et al., 2003).  

Functions in macrocognitive phenomena such as detecting problems and managing 
uncertainty are usually not studied in laboratory settings. In addition to describing these types 
of phenomena on a macroscopic level they can be described on a microcognitive level. The 
two types of descriptions are complementary (see table 5). Each serves its purpose and 
together they might provide a broader and more comprehensive view than either by itself 
(Klein et al., 2003). Klein et al. (2003) do not suggest that the investigation of macrocognitive 
phenomena will supersede or diminish the importance of research on microcognition. They 
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only suggest the need of research to better understand macrocognitive functions in order to 
improve cognitive engineering (Klein et al., 2003). 

Table 3 Important macrocognitive phenomena and traditional microcognitive 

lab research (Klein et al., 2003). 

Macrocognition phenomena of concern to domain 
practitioners 

Parallel traditional microcognition topics of concern to 
cognitive scientists 

Planning and problem detection Puzzle solving 
Using leverage points to construct options Strategies for searching problem spaces 
Attention management Serial versus parallel processing models 
Uncertainty management Estimating probabilities or uncertainty values 
 

Klein et al. (2003) expect objections to postulating a distinction between micro- and 
macrocognition. One of the reasons for introducing new terms and new distinctions is that 
without it, most researchers would likely continue experimentation on microcognition and 
ignore macrocognition. Klein et al. (2003) believe that the field of microcognition will benefit 
by being contextualized by macrocognitive functions. Macrocognition comprises the mental 
activities that must be successfully accomplished to perform a task or achieve a goal.  

Klein et al. (2003) admit that other somewhat related terms have been used in this regard, 
such as situated cognition and extended cognition. These terms describe the fact that 
macrocognitive functions are generally performed in collaboration, by a team working in a 
natural situation, and usually in conjunction with computational artifacts. Macrocognitive 
functions can be performed using information technology, or without technology, and one 
area of interest is how technology helps us past some barriers but introduces others. Klein et 
al. (2003) prefer the term macrocognition because in addition to broadening the focus to 
include the team and technology context, it also broadens the level of description of the 
cognitive functions themselves.  

3.1.6 Performance 

The distributed view of cognition represents a shift in the study of cognition from being the 
sole property of the individual to being stretched across groups, artifacts, and cultures (Patel et 
al., 2002a). Cole and Engestrom34 argue that the natural unit of analysis for the study of 
human behavior is an activity system, comprising relations among individuals and their 
proximal, “culturally organized environments” (Patel et al., 2002a). In cognitive systems 
engineering, the corresponding unit of analysis is the joint cognitive system (Hollnagel & 
Woods, 2005). ‘Cognition in the wild’35 is the commonly accepted term for study of work in 
the actual technical settings (Hollnagel & Woods, 2005, Hollnagel, 2001, Patel et al., 2002a). 
Typical examples of the settings that have been studied are control centers and control rooms 
of various kinds, flight decks of commercial airliners, surgical operating rooms, etc. Such 
settings require models that go beyond what can be expressed as input and output only, and 
methods beyond controlled experimental conditions (Hollnagel & Woods, 2005). The lesson 
learned from these studies is that work in real world conditions clashes with the assumptions 
of ‘cognition in the mind’.  

                                                
34 Cole, M, Engestrom Y. A cultural-historical approach to distributed cognition. In: Salamon G, editor. 
Distributed cognition: psychological and educational considerations. Cambridge, MA: Cambridge University 
Press; 1993, p. 1-46, referred by Patel et al., 2002a. 
35 from Hutchins’ book from 1995 Cognition in the wild, Cambridge. MA: MIT Press. 
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Hollnagel and Woods (2005) propose that even the term ‘cognition in the wild’ implies that 
cognition is something that can be studied on its own. From a CSE perspective, the question is 
whether one should study cognition per se at all. Instead Hollnagel (2001) propose to study 
the performance of the joint cognitive system. In cognitive systems engineering, human 
cognition is no longer the central issue, regardless of whether it is assumed to exist in the 
mind or in the world (Hollnagel & Woods, 2005).  

Hollnagel and Woods (2005) propose that the view that decision making is a distinct process 
that can and should be supported is a misconception that has been inherited from normative 
decision theory and reinforced by the school of human information processing. That view 
should, according to Hollnagel and Woods (2005), be compared to the more descriptive or 
naturalistic approaches where decision making is seen as sense making, and where one should 
support making sense rather than making decisions. It becomes more important to support 
monitoring, detection and recovery rather than to supporting decision making as such 
(Hollnagel & Woods, 2005). 

3.2 Dimensions of decision research 

The literature provides a tremendous amount of research in the area of judgment and decision 
making, and superficially the different approaches seem to be incompatible. However, it 
seems more constructive to view the benefits of the different approaches as investigating 
different aspects of judgment and decision rather than view them as representing different 
paradigms.  

To find a model that is useful in the sense that it can provide insight into how people think 
and act in order to be able to provide information, it becomes important to describe what kind 
of decision makers that makes these decisions. To evaluate the usefulness of models and 
theories from different research programs to the recipients of risk communication, they can be 
measured in six measurements, or dimensions36. There is, however, some assumptions in 
different approaches that are incommensurable. They will not solve themselves merely by 
acknowledge the existence of different dimensions. Is some cases however, it rather seems to 
be misunderstandings than incommensurable paradigms that divide the different fields. The 
interesting question does not seem to be whether this or that theory is a better model, but to 
ask what it is that should be studied. A model, however elegant and compelling, earns its right 
of existence based on if it explains and predict adequately in the studied domain. 

3.2.1 Bias and heuristics 

Judgment and Decision Management describes deviations from a normative standard. It is 
however in some way implicit in judgment and decision management that there are flaws in 
human rationality that make humans bad decision makers37. Naturalistic decision making 
(NDM) describes expert decision making in a somewhat prescriptive way, since it is believed 
that one can not differentiate between what is and what ought to be (Lipshitz et al., 2001). In a 
way this is a cyclic definition, since expert decisions are described as the kind of decisions 
experts do. In this respect fast and frugal heuristics and naturalistic decision making 
correlates, describing decision making as something very rational. Fast and frugal models 

                                                
36 It should be noted that this is merely one way of distinguishing different aspects of the research, and not in any 
way the only way.  
37 It should be noted however, that Kahneman & Tversky was originally not interesting in finding flaws, but to 
explain why generally adaptive processes sometimes wasn’t appropriate.  
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describe how decisions can be modeled, and treat these heuristics as fundamentally successful 
heuristics rather than problems in rationality. Cognitive systems engineering also tries to turn 
the paradigm around to threat human behavior not as sources of human error, but largely 
successful strategies. 

3.2.2 Hot and cold decision making 

Peters et al. (2006) propose another distinction in decision research. The field of judgment and 
decision management has long neglected the influence of “hot” processes on decision 
behavior in favor of a focus on “cold”, deliberative, and reason-based decision making. 
Historically, according to Peters et al. (2006), this was due at least in part to hot processes 
being viewed primarily as biased, leading to irrational choice behavior. However, over the last 
ten years the Judgment and decision management field has turned its attention more and more 
to how affective feelings influence judgment and decisions. Today, emotion and affect are on 
the research agenda for many judgment and decision management researchers (Peters et al., 
2006).  

Kushniruk (2001) also argues along these lines, proposing that there exist a range of decision 
types, from the rapid, iterative decisions of a firefighter to the process of comprehend a novel 
situation. The reasoning of a novel unclear situation required analytical reasoning, while 
action oriented decision such in an ER has more of a character of the naturalistic decision 
making of the recognition-primed decision making model (Kushniruk, 2001). 

Traditionally judgment and decision management has dealt with “cold” deliberate decision 
making mostly because traditionally, emotions, stress and affect have been seen as 
disturbances of decision making (Peters et al., 2006). Emotion is also seen as a bias in 
Judgment and decision management (Fischhoff et al., 2005). Naturalistic decision making 
however see this as the only real decision making and want to break free of the laboratory 
setting (Peters et al., 2006).  
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Figure 3 Dimensions of cognition, biases and heuristics versus hot and cold 

decision making. It should be noted that this orientation is not based on 

any empirical data but is merely a qualitative approximation. Biases vs 

Heuristics the person is seen as a flawed biased decision maker to a 

successful use of heuristics. Hot and cold is a range between calm 

considered decision to rapid and heated decisions (see 3.2.1 and 3.2.2). 

3.2.3 Micro and Macrocognition 

However, only considering hot and cold decision making and biases and heuristics is only part 
of the picture. The distinction between microcognition and macrocognition discussed by Klein 
et al. (2003) implies still another dimension. What kinds of cognitive processes are 
considered? Cognitive systems engineering and naturalistic decision making clearly takes 
interest in macrocognition while judgment and decision management can be concerned 
dealing with microcongition. So even if judgment and decision management includes emotion 
in their program, they still study it from a microcognitive perspective. Gigerenzer advocates 
an increased emphasis on investigating the cognitive processes that underlie judgment under 
uncertainty (Vranas, 2000). Goldstein and Gigerenzer (1999) argue that if this is done, then 
one could hope for a deeper, detailed understanding.  

There is also a correspondence between micro and macrocognition and the computational 
feature. Usually, computational features such as in fast and frugal heuristics and classical 
decision making concern microcognitive phenomena. The question is not as much who is 
right, but what is interesting to investigate, and for what purpose. 

3.2.4 Generalizability and realism 

A fourth dimension in which different research programs differ is in the methodological 
question of what constitutes good science. Some critique of naturalistic decision making claim 
that it confuses realism and generalizability (Roelofsma, 2001). Describing something 
realistic does not imply that it in any way is generelizable. Designing experiments that yield a 
generelizable datum about some cognitive ability usually concerns cognitive functions so 
fundamental that it is rather a question of neuroscience, or biology. Put differently, maximum 
generalizability can be said to yield nothing but common knowledge of limited interest that 
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everybody already know, and maximum realism is merely a case-study with no implications 
for anything else but the studied case.  
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Figure 4 Dimensions of cognition, macro- and microcognition versus 

generalizability and realism. It should be noted that this orientation is 

not based on any empirical data but is merely a qualitative approximation. 

Micro vs macrocognition is a range between studying tasks like puzzle-

solving to a task like situation assessment (see 3.1.5, table 3 and 3.2.3). 

3.2.5 Domain 

A fifth dimension is what type of activity that is studied. This dimension of decision research 
is somewhat overlapping with the generalizability and realism dimension, since maximum 
generalizability usually involve controlled environments that tend to be without any realistic 
context. This is because if there is a context to consider, subjects vary in degree of knowledge 
and it is easier to control the variable if it is an artificial domain where knowledge has little 
influence. This is also where different opinions on laboratory research fit in. One of 
naturalistic decision making primary areas of interest is the study of experts. However, both 
fast and frugal heuristics and judgment and decision management have traditionally stayed 
away from domains where there are any experts. Judgment and decision management have 
however some studies of experts, and fast and frugal heuristic emphasizes context as 
important. Cognitive systems engineering is highly contextual, in fact, Hollnagel and Woods 
(2005) even propose there is no point in discussing context, since without context, there is 
nothing to study.  

3.2.6 Performance and information processing 

When examining the literature and specifically the differences between micro and 
macrocognition approaches, a difference in terminology emerges. Research that falls into the 
category of macrocognition, especially naturalistic decision making and cognitive systems 
engineering, talks more about performance than processing. This notion of performance is 
also true for investigations based on expert evaluation, naturalistic settings and a descriptive 
approach. The notion of performance seems to contrast with the notion of information 
processing systems.  
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Figure 5 Dimensions of domain and performance vs. cognitive view of 

research. It should be noted that this orientation is not based on any 

empirical data but is merely a qualitative approximation. Novice vs Expert 

domain is the range between where the subjects lack any previous knowledge 

to the expert domain where background knowledge and experience play a 

larger part (see 3.2.5). 

3.3 Discussion 

Research from judgment and decision management provides robust biases influencing 
judgments of uncertainties that have been proposed as important in regard to bioterrorism and 
epidemics. These include availability that can be used to explain why the latest influenza 
pandemic influenced the expectations on a new pandemic. However, as Gigerenzer proposed, 
in a sense, availability can explain at the same time too much, and too little. A bias such as 
availability implies that those that estimate the severity of a new pandemic would 
underestimate its severity. If considerations of this are made in risk communication, it implies 
that if a new pandemic differs in severity compared to the last pandemic, this difference 
should be stressed. However, fighting biases is a risky approach, since recipients is not a 
single collective mind. It is enough to imagine someone without any knowledge of previous 
influenza pandemics. Risk information aimed to fight the bias that a new pandemic could be 
much worse than the previous would in that case at best be pointless.  

As Keselman et al. (2005) states, members of the news media are likely to describe their goal 
as providing timely, accurate and abundant information. However, providing timely, accurate 
information is not the only concern of the media at the time of crisis. In a world of severe 
competition, media organizations are also interested in boosting popularity ratings, and so 
may favor shocking or sensational information (Keselman et al., 2005). It is somewhat naive 
to expect risk information designed to fight bias would work in the hands of media.  

As research in fast and frugal have shown, it is possible to model the mind in ways where 
decisions are based on single cues, and with use of simple stopping rules. This implies that it 
would be important to provide recipients with these deciding cues. However, even if the fast 
and frugal research provides models that explain how cues are compared and how decisions 
are made, they are lacking to explain how these cues are selected.  
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Exploring what kind of information that is needed to make independent informed judgments 
can be done through approaches similar to that of this investigation. However, when it comes 
to understanding what the lay public believes, it is hard to imagine any group better suited 
other than health care personnel in medical centers. As of now, there are efficient ways of 
distributing information outward in the organization, but inwards, channels are more 
improvised and informal. During a pandemic influenza the strain on medical care centers 
would be abnormal, and the benefit of understanding the lay public would probably not be a 
priority. 

3.3.1 Comprehension 

A model of risk cognition, useful for supporting management of crisis situations such as a 
pandemic influenza may benefit from different approaches to decision making. Progress in 
mental models research has much to offer in understanding comprehension. The methods used 
in the mental model approach to risk communication presented by Morgan et al. (2002), such 
as influence diagrams and conversational qualitative interview protocols work well to describe 
mental models. The mental models approach provides a description of comprehension with 
several benefits. One benefit is that the method is a relatively easy way to gather notions in 
the target population which can be used for several purposes, for example in drafting risk 
information. Another benefit is that it produces simple diagrams that are intelligible with short 
introduction, making them useful to others than just specialists. A third benefit is that the 
existing notions and sense of causal patterns can be described, instead of merely memorized 
facts. Comprehension has, after all, more to do with why, rather than what.  

3.3.2 Decision making 

The literature shows that the definition of decision making is not consistent. But instead of 
trying to find a suitable definition, it is more important to consider what types of decision 
research that is interesting in the context of risk cognition.  

The dimension of biases and heuristics, that is, if humans are subject to “human error” and 
need to be ‘debiased’, or if these heuristics indeed are the results of a successful bounded 
rationality is not a debate that can be settled in the light of what is useful to risk cognition, but 
is more of a preference regarding how to perceive human behavior. The decisions made 
affected by biases could as easily be explained by mental model explanations. The notion that 
a new pandemic would be similar to the last that struck mankind can be explained with biases 
such as the availability bias, but a mental model approach can also explain why this bias is 
affecting some people and not others. An expert in the field of influenza does not seem to be 
subjected to the same availability bias, since they do not believe that it would be similar to 
previous pandemics. Are experts thereby immune to some kind of biases? In this case, the 
generalizability comes into play. To understand why an expert is not affected by availability, 
the easiest explanation is to point out that the expert possesses knowledge.  

In regard to the dimension of hot and cold decision making, there is a difference between a 
rapid evolving situation such as a car crash and a pandemic. Even if there are emotions 
involved, Slaughter et al. (2005) have shown that decisions in an epidemic was carefully 
considered and involved significant use of information gathering. The emotional aspects of a 
pandemic have of course importance for behavior, but it seems plausible to assume, that it has 
more to do with priorities and risk perception, than actual decision making38.  

                                                
38 Of course emotions play a part in decision making in a neurobiological way. 
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Concerning the difference between micro and macrocognition, it seems obvious that puzzle 
solving, strategies for searching problem spaces, choosing between cues and other 
microcognitive functions are at work, but largely insignificant to understand risk cognition. In 
any investigation, it is a successful strategy to choose tools that suit the task. Bringing a 
hammer to a carpenter meeting does not contribute to the meeting, even if it is the tool used in 
the work discussed. Even if microcognitive functions are important for understanding on a 
conceptual level, such as the discoveries in cognitive neuroscience that provides support that 
man is not a general problem solver, but rather a collections of specific problem solvers, or 
that the medial prefrontal cortex is active in social cognition, it is not simply a matter of 
rescaling cognitive computational neuroscience algorithms to navigate complex social 
environments.  

In regard to generalizability versus realism, it is more of a discussion of what constitutes good 
science. This debate on research methodology is not new. In a way, a research theory is 
nothing more than a mental model, and should perhaps be evaluated with the same criterion. 
A model should be functional, that is, it should be useful to explain and predict. A scientific 
model has the advantages of a scientific community to help discover weaknesses and 
inconsistencies, but ontologically, a model does not have any claim of being true that can be 
validated, regardless if it is a theory of physics or a theory of behavior. A too generelizable 
theory risks explaining nothing and everything, as well as a realistic theory merely is an 
observation of a specific case.  

The dimension of context, or artificial versus expert studies, is related to both generalizability 
and macrocognition. To investigate common cognitive phenomena, there is a limitation in 
regard to controllable variables limiting the opportunity to study use of knowledge, unless a 
reliable measurement of knowledge is established. Given the complex nature of knowledge, it 
is probably a strong source of error that would be challenging to control. But if it is 
macrocognitive phenomena that are interesting, such as planning, problem detection, and 
management the opportunity to study this in an artificial environment seems limited.  

3.3.3 Performance 

The last dimension of information processing versus performance is more of a perspective 
issue and related to laboratory setting issues. Decision making proposes actions, not merely 
selecting an alternative but acting and changing the world in which the decision maker 
resides. This change creates ripples and feedback from the environment which is interpreted 
and produces new decisions, leading to new actions. The iterative process of decisions raises 
the questions if it is decisions as such that should be studied. Put simply, are there any 
decisions made in a situation that makes sense? Are decisions in this sense rather problem 
assessment and comprehension? Traditionally decisions take place when choosing among 
alternatives, but as the results of the recognition-primed decision model in naturalistic 
decision making indicates, it seems to be a more accurate description that decision is 
evaluating alternatives, rather than comparing them with each other to select among them.  

The performance aspects also have implications for where the decision actually is made. The 
bulk of experiments in this field are conducted in laboratory settings, and even if this makes 
perfect sense for some research, the action involved in laboratory settings usually comprise of 
picking an alternative, i.e., the decision is never actually performed. This may have influenced 
theories about decision making as essentially a cognitive process. After all, if all that is 
studied is cognition, is it surprising that all that is found is cognition?  
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3.3.4 Methodological implications 

A model of risk cognition may benefit from different approaches to decision making. As the 
results of the literature study suggests, decision making proposes actions. Not merely 
selecting an alternative but acting and changing the world in which the decision maker 
resides. The iterative process of decisions raises the question if it is decisions as such that 
should be studied. Are decisions in this sense rather problem assessment and comprehension?  

If this suggestion is to be taken seriously it would be as important to investigate subjects’ 
predictions and preparation as it is to investigate their comprehension of the subject matter. 
As the method proposed by Morgan et al. (2002) capture notions and effectively 
comprehension it would be useful to pair this method with a way of capturing subjects’ 
opinions, predictions and preparations to the threat of pandemic influenza.  

Evaluating alternatives changes the view of the decision maker from a passive individual to 
someone who actively evaluates information and actively search for and share information. To 
meet these challenges it becomes important to understand the subjects’ information gathering 
preferences, their view of their own knowledge, predictions and expectations on themselves 
and others. The purpose of the empirical investigation was therefore not merely to capture 
comprehension but also to try to elicit predictions, expectations, attitudes and the subjects 
view of their situation, their part and their knowledge, both innate and with help of technology 
and groups.  
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4 Empirical study 

Farming looks mighty easy when your plow is a pencil, and you're a 
thousand miles from the corn field. 

Dwight D. Eisenhower 

One important strategy in the preparation for a pandemic threat is to inform stakeholders 
properly. Issues such as a pandemic threat is however not as simple as informing about health 
hazards to influence risk behavior. In more traditional information campaigns about health 
hazards there is not much uncertainty on the nature of the hazard and what the appropriate 
course of action would be. Risk information is in such a case more a concern of getting the 
stakeholders attention to the hazard. Regarding a pandemic threat, there is no obvious 
appropriate course of action and merely giving the matter attention without a sound course of 
action is contra productive. 

4.1 Method 

The literature provides much information in developing efficient risk information. Studies 
have been performed regarding the means and content of the message, and its effect on the 
intended recipients. However, much work is concerned with traditional information 
campaigns aimed to increase awareness of health issues and bring about desired changes in 
behavior. Concerning dynamic shifting environments such as an influenza pandemic threat, 
there is a need for more considerations than merely changing a behavior. The scenario for 
pandemic influenza is shifting and the appropriate content of the risk information may change 
rapidly.  

To efficiently be able to inform stakeholder about such hazards such as a pending pandemic, it 
becomes important to understand how people regard this hazard, what their expectations are 
and their information gathering preferences. When trying to explore which attitudes and 
positions that exist, rather than investigating the significance of attitudes and positions already 
observed, a qualitative approach with conversational interviews is suggested in the literature 
(Breakwell, 1995; Slaughter et al., 2005; Morgan et al. 2002). Morgan et al. (2002) presents a 
methodological framework for exploring mental models with influence diagrams.  

Using influence diagrams to describe comprehension is useful because they are easily 
understood and they provide a possibility to compare different influence diagrams with each 
other, effectively comparing different mental models. In the method for developing risk 
communication proposed by Morgan et al. (2002) influence diagrams are used to find gaps in 
subjects’ knowledge that would be suitable issues for risk communication. This method has 
been the basis for the method developed in this thesis.  

Since the interest of this thesis is not exclusively to understand subjects’ comprehension of the 
matter, but also understand something about attitudes, preparedness and expectations subjects 
were also presented with scenarios to trigger the subjects to exercise their mental models and 
confront their own conclusions.  

The purpose with the interviews was to find out how the respondents think concerning 
pandemics, what risk factors they perceive, what problems they may foresee in contacts with 
the public, their expectations on public reactions, their information gathering preferences and 
factors perceived important for their ability to stay in control. 
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The results of the interviews were then transcribed and analyzed with the use of thematic 
coding (Slaughter et al. 2005). This implies that notions are connected to sources to describe 
the source of knowledge and information gathering preferences. The transcripts were analyzed 
according to different models of decision making (chapter 2) to evaluate their ability to 
explain the results and their ability to predict future results.  

4.1.1 Subjects 

The workers in primary healthcare are both a provider and receiver of communication and 
have a unique contact with the lay public. They are, so to speak, both receivers and senders of 
risk messages and have vast experience with public mental models since they are contacted 
with questions, worries and uncertainties regarding health issues. For this reason this group 
was found as the most interesting to investigate.  

Finding respondents in healthcare centers proved to be very difficult and after requests to 26 
medical care centers in Östergötland, Sweden, only six respondents were found that could 
participate39. The investigation collided with a major reorganization of medical care centers 
which made the recruitment especially difficult. Six healthcare workers at six primary 
healthcare centers were interviewed for 25-75 ( min50≈x ) minutes. Among the respondents 
half of them were heads of their respective medical center. Two of them were physicians 
while the remaining four were specialist nurses. 

Because of the scarcity of respondents the pilot was conducted with respondents that were not 
representative of the investigated population. The lack of proper pilots was in part 
compensated with small iterative adjustments to the schedule between interviews, based on 
field notes and listening to the recordings between interviews. 

Another problem is the number of interviews. Ideally, between 20 and 30 respondents should 
be interviewed in a mental models approach to risk communication. Because of the 
homogeneity of the population this problem is somewhat lessened. 

In addition to interviews with personnel from medical care centers, four persons involved in 
different ways to preparations for a pandemic influenza were interviewed. The interviews 
were used both to understand the communication flow and to explore the efforts made to 
prepare for pandemic influenza. They also provided their notions of the threat of pandemic 
influenza and contributed to the influence diagram describing the conceptual model.  

4.1.2 Expert Model 

To evaluate mental models of respondents it is important to compare these results with what 
Norman (1983) calls the conceptual model, or an expert model, of the target system. The 
expert model was created through reviewing current scientific knowledge about the threat of 
pandemic influenza to determine the nature and magnitude of the risk. This expert model was 
expressed as an influence diagram, a directed network drawn from decision theory. The expert 
model was then reviewed by four experts with different perspectives in order to promote 
balance and authoritativeness and to help evaluate and correct the conceptual model 

An influence diagram is usually a qualitative flow of influence between factors, divided into 
controllable and uncontrollable40 factors. The controllable factors are denoted with boxes, and 
                                                
39 The reason for the difficulties could be that there was a major reorganization of the health care paired with 
much discussion of avian influenza in the media. 
40 Rainy weather for instance, influences getting wet when taking a walk, but so does bringing an umbrella. A 
informative walkthrough of the uses of influence diagrams can be found in Morgan et al., 2002. 
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the uncontrollable with circles. It is also possible to assign quantitative values to different 
influences for comparison. In this investigation, influences with high priority were denoted by 
thick lines.  

SeverityInfection

Antiviral drugsVaccination

Characteristics of
the viral strain

 

Figure 6 Example of a simple influence diagram of pandemic influenza. 

4.1.3 Interviews 

Based on this expert model an open-ended interview schedule was developed to explore the 
respondents’ mental models about the risk. Since the mental models of the respondents were 
not the only issue of interest, it was adjusted to investigate attitudes and thoughts in relation to 
proposed scenarios. As the responses to these scenarios implicitly would provide information 
to the respondents, the interview was split into two parts, where the first part was performed 
without any scenarios.  

The schedule for the interview consisted of a number of issues with a very general prompt; 
“tell me about avian influenza”. Think-aloud was encouraged with neutral prompts, and short 
answers of hesitations were encouraged with prompts such as “yes?”, “go on”, “how do you 
mean …”. For each issue, a checklist with questions on each point of interest was prepared 
and used to direct the conversation without unintentionally provide the respondent with 
information or to induce opinions. 

If the respondent spontaneously expanded to these points of interests, a simple mark in the 
protocol was made to indicate that the question had been introduced. These marks were used 
to guide later prompts when asking questions during the interview such as; “you mentioned 
earlier…”. Each question had a written formulation used as a guide to refrain from 
unintentional influence and to keep prompts somewhat similar between respondents. 

As the first part of the interview was kept free of stating research results, opinions, or facts, 
while the second included statements and scenarios to which the respondent was asked to 
comment. In this way, the first part was used to draw conclusions on respondents’ general 
mental model, while the second was used to reveal attitudes towards possible scenarios, 
making them “run” their mental model to explain and react to new information. A question 
directed to the interviewer was replied with a statement that any information the interviewer 
had could be provided at the end of the interview. The second part was also used to provide 
the same information to all respondents and note differences in respondents’ notions and 
explanations in the transcripts. The second part also had some consistency among respondents 
since they had received the same scenarios and information roughly presented in similar 
framing. 
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As Morgan et al. (2002) states, performing conversational qualitative interviews is not easy 
and should ideally be performed by an experienced interviewer. This has not been the case, 
and mistakes in design and performance of these interviews have implication for the validity 
of the interpretation and analysis.  

To properly discover and describe a mental model, the six respondents used in this 
investigation is far from enough. Morgan et al. (2002) argue that somewhere around 20-30 
interviews should be conducted to confidently discover all relevant notions in a population. 
They do however also note that the most new notions discovered reveal themselves during the 
first five interviews, and later stagnate at a point around 20 interviews where no new notions 
emerge (Morgan et al., 2002). This investigation is therefore not a proper exploration of 
mental models that exist in a population. However, the population investigated is substantially 
more homogenous than the general ‘lay public’ and it is therefore likely that the group 
investigated would show a larger homogeneity, thereby lessen the threat to the validity of 
small sample compared to the mental models approach presented by Morgan et al. (2002). 

Slaughter et al. (2005) also propose a conversational qualitative interview and use of causal-
link maps (influence diagrams) to formalize laypersons’ explanations into connected logical 
structures that can be examined. Slaughter et al. (2005) used retrospective interviews of 
laypersons’ involved in the outbreak of SARS. They drew from theories of narrative analysis 
(Riessman, 1993). Narrative analysis uses narratives of past events to build a representation of 
the event subjectively. Riessman (1993) demonstrates the many levels where data are 
excluded and where interpretation in interviewing, transcribing, analysis and presenting adds 
new content to the material. As Norman (1983) points out, finding out how people 
comprehend is not merely a question of asking them since the reason given may have been 
constructed in the sole purpose of answering a question. 

In this investigation the purpose was not to investigate narratives of a past event, but to 
examine attitudes, knowledge and behavioral aspects in regard to the threat of a pandemic 
influenza. Therefore, the full scale of techniques used in narrative analysis was not suitable. 
However, the thematic coding advocated by Slaughter et al. (2005) to produce influence 
diagrams still applied and every statement from the transcript regarding facts, explanations 
and attitudes were connected to a source, when possible. The objective was thereby to 
describe respondents’ common mental model in form of a single influence diagram.  

4.1.4 Schedule for interviews 

The following table is a rundown of the schedule for interviews. Omitted are the boxes used 
to check when an issue was mentioned and exhausted. 
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Table 4 Schedule for interviews. 

PART 1: Questions 
1. What do you know about avian influenza? 
 How do you know this? 
  (how, where, by whom?) 
 How to you judge credibility? 
  What do you perceive as trustworthy and why? 
 Form where do you expect new information? 
 Would you say that what you know is sufficient? 
 How do you think TV and newspapers have handles this? 
 How do you estimate the risks? 
  On what is this based? 
 
2. What do you know of the threat of a pandemic? 
 How do you know this? 
  (how, where, by whom?) 
 How do you judge credibility? 
  What do you perceive as trustworthy and why? 
 From where do you expect new information? 
 Would you say that what you know is sufficient? 
 How do you think TV and newspapers have handled this? 
 How do you estimate the risks? 
  On what is this based? 
 
3. How do you imagine a new pandemic outbreak? 
 When would you think this would happen? 
 How severe do you think it would be? 
 How do you think it would influence your work? 
 On what do you base these notions? 
 
4. How do you perceive the preparedness to handle a pandemic influenza? 
 What has been done to prepare for this? 
 What would you like to be done? 
 What do you think about self-medication and stockpiling drugs for personal use? 
 What precautions do you think will be made regarding the protection of health care 

personnel? 
 
5. How do you think about the risks about caring for patients during a pandemic? 
 How would you estimate the risk in your case? 
 What treatment would you expect? 
 What is your view on preparedness regarding drugs? 
 
6. How do you find information of new (unknown) risks? 
 What channels do you use to receive such information? 
 Is there anything you think you don’t know enough about, that you should? 
 Do you actively search for information? 
  What type and where? 
 How do you judge their trustworthiness? 
 
7. Regarding answering questions and inform about risks, what do you perceive as important when in contact 
with the public? 
   
PART 2: Scenarios 
1. Analysis of the avian influenza suggests that the effect of a pandemic caused by H5N1 possibly would be 
similar to the 1918 pandemic. More than half of the deaths 1918 were between 18 and 40 years old and largely 
healthy. 
 How do you react to this? Reasonable? 
 Do you think that there are circumstances when the “duty” to care for the sick is 

questionable? 
 What’s your opinion about quarantine and other drastic precautions? 
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 What would be important for you to find out during a pandemic? 
 
2. Some say that in the emergence of a pandemic influenza vaccine would not be shared as agreed upon. When 
swine influenza was expected in 1976, USA refused to share their vaccine. 
 What do you think about such speculations? 
 
3. Questionnaires have shown that some physicians are hesitant to threat patients in the event of an outbreak of 
an unknown, but potentially lethal disease 
 What do you think this is caused by? 
 How do you feel about this? 
 
4. In a pandemic influenza, the primary treatment would be antiviral drugs, but it’s not for certain that current 
antivirals would work. Besides, there is a risk of the virus developing resistance. 
 What is your view on this? 
 
5. The pressure from the public is expected to be extensive in a pandemic. What do you perceive as important in 
the communication with the public? 
 What kinds of questions do you expect? 
 What type of information is important for you to know? 
 What is your view on the balance between reassuring and informing? 
 Would it be relevant to refer to other institutions? 
  Which? 
 
6. Is there anything you would like to add before we’re done? 
 
In conclusion 
7. Was there anything I asked the felt irrelevant? or something that surprised you? 

The interviews lasted between 25 and 75 minutes ( min50≈x ) and were recorded and 
transcribed. The transcripts were then examined for eliciting mental models, compare 
opinions and statements across respondents, and to search for influences from the interviewer. 
Table 5 below shows how the thematic coding was conducted, where identified statements 
were coded with notion and source, when given. These notions were later compiled and 
interpreted to formulate the mental model of the respondents in form of an influence diagram. 
Table 6 is the original transcript in Swedish for comparison.  
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Table 5 Extract from transcript translated from Swedish to English. 

84 Q: regarding these historical, Spanish flu and Asian flu, 
what do you know about those? 

 

85 A (3): I had Hong Kong myself so I know exactly how it felt 
(laugh), but I know about it, I do not have any numbers, 
of that I do not know,  

Notion: Hong Kong influenza 
 
Source: personal experience 

  but I know that they are the two largest that has been in 
modern time so to speak,  

Notion: Hong Kong and Asian flu 
the most severe in modern time 
 
Source: none given, not asked 

  and it is known that those who have had them have a 
certain immunity, older anyway has a certain immunity 
still, but the younger generation which did not live back 
then will be more severely effected when the next 
arrives, that is what I understand anyway. 

Notion: having Hong Kong/Asian 
flu imply immunity to a new 
pandemic 
 
Source: (given earlier) interpretation 
of information from medical web 
pages based on formal medical 
training. 

86 Q: regarding the risks for a new pandemic influenza, how 
do you visualize that? 

 

87 A (3): well, it will probably be similar, influenza symptoms 
include fever and pain and maybe nausea and such, sort 
of the same symptoms that were during Hong Kong and 
Asian flu. 

Notion: symptoms of a new 
pandemic 
 
Source: comparison with previous 
pandemics 

Legend: q=interviewer, a=respondent, (3)=third respondent interviewed 
 

Table 6 Original transcript in Swedish. 

84 Q: gällande de här historiska, Spanskan och Asiaten, vad känner du till om dom? 
85 A (3): ja hade Hong Kong själv så ja vet precis hur det kändes (skratt) ja man vet ju, asså jag kan inga 

siffror, det vet jag inte,  
  men ja vet ju att det är dom två största som har varit i nutid om man säger,  
  och man vet ju att dom som har haft dom har ju viss immunitet, äldre iallafall har ju viss 

immunitet kvar, men yngre generationen som inte levde under den här tiden kommer ju drabbas 
mest när nästa kommer, så det är den uppfattningen jag har fått 

86 Q: om man säger riskerna för en ny pandemisk influensa, hur tänker du dig den 
87 A (3): ja det kommer ju antagligen vara ungefär liknande, alltså influensasymptom är ju feber och ont 

i kroppen och kanske illamående och såhär, vad jag begriper kommer det vara ungefär likadant, 
ja alltså typ som dom symptom man hade under Hong Kong eller Asiaten 

 

In addition to the interview, respondents filled out a form to give their formal approval of 
using the interview as data in this investigation and permission to record the interview. At the 
same time, general information was gathered regarding their age, work description, education 
and how long they have been working in healthcare.   
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4.2 Results 

Among the respondents, two of them were physicians while the majority was specialist 
nurses. Interestingly however, when examining differences between different professions, 
there was no remarkable difference in conceptual comprehension of pandemic influenza. All 
of them had precise and detailed knowledge about influenza as such. The differences between 
different groups was mostly better knowledge about where to find accurate information, more 
frequent usage of specialist terms and a more detailed knowledge about previous pandemics 
and related diseases.  

4.2.1 Analysis of transcripts 

All notions discovered was noted and compared across subject. All misconceptions, or 
possible misconceptions was then further refined into four categories, as suggested by Morgan 
et al. (2002). The four categories were misconceptions, peripheral beliefs, indiscriminate 
beliefs and background beliefs. Peripheral beliefs are facts that are not particularly relevant, 
but often believed to be, such as “children nowadays play with dead birds more frequently”. 
Indiscriminate beliefs are not specific enough to be useful, such as “the threat is relevant 
because of the current situation in the world today” and background beliefs is fundamental 
information missing in the expert models, such as “influenza is caused by virus”.  

The literature provides a wealth of theories of misconception in comprehension and judgment 
and the theories outlined in the literature study was matched to the found misconceptions to 
evaluate their fit. 

4.2.2 Interviews 

Respondents verbalized considerable knowledge about pandemic threat in general even if 
some initially denied any particular knowledge about it. The initial responses were strikingly 
similar and during the course of interviews they all traced much of what they knew to a 
specific physician in charge of informing medical care centers about infectious disease. Even 
if they were content with the information they received from this source, a multitude of 
differences in conceptions about pandemics emerged as the interviews became more specific 
and detailed.  

In general, respondents confirmed findings from previous studies, such as fear, hesitation to 
treat patients when in personal risk, doubt in professional duty and preparedness for pandemic 
situations (Alexander & Wynia, 2003). But interestingly, several (n=4) respondents initially 
perceived themselves as in a line of work without means to refuse to treat patients regardless 
of the circumstances. This notion was later reevaluated in the light of more concrete and 
specific scenarios, in all but one case. This subject had been exposed to the two recent 
influenza pandemics and was prepared to accept the challenges of a new pandemic.  

Half of the respondents (n=3) expressed the belief that people over 30 years old should be 
resistant to a new pandemic influenza because of the last pandemic and therefore this new 
pandemic was probably of most concern for the young. They also believed that due to the 
relatively long period that has passed since the last pandemic, a new influenza pandemic was 
especially dangerous, since such a large portion of the population lacked immunity. All 
respondents recognized that groups at risk would be the old and chronically ill, similar to that 
of an interpandemic influenza.  

Several respondents (n=3) kept referring to vaccinating the staff before they were prepared to 
treat patients with suspected pandemic influenza, even after issues of unavailability of vaccine 
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were introduced. Most of them (n=5) also dismissed antiviral drugs as of any use in a 
pandemic influenza, since it both was ineffective and hard to use properly.  

When describing the expected conditions under which to work in a new pandemic some (n=3) 
described it as something that would involve the entire society and have catastrophic 
consequences for healthcare. Others (n=3) had a more modest view of the consequences and 
made references to the pandemic of Hong Kong and to some of the more severe 
interpandemic years.  

4.2.3 Ethical issues 

All but one (n=5) stated that when facing a pandemic influenza unwillingness to participate in 
treating patients without proper protection would be a significant problem. One nurse was 
instead very confident in that the staff would perform their duty without any hesitation; it was 
after all, their job.  All of those who were heads of their medical centers stated that decisions 
of distributing tasks during a pandemic influenza were something they would have to do, 
since they knew their personnel. They claimed that to send an employee into this kind of duty, 
care must be taken to their families and personal traits. These considerations raised difficult 
ethical issues that were experienced as very unpleasant. One of the respondents tried to 
imagine under what conditions it would be reasonable to tell her personnel to expose 
themselves to risk of getting infected. Another expected that they probably would stay put and 
concentrate on answering the phones and that taking care of patients would be beyond what 
could be required of them. One single respondent didn’t have any problems with house calls 
during a pandemic influenza and stated that she never had been infected yet, and would 
probably not get infected.   

All respondents emphasized the importance of clear and unambiguous directives for course of 
action and a common policy both concerning what to say and how to treat.  

4.2.4 Priorities 

All respondents were well understood with the uncertainties of a new pandemic, but all but 
one exaggerated the uncertainty. They argued that since there were no certainties about any 
pandemic and difficult to make proper estimate in advance, there were other threats that were 
more important, such as the recent spread of MRSA41. Several respondents (n=3) also held the 
notion that since a pandemic influenza would be so intense there was no real way to prepare. 
They were aware of preparations in the organization and were confident that those 
preparations would suffice. In contrast to HIV, where there was time to inform the lay public 
and employ preventive actions such as informing and distributing condoms, they held the 
belief that in a pandemic influenza, there were no such need of preventive actions, but instead 
response to the panic that would arise in the lay population. 

4.2.5 Expert Model 

As recommended by Morgan et al. (2002) an expert model was constructed based on the 
literature and discussed with experts with varying expertise (n=4). The influence diagram 

                                                
41 Methicillin-resistant Staphylococcus Aureus (MRSA) is a type of bacteria that is resistant to certain antibiotics. 
These antibiotics include methicillin and other more common antibiotics such as oxacillin, penicillin and 
amoxicillin. Staph infections, including MRSA, occur most frequently among persons in hospitals and healthcare 
facilities (such as nursing homes and dialysis centers) who have weakened immune systems (CDC, 
http://www.cdc.gov). 
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represents the factors contributing to the hazards, where boxes imply factors that can be 
controlled, and circles, that cannot. 

Figure 4 below represents a simple influence diagram of the threat of pandemic influenza. The 
two factors of infection, viz. the probability of getting infected, depend on the characteristics 
of the viral strain, use of vaccine and antiviral drugs. In turn, the severity of the influenza 
depends on the use of antiviral drugs and the characteristics of the viral strain. Most important 
of these factors is the characteristics of the viral strain, denoted with a thicker border. 

SeverityInfection

Antiviral drugsVaccination

Characteristics of
the viral strain

 

Figure 7 Example of simple influence diagram of pandemic influenza. 

Figure 8 below is the influence diagram of the expert model. Still, there are many aspects of 
pandemic influenza threat omitted. For example animal reservoirs contain many influenza 
types that may spread to humans and mutate into a new pandemic. A method for preventing 
this would be to eliminate large quantities of wild birds. Any influence diagram is selective 
and merely represents factors perceived important from a certain point of view. This feature is 
also what makes influence diagram such a useful tool. 

Characteristics
of a new

influenza type

Severity

Vaccine Production

Infection

Antiviral drugs treatment

Isolation of patients

Resistance

Vaccination
Diagnosing

Governmental Priorities

Global spread

International agreements
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Direct mutation
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Figure 8 Expert influence model of pandemic influenza. 

The influence diagram can be explained from the end, with infection as a starting point. The 
chance of infection is dependent on the characteristics of the new influenza type, antiviral 
drug treatment, vaccination and antiviral drugs treatment. Of these, the characteristics of a 
new influenza type and vaccination are the most important. Of these only vaccination is 
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controllable. Vaccination in turn depends on governmental priorities and vaccine production. 
To be able to vaccinate anyone there must be vaccine and governmental priorities influence 
import of vaccine and plans of vaccination. Vaccine production in turn depends on 
governmental priorities, surveillance and international agreements and the characteristics of a 
new influenza type. To be able to develop vaccine, it must be known in advance what kind of 
influenza that will strike and surveillance of current strains is therefore important. To prevent 
global spread it is important to be able to diagnose cases, which in turn depend on the 
surveillance to know what to look for.  

4.2.6 Mental model of the respondents 

Figure 6 below describe the influence diagram constructed from analyzing the transcripts 
from the respondents working in medical care centers. Compared to the expert mental model 
of figure 5, it is roughly a simplification. Comparison of the influence diagram attracts 
attention to differences that can be used as a starting point for designing risk messages.  

Characteristics of a
new influenza type

Severity

Infection

Antiviral drugs

Hygiene

Isolation of patients

Resistance

Vaccination

Already present
diseases

Living conditions

Time

Immunities in
the population

 

Figure 9 Respondents’ mental model of pandemic influenza threat. 

Influence diagrams used in this method is somewhat arbitrary and should ideally be made by a 
group of researchers. This was not done in this investigation.  

4.3 Discussion 

Since the investigation was not only concerned with exploring mental models the diagrams 
presented is merely one way of presenting notions found through the interviews. Comparing 
the models for details must therefore be done with caution. It is compelling to draw 
conclusions from the discovered differences that seem serious. Because of the arbitrary way 
an influence diagram is constructed, the following remarks should be seen as discoveries of 
tendencies, rather than anything else. The tendencies found can be used as the background for 
a larger quantitative investigation, or for a bigger investigation of mental models of the 
general public or of other groups interesting for pandemic preparedness. The compact 
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representation that influence diagram provide makes it easy to compare many different 
investigations.  

As mentioned earlier (Young, 1983), the main differences between experts and others is not 
primarily more knowledge, but how this knowledge is prioritized. Healthcare personnel is 
very knowledgeable about most relevant factors concerning pandemic influenza, and if 
anything, it is the priorities of these factors that need to be addressed. 

4.3.1 Immunity and time 

In comparison with the ‘expert’ mental model there are some significant differences. The 
cause for a new pandemic was by the respondents explained with time. The notion is that 
every now and then a new pandemic emerge, and now it is about time, therefore it is expected. 
Even if this is a simple way of describing the factors behind the emergence of a new pandemic 
influenza and not fit as a scientific explanation, it is functional and coherent. Recipients of 
risk information would probably not benefit from having this simplification explained. Even 
considering the objective to inform recipients to make informed independent judgments, it is 
not likely that underlying factors of the emergence of a new pandemic would be beneficial to 
the recipient. However, if the domain was political, and recipients were involved in deciding 
on course of actions involving limiting risk, these factors suddenly become important. 

On the other hand, two notions that could potentially be dangerous is the notion of immunity 
for those who lived during Hong Kong. A new pandemic may share some frightening 
similarities with the Spanish influenza, where unlike Hong Kong and Avian flu, young and 
healthy were severely affected. In the interview this information was provided in a scenario, 
but even prior to that point in the interview, knowledge of this was expressed in the 
explanations given by the respondents. However, the explanation was not that a new 
pandemic could have similarities to that of the Spanish influenza; rather it was compared to 
that of Hong Kong. Instead the explanation for the severity of a new pandemic was thought to 
depend on the time that has elapsed since the last pandemic, and therefore such a large portion 
of the population would be lacking immunity. This explanation has the benefit of explaining 
why young people would get more severely affected in a new pandemic. There has been some 
time since the last pandemic, and in accordance with notions of time being the factor 
influencing the emergence of a new pandemic, it does not explain why this new pandemic 
should be so dangerous. All patients infected with influenza viruses develop a resistance, and 
if the influenza virus did not mutate, it would soon become extinct. This feature of viral 
infections is prominent in medical knowledge and it is likely to assume, that this explanation 
has been used to explain why young would get more severely affected than usual. Time and 
immunity together can coherently explain why a new pandemic is expected, and why young 
people would get severely affected. 

4.3.2 Living conditions and hygiene 

Another cause of the severity of a pandemic that emerged was that of the living conditions. 
However, the direction of the influence varied over respondents. Some respondents (n=2) 
explained that since people lived closer together, the influenza pandemic of 1918 became 
more severe. This is contrary to the scientific belief that the globalization today poses a much 
graver threat to global spread then ever before. However, respondents also pointed out that the 
living conditions was worse 1918 and that it therefore was a more serious pandemic. Even if 
that is true in a sense, it is usually not an important factor when assessing risks regarding 
pandemic influenza. Another respondent had the opposite notion, that some generations back, 
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people were more proficient in taking care of themselves, and that therefore a new pandemic 
would be more severe today.  

These explanations are not usually proposed as important in the literature where the pandemic 
threat is more oriented to the effects of a global spread and its consequences. Instead 
international trade and traveling is prominent as factors making isolation of infection more or 
less impossible. However, the notions in the respondents of the importance of socioeconomic 
factors are largely ignored in the literature and the respondents’ knowledge about these factors 
is a valuable resource in preparedness for a pandemic influenza. All areas have a unique 
socioeconomic composition, of which factors medical care personnel has knowledge not 
documented anywhere else. 

A common notion among the respondents is the influence of hygiene. Hygiene is both 
controllable and common to many infectious diseases. This factor is however not present in 
the expert model since the airborne characteristics of influenza makes hygiene a factor of 
limited importance. 
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5 General Discussion 

An expert is a person who has made all the mistakes that can be made in 
a very narrow field. 

Niels Bohr 

 

When considering the merits of different models for the ability of recipients of risk 
communication to make independent and informed judgments, the requirements for such a 
model is not entirely compatible with any particular examined approach in the literature. It 
seems appropriate to label these independent judgments about risk at the recipient end of risk 
communication as risk cognition.  

5.1 A model of risk cognition 

Traditionally, models of cognition have been illustrated with boxes and arrows. The reason 
for the construction of models is usually to explain and understand phenomena. The 
ontological quality of models is rarely addressed, even if it is of central importance for the 
merit of making models in the first place. One belief is that as science progresses, the models 
move closer to the truth. If that is the case, it makes perfect sense to make models with the 
mere ambition of explaining ‘how it is’. However, it is dubious that this is the case. It can be 
argued that since there is no way of confirming theories, every model or theory is only that, a 
theory. This is not to say that science is not getting closer to an ontological truth, only that 
there is no way of investigating if it is. If that is the case, a model can only have two useful 
criteria. First, it should be able to explain, second, it should be able to predict. And usually 
simpler is better, not because it is more probable, but because it is easier to use.  
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Figure 10 A “box and arrow” model of comprehension and decision making. 

This said, figure 10 is one such model of boxes and arrows drawn from decision research and 
observations from the interviews in this investigation. It is a description of system S and the 
corresponding mental model. The system S, for example an ongoing pandemic influenza, 
interacts with the environment and causes changes. Disturbances of all origins also produce 
changes in the environment in which the system S produces changes. These changes are 
presented to the mental model possessor through communication with colleagues, reading of 
news, and observations to name but a few examples.  

When the system S produces changes in the environment, these may or may not match the 
expectations from the mental model. If they are expected, they reinforce the current mental 
model. If they are not, they cause a reevaluation of the mental model relying on knowledge 
and experience. If an explanation based on these for the unexpected behavior of system S is 
found, the mental model is modified. Otherwise, the observed unexpected behavior is either 
ignored, or produces an information seeking act. The information this produces together with 
information generated from changes in the environment are evaluated. If the new information 
is compatible with current mental models, the mental model is reinforced; otherwise an 
explanation based on knowledge and experience is sought.  

This model of cognition is useful to identify how different research programs address decision 
making. Judgment and decision management can explain the procedure of judging with 
heuristics when information, rather than changes in the environment, is processed. Fast and 
frugal heuristics focuses on the phenomenon of recognition, explaining some of the 
comparison acts made in the model. Naturalistic decision making is more interested in 
situations where the mental model is appropriate for the domain, and cognitive systems 
engineering focuses on the interactions, or rather coactions, of systems, environment and the 
mental model (construct). The entire metaphor of mental model is, of course, borrowed from 
mental models research.  

However, in terms of explaining and predicting, it is not an impressive model. The 
explanatory value is conceptual at best. One prominent problem is the question where the 
border is between system S and changes in the environment, and even between these two and 



General Discussion 

65 

the mental model. It is safe to assume that the person possessing this mental model is able to 
move and act in the world, and does therefore also cause changes in the environment, and 
perhaps even changes in system S. This means that a person probably also has a mental model 
of her own interference with the system S. Finally, if the mental model is not only supposed to 
answer questions about the mental model itself, the use of a mental model would be to interact 
in this manner with the system S appropriately.  

In terms of prediction it also fails to impress. It predicts that there is activity in the mind, but 
since it is a model “of the mind”, and introspection is questionable as method of validation to 
say the least, and the model does not actually provide any guide to how this process should be 
supported, unless there is a way to describe how these judgments are made in context. 

The interesting aspect of this model is that it explains how models are coherent and provides 
boxes and arrows to explain why some information is disregarded, why information is sought, 
and how information is evaluated. It also fits the data from the interviews and explains 
differences between experts and medical care center personnel. However, it is not necessary to 
draw all those arrows to make these conclusions. 

5.2 A contextual system model of risk cognition 

With these observations in mind, it seems appropriate to make a model of cognition where the 
difficulties of interacting are avoided. The contextual control model (COCOM) in cognitive 
systems engineering aims to describe the necessary steps in controlled performance, 
regardless of whether this is carried out by an artifact, a human being, a joint cognitive 
system, or an organization (Hollnagel & Woods, 2005).  
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Process /
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Disturbances

 

Figure 11 Contextual Control Model (COCOM), Basic cyclical model after 

Hollnagel & Woods, 2005, p.20. 

One advantage of this is that the problems with interfering are avoided since the boundaries 
between system S and the mental model of system S is not separated. Several of the 
advantages of the COCOM model is valuable when trying to understand, assist and predict 
performance. If the substantial critique of one-shot decisions among artificial alternatives that 
presumably only exist in laboratories is to be taken seriously, it seems appropriate to move 
away from the information processing model of traditional decision theory and try to include 
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the context in which the decisions are made, the iterative nature of decision making with 
feedback and feedforward, and the complexities and uncertainties of the environment.  

In cognitive systems engineering there is an emphasis on coacting instead of interacting 
thereby sidestepping complex interactions between mental models, system and environment. 
Instead the entire system is limited to the factors that are influencing the performance of the 
system and those factors that can be controlled. 

The contextual system model of risk cognition in figure 12 below is an alternative to the box 
and arrow model in figure 10. Where the box and arrow model is useful to clarify what kinds 
of cognitive processes that are studied in decision research, the contextual system model of 
risk cognition has moved the decision maker into the context. The conclusions made from the 
box and arrow model still applies. 

The mental model described could be any mental model such of an individual, a team, or a 
specific group such as experts and medical care personnel. The box and arrow model of the 
mental model tries to explain why some information is disregarded, why information is 
sought, and how information is evaluated can therefore fit into the contextual system model of 
risk performance. It is basically a COCOM model (Hollnagel & Woods, 2005), with some 
additional explicit factors relevant for risk communication. 
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Figure 12 Contextual system model of risk cognition (inspired from COCOM, 

Hollnagel & Woods, 2005). 

This model has no ontological claim but is merely a model (interestingly actually a model of a 
model of a model42). The purpose of the model is that it puts the decision maker into the 
context in which she performs. The flow from information to mental model to behavior is 
essentially a traditional information processing system. Information seeking behavior can be 
explained from the mismatch between anticipated feedback and actual feedback which affect 

                                                
42 This play with words refers to the user’s model of a system (Norman, 1983) and the scientist’s 
conceptualization of that model, which of course is a model of a model. Finally this model is a model of that 
model, hence a model of a model of a model. 
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the mental model. An awareness of a gap in knowledge therefore causes the behavior to seek 
information. The information that enters the mental model is both passively received and 
actively searched information, even if it isn’t always easy to distinguish between them. The 
interpretation of that information depends on the mental model; such as if there is a need for 
new information to explain unexpected feedback. Information in itself is a product of 
environment and information seeking behavior. Seeking for particular information does not 
necessarily produce the information wanted and understanding how to search for relevant 
information is in itself a mental model of the information available.  

5.3 Aim 

The aim of the selected method was to capture something more than comprehension since the 
result of the literature study suggests that it would be important for decision making in a 
naturalistic setting. The most noteworthy result provided by this method was the ethical issues 
raised when trying to imagine how to assign staff to unpleasant tasks. This ethical issue seems 
to be of great importance for the ability to perform during a pandemic and would largely be 
overlooked, should the comprehension be investigated exclusively. In addition, this requires a 
different type of support and a different kind of information in risk communication.  

This investigation has shown that the method developed as a combination of mental model 
approach to risk communication with influence diagrams, thematic coding and investigations 
of respondents’ reactions to scenarios yielded some interesting results, when comparing 
experts and healthcare personnel. 

After notions among medical center personnel have been investigated, it seems like a natural 
step to investigate the lay public in the same way. Since the lay public is a more heterogenic 
population, 20-30 interviews, as suggested by Morgan et al. (2002) would be appropriate. In 
addition, the developed method used in this investigation should be useful when investigating 
the lay public, which puts more emphasis on comprehension and attitudes rather than pure 
knowledge of facts.  

Media plays a tremendously important part in a pandemic and representatives of different 
media would be interesting to investigate to support efficient and useful communication 
between authorities and media. Another interesting group to investigate would be politicians, 
as their need for expert knowledge to make decisions is critical to navigate a pandemic 
influenza crisis.  

5.4 Conclusions 

The most interesting notions found were the conception of time and immunities. Depending 
on what recipients are supposed to make independent informed decision about, different 
notions should be addressed. In general, the simplified version of the mental model of medical 
center personnel is functional and similar to that of experts. A notion such as time as factor for 
new influenza strains is functional, but if judgments should be made about political actions, 
factors such as the consequences of the new influenza strain could be necessary to make 
informed decision. What information to provide to support informed judgments is therefore 
highly dependent on the context in which these judgments are to be made. The notion of 
immunity in the population in combination with time is one such notion that should be 
addressed. However, the medical center personnel receive relevant information about new 
risks on a regular basis and such misconceptions would probably sort themselves out. 

Another interesting discovery is the way knowledge is connected for coherency. The 
knowledge of the relatively high risk for the younger population was explained by the amount 
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of time passed since the last influenza pandemic. These connections made in mental models 
could cause problems when answering questions from media and stakeholders. The developed 
method was found appropriate to discover and document such connections. 

Another interesting observation is that the mental models of experts and medical center 
personnel differ in how socioeconomic factors are considered. Medical center personnel has 
an extensive knowledge about specific conditions in their region. To effectively carry out 
guidelines developed at national and regional levels, these specific circumstances should be 
taken into account, or otherwise the developed guidelines risk being too theoretical and of 
limited practical use.  

The ethical issue of assigning personnel to perform unpleasant tasks in a pandemic influenza 
scenario is an important factor. Motivating how the assignment is carried out based on official 
policies might make assigning less difficult and also make it easier to accept an assignment. 
This issue is highly dependent on the situations for each medical center and therefore it is easy 
to neglect in preparations.  

 

 



 

69 

References 
Andersson, Å. & Josephson, A. (2005) Threats About Epidemics in the 21:Th Century. 

Malmö, Department of Nursing. 

Alexander, G. C. & Wynia, M. K. (2003) Ready and Willing? Physicians' Sense of 
Preparedness for Bioterrorism. Health Affairs, 22, 189-97. 

Breakwell, G. M. (1995) Research Methods in Psychology, London, Sage. 

Breakwell, G. M. (2000) Risk Communication: Factors Affecting Impact. British Medical 

Bulletin, 56(1), 110-120. 

Cannon-Bowers, J. A. & Bell, H. H. (1997) Naturalistic Decision Making Research and 
Improving Team Decision Making. IN  Zsambok, C. E. & Klein, G. A. (Eds.) 
Naturalistic Decision Making. Mahwah, N.J., L. Erlbaum Associates. 

Covello, V. T. (2003) Best Practices in Public Health Risk and Crisis Communication. 
Journal of Health Communication, 8, 5-8. 

Covello, V. T., Peters, R. G., Wojtecki, J. G. & Hyde, R. C. (2001) Risk Communication, the 
West Nile Virus Epidemic, and Bioterrorism: Responding to the Communication 
Challenges Posed by the Intentional or Unintentional Release of a Pathogen in an 
Urban Setting. Journal of Urban Health: Bulletin of the New York Academy of 

Medicine, 78(2), 382-91. 

Dhami, M. K. & Harries, C. (2001) Fast and frugal Versus Regression Models of Human 
Judgement. Thinking and Reasoning, 7(1), 5-27. 

Digiovanni, C., Jr., Reynolds, B., Harwell, R., Stonecipher, E. B. & Burkle, F. M., Jr. (2003) 
Community Reaction to Bioterrorism: Prospective Study of Simulated Outbreak. 
Emerging Infectious Diseases, 9, 708-12. 

Disessa, A. A. (1983) Phenomenology and the Evolution of Intuition. IN  Gentner, D. & 
Stevens, A. L. (Eds.) Mental Models. Hillsdale, N.J., L. Erlbaum Associates. 

Edwards, A., Elwyn, G., Covey, J., Elaine, M. & Pill, R. (2001) Presenting Risk Information: 
A Review of the Effects of "Framing" and Other Manipulations on Patient Outcomes. 
Journal of Health Communication, 6, 61-82. 

Fischhoff, B., Gonzalez, R. M., Lerner, J. S. & Small, D. A. (2005) Evolving Judgments of 
Terror Risks: Foresight, Hindsight, and Emotion. Journal of Experimental 

Psychology: Applied, 11, 124-39. 

Garrett, L. (2005) The Next Pandemic? Foreign Affairs, 84(4), 3-23. 

Gigerenzer, G., Hoffrage, U. & Kleinbötling, H. (1991) Probabalistic Mental Models: A 
Brunwikian Theory of Confidence. Psychological Review, 98(4), 506-528. 

Gigerenzer, G. (1996) On Narrow Norms and Vague Heuristics: A Reply to Kahneman and 
Tversky (1996). Psychological Review, 103(3), 592-596. 



 

70 

Gigerenzer, G. & Todd, P. M. (1999) Fast and frugal Heuristics: The Adaptive Toolbox. IN  
Gigerenzer, G., Todd, P. M. & Abc Research Group (Eds.) Simple Heuristics That 

Make Us Smart. New York; Oxford, Oxford University Press. 

Gigerenzer, G. & Goldstein, D. G. (1999) Betting on One Good Reason: The Take the Best 
Heuristic. IN  Gigerenzer, G., Todd, P. M. & Abc Research Group (Eds.) Simple 

Heuristics That Make Us Smart. New York; Oxford, Oxford University Press. 

Gigerenzer, G. & Goldstein, D. G. (1996) Reasoning the Fast and frugal Way: Models of 
Bounded Rationality. Psychological Review, 103(4), 650-669. 

Goldstein, D. G. & Gigerenzer, G. (1999) The Recognition Heuristic: How Ignorance Makes 
Us Smart. IN  Gigerenzer, G., Todd, P. M. & Abc Research Group (Eds.) Simple 

Heuristics That Make Us Smart. New York; Oxford, Oxford University Press. 

Goodman, C., Mukherjee, D. & Faulkner, E (2006). How Effective Would Antiviral 

Vaccination and Antiviral Drug Prevention and Treatment Strategies Be for Reducing 

the Impact of the Next Influenza Pandemic? Copenhagen, WHO Regional Office for 
Europé (Health Evidence Network report; 
http://www.euro.who.int/Document/E88034.pdf, accessed 10 Mars 2006).  

Gordon, S. E. & Gill, R. T. (1997) Cognitive Task Analysis. IN  Zsambok, C. E. & Klein, G. 
A. (Eds.) Naturalistic Decision Making. Mahwah, N.J., L. Erlbaum Associates. 

Griggs, R. A. & Cox, J. R. (1982) The Elusive Thematic-Materials Effect in Wason's 
Selection Task. British Journal of Psychology, 73(407-420). 

Hollnagel, E. (2001) Extended Cognition and the Future of Ergonomics. Theoretical issues in 

Ergonomics Science, 2(3), 309-315. 

Hollnagel, E. & Woods, D. A. (2005) Joint Cognitive Systems: Foundations of Cognitive 
Systems Engineering, Boca Raton, FL, CRC Press. 

Hollnagel, E. & Woods, D. D. (1983) Cognitive Systems Engineering: New Wine in New 
Bottles. International Journal of Man-Machine Studies, 18, 583-600. 

Johnson, N. P. A. S. & Mueller, J. (2002) Updating the Accounts: Global Mortality of the 
1918-1920 "Spanish" Influenza Pandemic. Bulletin of the History of Medicine, 76(1), 
105-115. 

Kahneman, D., Slovic, P. & Tversky, A. (1982) Judgment under Uncertainity: Heuristics and 

Biases, Cambridge, Cambridge U.P. 

Kahneman, D. & Tversky, A. (1979) Prospect Theory: An Analysis of Decision under Risk. 
Econometrica, 47, 263-291. 

Kahneman, D. & Tversky, A. (1996) On the Reality of Cognitive Illusions. Psychological 

Review, 103(3), 582-591. 

Kahneman, D. & Tversky, A. (2000) Choices, Values and Frames, Cambridge, Cambridge 
University Press. 



 

71 

Kee, F., Jenkins, J., Mcilwaine, B., Patterson, C., Harper, S. & Shields, M. (2003) Fast and 
frugal Models of Clinical Judgment in Novice and Expert Physicians. Medical 

Decision Making, 23(4), 293-300. 

Kerstholt, J. & Ayton, P. (2001) Should Ndm Change Our Understanding of Decision 
Making? Journal of Behavioral Decision Making, 14(5), 370-371. 

Keselman, A., Slaughter, L. & Patel, V. L. (2005) Toward a Framework for Understanding 
Lay Public's Comprehension of Disaster and Bioterrorism Information. Journal of 

Biomedical Informatics, 38, 331-44. 

Klein, G. A., Ross, K. G., Moon, B. M., Klein, D. E., Hoffman, R. R. & Hollnagel, E. (2003) 
Macrocognition. IEEE Intelligent Systems, 18(3), 81-85. 

Klein, G. A. (1993) Decision Making in Action: Models and Methods, Norwood, Ablex. 

Klein, G. A. (1997) An Overview of Naturalistic Decision Making Applications. IN  
Zsambok, C. E. & Klein, G. A. (Eds.) Naturalistic Decision Making. Mahwah, N.J., L. 
Erlbaum Associates. 

Kushniruk, A. W. (2001) Analysis of Complex Decision-Making Processes in Healthcare: 
Cognitive Approaches to Health Informatics. Journal of Biomedical Informatics, 34, 
365-76. 

Kushniruk, A. W. & Patel, V. L. (2004) Cognitive and Usability Engineering Methods for the 
Evaluation of Clinical Information Systems. Journal of Biomedical Informatics, 37(1), 
56-76. 

Leboeuf, R. A. & Shafir, E. (2001) Problems and Methods in Naturalistic Decision-Making 
Research. Journal of Behavioral Decision Making, 14(5), 373-375. 

Leprohon, J. & Patel, V. L. (1995) Decision-Making Strategies for Telephone Triage in 
Emergency Medical Services. Medical Decision Making, 15, 240-253. 

Lipshitz, R., Klein, G. A., Orasanu, J. & Salas, E. (2001) Taking Stock of Naturalistic 
Decision Making. Journal of Behavioral Decision Making, 14(5), 331-352. 

Morgan, M. G., Baruch, F., Bostrom A. & Atman, C. J. (2002) Risk Communication: A 

Mental Models Approach, Cambridge, Cambridge University Press. 

Morrison, F. P., Kukafka, R. & Johnsson, S. B. (2005) Analyzing the Strucutre and Content of 
Public Health Messages. American Medical Informatics Association 2005 Annual 

Symposium. Washington DC. 

Needleman, C. & Connally, B. (2003) Long-Term Impact of Worker Notification: Qualitative 
Assessment of a Community-Based Notification and Screening Program in Augusta, 
Georgia. American Journal of Industrial Medicine, 44, 113-123. 

Needleman, C. (1987) Ritualism in Communicating Risk Information. Science, Technology, 

& Human Values, 12, 20-25. 



 

72 

Newell, B. R., Weston, N. J. & Shanks, D. R. (2003) Empirical Tests of a Fast and frugal 
Heuristic: Not Everyone "Takes-the-Best". Organizational behavior and human 

decision process, 91, 82-96. 

Nisbett, R. E., Borgida, E., Crandall, R. & Reed, H. (1982) Popular Induction: Information Is 
Not Necessarily Informative. IN  Slovic, P., Tversky, A. & Kahneman, D. (Eds.) 
Judgement under Uncertainty: Heuristics and Biases. Cambridge, Cambridge U.P. 

Norman, D. A. (1983) Some Observations on Mental Models. IN  Gentner, D. & Stevens, A. 
L. (Eds.) Mental Models. Hillsdale, N.J., L. Erlbaum Associates. 

Osterholm, M. (2005) Preparing for the Next Pandemic. Foreign Affairs, 84(4), 24-37. 

O'toole, T., Mair, M. & Inglesby, T. V. (2002) Shining Light on "Dark Winter". Clinical 

Infectious Diseases, 34, 972-983. 

Patel, V. L. & Groen, G. J. (1986) Knowledge-Based Solution Strategies in Medical 
Reasoning. Cognitive Science, 10, 91-116. 

Patel, V. L., Kaufman, D. R. & Arocha, J. F. (2002) Emerging Paradigms of Cognition in 
Medical Decision-Making. Journal of Biomedical Informatics, 35, 52-75. 

Patel, V. L., Arocha, J. F. & Kushniruk, A. W. (2002) Patients' and Physicians' Understanding 
of Health and Biomedical Concepts: Relationship to the Design of Emr Systems. 
Journal of Biomedical Informatics, 35, 8-16. 

Riessman, C. K. (1993) Narrative Analysis, Newbury Park, Sage. 

Roelofsma, P. H. M. (2001) Evaluating Ten Years of Naturalistic Decision Making: Welcome 
Back in the Lab! Journal of Behavioral Decision Making, 14(353-384. 

Russell, C. J. & Webster, R. G. (2005) The Genesis of a Pandemic Influenza Virus. Cell, 123, 
368-71. 

Simon, H. A. (1978) Rationality as Process and as Product of Thought. Papers and 
Proceedings of the Ninetieth Annual Meeting of the American Economic Association, 
68(2), 1-16. 

Sivaramakrishnan, M. & Patel, V. L. (1999) Reasoning About Childhood Nutritional 
Deficiencies by Mothers in Rural India: A Cognitive Analysis. Social Science & 

Medicine, 37(7), 937-952. 

Slegers, D. W., Brake, G. L. & Doherty, M. E. (2000) Probabilistic Mental Models with 
Continuous Predictors. Organizational behavior and human decision process, 81(1), 
98-114. 

Slaughter, L., Keselman, A., Kushniruk, A. & Patel, V. L. (2005) A Framework for Capturing 
the Interactions between Laypersons' Understanding of Disease, Information 
Gathering Behaviors, and Actions Taken During an Epidemic. Journal of Biomedical 

Informatics, 38, 298-313. 



 

73 

Slovic, P., Fischhoff, B. & Lichtenstein, S. (1982) Facts Versus Fears: Understanding 
Perceived Risk. IN  Slovic, P., Tversky, A. & Kahneman, D. (Eds.) Judgement under 

Uncertainty: Heuristics and Biases. Cambridge, Cambridge U.P. 

Slovic, P., Monahan, J. & Macgregor, D. G. (2000) Violence Risk Assessment and Risk 
Communication: The Effects of Using Actual Cases, Providing Instruction, and 
Employing Probabiliy Versus Frequency Formats. Law and Human Behavior, 24(3). 

Stevens, A. L. & Gentner, D. (1983) Introduction. IN  Gentner, D. & Stevens, A. L. (Eds.) 
Mental Models. Hillsdale, N.J., L. Erlbaum Associates. 

Sunstein, C. R. (2003) Terrorism and Probability Neglect. The Journal of Risk and 

Uncertainty, 26, 121-136. 

Taubenberger, J. K., Reid, A. H., Laurens, R. M., Wang, R., Jin, G. & Fanning, T. G. (2005) 
Characterization of the 1918 Influenza Virus Polymerase Genes. Nature, 437(6), 889-
893. 

Thorne, C. D., Curbow, B., Oliver, M., Al-Ibrahim, M. & Mcdiarmid, M. (2003) Terrorism 
Preparedness Training for Nonclinical Hospital Workers: Empowering Them to Take 
Action. Journal of Occupational & Environmental Medicine, 45, 333-7. 

Thorson, A. & Ekdahl, K. (2005) Avian Inluenza - Is the World on the Verge of a Pandemic? 
And Can It Be Stopped? Journal of Contingencies and Crisis Management, 13(1), 21-
28. 

Thurston, G. D. & Chen, L. C. (2002) Risk Communication in the Aftermath of the World 
Trade Center Disaster. American Journal of Industrial Medicine, 42, 543-4. 

Tumpey, T. M., Basler, C. F., Aguilar, P. V., Zeng, H., Solorzano, A., Swayne, D. E., Cox, N. 
J., Katz, J. M., Taubenberger, J. K., Palese, P. & Garcia-Sastre, A. (2005) 
Characterization of the Reconstructed 1918 Spanish Influenza Pandemic Virus. 
Science, 310(5745), 77-80. 

Tversky, A. & Kahneman, D. (1982) Judgment under Uncertainity: Heuristics and Biases. IN  
Slovic, P., Tversky, A. & Kahneman, D. (Eds.) Judgement under Uncertainty: 

Heuristics and Biases. Cambridge, Cambridge U.P.  
Also avaiable in: Science, (1974), 185, 1124-1131 

Uhnoo, I., Linde, A., Pauksens, K., Lindberg, A., Eriksson, M., Norrby, R. & Swedish 
Consensus Group. (2003) Treatment and Prevention of Influenza: Swedish 
Recommendations. Scandinavian Journal of Infectious Diseases, 35, 3-11. 

von Bubnoff, A. (2005) The 1918 Flu Virus Is Resurrected. Nature, 437(7060), 789-926. 

Vranas, P. B. M. (2000) Gigerenzer's Normative Critique of Kahneman and Tversky. 
Cognition, 76(3), 179-193. 

Webby, R. J. & Webster, R. G. (2003) Are We Ready for Pandemic Influenza? Science, 302, 
1519-22. 



 

74 

WHO (2005). WHO Global Influenza Preparedness Plan. The Role of Who and 

Recommendations for National Measures Before and During Pandemics. Geneva 
(http://www.who.int/csr/resources/publications/influenza/WHO_CDS_CSR_GIP_200
5_5.pdf, accessed 11 Mars 2006) 

Wilson, R. A., Keil, F. C. & Massachusetts Institute of Technology (1999) The Mit 

Encyclopedia of the Cognitive Sciences, Cambridge, Mass., MIT Press. 

Young, R. M. (1983) Surrogates and Mappings: Two Kinds of Conceptual Models for 
Interactive Devices. IN  Gentner, D. & Stevens, A. L. (Eds.) Mental Models. Hillsdale, 
N.J., L. Erlbaum Associates. 

Zsambok, C. E. (1997) Naturalistic Decision Making: Where Are We Now? IN  Zsambok, C. 
E. & Klein, G. A. (Eds.) Naturalistic Decision Making. Mahwah, N.J., L. Erlbaum 
Associates 

 



 

  

    

Rapporttyp 

Report category 

Licentiatavhandling 

Examensarbete 

C-uppsats 

D-uppsats 

Övrig rapport 

 

Språk 
Language 

 Svenska/Swedish 

 Engelska/English 

 

Titel   
Title  

Författare  
Author 

Sammanfattning 
Abstract 

ISBN 

ISRN LIU-KOGVET-D--07/03--SE 

Serietitel och serienummer ISSN 
Title of series, numbering 

Nyckelord 
Keywords 

Datum 
Date 

URL för elektronisk version 

 

X 

 

Avdelning, institution 
Division, department 

Institutionen för datavetenskap 

Department of Computer 
and Information Science 

http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-8102 

Risk Cognition: Methodologies for Development of Mental Models of Risk Communication during Pandemic 
Influenza Outbreak 
 

Joakim Ekberg 

The spread of influenza A subtype H5N1 has recently heightened pandemic concern and preparedness for a 
pandemic influenza virus has become a global priority. Research in risk communication emphasizes the importance 
of providing the recipients with information they need to make informed independent judgments. This entails 
understanding how these judgments are made, and what kind of information that serves this purpose. Decisions have 
been examined in a wide variety of scientific disciplines and produced several interesting methods and models to 
understand judgment and decisions. These methods and models were investigated and compared with regard to their 
fit to these conditions.  
The work in this thesis was oriented toward three main questions. The first question was how to find out how people 
would react during an emergency. The second question was what kind of research in decision theory could explain 
and be used to predict these results. The third question was whether a mental model of the threat of pandemic 
influenza can be described, and what is its implication on risk communication. 
A mental model approach to explore risk communications was used with qualitative interviews with health care 
workers in Östergötland, Sweden. The transcripts were analyzed according to methods drawn from mental models 
research and risk communication to extract influence diagrams. These influence diagrams serves as an abstract 
representation of the respondents’ mental model of the threat of pandemic influenza. This influence diagram was 
compared to a corresponding expert mental model developed from literature and interviews with influenza experts.  
The mental models approach has been shown to provide a description of comprehension with several benefits. One 
benefit is that the method is a relatively easy way to gather notions in the target population which can be used for 
drafting risk information. Another benefit is that the existing notions and sense of causal patterns can be described, 
instead of merely memorized facts.  
The comparison between the mental models of health care workers and influenza experts revealed both functional 
and destructive misconceptions. Unrelated information received by the respondents was also shown to be linked 
together in a way that is in conflict with expert knowledge. This tendency to create causal connections in order to 
organize knowledge may be important to consider in risk communication. 

Decision making, comprehension, mental models, performance, risk communication, laypeople 

 

2007-01-18  
Linköpings universitet 

 

 

x 

 

 


	EkbergMagisterFinal.pdf
	bibblad.pdf

