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Abstract 

 
Encounters with risk, as Hutter and Power (2005, 11) clarify, are 
events of problematization that ‘place in question existing attention to 
risk and its modes of identification, recognition and definition’. 
Infectious diseases, as a public health risk, call for new ways of 
encountering their continuously changing, uncertain nature. When a 
new, emerging infection appears, or when vaccination coverage fails 
to provide population-wide protection, the preventive and protective 
measures against risks need to be re-assessed and developed further. 
Computer-based modelling techniques provide a set of tools for 
encountering public health risks. What kinds of model-based 
predictions are utilised in public health decision-making processes and 
on what basis do we rely on these predictions? These questions are 
addressed through a notion of modelled encounters with public health 
risks. 
 
The main focus is on two modes of predictive encounters with public 
health risks. First, by analysing the case of Haemophilus influenzae 
type b bacterial circulation and the effectiveness of vaccination 
interventions to reduce it, I will introduce the notion of explanation-
based predictions. These predictions are capable of addressing short-
term developments in the transmission of Hib by explaining its 
epidemiological mechanisms. Secondly, I will study scenario-building 
predictions that anticipate the course of a pandemic influenza 
outbreak. Through these cases, the nature of model-based prediction is 
discussed as modelled encounters with public health risks. These 
encounters provide an evidence-base for public health decision-
making processes. 
 
The study builds on a long-term ethnographic research project on 
mathematical modelling of infectious diseases with a research group 
from the National Institute for Health and Welfare, Helsinki (the Hib 
case). The data on the pandemic influenza preparedness planning is 
gathered from scientific publications and from policy documents of a 
national and international level. 
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Introduction 

 
Public health decision-makers face the challenges of renewing vaccination strategies 
and preparing for the potential threat of pandemics. In other words, public health risks 
are anticipated through surveillance and monitoring procedures1 carried out by the 
national public health institutes2. However, in addition to these procedures, decision-
makers search for alternative ways to process the information flow in order to gain 
evidence for public health interventions3. Evidence for developing the required 
preventive and protective measures for decision-making processes is produced and 
utilised by computer-based modelling techniques. Yet, we have only limited 
understanding of the ways in which these techniques provide reliable predictions for 
public health work in order to anticipate common risks from prevailing or emerging 
infections.  
 
When we encounter risks and uncertainties, or predict a possible course of events, we 
develop and utilise various measurement devices, such as statistical methods, surveys 
and models. From a historical perspective, we can identify a shift away from 
‘informal expert judgment towards a greater reliance upon quantifiable objects4’, as 
Porter (2000, 226) argues. The tendencies underlying this shift are addressed by the 
growing interest in the sociology of quantification – i.e. in the ‘production and 
communication of numbers’ (Espeland & Stevens, 2008, 402). How do we ‘do things 
with numbers5’? This paper will focus on how micro-simulation methods are used for 
predicting risks in infectious disease epidemiology. By placing modelling in the 
context of measurement6, we will learn the different ways in which trust, credibility 
and usability of the modelled predictions emerge and are communicated from 
research domain to decision-making processes. 
 
How do we encounter the uncertainties? Modelling techniques provide a way to 
produce predictions, or in broader terms, evidence for decision-making processes, 
and, as such, they provide a new way of encountering public health risks. Modelled 
encounters with public health risks are approached in terms of studying the nature of 
model-based predictions. These predictions form the core of our attempts to control 
public health concerns, prepare for sudden outbreaks, or estimate population-wide 
effects of bacterial or viral transmissions. Modelled encounters with risk introduce 
two modes of predictions: those based on explanations and those that build scenarios 
                                                 
1 Surveillance and monitoring procedures comprise, for example, keeping records of notifiable diseases 
(e.g. measles) or participating in international collaborations to govern outbreaks of emerging 
infections. 
2 Surveillance activities are carried out on various levels: on a national level by public health institutes, 
such as the Health Protection Agency in the UK and the Institute for Health and Welfare (THL) in 
Finland; on an international level by the European Disease Control Centre (ECDC) in Stockholm, and 
on an inter-governmental level by WHO, especially through GOARN, the Global Outbreak Alert and 
Response Network.  
3 Vaccinations are the most common public health interventions related to infectious disease 
epidemiology. 
4 In Porter’s example, quantifiable objects are mortality statistics used in the life insurance industry. 
5 Espeland and Stevens elaborate on J.L.Austin’s idea of speech acts (doing things with words) by 
applying them to the domain of quantification. They suggest that we can ‘do things with numbers’ and 
as with words, they argue that ‘numbers often change as they travel across time and social space’ 
(Espeland & Stevens, 2008: 406). 
6 Cf. Morgan and Morrison (1999), Boumans (1999), van den Bogaard (1999). 
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for future events or developments. 
 
Encounters with risk, as Hutter and Power (2005, 11) clarify, are events of 
problematization that ‘place in question existing attention to risk and its modes of 
identification, recognition and definition’. ‘Risk identification’, they continue, ‘is 
socially organised by a wide variety of institutions which support prediction and 
related forms of intervention around the possibility of future events’.  Smith (2006, 
3114), in his analysis of the SARS7 epidemic in 2002, underlines two approaches to 
risk. The ‘realist’ approach, according to him, regards risk8 as an objective threat or 
danger that can be measured independently of the social context within which it 
occurs. He argues that the ‘social constructivist’ approach, by contrast, sees risk as a 
culturally or socially constructed threat that cannot be demonstrated independently of 
those processes. He then proposes a ‘material-discursive’ position, which is a 
mediatory one. In his terms, ‘risk is both a materially measurable probability of an 
event and a socially constructed element of how that probability is perceived by the 
individual and society’.  
 
The mediatory approach proposed by Smith is a useful conceptualisation when 
explaining the ways in which risk is represented, anticipated and processed in models. 
As this paper explicates, the two modes of prediction - explanation-based and 
scenario-building - provide two strategies: to produce evidence for the decision-
making; and to translate the potential threat into a quantifiable, measurable risk, 
following it through the social process that tries to control and minimise it in society. 
In a way, Smith’s mediatory approach seems to go beyond the numerical to the 
socially constructed, and, as I will discuss in this paper, this approach can be located 
within the modelling process.  
 
One way to look at the modelled encounters with risk is to examine Dianne 
Vaughan’s (2005) account of regulating risk in two modes or strategies. A compliance 
strategy is forward-looking and preventive, whereas a deterrent strategy is backward-
looking. To some extent, the modelled encounters overlap with these categories, yet 
do not fully cover them. This paper will suggest that explanation-based predictions 
are not merely backward-looking, despite their mechanistic component. In a similar 
way, scenario-building predictions are preventive and forward-looking, but they carry 
some information from the earlier epidemics. What begins as an epistemic exercise to 
make sense of the potential threat of an outbreak, or to explain the population-level, 
indirect effects of immunity levels, may also fulfil social functions, as Oreskes (2007) 
suggests. Social functions, therefore, allow for the extrapolation of knowledge about 
the future development of an outbreak, or the potential effect of a vaccination 
intervention, through qualitative scenarios. 
 
Research methods and data 
 
The study analyses how an integrated simulation-model on Hib transmission in the 
Finnish population produces explanation-based predictions. This analysis builds on a 
long-term ethnographic research project on mathematical modelling of infectious 
                                                 
7 Sudden Acute Respiratory Syndrome. 
8 The realist account of risk is close to Schlich’s definition of risk and uncertainty. He says that ‘one 
can speak of risk when the probability estimates of an event are known, or at least knowable while 
uncertainty, by contrast, implies that these probabilities are inestimable or unknown’. (Schlich, 2006)  
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diseases, especially Hib transmission in the Finnish population, with a research group 
from the National Public Health Institute, Helsinki9. I will keep the focus on a single, 
integrated model in order to allow for a detailed description of the ways in which the 
model is able to predict. The findings from the Hib case will be discussed in relation 
to a micro-simulation model on mitigating an influenzae pandemic. This example will 
show how micro-simulations produce scenario-building predictions. The analysis 
focuses on detailed micro-level observations and interpretations of the predictive 
capacities of micro-simulations. Both models are chosen, because they provide clear 
examples of the predictive capacities of simulations. I have chosen not to explore the 
vast literature on pandemic influenzae models, but to concentrate in detail on a single 
model. The analysis is informed by a practical course, 'Introduction to Infectious 
Disease Modelling', organised by the London School for Hygiene and Tropical 
Medicine, 2006, which gave me the tools to read the models and understand their core 
structure. As part of the coursework, myself and the group analysed the published 
pandemic simulation models10 and prepared an exercise on national preparedness 
planning.  
 
The structure of the paper 
 
The structure of the paper is as follows. Firstly, I will analyse how micro-simulations 
are used for predictions and will study explanation-based predictions in the case of an 
integrated transmission model on Haemophilus influenzae type b bacteria. Secondly, I 
will discuss the factors that form and sustain reliability of model-based predictions. 
Thirdly, I will discuss an example of scenario-building predictions produced in a 
simulation model of mitigation strategies for a pandemic. Finally, I will discuss the 
ways in which these two predictive modes are useful for encountering public health 
risks. 
 

Predicting through micro‐simulations 

 
Technologies form an integral part of the procedures through which organisations and 
individuals try to control risks they encounter. These technologies range from 
software systems to visualisations and representations, from advanced technological 
structures (e.g. air traffic control) to models (Hutter and Power, 2005). Models, or 
broadly speaking, computer-based tools and techniques, have become commonly used 
in various scientific and policy-making contexts. Yet they have the potential to 
‘legitimate a range of possible social futures’, as Evans (2000) describes the capacity 
of economic models. Den Butter and Morgan (2000) seem to suggest that models that 
are engaged with policy-making processes in economics actually build a bridge 
between research and policies, or between ‘positive theory and normative practice’. In 
their account, these models form a part of the ‘value chain’ through which knowledge 

                                                 
9 The case study was conducted during 2002-2004 at the University of Helsinki. I observed modelling 
practices in 22 work meetings (recorded and transcribed, duration of a meeting app. 2 hours) at the 
National Public Health Institute and conducted 28 thematic, semi-structured interviews (transcribed for 
analysis) with mathematical modellers, epidemiologists and computer scientists working as members 
of the interdisciplinary team. The models were published in Auranen 1996, 1999, 2000a, 2000b and 
2004; Leino 2000, 2002, 2004 and Mäkelä 2003. 
10 A set of published models were analysed and studied in small groups in June 2006. I have chosen one 
of these as an example of a scenario-building modelling exercise. 
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is created, stored and transmitted in organisations.  
 
One of the main reasons for developing modelling techniques is to overcome 
uncertainties relating to complex phenomena, such as climate, economy or infectious 
diseases. Establishing modelling practices also helps form a network that integrates 
and communicates available knowledge. Paul Edwards (1999, 439) argues that: 

 
Uncertainties exist not only because of quantifiable, reducible empirical and 
computational limits, but also because of unquantifiable, irreducible 
epistemological limits related to inductive reasoning and modelling. 

 
His argument seems to suggest that due to the very nature of the modelled 
phenomenon itself, uncertainties remain as a part of the process. As Shackley and 
Wynne (1996, 276) emphasise, scientific knowledge, or the ‘authority’ of it, is limited 
in policy making, since it restricts decision-making and action. Van den Bogaard 
(1999, 323) shows, on the contrary, that the first macro-econometric model, 
developed by Tinbergen in the 1930s for the Dutch Central Planning Bureau, was a 
‘liberation both from the uncertainties caused by the whimsical nature of the economy 
and the woolly theories of the economists’. One form of uncertainty remains within 
the models, as MacKenzie’s (2005, 186) study on financial economics shows: 
‘models affect the reality they analyse’. According to him, this ‘reflexive connection 
serves to increase the veracity of finance theory’s assumptions and the accuracy of its 
models’ predictions’, but it may also function in a counterproductive way (as in his 
case, the exploitation of arbitrage opportunities by using mathematical models leads 
to instability of the system). It seems to me that when modelling complex, open-ended 
systems, such as climate or ecological systems, there will remain uncertainties, 
because of limited computational capacity, biased reflection of the reality, or the 
unpredictable nature of the phenomena themselves11. In public health decision-
making, however, prediction is a key motivation for developing modelling techniques. 
What kinds of model-based predictions are we able to identify in infectious disease 
studies?  
 
Generally speaking, computer-based models (including simulation techniques) in 
infectious disease epidemiology share the following characteristics: firstly, they have 
a three-part elementary structure, comprised of the data element, the mathematical 
method and computational techniques, and the element of substantial knowledge, or 
the epidemiological component. Secondly, they are ‘tailor-made’, usually addressing 
a specified research question, which to some extent limits their applicability. Thirdly, 
the majority of these models rely on currently available data. And it is precisely the 
need to re-use and re-analyse the data that partially motivates the model-building 
exercise. Fourthly, micro-practices that are independent of the context of application, 
for example the pathogen studied, can be identified within the modelling process. A 
detailed analysis of the eight consecutive steps in the modelling process is 
documented by Habbema et. al. (1996, 167):  
 

1) Identification of questions to be addressed 
                                                 
11 Petersen (2006, 176) argues that even though ‘simulation models of ecological systems may give an 
impression of the scope of behavioural possibilities of such systems, and as such may contribute 
reasons for taking policy measures, cannot predict future states of these open and unpredictable 
systems’.  
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2) Investigation of existing knowledge 
3) Model design 
4) Model quantification 
5) Model validation 
6) Prediction and optimization 
7) Decision making 
8) Transfer of simulation program 

 
The importance of setting the question follows the idea of tailoring a model to 
address particular interests. The investigation of existing knowledge is a process in 
which existing literature, laboratory results, experiences of existing models, and data 
from surveillance programmes are integrated as a part of assumptions about models.  
Morgan (2002, 42) aligns model-building to similar steps mentioned by Habbema et. 
al. (1996), although her focus is on economic models. The main difference is that in 
her account the model is built firstly to represent the world, then subjected to 
questions and manipulation in order to receive the answers to such questions, then 
these answers are related to real-world phenomena. 
 
Model design follows the existing understanding of how the phenomenon of interest 
behaves and is often represented through a compartmental12 structure. Model 
quantification is the process of estimating the optimal parameter values, and setting 
the algorithms to run the simulations. In Habbema’s et. al. (1996) account, model 
validation means checking the model against data from a control program. However, 
model validation is a broad question and I will address it by asking why we rely on 
model-based predictions later in this paper. The particular interest in this paper is to 
analyse how the step from prediction and optimization to decision-making is taken.  
 
By transfer of a simulation program, Habbema et. al. refer to the generalizability of 
the computer program in other infectious diseases. This step-wise characterisation of 
the micro-practices of modelling highlight that modelling is an iterative13 practice, 
which builds upon and re-confirms previous steps throughout the process. 
Importantly, these models are not only scientific exercises for developing better 
computational algorithms, they are built first and foremost to explain, understand and 
predict the infectious disease phenomena of interest. The major application of this 
group of models (including simulations) is to design, for example, reliable and cost-
effective vaccination strategies or to predict the course of an influenza pandemic 
(Mattila, 2006a,b,c).  
 
Morgan (2002) characterises this process as ‘story-telling’, in which a model is a 
narrative device. I suggest that scenario-building predictions could be related to this 
aspect of model-building: ‘story-telling’ through processes of manipulation, as we 
will learn through pandemic modelling. The idea of model-building as a stepwise 
procedure invites us to focus on the steps of validation, prediction, and decision-
making (steps 5-7 in Habbema’s list).  

                                                 
12 A compartmental structure of the model means that the population is divided into subgroups or 
sections according to, say, the impact on immunity, susceptibility and potential recovery from the 
modelled infection. 
13 Iterative practice is also recognised as an epistemic strategy in which ‘successive stages of 
knowledge, each building on the proceeding one, are created in order to enhance the achievement of 
certain epistemic goals’ (Chang, 2004: 226). 
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Two cases analysed in this study allow us to compare different types of model-based 
predictions. Firstly, as an example of a prediction that facilitates the renewal of 
vaccination strategies, a case of a population-level transmission model of 
Haemophilus influenzae type b bacteria is analysed. This case introduces us to 
explanation-based predictions that produce ‘what would happen if’-scenarios. These 
scenarios derive their predictive capabilities from the available datasets, and help with 
short-term predictions that are beneficial when predicting outbreaks within a 
particular area. Therefore, the development of preventive measures in public health 
can be informed by explanation-based predictions. 
 
Secondly, by analysing a micro-simulation model on mitigation strategies for a 
pandemic influenza, we will learn about scenario-building predictions. Typical for 
these predictions is that the data utilised in them is derived from past pandemics. 
Hence, these predictions are not capable of explaining a possible future pandemic, but 
they produce reliable scenarios for its potential development, and thus facilitate the 
distribution of protective measures. Hence, in order to assess the reliability and 
usability of model-based predictions, it is beneficial to increase the transparency of 
evidence throughout the production and utilisation process. This allows the different 
groups involved in the decision-making processes to evaluate the predictive scenarios 
and make well-informed decisions. 
 
However, within infectious disease studies, one of the major public health concerns is 
our limited capability to predict the emergence of outbreaks and peoples’ behaviour in 
such an event. Outbreaks could be regarded either as ‘small’, when they occur say in 
closed populations such as army units, or ‘large’, such as the anticipated pandemic 
outbreak. Small outbreaks, for example the transmission of bacterial meningitis 
caused by Hib in a military garrison, may not receive broad media coverage, but are 
nevertheless important to the core tasks of public health officials. Protecting public 
health demands that we are prepared for, or capable of, controlling and managing 
these outbreaks. Dynamic transmission models provide a rather flexible tool in order 
to do that – they form a base from which anticipatory ‘what would happen if’-type 
questions can be addressed. Larger, unexpected outbreaks that are capable of causing 
wider devastation easily gain significant attention. Preparedness plans are conducted 
both on national and international levels. Large-scale simulation models that utilise 
data on travel patterns and population density from past pandemics produce part of 
the scientific evidence-base. One example of these models focuses on mitigation 
strategies and provides estimates of their effectiveness. So, the two cases analysed in 
this study exemplify the two distinct modes of prediction represented through the 
models.  
 
Explanation‐based predictions in the case of an integrated simulation‐model of 
Haemophilus influenzae type b transmission  
 
Infections that mainly affect children’s health are a mundane public health concern. 
One of the main threats is considered to be bacterial meningitis, because of its life-
threatening nature. However, most of these infections are vaccine preventable, as in 
our case example, Haemophilus influenzae type b bacterial transmission. The main 
effort is still to reduce the risk of these severe disease forms in a population. So the 
need to predict potential public health risks is met by developing sophisticated 
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transmission models. Evidence of potential outbreaks, indirect effects of vaccinations, 
and estimates of herd immunity are assessed by models. What kinds of predictions are 
useful when forming the evidence-base for vaccine-preventable infections? Amy 
Dahan Dalmenico (2007) argues that there is a continuous tension between the 
explanatory and predictive functions of models. According to her, this tension is seen 
as a source of conflict and compromise:  
 

Modelling practices […] should they be first and foremost predictive and 
operational or cognitive and explanatory? Tension between explanatory and 
predictive capacities, between understanding and forecasting, is a source of 
conflict and compromise in modelling. (Dahan Dalmenico, 2007:126)  

 
However, by analysing the capacity to form short-term, explanation-based 
predictions, in the case of Hib transmission models, I will show that the conflict 
suggested by Dahan Dalmenico could be overcome. 
 
Hib colonises the human nasopharynx and is transmitted in droplets of saliva. The 
public health concern is related to its severe disease forms (Ladhani et. al. 2009). Hib 
is capable of causing severe and often life-threatening diseases, such as meningitis 
and pneumonia in young children (of which there are an estimated 3 million cases of 
serious illness and 400,000 deaths each year in children under 5 years of age 
worldwide). A part of the incentive to produce model-based predictions lies in the 
cost of vaccines. Hib vaccine is not yet a part of national vaccination strategies in 
developing countries, for example in Africa and Asia. Polysaccharide vaccines were 
on the market in the 70s and conjugates in the 80s. The main difference is that 
polysaccharides protect against the disease forms whereas the conjugates are capable 
of reducing the carriage of the bacteria and hence have an effect on population-level 
circulation of the bacteria. If considered from an economic point of view, 
polysaccharide vaccines are older and somewhat cheaper to produce, while the 
conjugates are more expensive. As clarified by Hib Initiative14, Hib infections are 
difficult to treat in developing countries due to the lack of access to antibiotics, which 
are proven to be effective when treating the severe disease forms. Because of this, the 
Hib Initiative presents an estimation that 20% of children in developing countries 
with meningitis caused by Hib will die, and 15-20% of children suffering from the 
infection will develop life-long disabilities. As an epidemiologist from the Helsinki 
modelling group argues:  

While WHO and GAVI (the Global Alliance of Vaccinations and 
Inoculations) advocate Hib conjugate vaccines, the major question remains 
whether universal vaccination will be at all feasible in the poorest economies. 
Will it be cost-effective, and will it be an appropriate use of resources among 
other possible health interventions? Schedules optimising the age of 
vaccination and the number of doses are crucial for the acceptance of the 
expensive vaccines. (Leino, 2003). 

These general concerns are translated into an integrated simulation-model in order to 

                                                 
14 The Hib Initiative is a collaboration between the Centre for Disease Control (CDC, the US), John 
Hopkins University, the London School for Hygiene and Tropical Medicine and WHO. The Initiative 
aims to ‘reduce risk of childhood death and disability through sustained use of Hib vaccine’. 
(www.hibaction.org. 25.3.2009) 
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produce qualitative, anticipatory predictions of the potential vaccination effects on the 
population level. The translation process meant that the modellers needed to study 
particular mechanisms that were responsible for the behaviour of the bacteria. In order 
to address these mechanisms in the integrated model, they studied them separately. 
 
The global concern over whether to implement conjugate vaccines is based on data 
from the UK and Finland. Both countries tell their own ‘success stories’ that support 
the initiative to include Hib conjugate vaccines in the vaccination programmes. 
 

Figure 1: Hib cases in England and Wales 1990-2003. (Source: Health 
Protection Agency). The arrow points to the year (1983) when Hib vaccines 
were introduced to the national vaccination scheme. 
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Figure 2: Hib cases in Finland 1977-2001. (Source: The National Institute of 
Health and Welfare). The arrow points to the year (1986) when Hib vaccines 
were introduced to the national vaccination strategy. 

 

 
 
 
‘What would happen if’‐questions as a key to explanation‐based predictions 
 
Seeking answers to ‘why’-questions means explaining a particular phenomenon, say 
the cause of an infection. When ‘why’-questions are addressed in models, they search 
for a particular mechanism that is responsible for the phenomenon. In other words, 
models capture epidemiological mechanisms and extrapolate explanations on the 
basis of that. But what are mechanisms and how are they addressed in models? 
 
In order to develop the notion of explanation-based predictions as anticipatory 
techniques for addressing public health risks, I will discuss how the mechanism of 
natural immunity was expressed in a population-simulation model in order to gain 
short-term predictions for assessing the efficacy of Hib-vaccines. So, the short-term 
predictions that answer ‘what would happen if’-questions, even though studied in the 
Finnish context, provide a potentially broader application context when extended or 
applied to addressing the benefits of implementing Hib vaccines in developing 
countries. 
 
In general terms, explanation-based predictions are predictions that explain the causal 
mechanism(s) responsible for a particular phenomenon and extrapolate short-term 
predictions on that basis i.e. answers to ‘what would happen if’-type questions. In 
order to unpack this, I will briefly discuss what mechanisms are, and how they are 
addressed, in predictive epidemiological models. The main importance of elaborating 
on the role of mechanisms and their relation to explanation-based predictions is that 
mechanisms form the basis, or anchor the explanations to the available datasets, of the 
epidemiological ground of the phenomena. Bechtel and Abrahamsen (2005, 423) 
define a mechanism as follows: 

A mechanism is a structure performing a function in virtue of its component 
parts, component operations, and their organization. The orchestrated 



 12  

functioning of the mechanism is responsible for one or more phenomena.  

This definition clearly underlines that a mechanism is involved in orchestrated 
functioning, which I interpret as having the capability to bring together specific 
properties, parts or operations of the phenomena. Mechanisms are responsible for a 
phenomenon: orchestrating its cause, occurrence or development. In this sense, 
mechanisms contain the generalizable properties of the phenomena.  

Disease transmission is a multiplex phenomenon, which is dependent, for example, on 
the frequency of contacts within a population group, infectivity of the pathogen, and 
the existing immunity within the population. These aspects of the transmission were 
taken into account when a mechanism was explained in a model. In other words, 
studying research questions in the family of Hib-models15 helped clarify the disease 
transmission mechanism and uncovered the connection between a mechanism and the 
research questions addressed in modelling. Let us study more closely the way in 
which explanation-based predictions were established in a population-simulation 
model. 

The leading question motivating the building of the population-simulation model was: 
What would happen if a five-year-old child x acquires a Hib infection and how likely 
is she to infect the members of her family? This question is by its nature a ‘what 
would happen if’-question that has a predictive emphasis. To see how this question 
was manipulated in the model, we need to unpack the structure of the model itself. 
The population-simulation model, published in 2004, has a three-part structure: a 
demographic model (covering the age-structure of a Finnish population), a Hib-
transmission model (including the contact-site structure) and an immunity model 
(including the immunisation programme and its effects). Yet, this simulation model 
was formed after a ten-year period of modelling work, which was dominated by 
integrating practices that brought together the three parts built earlier in the project16. 
So all three parts, especially the transmission model and immunity model, were 
partially studied prior to the completion of the population-simulation model (2004) in 
terms of the following questions (the year in brackets refers to the published model): 

- How long does the immunity [against Hib] persist? (1999) 
- How do we estimate the interaction between the force of infection and the 
duration of immunity? (2000) 
- What is the effect of vaccinations? (2001) 

These questions address particular aspects that affect the transmission dynamics in a 
population: length of immunity, estimate related to the force of infection and the 
effect of vaccinations. In particular, two mechanisms were detected in these models: 
the mechanism of immunity and the mechanism of transmission. The mechanism of 
immunity was defined as: 

Natural immunity is believed to depend on repeated exposure to Hib bacteria 
resulting in the production of functional antibody (Leino et. al., 2000). 

                                                 
15 This set of models was built during 1994-2003 within the research collaboration between the 
National Public Health Institute and the University of Helsinki. 
16 Analysis of the efforts and practices leading to this model is published in Mattila (2006c). 
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This mechanism is primarily about how to sustain natural immunity in a population. 
In the simulation model, it was used for explaining what would happen to the natural 
immunity when vaccinations were introduced on a population level. This was an 
important aspect, since the epidemiological studies of the chosen vaccine confirmed 
that the vaccine itself is capable of reducing carriage. The reduction of carriage in a 
population could potentially lead to the waning of the natural immunity that had a 
protective impact on a population level. In other words, herd immunity17, which is the 
population level’s protection against an infection, could be affected. This indirect 
effect was documented in the model studying the dynamics of natural immunity. This 
mechanism and its numerical estimates, which were defined in terms of Hib antibody 
dynamics, show the descending trend in serum antibody concentration. Later, this 
mechanism was integrated into the population-simulation model, in particular into its 
immunity model part. Hence, the mechanism of natural immunity, when manipulated 
within the simulation model, showed that if the bacterial circulation is diminished, the 
natural immunity is likely to weaken and a potential increase in serious infections 
may affect those who are not vaccinated. 
 
Explanation-based predictions thus allow us to both explain the phenomenon of 
interest and predict, in the short-term, its development i.e. the course of Hib 
transmission in a population and the underlying epidemiological mechanisms that 
maintain circulation of the bacteria. An interesting parallel can be drawn with the 
work of Butter and Morgan (2000, 296): 

More general empirical models provide a consistent and quantitative 
indication of the net outcome of the various principle mechanisms thought to 
be at work based on the particular case (not stylised facts) and which might 
be affected by the policies proposed. 

As they show, empirical economic models are linked to mechanisms as well. These 
models provide a foundation upon which to work for a particular case; allowing for an 
examination of the kinds of effects that suggested policies have. In a similar way, 
explanation-based predictions in public health policies allow estimations of risks by 
showing the short-term development of the infections, explicating the optimal 
immunity levels within the community, and sometimes even providing unexpected 
results for the optimal vaccination coverage.18 

 

Reliable encounters with model‐based predictions 

When models function as measuring instruments used for predicting disease 
outbreaks, we are eager to know on what grounds we can rely on them. Oreskes et al. 
(1994) assume that numerical models are complex open systems because they require 
input parameters that are incompletely known. As we noticed, Habbema et. al. point 
to the step of validation19 of models, by which models are assessed using available 

                                                 
17 Analysis of the history of the concept in Fine (1993). 
18 As discussed in a lecture by Auranen and Leino (30.3.2008), Hib conjugate vaccine minimises the 
carriage of the bacteria and allows optimisation of vaccine coverage to be as low as 10%.  
19 Verification of a model denotes a propositional value to the model. Validation implies that models 
tell us ‘how the world really is by comparing the measured response from in situ testing with the results 
of models.’ (Oreskes et. al. 1994) 
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data. On the contrary, Oreskes et al. argue that verification is not possible in open 
systems, and can take place only in systems in which ‘all the components of the 
system are established independently and are known to be correct’. Our examples 
from infectious disease modelling are open systems, in this sense. Even though our 
Hib model was based on explanatory mechanisms, not all of the model parameters 
were established independently; part of them were model estimates or approximations 
from data. Therefore, I will follow Oreskes’ terminology and discuss reliability of 
models. 

Boumans (2004) develops instrumental reliability in order to understand the 
formation of reliability in models. ‘The inner workings of the instrument’ reveal the 
facts about the phenomena under study. In his case, the instrument was a filter used 
for making unobserved components of data visible. He listed five points that defined 
the filter as a reliable instrument: i) it was a mechanical procedure; ii) it carried the 
reputation of the instrument maker; iii) it was calibrated; iv) it was a precise 
instrument; and v) on the outside it looked like new technology, but inside there was a 
reliable old mechanism. These five points aptly incorporate the role of experts, the 
practice of calibration and the procedures executed with the instrument. It could be 
read as a continuation of reliability, uniting the social and epistemic sides required to 
accomplish the model.  

Boumans argues that calibration assesses ‘whether outcomes of models are facts or 
artefacts’ (2005, 268). What, then, is calibration? Within economic methodology, it is 
considered a method of estimation, or tuning (Boumans 2001, 442). More precisely, it 
is ‘the use of a surrogate signal to standardise an instrument’ (p.443). In practice, 
calibration, which could also be understood as ‘debugging’ the simulation program to 
minimise ‘noise’, is a demanding task. It is not always easy to find the bugs, the 
wrong parameter values, or the technical instabilities that cause the noise. In some 
cases too, the bug may not have a significant effect on the simulated results, as was 
the case with the so-called ‘Jesus child20’ in the integrated simulation-model on Hib. 
All these characteristics of simulation models show that they are a promising but 
demanding experimental tool. Why is that? Consider the simulation-model, which 
generates the data for predicting bacterial behaviour. Add vaccination interventions to 
the scheme and mix in the heterogeneous antibody levels due to the individual 
alternation of population members. It is not that simple to identify a novel, stable 
idiosyncratic pattern: the criteria for distinguishing between data, phenomena and 
noise may be blurred in the process. 

Why do we then rely on model-based predictions? Or what does this step of 
‘validation’ tell us about the modelled encounters with public health risks? The main 
‘message’ is that ‘validity’ is not a comprehensive way of looking at the question. As 
we learned through the case of explanation-based predictions, when predictions are 
addressing mechanisms embedded in the data, they are bound with explanatory 
capacities and that increases their reliability. Sometimes, the predictive capacity of 
models is not used for re-examining something that has been grounded on data. The 
forward-looking predictions, limited by the scarcity of data, are key to the modelled 
encounters with public health risks. In that case, the quality of models, and the 

                                                 
20 The simulation-model generated a child who was 2000 years old and the modellers named the 
artefact/bug a ‘Jesus child’ (Mattila, 2006b). 
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expertise of the modellers, form the reliability of models. These are important factors 
when we come to explore scenario-based predictions. 

 

Building pandemic scenarios 

 
Predictive capacities of models encompass the ambition to ‘access the inaccessible’, 
as Oreskes (2007) shows in her analysis of scale models in geology. She refers to 
models ‘whose predictions are temporally or physically inaccessible’. But this 
ambition is not merely epistemic. Models, either physical or numerical, seem not to 
adjust to the changes in epistemic values shared in scientific communities but also 
reflect aspirations of scientific patrons, as Oreskes discusses. Models seem to do more 
than epistemological work: in the attempts to predict the future, models generate 
predictions that inform policy decisions. This is what Oreskes argues to be the 
primarily social role of predictions. In a way, scenario-building capacities of models 
express the social role by providing ‘access to the inaccessible’, even though 
scenarios may not satisfy the epistemic quest of explaining the viral mechanisms of a 
pandemic. 
 
Explanation-based predictions, as discussed above, provide the ideal ground for 
short-term anticipation of public health risks, or low-impact, high-frequency events, 
as referred to in risk literature (Hutter & Power, 2005). However, most of the media 
attention is given to high-impact, low-frequency events, which in the public health 
context are pandemics. How do we respond to these events? Following International 
Health Regulations (IHR, 2005), each country is responsible for notifying WHO of 
‘any events that may constitute a public health emergency of international concern’. 
In a way, these internationally coordinated activities are an early warning, but they 
may not be able to anticipate or predict the occurrence of a pandemic. According to 
WHO, we are currently living in a pandemic period, which means that preparedness 
plans are in use on national and international levels and predictive models influence 
new daily estimates of the course of the pandemic.  
 
How do scenario-building predictions form a part of the scientific evidence-base for 
decision-making? Scenario-building predictions are predictions that ‘sketch, outline 
or describe an imagined situation or sequence of events, and outline any possible 
sequence of future events’ (OED). In other words, scenario-building predictions are 
primarily tools that produce qualitative scenarios based on the available, past data, 
and as such they provide model-based encounters with future risks. These scenarios 
are not necessarily grounded directly on data about the future event (which does not 
exist), but build upon available sources of past data in order to anticipate the 
‘unknown’. 
 
Predicting the pandemic 
 
Humankind has faced cycles of pandemics, one of the most famous being the 1918 
Spanish flu that killed, according to older estimates, approximately 50 million people 
worldwide. The pandemic spread all around the world and lasted about two years 
(1918-1920). Its oddities were that it infected and killed the young and healthy, and it 
spread during the spring months. In 2005 scientists resurrected the virus by modifying 
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it genetically at the Centre for Disease Control, Atlanta in order to study the 
infectiveness and symptoms related to the strain. As is documented with the Spanish 
flu, the close contact between poultry and human populations is thought to be the 
cause of the potential pandemic strain. The fear is that the virus is capable of jumping 
from birds to humans and mutating in humans so that human-to-human transmission 
is possible. We know that 70% of infections come from the animal kingdom and 
every year 2 new infections emerge. In order to detect the strain, laboratory analyses 
are of course the core practices. If the samples turn out to be of a dangerous strain, 
cleaning and disinfection will take place. 
 
Human deaths caused by the highly pathogenic strain of H5N1 avian influenza virus 
caused concerns about the emergence of a potential pandemic. However, instead of 
avian flu, originating from South-East Asia, the world is currently witnessing a 
pandemic of ‘swine flu’, human A(H1N1)v, that originated from Mexico in April 
2009 and spread around the world in couple of months. Let us summarise the course 
of the pandemic21. 
 
At the end of April, human cases of a novel influenza type A virus were confirmed. 
These cases were identified in the US and in Mexico. The virus, according to 
epidemiological evidence, had been circulating in Mexico since February and may 
have already emerged earlier this year. It was also confirmed that the new human 
strain was identical to a strain22 of virus that had been circulating in pigs in North 
America. 

 
Figure 3: The H1N1 influenza virus (Source: Centers for Disease Control and 
Prevention, USA, Influenza Laboratory) 

 
 

 
 
 

The strain spread rapidly, the first infections happened through contact with those 
who had travelled or were travelling from Mexico. WHO reacted to the public health 
emergency by raising the Pandemic Alert Level from 4 to 5 (sustained community 
outbreaks in a limited number of countries) at the end of April. On the 11th of June 
2009, WHO declared a pandemic and raised the Alert Level to phase 6, which means 
wide geographical spread, but does not indicate the severity of the infection. 
                                                 
21 This summary is based on Flusurvey.org.uk site (situation on 27.7.2009), which is an internet based 
monitoring system for Influenzae Surveillance, in collaboration with the Health Protection Agency, 
London School for Hygiene and Tropical Medicine, EU FP7 and Epiwork. 
22 Flusurvey reports that the current strain has a complicated history: ‘some of its genes moved to birds 
to pigs in 1918, other genes from birds to pigs at the end of the 20th century, some got into pigs in the 
1960s having first passed through humans’. 
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Figure 4: Map of the spread of A(H1N1) cases. (Source: European Centre for 
Disease Prevention and Control, Situation report, 27.7.2009) 

 

 
 

 
According to ECDC Situation Report (27.7.2009), within the EU/EFTA countries 
there are 20,512 confirmed23 cases and 35 deaths among those cases. Outside 
EU/EFTA countries the corresponding numbers are 139,526 confirmed cases and 956 
deaths. So far, critical voices have questioned the rationale of the pandemic alertness, 
since the cases seem to be somewhat mild and respond to the antiviral treatments. The 
major concern, however, is that there is very little natural prior immunity to the new 
strain and the infection it causes. This is already seen in the fact that the main group 
of the infected are children. Due to the uncertainty of how serious the new type of 
virus is, the information campaigns call for increased hygiene, and advice for general 
audiences and risk groups is available. Currently, vaccine production is underway: the 
first vaccines should be available for risk groups in September 2009, and the UK, for 
example, has bought 90 million doses of vaccine in order to vaccinate the whole of 
the population. 
 
These uncertainties raise questions about how to develop mitigation strategies to 
protect populations. Simulation models provide a way to predict the possible future 
course of the pandemic flu and hence function as a tool for planning and testing 
intervention strategies. When the simulation techniques are used in the preparedness 
planning, the data is grounded on observations from the past pandemics (1918 and 
1957). These predictive simulation models allow for the study of various mitigation 
strategies.   
 
 
                                                 
23 The confirmation policies depend on national laboratory testing policies. 
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What kinds of models are used as a scientific evidence‐base for preparedness 
planning? 
 
One of the major public health concerns in infectious disease studies is our limited 
capability to predict the emergence of outbreaks and peoples’ behaviour in such an 
event. To mitigate this problem, several studies have developed large-scale simulation 
models that utilise data on travel patterns and population density from past 
pandemics. In the following, I will focus on one rather recent pandemic flu model and 
discuss its predictive capabilities. The model in question is an individual-based 
simulation model of pandemic influenza transmission for Great Britain and the United 
States24. It represents transmission in households, schools and workplaces, and the 
wider community. The main aim of the model is to study strategies for mitigation25 of 
an influenza pandemic. I will focus on two model-based assumptions that affect the 
transmission: the estimate for the reproductive rate, and the behaviour. On the basis of 
a closer analysis of these assumptions, I will discuss the nature of scenario-building 
predictions and especially reflect on the suggested policy outcomes of this model. 
 
Fingerprint of the pathogen – and of the population 
 
Transmission is quantified in epidemiological models as a basic reproductive rate, 
which is the rate that is used for estimating the spread of infection in a susceptible 
population. It is defined as R0, which is the average number of individuals directly 
infected by an infectious case, during her entire infectious period, when she enters a 
totally susceptible population. In infections that are transmitted from person-to-
person, the potential of the spread is called the reproductive rate that depends on the 
risk of transmission in a contact and also on how common the contacts are. The 
reproductive rate is determined by the following four factors (Giesecke, 2002): 

 
i) the probability of transmission in a contact between an infected individual 
and a susceptible one 
ii) the frequency of contacts in the population 
iii) how long an infected person is infectious 
iv) the proportion of the population that is already immune 

All these characteristics can be expressed by mathematical equations to provide 
numerical estimates of the transmission dynamics in a population. This rate is usually 
determined by empirical data, i.e. by deriving the estimate from previous 
epidemiological studies. However, it is a rate that carries a ‘fingerprint’ of the 
pathogen. By this I mean that the reproductive rate is sensitive to a particular strain of 
the pathogen in question. This sensitivity brings in a question of uncertainty in the 
model-based predictions. What if the strain is not so virulent? Alternatives are taken 
into account by modelling different possible scenarios based on different 
approximates of the reproductive rate. But what do the models do to the reproductive 
rate? In pandemic flu modelling, a future strain is unknown and therefore the models 
actually use data from the past strains. This relies, of course, on the assumption that 
the future pandemic is as virulent and contagious as the past one. If we look more 
closely at the reproductive rate and its variation, we can see how it manifests itself as 
                                                 
24 This model is built by Ferguson et. al. (2006). 
25 Mitigation in the context of pandemic preparedness work is a collective term for all actions that aim 
at reducing the impact of a pandemic (Nicoll & Coulombier, 2009). 
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a fingerprint of the pathogen26. Nicoll and Coulombier (2009, table 4) provide 
following estimates for R0: 

- in seasonal influenza: R around 1.1-1.2 
- in pandemic influenzas: R=1.5-2.5 
- in current pandemic (H1N1): R=1.5-2 
- in measles: R0>10 

The variance in R0 leaves an element of uncertainty in the predictions. This 
uncertainty is decreased once the pandemic begins to spread, and the pathogen is 
isolated and its virulence within a population (e.g. those who are encountering the 
infection) is known. 

Behavioural assumptions and their alternatives 
 
The simulation model that studies strategies for mitigating an influenza pandemic 
makes assumptions concerning the effectiveness of behavioural interventions. These 
are movement restrictions, travel restrictions, quarantine, and school closure. The 
question is: What kinds of behavioural assumptions are made in order to predict the 
spread and transmission of the outbreak? 
 
In Ferguson et. al. (2006) a rather clear behavioural assumption is claimed when 
reporting on the model design:  
 

We do not assume any spontaneous change in behaviour of 
uninfected individuals as the pandemic progresses, but note 
that behavioural changes that increased social distance together 
with some school and workplace closure occurred in past 
pandemics. 

 
Furthermore, the underlying assumption is to consider that individuals will behave 
according to the guidelines, rules and restrictions given by the health authorities. In a 
way, the effectiveness of behavioural restrictions is based on the assumption of 
rational agents. But how reliable is this assumption? In a recent discussion on the 
novel ways to study real world epidemics, Eric Lofgren and Nina Fefferman (2007) 
suggest that virtual game worlds might provide a different perspective. According to 
their analysis of an outbreak in an Internet playground, World of Warcraft, they 
observed that individuals did not follow the rules of movement restrictions and some 
voluntarily spread the disease. The question is: if the scientific simulation models are 
used for preparedness planning, how do we find reliable assumptions concerning the 
behaviour, which is, after all, key to preventing the spread of pandemics? 
 
Scenario‐building predictions 
 
What is, then, the policy outcome of the model? What kind of scenario does the 
model imply? Both epidemiological and behavioural assumptions have their 
limitations. On the epidemiological level, the assumptions represent the fingerprint of 
the pathogen, hence leaving some level of uncertainty when applied to predictive 
scenarios. On the behavioural level, the assumption that individuals’ behaviour 
                                                 
26 Population density affects the estimate, since R0 tends to be higher in crowded populations. 
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remains unchanged during the pandemic period opens up questions of credibility over 
these scenarios. Yet it was clearly stated that the models allowed for the exploration 
of a ‘number of scenarios’ regarding the transmissibility of the pathogen, its 
movement and travel restrictions. One could easily think that if scenario-building 
predictions are relying on particularly uncertain assumptions, they are mere fantasies, 
no better than ‘fortune-telling’. However, this is not the case. As documented already 
with the Helsinki models on Hib, models provide a useful playground, a platform27 to 
examine and explore particular features of the infection and its transmission (Mattila, 
2006c).  
 
Scenarios, which allow us to ‘access the inaccessible’, provide qualitative tools for 
producing evidence of the unpredicted for decision-making. The challenge of how to 
communicate this particular mode of evidence – its changing and mutable nature - 
remains.28 As Ferguson et. al. (2006, 451) state: ‘The transmissibility of a future 
pandemic virus is uncertain29, so we explored a number of scenarios here.’ They 
argue that these scenarios depend on ‘model validation and parameter estimation’, 
which should be given priority in future research. Transmissibility, which is based on 
the estimate of the reproductive rate, is considered to be on the level of 1918: if it 
actually follows the levels seen in the 1968 or 1957 pandemics then ‘global spread 
will be slower and all the non-travel-related control policies examined here will have 
substantially greater impact’. Ferguson et. al. emphasise the importance of collecting 
the ‘most detailed data on the clinical and epidemiological characteristics of a new 
virus’. In other words, he is calling for research that allows us to base the scenario-
building on a detailed understanding of the explanatory mechanisms of phenomena. 
The ‘fingerprint’ of the pathogen is important, as we learned in the case of Hib 
modelling.  
 
What kind of scenario was built around the behavioural assumption? Interestingly, the 
outcome of the simulation-model suggests that travel restrictions, which include both 
border controls and internal country restrictions, ‘achieve little’ in delaying the peak 
of the epidemic. This was taken into account when WHO gave recommendations and 
guidance on travelling during the current A(H1N1)v pandemic: ‘Scientific research 
based on mathematical modelling shows that restricting travel would be of limited or 
no benefit in stopping the spread of disease.’ (7.5.2009, WHO, GAR, Travel: Is it safe 
to travel?) 
 
The social function simulation models are also worth emphasising. Scenario-building 
helps allocate resources; agree on, for example, pre-ordering and manufacturing the 
vaccines, and stocking the antivirals. As we observed in the two examples, the 
scientific models have ‘uncertainty’ built-in: the assumptions made on the basis of 
past facts may not provide accurate predictions of the scale of the outbreak. Nor are 
they capable of capturing the changing behavioural patterns of individuals. Testing 
out both assumptions and exploring them as part of various scenarios was ‘doable’ 
only by modelling. This is an indication of the usefulness of scenario-building 
predictions; they are qualitative tools that ‘fill the gaps’ in existing knowledge, 
                                                 
27 Keating and Cambrosio (2000, 2003) introduce the concept of platform through their analysis of the 
development of biomedical science. 
28 Cf. Mansnerus, 2008. 
29 Notice please that Ferguson et. al. stated the uncertainty of transmissibility in 2006, currently, as 
Nicoll and Coulombier (2009) claim we can estimate transmission rate for the current pandemic. 
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allowing the reasoning process to touch upon the ‘known unknowns’ and perhaps 
‘unknown unknowns30’. 
 

Conclusion 

 
This paper shows how explanation-based and scenario-building predictions form 
modelled encounters with public health risks. Explanation-based predictions, in the 
case of modelling Haemophilus influenzae type b bacterial circulation and vaccine 
efficacy, are predictions that primarily address short-term development. They explain 
the causal mechanisms responsible for the course of a Hib infection and extrapolate 
its course within a limited time range. Explanation-based predictions, as analysed, are 
anticipatory techniques to encounter public health risks. Scenario-building predictions 
produce qualitative scenarios for the potential development of a pandemic outbreak. 
Their explanatory capacities are limited by the lack of data, but they are useful, for 
example, in assessing mitigation strategies.  
 
Following Espeland and Stevens’ account of quantification practices, modelling as a 
measuring practice aims at controlling31 through quantification. The modelled 
encounters with risk, after all, are encounters aimed at minimising the risk; they allow 
us to predict and to be prepared in the face of the uncertain course of events. In 
broader terms, both types of prediction, explanation-based and scenario-building, are 
technologies of governance that allow different interest groups to act at a distance (cf. 
Miller & Rose, 2008). In explanation-based predictions, the underlying uncertainties 
are smaller, perhaps more manageable, whereas in scenario-building predictions the 
distance between what is known and what remains unknown is greater. Scenario-
building predictions share some similarities with audit processes, as discussed by 
Power (1997, 40): 
 

The audit process shrouds itself in a network of procedural routines and chains 
of unverified assurance, which express certain rituals of evidence gathering, 
but which leave the basic epistemic problem intact. 

 
In scenario-building, the epistemic - for example, the precise rate of transmissibility - 
plays a secondary role. The main importance is to explore and evaluate various 
outcomes. On the contrary, explanation-based predictions, when they successfully 
encompass epidemiological mechanisms, accommodate both the epistemic and social 
functions. 
 
What kinds of modelled encounters with public health risks do the two types of 
predictions provide? How reliable are they? The analysis supports Boumans’ (2004) 
notion of instrumental reliability, which incorporates both the ‘instrument’ and 
expertise required. In other words, reliable predictions, in both cases, result from the 
quality of the model and the expertise of the modellers. Both types of predictions 
show that modelled encounters with public health risks depend on the complex chain 

                                                 
30 A good example of ‘unknown unknowns’ was the origin of the current pandemic. The main focus 
was on avian (H5N1) influenza that is currently circulating in South-East Asia. However, the pandemic 
emerged from the pig farming industry in Mexico.  
31 Auditing (in Power, 1997) could be seen as a practice of controlling through quantification. 
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of interaction between experts and technologies, between users and producers of these 
predictions. 
 



 23  

References 

 
Auranen, K., Ranta, J., Takala, A., & Arjas, E. (1996) ‘A statistical model of 
transmission of Hib bacteria in a family’. Statistics in Medicine 15 (2235-2252): 
2235. 
 
Auranen, K. (1999) On Bayesian Modelling of Recurrent Infections. Rolf Nevanlinna 
Institute, Faculty of Science. Helsinki: University of Helsinki. 
 
Auranen, K., Eichner, M., Käyhty, H., Takala, A., & Arjas, E. (1999) ‘A hierarchical 
Bayesian model to predict the duration of immunity to Hib’. Biometrics 55 (4): 1306-
14. 
 
Auranen, K. (2000a) ‘Back-calculating the age-specificity of recurrent subclinical 
Haemophilus Influenzae type b infection’. Statistics in Medicine 19: 281-96. 
 
Auranen, K., Arjas, E., Leino, T., & Takala, A. (2000b) ‘Transmission of 
Pneumococcal Carriage in Families: A latent Markov process model for binary 
longitudinal data’. Journal of the American Statistical Association 95 (452): 1044-53. 
 
Auranen, K., Eichner, M., Leino, T., Takala, A., Mäkelä, P.H., & Takala, T. (2004) 
‘Modelling transmission, immunity and disease of Haemophilus influenzae type b in a 
structured population’. Epidemiology and Infection 132 (5): 947-57. 
 
Bechtel, W., & Abrahamsen, A. (2005) ‘Explanation: A Mechanistic Alternative’. 
Studies in History and Philosophy of the Biological and Biomedical Sciences 36: 421-
41. 
 
van den Bogaard, A. (1999) ‘Past measurements and future prediction’, in Morgan, 
M. and M. Morrison (eds.) Models as Mediators: Perspectives on Natural and Social 
Science. Cambridge: Cambridge University Press, pp. 282-326. 
 
Boumans, M. (1999) ‘Built-in justification’, in Morgan, M. and M. Morrison (eds.) 
Models as Mediators: Perspectives on Natural and Social Science. Cambridge: 
Cambridge University Press, pp. 66-96. 
 
Boumans, M. (2001) ‘Measure for Measure: How Economists Model the World into 
Numbers’. Social Research 68 (2): 427-53. 
 
Boumans M. (2004) ‘The Reliability of an Instrument’. Social Epistemology 18 (2-3): 
215-46. 
 
Boumans M. (2005) ‘Truth versus Precision’, in Hajek, P., Valdes-Villanueva, L. & 
D. Westerdahl (eds). Logic, Methodology and the Philosophy of Science: Proceedings 
of the Twelfth International Congress. King’s College Publications: London. pp. 257-
69. 
 
den Butter, F., & Morgan, M. (2000) Empirical Models and Policy-Making. London: 
Routledge. 
 



 24  

Chang, H. (2004) Inventing Temperature. Oxford: Oxford University Press. 
 
Dahan Dalmenico, A. (2007) ‘Models and Simulations in Climate Change: Historical, 
Epistemological, Anthropological and Political Aspects’, in A. Creager, E. Lunbeck, 
& M.N. Wise (Eds.), Science without Laws. Model systems, cases, exemplary 
narratives. Durham and London: Duke University Press. 
 
Edwards, P. (1999) ‘Global Climate Science, Uncertainty and Politics: Data-laden 
Models, Model-filtered Data’. Science as Culture 8 (4): 437-72. 
 
Espeland Nelson, W. & M. L. Stevens (2008) ‘A Sociology of Quantification’. 
European Journal of Sociology XLIX (3): 401-36. 
 
Eerola, M., Gasparra, D., Mäkelä, P.H., Linden, H., & Andreev, A. (2003) ‘Joint 
Modelling of Recurrent Infections and Antibody Response to Bayesian Data 
Augmentation’. Scandinavian Journal of Statistics 30: 677-98. 
 
Ferguson, N.M., Cummings, D.A.T., Fraser, C., Cajka, J., C., Cooley, P., C., & 
Burke, D. (2006) ‘Strategies for mitigating an influenza pandemic’. Nature 442: 448-
52. 
 
Fine, P. (1993) ‘Herd Immunity: History, Theory, Practice’. Epidemiologic Reviews 
15 (2): 265-302. 
 
Giesecke, J. (2002) Modern Infectious Disease Epidemiology. London: Arnold 
 
Habbema. J., S. de Vlas, A. Plaisier & G. Oortmaassen (1996). ‘The microsimulation 
approach to epidemiologic modelling of helminthic infections, with special reference 
to schistosomiasis’. The American Journal of Tropical Medicine and Hygiene 55 (5): 
165-9. 
 
Health, D.O. (2007) Pandemic Flu - A national framework for responding to an 
influenza pandemic. Cabinet Office. 
 
Hutter, B., & Power, M. (2005) Organizational Encounters with Risk. Cambridge: 
Cambridge University Press. 
 
Keating, P., & Cambrosio, A. (2000) ‘Biomedical Platforms’. Configurations 8: 337-
87. 
 
Keating, P., & Cambrosio, A. (2003) Biomedical Platforms: Realigning the Normal 
and the Pathological in Late-Twentieth Century Medicine. Cambridge, MA, London: 
The MIT Press. 
 
Ladhani, S., F. Neely, P. Heath, B. Nazareth, R. Roberts, M. Slack, J. McVernon & 
M. Ramsey (2009) ‘Recommendations for the prevention of secondary Haemophilus 
inlufenzae type b (Hib) disease’. Journal of Infection 58: 3-14. 
 
Leino, T., Auranen, K., Mäkelä, P.H., & Takala, A. (2000) ‘Dynamics of natural 
immunity caused by subclinical infections, case study on Haemophilus influenzae 



 25  

type b (Hib)’. Epidemiology and Infection 125: 583-591. 
 
Leino, T., Auranen, K., Mäkelä, P.H., Käyhty, H., Ramsey, M., Slack, M., & Takala, 
A. (2002) ‘Haemophilus influenzae type b and cross-reactive antigens in natural Hib 
infection dynamics; modelling in two populations’. Epidemiology and Infection 129: 
73-83. 
 
Leino, T., Takala, T., Auranen, K., Mäkelä, P.H., & Takala, A. (2004) ‘Indirect 
protection obtained by Haemophilus influenzae type b vaccination: analysis in a 
structured population model’. Epidemiology and Infection 132 (5): 959-66. 
 
Lofgren, E.T., & Fefferman, N. (2007) ‘The untapped potential of virtual game 
worlds to shed light on real world epidemics’. The Lancet 7: 625-29. 
 
Mäkelä, P.H., Käyhty, H., Leino, T., Auranen, K., Peltola, H., Lindholm, N., & 
Eskola, J. (2003) ‘Long-term persistence of immunity after immunisation with 
Haemophilus influenzae type b conjugate vaccine’. Vaccine 22: 287-92. 
 
MacKenzie, D. (2005) ‘Mathematizing risk: models, arbitrage and crises’, in B. 
Hutter, & M. Power (Eds.), Organizational Encounters with Risk (pp. 167-189). 
Cambridge: Cambridge University Press. 
 
Mansnerus, E. (2008) ‘What Happens to Facts After Their Construction? 
Characteristics and functional roles of facts in the dissemination of knowledge across 
modelling communities’. Working papers on the Nature of Evidence: How Well Do 
'Facts' Travel? Economic History Department, LSE. London. 
 
Mansnerus, E. (2009) ‘Acting with 'facts' in order to re-model vaccination policies: 
The case of MMR-vaccine in the UK 1988’. Working papers on the Nature of 
Evidence: How Well Do 'Facts' Travel? Economic History Department, LSE. 
London. 
 
Mattila, E. (2006a) ‘Interdisciplinarity in the Making: Modelling Infectious Diseases’. 
Perspectives on Science: Historical, Philosophical, Sociological 13 (4): 531-53. 
 
Mattila, E. (2006b) Questions to Artificial Nature: A Philosophical Study of 
Interdisciplinary Models and Their Functions in Scientific Practice, Helsinki. 
 
Mattila, E. (2006c) ‘Struggle Between Specificity and Generality: How Do Infectious 
Disease Models Become a Simulation Platform’, in G. Kueppers, J. Lenhard and T. 
Shinn (eds). Simulation: Pragmatic Constructions of Reality - Sociology of the 
Sciences Yearbook 25: 125-38. 
 
Miller, P. & N. Rose (2008) Governing the Present. Administering Economic, Social 
and Personal Life. Cambridge: Polity Press. 
 
Morgan, M., & Morrison, M. (1999) Models as Mediators. Perspectives on Natural 
and Social Sciences. Cambridge: Cambridge University Press. 
 
Morgan, M. (2001) ‘Models, stories and the economic world’. Journal of Economic 



 26  

Methodology 8 (3): 361-84. 
 
Morgan, M. (2002) ‘Model Experiments and Models in Experiments’, in Magnani L. 
and N. Nersessian (eds.) Model-Based Reasoning: Science, Technology, Values. 
Kluwer Academic Publishers/ Plenum Publishers: New York. 
 
Nicoll, A. & Coulombier, D. (2009) ‘Europe's Initial Experience with Pandemic 
(H1N1) 2009 - Mitigation and Delaying Policies and Practices’. Eurosurveillance 14 
(29) 23.7.2009. 
 
Oreskes, N., Shrader-Frechette, K. & K. Belitz (1994) ‘Verification, Validation, and 
Confirmation of Numerical Models in the Earth Sciences’. Science 263: 641-46. 
 
Oreskes, N. (2007) ‘From Scaling to Simulation: Changing Meanings and Ambitions 
of Models in Geology’, in A. Creager, E. Lunbeck, & M.N. Wise (Eds.), Science 
without Laws. Model systems, cases, exemplary narratives. Durham, London: Duke 
University Press. 
 
Petersen, A. (2006) ‘Simulation Uncertainty and the Challenge of Postnormal 
Science’, in G. Kueppers, J. Lenhard and T. Shinn (eds). Simulation: Pragmatic 
Constructions of Reality - Sociology of the Sciences Yearbook 25: 173-85. 
 
Porter, T. (2000) ‘Life Insurance, Medical Testing, and the Management of 
Mortality’, in L. Daston (ed.), Biographies of Scientific Objects (pp. 226-246). 
Chicago: The University of Chicago Press. 
 
Power, M. (1997) The Audit Society. Rituals of Verification. Oxford: Oxford 
University Press. 
 
Schlich, T., & Tröchler, U. (2006) The Risks of Medical Innovation. Risk perception 
and assessment in historical context. Abingdon: Routledge. 
 
Shackely, S. & B. Wynne (1996) ‘Representing Uncertainty in Global Climate 
Change Science and Policy: Boundary-Ordering Devices and Authority’. Science, 
Technology and Human Values 21 (3): 275-302. 
 
Smith, R.D. (2006) ‘Responding to global infectious disease outbreaks: Lessons from 
SARS on the role of risk perception, communication and management’. Social 
Science & Medicine 63: 3113-23. 
 
Vaughan, D. (2005) ‘Organizational rituals of risk and error’, in B. Hutter, & M. 
Power (Eds.), Organizational Encounters with Risk (pp. 33-66). Cambridge: 
Cambridge University Press. 
 
 


	09_0726CARR DP Cov 56_FrontPage.pdf
	DP56.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


