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Extended Summary 
 
 

The safety assurance of technological developments is becoming one of the 
most important tasks of technology. The limitation and the fallibility of technology 
are core issues in the attempt to guarantee safety. It often happens that scientific facts, 
both in general and safety facts in particular, are refuted and revised. This 
demonstrates that science can learn from its mistakes. It also puts forward the 
question of the status of scientific facts. How is it possible that 'incorrect' scientific 
facts could convince the entire scientific community in the past? The facts these days 
will maybe meet with the same fate tomorrow. For nuclear waste repositories and 
their surroundings, it is important to know what will remain from current safety 
assessments within a few hundred years. This way, we come to the core of our 
research: Which meaning can we attribute to the safety assessments of scientists and 
technologists? 

 
In chapter 1, we make a difference between 'convergent epistemological 

realism' (CER) and 'interactionism'. CER adherents assert that science progressively 
refers to reality. A theory that succeeds another will refer more to reality than the 
previous one. This applies to safety studies as well. It is possible that a first theory 
demonstrates that a technology is safe, whereas a subsequent theory will show the 
gaps. CER philosophies of science face difficulties answering why scientists consider 
their theory as 'true'. We therefore rely on another theory that is not confronted with 
this problem: the interactionism of Bruno Latour. This theory does not assert that facts 
are discovered in reality. Facts are the consequence of the interaction between 
subjects and objects. A statement is a fact for those people who (tentatively) do no 
further attack it and accept it without a reference to research that made that statement 
hard. 

Two aspects are important. First of all, the range of facts is limited to those 
surroundings that accept the statement. Latour talks about network. Secondly, it is 
important that objects as well are part of the network. With this concept, Latour reacts 
against the social constructivism of the Edinburgh school. This school of thought 
contended that scientific facts also depend on humans and the way in which they carry 
out their science. However, these social constructivists forgot the important role of 
objects. In this way, sciences such as physics or chemistry were reduced to results of 
human interactions. This led to an unbridled relativism in which in principle 
everything could be demonstrated if the scientists were influenced in an adequate 
way. This is out of the question in interactionism because objects get a crucial role 
and because they can be very convincing. 

This view on facts has important consequences for the demarcation of science. 
First of all, fact acceptance is inextricably bound up with the role of objects such as 
experimental set-ups, articles, and laboratories. Latour judges the distinction between 
technology and science useless and therefore talks about technoscience. However, a 
distinction between hard and soft facts can be made. Hard facts are explicitly arrayed 
so it is more difficult to attack them. The hardness of these facts is not absolute or 
clearly demarcated: it is network dependent. The difference between hard and soft 
facts does not depend on whether the fact refers to reality or not. This result is 
important for our risk judgment argumentation: technoscientific risk assessment only 
differs gradually from risk perception. Risk perception theories can be extended to 
technoscientific risk assessments. In this way, a continuum from risk assessment to 



Waste depositionism                                                                                      Extended Summary 
 

 iv

risk perception emerges. Risk assessment relies more on hard facts, risk perception on 
soft facts. 

Latour clearly describes the situations before and after fact building at the 
sociological level. An important sociopsychological theory-dynamic aspect is almost 
not elaborated in Latour's interaction theory. Interactionism does not describe why 
technoscientists or fact builders change opinion or fiercely defend them despite hard 
facts that are brought forward. These mechanisms will be the core of our further 
argumentation. 
 
 In the second chapter, we will stress the limitations of human knowledge. We 
therefore introduce the context concept. We consider a context as a problem solving 
situation in which a problem is framed. In this context, some elements play a crucial 
role besides the problem framing: personality characteristics, group aspects, objects, 
and attitudes. We want to stress that a context is very restricted in time and scope. A 
context is limited in time because it only ranges from the time at which a problem is 
formulated until it is 'solved'. A problem can also be solved by splitting up the original 
problem in partial problems. Because of this, a context is very short most of the time 
(order of minutes). A context is also limited in order of explicitly present elements. In 
a certain context, only a limited number of people, group cultures, attitudes, and 
objects will play an explicit role. 
 The process of building facts can take years, if not decennia. A fact therefore 
is the consequence of a sequence of many different contexts. A preceding context 
strongly determines what the explicitly present elements in the subsequent context 
will be. The sequence never is accidental. Preceding contexts determine the 
boundaries in which subsequent contexts will take place. In a decision-making 
process, this will be reflected by connections between different contextual elements. 
 We can demonstrate empirically that important links between technoscientific 
assessments and contextual elements exist. We use quantitative research in which we 
consider the technoscientific risk assessment as dependent variable and attitudes, 
group culture, personality traits, and objects as independent variables. Our research 
consists of a meta-study on this subject and an own questionnaire. 
 
 In literature, we find confirmation for our hypothesis that technoscientific 
assessments are linked with attitudes, personality, group cultures, and objects. 

The first one is the attitude concept. We shall describe the three different but 
intertwined attitude components: cognitive, affective and behavioural. Intentions, 
values, habits, challenges and outcome perceptions are but some actual examples. In 
describing the intra- and inter-attitudinal attitude aspects, we focus on the complexity 
concept and the balance theory. We argue that the complexity notion is the 
psychological part of Latourian hard facts. The balance theory states that people are 
motivated to look for equilibrium between attitudes. We will demonstrate that 
attitudes are very important in risk assessment contexts. They are often linked with 
assessments. The important attitudes are quite wide-spread: interaction with other 
assessments, belief in science, behaviour, and affective attitudes. 

Personality is the second context element that we will treat. Using the five 
factor trait approach in personality psychology, we will confirm that personality 
including the background factors is an important constituent in the context of 
assessment. If we ‘arrive before the facts’, the individual characteristics of scientists 
are important for their assessments. On the one hand, neuroticism (a factor that 
describes the general tendency to experience negative affects such as fear, sadness, 
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embarrassment, guilt, or distrust) is the only but a very important personality trait in 
risk assessments. On the other hand, the background characteristics, age, gender, 
working field, education and affiliation seem to be the most important links with risk 
assessment. 

A third context component contains the group aspects and dynamics. We will 
explain that 'meaning' is always individual but that 'good enough communication' 
permits us to talk about group and common attitudes. We clarify the group concept as 
a system that is more than its separate parts and influenced by supra-group systems. 
We delineate groups with the group attitudes. We notice that 'group attitude' is a 
concept that is relative to the situation the group is in. If a group is threatened, 
common beliefs can become group beliefs. We then concentrated on the conformity 
aspect as an existential feature of (technoscientific) groups. We conclude that (1) facts 
are the results of private conformity to the group norms and (2) that the strength of 
facts stems from the stressful normative pressure majorities display. We can confirm 
that technoscientific assessments are influenced by small and large group features 
such as organisational commitment, group vulnerability, trust in management, 
language barrier, the stifling of academic authority, and regionalism of certain 
sciences. 

A next essential context component is the problem framing. The importance 
can best be indicated by referring to the different notions of risk. The risk definition in 
a context strongly determines possible solutions, together with the required people, 
group aspects, attitudes and objects. 

Quasi-objects are a last building block in a context. If technoscientists bring 
forward objects in such a way that they become so strong that all context participants 
are aligned, the fact is accepted in that context. But if this is not possible, this 
alignment can nevertheless happen because of other contextual constituents such as 
attitudes, individuality and group characteristics. 

We can conclude that hard facts are not, as is often acknowledged by 
convergent epistemological realists, in the end only dependent on the objects in 
nature. We do not accept that social aspects alone determine facts. Background 
characteristics, group culture and personality traits, assessments, objects, and problem 
framings influence hard facts in a context. 

 
In addition to the literature study, we demonstrate in chapter 3 the mutual 

influence of contextual aspects in our own quantitative study. On practical grounds, 
we make an abstraction of the role of objects. With our questionnaire, we will show 
the connection between the four other aspects. 

We carry out a web-based multiple choice questionnaire. The questionnaire is 
in English and includes translations of some words in 11 languages. The list contains 
four parts. The first one asks for background characteristics such as age, gender, and 
education. The second part focuses on technoscientific risk assessment questions. In 
particular, it deals with magnitude (M), probability (p), and uncertainty (U) 
assessments with regard to high radioactive waste repository features, events and 
processes. On practical grounds, we use the limited risk notion (R) = M × p. The third 
part is an existing questionnaire on groupthink. The last part contains a very renowned 
personality questionnaire, the 'big five'. 

We received 149 usable answers. We also make the judgement that our results 
are rather more like technoscientific risk assessments instead of risk perceptions. We 
encountered interpretation difficulties with the personality and groupthink parts. We 
found a solution with different methodologies such as factor reliability, scree test, and 
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data augmentation analysis. In spite of the low response rate, we can say that we find 
evidence for the context dependence of hard facts. 

The most important result is that there is contextual influence. We see many 
correlations, ranging from weak (p<.05) to very strong (p<.0001). Hard facts interact 
with other context components! The most important specific results are the relation 
between M, p and U; the strong correlation between assessment and trust, belief in 
science; and the specific role of gender. 

The relation between M, p, and U shows on the one hand a strong correlation 
between each of them: M-p (r=.387 p<0,001), M-U (r=.258, p<0,01) and p-U (r=.264, 
p<0,01). On the other hand, M and p show a completely different pattern of 
correlations between the other context constituents compared to U. We will make the 
hypothesis that the correlation between M, p on the one hand and U on the other hand 
is so strong because of a pragmatic and healthy behaviour. High assessments contain 
higher numbers and higher numbers are felt as more uncertain. 

We see trust in science and neuroticism as the two most important factors. The 
strong correlation between trust and M (r=-360, p<0,001) and R (r=-0,427, p<0,001) 
is a very strong result for hard fact assessments! The correlations between the 
neuroticism-factor, a trait measuring the general tendency to experience negative 
affects such as fear, sadness, embarrassment, guilt, or distrust on the one hand and M 
(r=0,334, p<0,001) and R (r=0,299, p<0,01) on the other hand are also very important. 
Group vulnerability, a variable measuring the group’s boundary regulations, has a 
significant correlation with risk too (r=-0,226, p<0,05). Personality, group aspects and 
attitudes do indeed influence hard facts. 

The role of gender is particular. The gender variable does not correlate with 
any assessment except uncertainty. Uncertainty does not correlate significantly with 
any background characteristic or personality trait but gender. And, above all, women 
consider their assessments as more certain compared to men. This result contrasts 
with risk perception and assessment inquiries. A possible explanation could be that 
our population of women is not representative for all women. The women working in 
the radioactive waste management, typically a men's world, fought against the male 
group culture and could stand their grounds. Maybe there is an a priori selection, 
maybe the women change their behaviour (and personality?) to cope with this 
situation. 
 With these data, we will confirm our first hypothesis that an important relation 
exists between hard fact assessments and other context constituents. 
 
 We demonstrated that various links exist between context elements and that 
these links are a consequence of the decision-making process. In itself, this is not 
enough to demonstrate what the meaning of safety assessments is. In addition, we 
need an elaboration on how people persuade themselves of the problem solution. We 
therefore will focus ourselves more on the way in which small group discussions lead 
to facts. 
 We start in chapter 4 with the cognitive dissonance theory. It argues that 
cognitions can be mutually dissonant, that people are motivated to reduce these 
dissonances and that the dissonance reduction direction and size depends on the 
cognitions concerned and their relative strength. Unfortunately, this theory has some 
important drawbacks in its application. First of all, it is applied in most researches in a 
convergent epistemological realism frame. The relativity of the dissonance reduction 
is lost because of the assumption that facts absolutely refer to reality. Applied in this 
way, the cognitive dissonance theory states that cognitions are adapted to reality in 
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stead of relative to each other. Another application of cognitive dissonance theory 
lapses into a psychologism. The role of objects is not recognised. Dissonance 
reductions are then only psychological, apart from objects. 
  In order to answer these limitations, we extend the cognitive dissonance theory 
to a contextual dissonance theory. Instead of considering cognitions as the only 
elements that can be dissonant, we regard all context constituents as elements that can 
be contextually dissonant. The extension from cognition to attitude as a coherent 
whole of affects, behaviour and cognitions is described in some attitude approaches. 
With regard to the contextual group aspects, we use the conformity concept. Group 
norms can conflict and the final result will depend on the strength of the concerned 
group norms. Personality is less important in the limited time of contextual dissonance 
reduction. The extension that bridges Latourian interactionism and the social 
psychological concept of dissonance reduction is the positioning of objects. Indeed, 
objects can be mutually dissonant too and the positioning will depend on the strength 
of the objects in the particular context. Last but not least, the problem framing is a 
mechanism for contextual positioning too. 
 Contextual dissonance reduction does not only happen between equal context 
aspects. It is the mutual interaction between all the aspects that determines what is 
considered as a safety fact in a particular context. Personality can have a strong 
influence on attitudes, group norms, objects and problem framing; objects can 
determine which group norms and problem framings are accepted; etc. If contextual 
dissonances arise, people will be motivated to reduce these dissonances. The 
dissonance reduction direction and size will depend on the contextual aspects 
concerned and their relative strength. This elaboration explains why technoscientists 
continue to believe in a fact or change their point of view. If the contextual dissonance 
reduction becomes too big, they will change opinion. 

 
The contextual dissonance reduction will lead to 'esteem' of the different 

context elements. If we consider problem solving as contextual dissonance reduction, 
the final solution will have more esteem in comparison to the alternatives. The people 
who proposed the solution will receive more esteem. This goes for the attitudes, group 
cultures, and objects connected to the solution as well. Even the problem framing will 
get more esteem because it will be more promising in a next context. This means that 
one context element is considered 'higher' compared to another one according to 
likewise positioned judgement criteria. Not only the elements that have to be judged 
are involved; the evaluation criteria themselves are positioned as well. We assert that 
all context elements are positioned after a contextual dissonance reduction. 

An important difference with the cognitive dissonance theory is that the 
rearrangement of the cluster happens relative to the context elements without falling 
victim to psychologism. This aspect even goes for technoscientific discussions, for 
facts are not absolute but contextually relative. Facts can not be founded on an 
absolute ground. Facts will therefore be treated as other context elements.  
 The way in which context elements are rearranged is not defined in advance. It 
depends on the context elements present, including the judgement criteria. No 
predefined ontology exists to judge something above something else. The ontology 
itself has to be positioned in every context. Applied in a technoscientific context, this 
means that no predefined rationality exists with which decisions are taken, but that the 
rationality itself is positioned. Not in advance, but during the context discussion does 
one element become more important than another and does one rationality become 
more important than another. 
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 It is clear that contexts are not isolated from each other. A decision-making 
process is a sequence of many contexts. A positioning in a previous context will co-
determine the positioning of the subsequent context. A number of small positionings 
in subsequent contexts can cancel out each other and no facts will be constructed. 
Subsequent contexts in a decision-making process can also give elements such a 
contextual strength that nobody will attack them anymore. The decision-making 
process needs a certain momentum in order to realise contextual esteem for a fact. The 
actors need to be aligned. Attitudes are called facts; group cultures have become 
norms; people and objects are (contextually) sovereign. This is the case, of course, 
until one of the context elements is questioned.  
 In most contexts, technoscientific facts will have a very important contextual 
strength because they are contextually linked with belief in science and progress or 
with universal validity. Because of this, it might seem that facts are indeed absolute. 
In our theory, however, the strength of facts has to be positioned in contexts as well. 
Whether a statement is still considered as fact depends on the context. 
 The strength of contextual elements in the fact building process has three 
different roots: the inherent force of contextual elements; the power originating from 
the link between the different context elements; and –very important- the implicit link 
with elements that are not treated explicitly in the context. The implicit link implies 
that all decision-making –including the technoscientific one- happens in an explicit 
and implicit manner. The implicit component is very important. It guarantees 
continuity and robustness in the decision-making process despite the limitations of 
human knowledge. It also implies that absolute transparency or democracy is utopian. 
Implicit and therefore non-elucidated or non-discussed aspects will always be present 
in a decision-making process. 
 All this answers how we have to understand a technoscientific safety 
evaluation. A (safety) fact is a –by subsequent contexts built- attitude. It remains valid 
as long as it is not questioned in another context. The fact will always be linked with 
many implicit and explicit context elements. People will be motivated to question a 
fact if the contextual dissonance reduction between the fact and the implicit and 
explicit facts and their connected cluster elements raises too much in hopes that the 
tension becomes less.  

 
In chapter 5, we illustrate our positionism theory with some aspects of the 

Belgian decision-making process on radioactive waste that is qualified for surface 
disposal. The role of partnerships, people from the community that co-decide on the 
conditions of a possible waste repository in their community, is important in the 
process of fact-building. We react against the idea that technoscientists discover the 
facts (the risk) and that the population co-decides about the acceptability of risk 
(safety). We state that both risk and its acceptance are positioned in contexts and 
subsequent contexts determine what is considered as safe or not. 

In stead of giving a historical reconstruction of the process, we describe our 
personal perception of some positioning mechanisms in some decision-making 
contexts. We choose four different situations. The first situation is a MONA (Mols 
Overleg Nucleair Afval; Mol's Nuclear Waste Consultation) internal discussion on 
responsibility and task delineation. A second situation is a public discussion on the 
response in case of malfunctioning of the repository organised by STOLA (Studie- en 
Overleggroep Laagactief Afval – Dessel; Study and Consultation group Low level 
Waste). A third situation concerns a debate on representativity during the Nuclear 
Energy Agency (NEA) Forum for Stakeholder Confidence. A last situation concerns a 
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MONA internal discussion, this time concerning the question why Mol, Dessel, and 
Fleurus-Farcienne were selected. 

We focus on the contextual and network strength of the different context 
elements in our positionism theory. We demonstrate the importance of problem 
framing in safety discussions. We show, for example, how a specific risk definition 
finds acceptance during the discussions. The certainty related to radiation protection 
statements (strength of a fact) is also positioned. Our theory can also explain the 
acceptance of a norm. We demonstrate that the presence of objects like clay layers, 
transparencies, or waste in a region are important for positionism in a certain context. 
Contextual selectivity, strength, and dissonance reduction are very important, as are 
communication levels.  

We also illustrate the decision-making process as a sequence of well 
orchestrated positionings. We demonstrate that a certain model, the RISCOM model, 
is to us a better answer to certain issues of commitment in technoscientific decision-
making in comparison with the partnership model. Nevertheless, the link between 
contextual elements and hard facts that are brought in remains a difficult issue. The 
ones who have important knowledge at the beginning of the decision-making process 
can still easily position in this RISCOM model their attitudes, group cultures, problem 
framing and objects. Therefore, we plead for a non-nuclear guardian or a guardian 
with a low commitment with respect to the procedural and process level. At the 
content level, we supposed that ONDRAF/NIRAS should be involved as external 
expert together with a counter-expertise group. At the same time, the reactions of 
reactionary groups should be considered as important voices. 

 
In our conclusion we express the hope that this PhD will raise a dust at both 

the descriptive and normative level in order to be an impulse to the empowerment of 
an independent guardian and to a further empowerment of all actors involved in a 
decision-making process. 
 



 

 

Uitgebreide samenvatting 
 
 
 

Het verzekeren van de veiligheid van technologie wordt meer en meer één van 
de belangrijke taken van wetenschap en technologie. Hierin zijn de beperkingen en de 
feilbaarheid van de technologie erg belangrijk. Het komt geregeld voor dat 
wetenschappelijke feiten, zowel in het algemeen als veiligheidsfeiten in het bijzonder, 
worden verworpen en herzien. Dit toont aan dat wetenschap kan leren uit haar fouten. 
Het werpt ook de vraag op naar het statuut van wetenschappelijke feiten. Hoe is het 
mogelijk dat 'foutieve' wetenschappelijke inzichten in het verleden de volledige 
wetenschappelijke wereld konden overtuigen? De feiten van vandaag zullen morgen 
misschien ook hetzelfde lot ondergaan. Zo komen we aan de kern van ons onderzoek: 
"Welke betekenis kunnen we geven aan de (on)veiligheidsuitspraken van 
wetenschappers en technologen?" We zullen ons voornamelijk richten op het ontstaan 
van uitspraken die gedaan worden in kleine groepen. 

 
In hoofdstuk 1 maken we een onderscheid tussen 'convergent epistemologisch 

realisme' (CER) en 'interactionisme'. CER-aanhangers beweren dat de wetenschap 
progressief dichter bij de realiteit komt. Een theorie die een andere opvolgt, gaat meer 
verwijzen naar de werkelijkheid dan de vorige. Dit geldt eveneens voor 
opeenvolgende veiligheidsstudies. Zo kan het zijn dat een eerste theorie beweert dat 
een technologie veilig is, waarna een volgende de hiaten aantoont. De 
wetenschapsfilosofische theorieën van het CER kunnen moeilijk een antwoord geven 
op de vraag waarom wetenschappers hun theorie als 'waar' beschouwen. We steunen 
daarom op een andere theorie die niet geconfronteerd wordt met dit probleem, het 
interactionisme van Bruno Latour. Deze theorie stelt dat feiten niet ontdekt worden in 
de werkelijkheid, maar dat ze een gevolg zijn van de interactie tussen subjecten én 
objecten. Een bewering is een feit als mensen de bewering (voorlopig) niet meer 
verder aanvallen en ze aanvaarden zonder enige verwijzing naar onderzoek dat die 
bewering heeft hardgemaakt. 

De reikwijdte van feiten is beperkt tot die omgeving die beweringen als 
dusdanig aanvaardt. Latour noemt dit het netwerk. Het is belangrijk te vermelden dat 
objecten ook deel uitmaken van netwerken. Latour reageert hiermee tegen het sociaal 
constructivisme van de school van Edinburgh. Deze denkrichting toonde aan dat 
feiten ook afhangen van mensen en de manier waarop ze aan wetenschap doen. Maar 
deze sociaal constructivisten vergaten de bepalende rol van objecten. Als dusdanig 
werden wetenschappen als fysica en chemie gereduceerd tot resultaten van menselijke 
interacties wat leidde tot een ongebreideld relativisme waarin in principe eender wat 
kon aangetoond worden als de mensen maar juist beïnvloed werden. In het 
interactionisme is hiervan geen sprake omdat objecten een cruciale rol toebedeeld 
krijgen. Objecten zijn evenals subjecten actoren in een netwerk en kunnen erg 
overtuigend zijn.  

Deze visie op feiten heeft belangrijke consequenties voor de demarcatie van 
wetenschap. Ten eerste is er een onlosmakelijk verband tussen de aanvaarding van 
feiten en de rol van objecten als proefopstellingen, artikels, en laboratoria hierin. 
Latour vindt het onderscheid tussen technologie en wetenschap niet zinvol en spreekt 
daarom van technowetenschap. Er kan wel een onderscheid gemaakt worden tussen 
harde en zachte feiten. Harde feiten zijn expliciet gerangschikt ten opzichte van elkaar 
zodat het moeilijker is ze aan te vallen. Deze hardheid van feiten is niet absoluut en 
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duidelijk afgelijnd. Ze is afhankelijk van het netwerk waarin feiten geconstrueerd zijn 
en het verschil met zachte feiten is enkel gradueel. Dit is belangrijk voor onze 
uiteenzetting over risicobeoordeling, want technowetenschappelijke risicobeoordeling 
verschilt hierdoor enkel gradueel van risicoperceptie. Theorieën over risicoperceptie 
moeten dan ook kunnen worden toegepast op technowetenschappelijke 
risicoinschattingen. 

Latour beschrijf duidelijk de situaties voor en na het ontstaan van de feiten. Er 
is echter een theorie-dynamisch aspect dat ontbreekt in de interactietheorie van 
Latour. Het veranderingsmechanisme zelf is niet expliciet aanwezig. De theorie 
beschrijft niet waarom technowetenschappers of feitenbouwers van mening 
veranderen of die juist vurig gaan verdedigen. Dit veranderingsmechanisme zal de 
kern zijn van ons verder betoog om een antwoord te geven op onze vraag wat het juist 
betekent als actoren in een netwerk beweren dat iets (on)veilig is. 
 

In hoofdstuk 2 benadrukken we de begrensdheid van menselijke kennis. We 
voeren hiervoor het begrip context in. We kunnen een context beschrijven als een 
situatie waarin een probleem gesteld wordt en waarin naar een oplossing gezocht 
wordt. In deze probleemoplossing spelen verschillende elementen een belangrijke rol: 
persoonlijkheidsaspecten, groepskenmerken, objecten en attitudes. We willen hier 
zeker de nadruk leggen op de beperktheid van een context in tijd en omvang. Een 
context omvat de periode vanaf het moment waar het probleem geformuleerd wordt 
tot aan het vinden van de oplossing. Vermits een oplossing van een probleem ook kan 
bestaan uit een opsplitsing in deelproblemen, is een context vaak erg kort, met name 
in de orde van minuten. Een context is ook beperkt wat betreft de aanwezige 
elementen. Binnen een bepaalde context zijn er steeds een beperkt aantal personen, 
groepsculturen, attitudes, en objecten die een expliciete rol spelen.  

Een proces van feiten bouwen (fact building) kan jaren, zoniet decennia duren. 
Een feit is daarom het gevolg van een aaneenschakeling van vele verschillende 
contexten. Een voorafgaande context bepaalt erg wat de expliciet aanwezige 
elementen in de daaropvolgende context zullen zijn. De opeenvolging is nooit 
willekeurig maar voorafgaande contexten bepalen de grenzen waarbinnen de 
daaropvolgende context zal plaatsvinden. In een besluitvormingsproces zal dit 
weerspiegeld worden in verbanden tussen contextuele elementen.  

We kunnen empirisch aantonen dat er belangrijke linken zijn tussen 
technowetenschappelijke risicoinschatting en contextelementen. We maken hiervoor 
gebruik van kwantitatief onderzoek waarin we technowetenschappelijke 
risicoinschatting als afhankelijke variabele en attitudes, groepsculturen, 
persoonlijkheidskenmerken en objecten als onafhankelijke variabele beschouwen. 
Ons onderzoek bestaat uit een metastudie van de literatuur over dit onderwerp en een 
eigen vragenlijst. 

 
In de literatuur vinden we bevestiging voor onze stelling dat er linken zijn 

tussen technowetenschappelijke inschattingen aan de ene kant en attitudes, 
persoonlijkheid, groepsculturen en objecten aan de andere kant. 

Als eerste vermelden we attituden. We zullen drie verschillende maar gelinkte 
componenten van attituden beschrijven: affect, gedrag en cognitie. Voorbeelden 
hiervan zijn intenties, waarden, gewoonten, ... We beschrijven intra- en inter-attitude 
sterkte en richten ons hierbij op de concepten complexiteit en balans. We 
beargumenteren dat het complexiteitsconcept de psychologische basis is voor harde 
feiten in Latouriaanse zin. De balanstheorie op haar beurt poneert dat mensen 
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gemotiveerd zijn om te zoeken naar een evenwicht tussen attituden. We zullen 
aantonen dat attituden erg belangrijk zijn in risicoinschattingen. De belangrijkste 
attituden zijn erg divers: interactie met andere veiligheidsinschattingen, geloof in 
wetenschap, gedrag en affectieve attituden. 

Een tweede context element dat we zullen behandelen is persoonlijkheid. We 
zullen gebruik maken van de big five persoonlijkheidstrekbenadering. We zullen 
hiermee kunnen bevestigen dat persoonlijkheid, incluis achtergrondeigenschappen, 
een belangrijke bijdrage levert voor risicoinschattingen. Als we 'voor de feiten' 
aankomen, kunnen we zien dat de persoonlijkheidskenmerken van wetenschappers 
belangrijk zijn voor hun inschatting. Wat de persoonlijkheidstrekken betreft, is 
'neurotisisme' de enige, maar een erg belangrijke factor in risicoinschatting. Het is een 
factor die de algemene neiging beschrijft  om negatieve gevoelens te ervaren zoals 
angst (fear), verdriet (sadness), gêne (embarrassment), schuld (guilt), of wantrouwen 
(distrust). Onder de achtergrondeigenschappen zijn leeftijd, geslacht, sector van 
tewerkstelling, opleiding, en verwantschap (affiliation) de belangrijkste invloeden 
voor risico-inschattingen. 

Een derde contextcomponent is de groep. We zullen beschrijven dat betekenis 
(meaning) altijd individueel is en dat 'voldoende goede communicatie' ons toelaat te 
praten over gemeenschappelijke en groepsattituden. We bespreken het concept 'groep' 
als een systeem dat meer is dan haar afzonderlijke delen. We zullen een 'groep' 
afbakenen met groepsattituden. Hierbij houden we ermee rekening dat het begrip 
groepsattitude afhankelijk is van de situatie waarin de groep zich bevindt. Als een 
groep bijvoorbeeld bedreigd wordt, kunnen gemeenschappelijke attituden 
groepsattituden worden. Na de afbakening zullen we ons richten op de conformiteit 
als existentiële eigenschap van (technowetenschappelijke) groepen. We concluderen 
dat (1) feiten het resultaat zijn van private conformiteit aan de groepsnorm en dat (2) 
de sterkte van feiten afkomstig is van een normatieve druk die meerderheden 
tentoonspreiden. We zullen aantonen dat technowetenschappelijke inschattingen 
beïnvloed worden door eigenschappen van kleine en grote groepen zoals 
betrokkenheid op de organisatie (organisational commitment), kwetsbaarheid van de 
groep, vertrouwen in het management, taalbarrières, en het regionalisme van bepaalde 
wetenschappen. 

Een volgende essentiële contextcomponent is de probleemformulering. Het 
belang kan het best aangetoond worden door te refereren naar de verschillende risico 
concepten. De risicodefinitie in een context bepaalt voor een groot deel de mogelijke 
oplossingen. 

Als laatste bouwsteen kunnen we de quasi-objecten noemen in het 
technowetenschappelijk debat. Als technowetenschappers objecten op zo een manier 
naar voor brengen dat alle context participanten zich aansluiten (align), de bewering 
zal aanvaard worden als feit. Als de kracht van bepaalde objecten dit niet mogelijk 
maakt, kan deze aansluiting toch gebeuren door de andere contextelementen.  

We kunnen dus concluderen dat er een samenhang is tussen de vijf 
verschillende contextelementen. Harde feiten zijn niet enkel verbonden met objecten 
maar ook met andere contextuele elementen zoals achtergrondaspecten, 
groepsculturen, probleemformulering en persoonlijkheidsaspecten. 
 

Naast de literatuurstudie tonen we in hoofstuk 3 de onderlinge invloed van 
contextuele aspecten ook aan met een eigen kwantitatieve studie. Uit praktische 
overwegingen maken we hierbij abstractie van de invloed van objecten; we houden 
deze variabele constant.  
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Door middel van een vragenlijst laten we zien dat er een verband is tussen de 
vier andere contextuele aspecten. We voeren een multiple choice vragenlijst uit via 
het web. De vragenlijst is opgesteld in het Engels waarbij enkele woorden zijn 
vertaald in 11 andere talen. De lijst bestaat uit vier delen. Het eerste deel vraagt naar 
achtergrondvariabelen zoals leeftijd, geslacht, en opleiding. Het tweede deel focust op 
vragen over de technowetenschappelijke risicoinschatting. Het gaat hier specifiek 
over de omvang (M), de waarschijnlijkheid (p) en de onzekerheid (U) van 
inschattingen in verband met berging van hoogradioactief afval. Uit praktische 
redenen gebruiken we hier een beperkte notie van risico: risico (R) = M×p. We 
beargumenteren dat deze risicoinschattingen eerder technowetenschappelijke zijn in 
plaats van risicopercepties. Een derde deel bevat een bestaande vragenlijst over 
groepsdenken (groupthink). Een vierde deel omvat een zeer gerenommeerde 
persoonlijkheidsvragenlijst, de 'big five'.  
 We ontvingen 149 bruikbare antwoorden. Naast een laag antwoordpercentage 
worden we geconfronteerd met een probleem van datainterpretatie. We 
beargumenteren voor beide uitdagingen een oplossing. 
 Het belangrijkste resultaat is dat er contextuele invloeden bestaan voor 
technowetenschappelijke inschattingen. We vinden verschillende correlaties, gaande 
van zwak (p<.05) tot erg sterk (p<.0001). Harde feiten interageren met andere 
contextcomponenten. De meest belangrijke specifieke resultaten zijn de relaties tussen 
M, p, en U; de sterke correlatie tussen technowetenschappelijke inschatting en geloof 
in wetenschap en neuroticisme; en de specifieke rol van de geslachtsvariabele.  
 De relatie tussen M, p, en U toont tegelijkertijd een sterke correlatie tussen de 
verschillende inschattingen én een sterk verschillend patroon van correlaties met de 
andere contextcomponenten. We maken de hypothese dat de correlatie tussen M, p 
aan de ene kant en U aan de andere kant zo sterk is omwille van pragmatische 
ingesteldheid. Een hoge inschatting bevat grotere nummers en grotere nummers 
worden als meer onzeker aangevoeld. 
 We beschouwen 'geloof in wetenschap' en 'neuroticisme' als de twee meest 
bepalende factoren voor technowetenschappelijke risico-inschatting. De sterke 
correlatie tussen 'geloof in wetenschap' en respectievelijk omvang (r=-360, p<0,001) 
en risico (r=-0,427, p<0,001) zijn erg belangrijke resultaten voor de inschatting van 
harde feiten. De correlatie tussen de neuroticismefactor en risico (r=0,299, p<0,01) is 
ook opmerkelijk. Persoonlijkheid en attituden beïnvloeden inderdaad harde feiten. 

De geslachtsvariabele speelt een bijzondere rol. Er is geen correlatie met een 
inschattingsvariabele behalve onzekerheid. Onzekerheid op haar beurt correleert niet 
significant met achtergrondeigenschappen, behalve met de geslachtvariabele. Maar 
het is vooral opmerkelijk dat vrouwelijke technowetenschappers kleinere 
onzekerheden vermelden in vergelijking met hun mannelijke collega's. Dit resultaat 
staat in scherp contrast met ander onderzoek naar zowel risicoperceptie als 
technowetenschappelijke risico-inschatting waar mannen kleinere onzekerheden 
vermelden. Een mogelijke verklaring is dat de populatie vrouwen in onze vragenlijst 
niet representatief is voor alle vrouwen. Vrouwen die werken in de sector van het 
beheer van radioactief afval hebben zich misschien zodanig aangepast aan de typische 
mannencultuur om hun 'mannetje te staan' dat ze niet meer representatief zijn. Dit zou 
kunnen te wijten zijn aan a-priori selectie of aan een gedragsverandering (en 
gedeeltelijke persoonsverandering) om het hoofd te bieden aan de situatie. 

Met deze data kunnen we onze eerste hypothese bevestigen dat er een 
belangrijke relatie tussen harde feiten en andere contextelementen bestaat. 
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Dat er verschillende linken bestaan tussen contextelementen die een 
afspiegeling zijn van het besluitvormingsproces is op zich niet voldoende om de vraag 
te beantwoorden welke betekenis we kunnen geven aan de veiligheidsuitspraken. We 
moeten hiervoor nog onderzoeken hoe een mensen elkaar overtuigen van een 
probleemoplossing. We zullen ons daarom verder focussen op de manier waarop 
discussies in kleine groepen kunnen leiden tot feiten. 

We vertrekken hiervoor in hoofdstuk 4 van de cognitieve dissonantietheorie. 
Die stelt dat cognities dissonant kunnen zijn ten opzichte van elkaar, dat mensen 
geneigd zijn die dissonanties te reduceren en dat de richting en grootte van de 
dissonantiereductie afhangt van de betrokken cognities en hun relatieve sterkte. Deze 
theorie heeft echter enkele beperkingen. Ten eerste wordt ze in de meeste 
onderzoeken toegepast in een convergent epistemologisch realistisch kader. Door de 
veronderstelling dat feiten refereren naar de realiteit gaat de relativiteit van de 
dissonantiereductie verloren. Zo toegepast veronderstelt de theorie van cognitieve 
dissonantie dat cognities aangepast worden aan de realiteit in plaats dat ze relatief ten 
opzichte van elkaar aangepast worden. Een andere toepassing van de cognitieve 
dissonantie vervalt in een doorgedreven psychologisme. De rol van objecten wordt 
niet onderkend en reducties zijn daarom enkel psychologisch, los van de objecten.  

Om aan de beperkingen van beide toepassingen te kunnen ontkomen, breiden 
we de theorie van cognitieve dissonantie uit tot een contextuele dissonantie theorie. In 
plaats van cognities die als enige dissonante elementen gezien worden, 
veronderstellen we dat alle contextelementen dissonant kunnen zijn. De uitbreiding 
van cognities naar attitudes als het samenhangend geheel van gevoelens, gedrag en 
cognities is beschreven in sommige attitudebenaderingen. Voor de contextuele 
groepscomponent maken we gebruik van het conformiteitbegrip. Groepsnormen 
kunnen conflicteren en het resultaat hiervan zal eveneens afhankelijk zijn van de 
sterkte van de betrokken groepsnormen. De herpositionering van persoonlijkheden 
door contextuele dissonanties zal minder een rol spelen in de in tijd beperkte 
contexten. De rol van persoonlijkheid op de andere contexten daarentegen is erg 
belangrijk. Maar de uitbreiding die vooral de brug slaat tussen het interactionisme van 
Latour en het sociaal psychologische concept van dissonantiereductie is de 
positionering van objecten. Inderdaad, ook objecten kunnen dissonant zijn ten 
opzichte van elkaar en de positionering zal afhangen van de sterkte van de objecten. 
Als laatste is het zeker belangrijk ook de probleem(her)definiëring te vermelden die 
op zich een mechanisme vormt voor contextuele positionering. 

Verder verloopt de positionering in een context niet enkel tussen gelijkaardige 
contextaspecten. Het is de wisselwerking tussen al de contextaspecten onderling die 
bepaalt wat als feitelijk veilig wordt gezien binnen die context. Als contextuele 
dissonanties ontstaan ten opzichte van elkaar, zullen mensen geneigd zijn die 
dissonanties te reduceren. De richting en grootte van de dissonantiereductie zal 
afhangen van de betrokken contextuele aspecten en hun relatieve sterkte. 

 
De contextuele dissonantiereductie zal leiden tot 'aanzien' van de verschillende 

contextelementen. Als we een probleemoplossing beschouwen als dissonantiereductie, 
zal de uiteindelijke oplossing meer aanzien gekregen hebben dan de alternatieven. 
Maar ook de personen die het voorgesteld hebben en de daarmee verbonden attituden, 
groepsculturen en objecten zullen belangrijker worden dan de alternatieven. Dit 
betekent dat in een contextuele discussie één contextelement 'hoger' geplaatst wordt 
dan een ander volgens de eveneens gepositioneerde beoordelingscriteria. Niet enkel 
de te beoordelen elementen zijn betrokken in het proces, de beoordelingscriteria zelf 
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worden eveneens gepositioneerd. We stellen dat er een positionering van alle 
contextelementen optreedt na een contextuele dissonantie reductie. 

Een belangrijk verschil met de theorie van cognitieve dissonantie is dat de 
herschikking van de cluster relatief ten opzichte van contextelementen gebeurt zonder 
te vervallen in een doorgedreven psychologisme. Vermits feiten niet absoluut maar 
context-relatief zijn, geldt deze eigenschap in de contextuele dissonantietheorie ook 
voor technowetenschappelijke discussies. Feiten kunnen niet op ultieme grond 
gestoeld zijn. Feiten zullen dus in de positionering behandeld worden als andere 
contextelementen. 

De manier waarop de contextelementen herschikt worden, is niet op voorhand 
bepaald maar hangt af van de in de context aanwezige elementen, dus ook de 
beoordelingscriteria. Er is dus geen voorafgaande ontologie om iets te beoordelen 
boven iets anders; de ontologie moet eveneens gepositioneerd worden in elke context. 
Toegepast op een technowetenschappelijke context betekent dit dat er geen 
voorafgaande rationaliteit bestaat waarmee beslissingen genomen worden, maar dat 
ook het soort rationaliteit zelf gepositioneerd wordt. Niet vooraf maar door de 
contextdiscussie wordt het ene contextelement belangrijker dan het andere en de ene 
rationaliteit belangrijker dan een andere. 

Contexten staan natuurlijk niet op zichzelf. Een besluitvormingsproces is een 
aaneenschakeling van vele contexten. Een positionering in een voorgaande context zal 
de positionering van de daaropvolgende context mee beïnvloeden. Een aantal 
minieme positioneringen in opeenvolgende contexten kunnen elkaar opheffen zodat er 
niets gebeurt. Opeenvolgende contexten in een besluitvormingsproces kunnen 
contextelementen zo een contextuele sterkte geven dat niemand ze nog aanvalt. Om 
contextueel aanzien te verzilveren tot een feit moet het besluitvormingsproces wel een 
zeker momentum hebben. De actoren moeten op één lijn gezet worden. Als de feiten 
'bereikt' zijn, worden attituden feiten genoemd; groepsculturen zijn dan 'absolute 
normen'; personen en objecten zijn (contextueel) oppermachtig. Tot natuurlijk er in 
een context één van deze elementen in vraag wordt gesteld. 

In de meeste contexten zullen technowetenschappelijke feiten een erg 
belangrijke contextuele sterkte bezitten omdat ze contextueel gelinkt zijn met het 
geloof in wetenschap en vooruitgang of met universele geldigheid. Hierdoor kan het 
in vele contexten zo lijken dat feiten inderdaad absoluut zijn. In onze theorie is het 
echter zo dat ook de sterkte van de feiten steeds gepositioneerd moet worden. Of een 
bewering nog steeds als feit beschouwd wordt, hangt dan van de context af.  

De sterkte van contextuele elementen in het proces van feiten bouwen heeft 
drie verschillende wortels: de inherente kracht van contextelementen, de kracht 
afkomstig van de link tussen de verschillende contextelementen en –erg belangrijk- de 
impliciete link met elementen die niet expliciet in de context behandeld worden.   De 
impliciete link zorgt ervoor dat alle besluitvorming, ook die over 
technowetenschappelijke zaken, zowel expliciet als impliciet verloopt. De impliciete 
component is zeer belangrijk. Het garandeert dat –ondanks de beperktheid van 
menselijke kennis- toch continuïteit en robuustheid in het besluitvormingsproces 
mogelijk is. Het zorgt er ook voor dat absolute transparantie, democratie, ... een utopie 
zijn. Er zullen immers steeds impliciete en dus niet opgehelderde of bediscussieerde 
aspecten zijn in een besluitvormingsproces. 

Dit alles geeft ons een antwoord op de vraag hoe we een 
technowetenschappelijke uitspraak over veiligheid moeten begrijpen. Een 
(veiligheids)feit is een door opeenvolging van contexten ontstane attitude. Ze blijft 
geldig zolang deze niet in vraag gesteld wordt. Het feit zal ook steeds gelinkt zijn met 
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zeer vele impliciete en expliciete contextelementen. Mensen zullen geneigd zijn een 
feit in vraag te stellen wanneer de contextuele dissonantie tussen het feit en de 
impliciete of expliciete contextelementen en hun clustersamenhang te hoog oploopt 
met de hoop de spanning te verminderen. 
 

We illustreren in hoofdstuk 5 het positionisme met enkele aspecten van het 
Belgische besluitvormingsproces over het radioactief afval dat in aanmerking komt 
voor oppervlakteberging. We stellen dat de partnerschappen, de bevolkingsgroepen 
die mee beslissen over de condities van een eventuele afvalberging in hun gemeente, 
betrokken worden omdat ze nodig zijn in het proces van feitenbouwers. We gaan 
hiermee in tegen de idee dat technowetenschappers de feiten vinden (het risico) en dat 
de bevolking mee beslist welk risico aanvaardbaar is en welk niet (veiligheid). We 
stellen dat zowel risico als de aanvaarding ervan worden gepositioneerd in contexten 
en dat de opeenvolgende contexten leiden tot het feit of iets veilig is of niet. 

In plaats van een historische evolutie van het besluitvormingsproces te 
schetsen, beschrijven we onze persoonlijke perceptie van enkele 
positioneringmechanismen in enkele contextuele veiligheidsdiscussies: een interne 
discussie over de afbakening van de verantwoordelijkheid van een lokaal 
partnerschap, een publieke discussie over de acties die genomen zullen worden 
wanneer een berging de verwachte functies niet meer uitoefent, een discussie over de 
rol van representativiteit op een internationaal forum, en de vraag waarom bepaalde 
gemeenten werden geselecteerd. 

We gaan specifiek in op de contextuele en netwerksterkte van de verschillende 
contextelementen in het positionisme. Zo tonen we het belang aan van 
probleemdefiniëring voor de veiligheidsdiscussie. We laten zien dat een specifieke 
risicodefinitie ingang vindt door positionering. De zekerheid die verbonden is met 
uitspraken uit de stralingsbescherming (de sterkte van het feit) wordt eveneens 
gepositioneerd. De aanvaarding van een norm kan eveneens verklaard worden door 
het positionisme. We laten zien dat objecten als kleilagen, transparanten, 
aanwezigheid van afval in de regio belangrijk is voor de positionering in een bepaalde 
context. Contextuele selectiviteit, sterkte, en dissonantiereductie zijn erg belangrijk. 
Ook communicatieniveaus zijn zeer belangrijk voor contextuele positionering. 

We zullen ook het besluitvormingsproces als een aaneenschakelingen van 
contexten bespreken. We zullen aantonen dat een welbepaald model, het RISCOM-
model, voor ons een beter antwoord geeft op een aantal kwesties over betrokkenheid 
in technowetenschappelijke besluitvorming dan het partnerschapmodel. Toch blijft de 
link tussen contextuele elementen en harde feiten een moeilijk probleem. Zij die in het 
begin van het besluitvormingsproces de kennis hebben kunnen ook in dit RISCOM-
model hun attituden, groepsculturen, probleemdefiniëringen en objecten positioneren. 
We pleiten daarvoor voor een niet-nucleaire 'hoeder' (guardian) of een hoeder met een 
erg laag commitment met betrekking tot het inhouds- en procesniveau van het 
besluitvormingsproces. Op het inhoudsniveau veronderstellen we dat 
ONDRAF/NIRAS als extern expert zou betrokken worden, samen met een 
tegenexpertise groep. Tegelijkertijd moeten de reacties van reactionaire groepen als 
belangrijke stemmen beschouwd worden. 
 

Zodoende komen we tot conclusies voor zowel filosofie als besluitvorming. 
We concluderen dat de status van filosofen hachelijk is. Ze moeten immers de 
positioneringmechanismen en de contextuele invloeden op context elementen in 
rekening brengen. Als ze spreken over waarden moeten ze weten dat hun theorie in de 
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meeste contexten helemaal vervormd zal worden door de andere aanwezige 
contextelementen. 

Met betrekking tot besluitvorming, spreken we de hoop uit dat ons doctoraat 
zowel op het descriptieve als normatieve niveau stof zal doen opwaaien. We hopen 
dat het zo een impuls mag zijn om een onafhankelijke hoeder van 
technowetenschappelijke besluitvormingsprocessen te installeren. We hopen ook dat 
zo alle actoren in een technowetenschappelijk debat gemachtigd zullen zijn hun 
kernwaarden te verdedigen. 
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Preface 
 
 
 

Only people without fantasy flee into reality  
Loesje 

 
 
 
Personal background of our research 
 
 In 1999, I finished my licentiate (master's) thesis in ethics. I started my preface 
saying that the motivation of this thesis was an experience I had had during my 
studies in nuclear physics. I had problems understanding why so much money was 
spent on theoretical (nuclear physics) research while so many urgent societal needs as 
famines, civil wars, and diseases existed. Had these people sufficiently been listened 
to? Had they been empowered in order to make their needs knowable? This brought 
me to the title of my thesis: 'ethical values and nuclear energy'. I focused on the use of 
technology images in decision-making of nuclear energy supply as a means to look at 
this empowerment. 
 I was rather satisfied about this thesis. The argumentation on the influence of 
technology images suited me. However, I was not contented with two things. Being 
half physicist half philosopher, I considered the empirical foundations not sufficiently 
elaborated. I had the impression that I needed more 'data' to have the right to try to 
convince people in general and scientists in particular. 
 I also felt that the thesis lacked some small group influences. At the time I was 
writing my preface -at the very end of my thesis- I got convinced of the tremendous 
importance of the psychology of small groups. These insights originated from a 
course I had followed on social psychological aspects of the behaviour of soldiers in 
the Second World War. We studied the behaviour of battalion 101 in a book of 
Christopher Browning (1992). The soldiers that were members of this battalion were 
ordinary men. Nevertheless, their surroundings turned them into killers in an way that 
would be inconceivable during times of peace. The psychological mechanisms could 
make this change very 'comprehensible'. 
 These insights had such an impact on my thinking that I questioned 
philosophers like Habermas and Rawls. What remains from Habermassian 
communicative action if it is applied in an actual case? What do concepts as justice 
and 'veil of ignorance' mean in small group discussions. I was convinced that they had 
their meaning. But how could I apply it? 
 The quest to find an answer to the question why decision-makers could spend 
a large amount of money on theoretical research whereas there were that many other 
urgent needs in society therefore led me to social psychology. I wanted to grasp the 
importance of group cultures and individuality traits for philosophical theories. 
 
 After my licentiate thesis, the Belgian nuclear research centre (SCK•CEN) 
offered me the opportunity to make a PhD in ethics. By that time, my question was 
much more specified. I wondered why someone could say 'this (our) behaviour is 
democratic/transparent/robust/just'; while someone else did not make any problem of 
it and while yet someone else couldn't grasp these judgments at all. My question at the 
beginning of my PhD was: 'What ultimately makes people agree in a small group?'  
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The underlying question remained whether people were sufficiently empowered to 
agree in a suitable way. 
 Since the study was sponsored by the nuclear research centre, it had to deal 
with a nuclear issue. After discussion with my promoter, Johan Braeckman, people 
from SCK•CEN and I decided that nuclear waste disposal would be a good case to 
study. My question was again refined to 'What finally makes people in small groups 
agree whether a nuclear waste disposal is safe or not?' 

In this way, our research question was born. The underlying idea was still to 
find how judgements of democracy, transparency, justice, safety could be understood 
when they were made in small groups. 
   

Our research question was clear2, but the way how we should tackle the 
question was not. From my licentiate thesis, I already knew that empirical research 
had to be an important facet of our PhD. In the further determination of our 
methodology, two events were important. 

A first thing that determined our methodology were the activities of my 
SCK•CEN colleague Gustaaf Cornelis. He carried out a questionnaire at SCK•CEN 
on transgenerational ethics. The decision to carry out a questionnaire as well did not 
take much conscious deliberation as I am strongly attracted to quantitative research. 
Because my co-promoter Ivan Mervielde is very familiar with the big five personality 
questionnaire, we focused also on the personality aspect. 

This was not everything. In the beginning of our PhD, my promoter gave a 
speech at SCK•CEN about Festinger's cognitive dissonance theory and its influences 
on science. It apparently pleased the SCK•CEN people in such a way that this theory 
was suggested as an important aspect. My yearning for empirical illustration brought 
me to the laymen discussion groups in Mol and Dessel that decide whether they 
accept a low level waste repository in their community; and if so under which 
conditions. Because STOLA (Studie- en Overleggroep Laagactief Afval – Dessel; 
Study and Consultation group Low level Waste) did not consider our research useful 
for their actions, we concentrated on the MONA activities (Mols Overleg Nuclear 
Afval; Mol Nuclear Waste Consultation). Our first idea was to see whether scientists 
who came to MONA showed cognitive dissonance. In this way, I could train myself 
in both quantitative and qualitative research. 

After a short interest, we lost our hope in the relevance and applicability of the 
cognitive dissonance theory for our PhD. It is very difficult to measure cognitive 
dissonance in real life situations. It raises serious problems at the ethical level of the 
psychological research since it is a very personal evaluation in a public surrounding. 
Another thing is that we found it a rather narrow basis for our philosophical 
elaboration of our research question. 

My devils advocate, Michel Bovy, then offered me another track that was 
indeed broad enough: Latourian interactionism. The first time I read 'Science in 
Action', I did not understand much. What I did understand at that time was that this 
author fitted well in our quest for the meaning of someone saying 'this (our) behaviour 
is democratic/transparent/robust/just/safe'. The theory contained a teleological 
approach that cuts across the belief that people will be convinced if something is safe 
(or democratic, transparent, rational, ...). It states that something is considered safe if 
people are convinced it is. 

                                                           
2 In all fairness, I have to add that this is clear right now, at the end of my PhD. It was not explicitly 
clear during the process itself ... 
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In our search for an actual empowerment, we still missed the theory-dynamics 
of Latour's theory that would render us able to apply it in actual situations to empower 
people. We therefore needed yet another elaboration. And here, the early idea of 
cognitive dissonance popped up again. Instead of throwing away the baby with the 
bathwater, this time we adapted the theory to our own needs. I started from the idea of 
context, a problem solving situation that contains (1) the problem one tries to solve; 
(2) individuals; (3) group characteristics; (4) attitudes; and (5) objects. We extended 
the theory to contextual dissonance. Not only attitudes can be consonant or dissonant, 
but all context elements. A contextual dissonance reduction in technoscientific 
decision-making then means that all elements are positioned relative to each other. 
When these contextual positionings are well orchestrated by people who want to 
demonstrate that something is safe, facts are built.  

 
If we consider technoscientific decision-making this way, we can comply with 

our wish to empower people in different ways. One way is the descriptive way to 
make people aware of the positionism mechanisms in decision-making. Another 
approach is the normative one to offer people a setting in which, according to us, they 
can trust that they will be listened to. 
 
Limitations of our research  

We will not look for the impact of our theory to other philosophical theories 
like Habermas or Rawls. It would undoubtedly be very interesting to do so. Time, 
however, is lacking. 

It is clear that this PhD is not a discussion whether nuclear energy supply is 
ethical or not. We do not argue for or against nuclear energy supply by developing 
transgenerational ethics, theories in favour of sustainable development, and so forth. 
You will therefore not find an argument pro or contra nuclear energy in this PhD. 

We only applied our theory to nuclear waste management. We did not apply it 
to other nuclear fields as safeguards, radiation protection or nuclear power plant safety 
assurance. We did not apply it to other industries as chemical or microbiological 
either. However, we think that our theory is general enough so that we can extend it to 
other industries. 
 
Short summary  
 In a first chapter, we distinguish between 'convergent epistemological realism' 
(CER) and 'social constructivism'. On the one hand, CER theories say that science and 
technology will always come closer to the truth. Social aspects are important, but only 
in the intermediate stages of the discovery of facts. In the end, their importance will 
vanish and Nature prevails. On the other hand, social constructivism of the Edinburgh 
school says that social interactions do determine scientific facts in the end. They 
however forgot the importance of objects. Everything can be a fact, as long as the 
scientists can be convinced. We use the interactionism theory of Latour that combines 
both stances in a specific, non-modern way. The theory considers both humans and 
objects as actors. This makes objects important and avoids the relativism of the social 
constructivists. It also limits the role of objects so that technoscientific statements are 
not absolutely linked to objects. As such, the ontology does not fall victim to an 
unbridled relativism and avoids the needless absolute foundation of facts. Facts are 
statements that are accepted by all actors in a network. The role of other aspects can 
be equally important. 
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 We will encounter one major shortage in Latour's theory. The theory-
dynamical aspects of his theory are not modelled. We will therefore introduce in a 
second chapter the concept 'context' as a basic entity of decision-making. It is the 
description of a problem solving situation. It contains the problem framing; the people 
who solve the context; their attitudes; their group culture(s); and the objects they use 
to solve the problem. We apply this model to the risk and uncertainty assessment of 
high level nuclear waste repository concept in chapter three. We find that these safety 
assessments are correlated with (1) attitudes (other assessments, belief in science, 
behaviour as, for example, having done empirical work for many years, affects as 
disagreeing that authority abuses power); (2) personality (the big five trait 
'neuroticism' describing the general tendency to experience negative affects such as 
fear, sadness, embarrassment, guilt, or distrust); and (3) group cultures (organisational 
commitment, group vulnerability, and trust in management). 

We will further consider a decision-making process as a chain of contexts in 
chapter four. By analogy with cognitive dissonance, we demonstrate that the different 
context elements will be dissonant or consonant. We consider a solution of the 
problem as a contextual dissonance reduction. The direction of the reduction depends 
on the contextual elements present and their strengths. These strengths depend on the 
characteristics of the context elements themselves (which we described with 'ought to' 
and 'ontological security'), the mutual connection, and their connection with not 
explicitly mentioned network elements. The contextual dissonance reduction gives all 
context elements an 'esteem', a state of greatness. Some are sorted higher then others. 
They are 'positioned' relative to each other. The criteria with which this rearrangement 
takes place are also context dependent. A technoscientific decision-making process 
does not only produce an assessment. It also positions the other context elements in 
the end: people, group cultures, attitudes, and objects. 

We will apply these insights to technoscientific safety assessment in chapter 
five. If an object or technique is considered safe, we must first look at the network and 
its actors, both humans and objects. It is they who explicitly carried out the 
assessment. It is they too who are positioned relative to each other. Some participants 
in the process will have gained esteem, others will have lost it. The same goes for the 
other context elements: some objects will have become insurmountable; some group 
cultures will have become norms; and some other attitudes will have become facts.  
 
What about 'waste depositionism'? 
 

'Waste depositionism' refers to the application of the positionism3 theory to 
some decision-making contexts of waste deposits and waste repositories. The subtitle 
of our PhD is 'A philosophical inquiry on technoscientists and nuclear waste'. First of 
all it is a philosophical inquiry. This seems quite evident for a PhD in philosophy. We 
want to stress, however, that the psychological inquiries and safety debates are of 
secondary importance compared to the philosophical elaboration. Although this PhD 
uses a lot of psychological and safety assessment insights, we consider them less 
important than the philosophical theories for our research question. 

Secondly, we want to mention that it is an inquiry on technoscientists and 
nuclear waste. Both entities are equally treated. It is not an inquiry on the influence of 

                                                           
3 We want to stress here for safety's sake that our positionism theory has nothing to do with the 'third 
positionism' of Otto and Gregor Strasser, a fascist tradition with roots in the left-wing of the German 
Nazi Party. 
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technoscientists on the nuclear waste as CER theories would state. It is not an inquiry 
on the influence of nuclear waste on technoscientists as social constructivists would 
consider it. According to our specific approach, we study how the interaction between 
these two entities takes place. 

 
The difference with the theory of Latour is that we try to develop a model4 that 

can be used in an actual situation. If we succeed in our elaboration of this model, this 
will be a contribution to philosophy and technoscientific decision-making.  

Our model will show the precarious role of philosophers, for they have to take 
into account the positionism mechanisms and contextual determination of different 
context elements. Formulating a theory in a certain context (in a book, for example) is 
not the same as using the proclaimed values or norms in another actual context.  

With respect to decision making, we will be able to describe how facts are 
contextually determined by gradual positionism and why technoscientists accept or 
refute these facts. We will also be able to elaborate a normative theory about a 
guardian of the process.  
 

                                                           
4 We are aware of some elaborations of the difference between 'model' and 'theory'. Most of them do 
not fit in the elaboration of our PhD. We therefore will use the concepts 'model' and 'theory' 
interchangeably. 



 

 

Chapter 1: A Non-referring Ontology for Safety 
 
 
 
‘My subject is History of Magic,’ he said in his dry, wheezy voice. ‘I deal with facts, Miss Granger, not 

myths and legends.’ 
 J.K. Rowling, Harry Potter and the Chamber of Secrets, 113. 

 

 
1.0. INTRODUCTION...............................................................................................................................1 
1.1. LEGITIMACY CRISIS ........................................................................................................................2 

1.1.1. Changing people.....................................................................................................................3 
1.1.2. Changing society ....................................................................................................................4 
1.1.3. Mode 2 science and society ....................................................................................................7 
1.1.4. Conclusion............................................................................................................................10 

1.2. CONVERGENT EPISTEMOLOGICAL REALISM ..................................................................................10 
1.2.1. Concept delineation..............................................................................................................11 
1.2.2. Induction: an ultimate ground can always be questioned again ..........................................12 
1.2.3. Nature, functions, and structure of scientific explanations...................................................12 
1.2.4. The demarcation issue: scientific thinking preferred to non-scientific.................................15 
1.2.5. Theory dynamics...................................................................................................................17 
1.2.6. Reduction..............................................................................................................................17 
1.2.7. Conclusion............................................................................................................................18 

1.3. INTERACTIONISM..........................................................................................................................18 
1.3.1. Genesis of actor network theory ...........................................................................................18 
1.3.2. Latourian actor network theory............................................................................................20 
1.3.3. The lack of a social psychological approach in interactionism............................................30 

1.4. SAFETY CONCEPT .........................................................................................................................33 
1.4.1. Definitions difficulty .............................................................................................................33 
1.4.2. Safety ....................................................................................................................................34 
1.4.3. Risk .......................................................................................................................................35 
1.4.4. Incertitude.............................................................................................................................41 

1.5. CONCLUSION ................................................................................................................................44 
 

1.0. Introduction 
 

In this chapter, we will set the scene for our epistemological model and its 
application to safety decision-making. As we said, our rather abstract model will be 
able to answer actual questions on safety decision-making.  

In order to build up our model to answer these concrete issues, we will first 
tackle the ontological status of 'facts'. This is a very radical change for many scientists 
and technologists, including myself. The four years I have been working on this PhD 
have been very difficult with regard to restructuring my thoughts about 'reality'. I can 
imagine that some of you will encounter the same challenging of fundamental ideas in 
reading this chapter, with the knowledge that you will read this chapter in a few hours 
time whereas I got four years to change. We therefore will try to explain the 
difference as well as possible. As such, we will show on the one hand that our 
statements indeed imply a fundamental change. On the other hand, however, we will 
also stress that the new approach is not that insurmountable as one often pretends and 
as it appears from literature. This, as we said earlier, can be an answer to many 
questions regarding safety decision-making processes. 
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First of all, science and technology send out contradictory signals. On the one 
hand, they say to refer to 'reality'. As such, they claim to provide foundations of 
knowledge. Here, we want to make a difference between what scientists tell about 
their job and how they behave. It is indeed true that many scientists, in discussions 
with philosophers, will admit that their facts are not referring to 'reality' and that their 
theories are only an approximation of reality. In their behaviour, however, they often 
act as if these facts are absolute. The debates are settled when the facts are brought 
forward. The reason why these facts have this power to settle the debate stems from 
the strength scientists and decision-makers attribute to it. In their behaviour, facts are 
indeed foundations. 

On the other hand, science and technology often face their restrictions. Some 
safety questions cannot be answered with the current state of affairs. Politicians, 
judges, or the involved public have to take over the decision whether to imply a non-
proven technology. Sometimes, it is even worse. Scientists and decision-makers bring 
forward their facts; these facts settle the debate; and afterwards, they seem to be 
'wrong'. The strong arguments of scientists seem to be inconvenient. It is very 
comprehensible that those involved and not in charge loose their feeling of security. 
Things go 'wrong' (or different as expected) and nobody seems to bear responsibility 
for it. 

There must be something wrong with the way many scientists, lay-people, 
politicians or lawyers consider facts in general and on safety in particular. If the 
people involved in the safety decision-making process had another point of view 
regarding facts, a lot of problems would have been solved immediately. Another way 
of looking at facts could change the whole debate. People who bring forward the facts 
will do this with another attitude. People who take the facts for granted will do this 
with other expectations.  

The alternative point of view that we propose here is interactionism. It states 
that facts are not discovered in reality. A statement becomes a fact when no one 
attacks it further. A statement is only a fact if it is accepted as such. If a scientist says: 
"This is a fact", it is only a fact if the listeners accept it as such and do not question it 
further. 

It must be clear that this insight has large consequences for the safety debate. 
In a classical way, safety is often seen as the freedom of intolerable risk. As such, 
safety is a result of science referring to nature (the risk factor) and the societal 
acceptance or non-acceptance of these scientific results. Risk and uncertainty remain 
scientific results in this point of view. In the interaction theory, risk and uncertainty 
are also a result of the interaction between societal aspects and the 'reality out there'. 
Statements on risk or uncertainty are only a fact if they are accepted in such a way. 
Scientists do not have access to the truth. Their statements will only be a truth if they 
are accepted as such. 

 
We will explain this argumentation in more detail in this chapter. In a first part 

we explain the legitimacy crisis in which our western society finds itself. A second 
part explains what we called 'the classical way' in more detail and its drawbacks. We 
continue with the interactionism theory that changes the ontological status of facts. 
Finally, we apply this on the safety concept. 

1.1. Legitimacy crisis 
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Admit it: you who are reading this are not so bad off. Your life expectancy and 
that of people in Western Europe and the United States is growing every year. (United 
Nations, 2004) Welfare in these regions increases too, notwithstanding some 
temporary dips due to economic recessions. (United Nations, 2003) It adds to our 
material or financial possessions and to our possibilities for personal development and 
individual growth. Life itself has apparently never been so safe for such large parts of 
the global population. (Douglas and Wildavsky, 1982) This could only happen with 
the help of scientific and technological development. Science and technology have 
created and still create a lot of benefits and goods for a great number of people. 
According to those who believe that risk has diminished, it is clear that large parts of 
the non-experts have improperly become too risk-sensitive. Risk perception issues 
then become very important issues to fight against. 

 
According to some other authors, the crisis in this western society has a much 

broader origin. (Huyse, 1999) There is widespread dissatisfaction amongst large 
populations about political decision-making, the legal system, and technological 
safety developments. Abrupt changes in election outcomes indicate the importance of 
protest votes in democracy. Some technological developments are seen as potentially 
life-threatening. Sometimes these dissatisfactions lead to widely supported protests.  

 
How can this lack of security be consistent with the ever-increasing welfare, 

safety, and life expectancy? According to Luc Huyse, the answer is twofold. On the 
one hand, people themselves change. On the other hand, the society in which these 
people live changes. And it goes without saying that both mechanisms influence each 
other. If law, politics, or technology change, people will change too. And altered 
populations will adapt society to their needs.  
 
1.1.1. Changing people 

  
Although the simultaneous and associated increase of welfare and decrease of 

a feeling of security might seem strange, it is a well-known mechanism in both social 
and psychological theory.  

On a societal level this mechanism has become apparent since Gottlieb 
Fichte’s stated this theory of thesis-antithesis-synthesis and Hegel and Marx 
elaborated this idea further in their theories of ‘Geist’ and dialectical materialism. 
Marx, as Hegel, considers the world in the making. It is not the development of the 
‘Geist’ but of material. 

A Eurobarometer sociologist, Ronald Inglehart, described (1977, 1990) an ebb 
and flow movement between societal satisfaction and dissatisfaction for European 
populations. When the social order is at ease, people will have the possibility to 
develop and this progress will provide them with the possibility to become 
dissatisfied! When people have their daily bread - as is the case for most (western) 
countries - many of them start longing for more goods, more security, or more non-
materialistic things. The whims of the globalised society feed these cravings. It points 
to important characteristics of human features such as satisfaction, trust, feelings of 
security, and so forth. These are dynamic and relational concepts. Increasing trust in 
one field will probably provide enough trust to start worrying about something else. 

Firstly, the substantial needs are sufficiently satisfied. In line with the 
Maslowian theory, Inglehart states that many primary and secondary needs are 
sufficiently satisfied. Most people in Western Europe have enough food, shelter and a 
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sense of security. Being sufficiently gratified, primary and secondary needs can make 
way for tertiary needs such as self-realisation, love for the world, … “Can make way”, 
because many people react to the realisation of primary and secondary needs with 
more primary and secondary needs. Inglehart labels this group as 'materialists', 
whereas the group that gives way to their tertiary needs are labelled ‘post-
materialists’.  

Important here is Inglehart’s conclusion that post-materialists cannot exist 
without a sufficient number of materialists. Materialists are concerned for material 
welfare. They try to increase material growth. This welfare is a prerequisite for the 
fulfilment of primary and secondary, and therefore of tertiary needs. A society that is 
too post-materialistic is doomed to temper down. This is one explanation of the field 
of tension between materialistic technological progress and post-materialistic 
individual or societal self-realisation. 

 
The enormously increased level of education is a second reason for the 

simultaneous occurrence of welfare and legitimacy crises. On the one hand, increased 
schooling gives people the possibility to become more critical. People become able to 
evaluate in more detail what policy-makers do. The issue of participation then grows 
to be important. People want to have their say. The increased transparency necessary 
for participation leads to a discovery of how decision-making takes place. Often this 
is in discordance with the idea people previously had. The organisational habits at 
their level and in their surroundings differ largely from the practices at national or 
international level. This makes some say that mature civilians are often unreasonable 
in transparent participation because they mix their private life -where they habitually 
can rely on their emotions- with the public life -where one is bounded by rules out of 
sheer necessity. 

The difficulties in changing viewpoint are not non-existing as we will see 
further on. However, it would be wrong to picture this aspect only. Many civilians do 
have the ability to think for a large part in the name of the common good. Moreover, 
Huyse observes that people's contacts are more based on deliberation compared to the 
preceding decades.  
 
1.1.2. Changing society 

 
Apart from people themselves, the society that surrounds them changes as 

well. According to Huyse, people are increasingly deprived of their senses. A lot of 
technological risks, for example coming from radiation, food additives or chemicals, 
cannot be detected without specialised instrumentation. We do not agree that people 
are more deprived of their senses. However, it is true that people are more aware that 
they are surrounded by risks that cannot be experienced in a normal, day-to-day 
manner. Ulrich Beck (1986) for example holds this point of view with his 'Risk 
Society' concept. It explains that new risks resulting from nuclear, chemical, genetic, 
food technologies are fundamentally different compared to pre-modern risks. Whereas 
old risks were imaginable and 'human', the current risks are not any more. People are 
not deprived of their senses; they are deprived of the feeling that they can control their 
own life. Demands for labelling in food industry, for example, must be seen as one of 
the attempts to solve this deficiency. 

The origins of public distrust in technological evolution despite the growing 
welfare and safety are twofold. First of all, the responsibilities are so divided that it is 
very unclear who really bears responsibility. Secondly, recent history has shown many 
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cases where scientists and technologists were very certain about their statements, 
whereas the opposite was proven in the subsequent years. 

 
First of all, responsibility is heavily divided. (Huyse, 2002) The national 

politicians have lost the symbolic value that pictures them as the ones taking care of 
what happens. People are deprived of this representation of security. As Huyse 
indicates, two aspects are responsible for this shift. Firstly, people themselves change. 
Changing assessors change the assessment. Secondly, many new actors in societal 
decision-making take over the authority of traditional governments. However, this 
happens without a clear commitment of responsibility to the population. 

A first reason that’s often mentioned to explain the change in politics is the 
end of the ideologies' persuasiveness and the subsequent politician’s personalisation. 
The distinctions between socialist, green, Christian-democrat, or liberal ideologies 
become less pronounced in concrete actions or party programs. Therefore and 
probably also because of that, politicians have to create a distinct profile for 
themselves as personalities in order to preserve the political clientele. But this public 
figure approach has disadvantages for the individual politicians as well. If something 
goes wrong for which the individual politician is formally responsible, this person 
finds himself fully in the spotlights. In crisis situations, these mistakes can provoke 
lots of distrust. A higher degree of policy transparency has been achieved in other 
domains in the last decade. Unfortunately, this does not always contribute to a 
increase in legitimacy. On the contrary, decision-making clearness can reveal past 
managerial imperfections possibly adducing the proof that "nobody is to be trusted". 

Secondly, many new societal actors take over the role of traditional 
governments.  We can find arguments for this thesis in many works. One of them is  
"We have never been modern". (1993) in which Latour describes the problem about 
the ozone layer hole discussion. Upper-atmosphere chemists and meteorologists 
disagree. The major industrialised countries and the third world countries get into the 
discussion of selling air and CO2 emissions. Chief executive officers of companies 
like Atochem and Monsanto discuss with ecological groups. The argumentation 
becomes one big tangle of issues: third world, corporate culture, ecology, 
industrialised countries' power relations, intergenerational responsibility.  

National governments seem to be losing more and more control over the 
consequences of their deeds. The robust pyramid of political decision making is liable 
to wear out. Increasingly, governments ruling strongly make way for other forms of 
government in Western-Europe. Instead of one decisive government, a lot of actors 
independently make important decisions that are relevant and important for parts of or 
the whole population. The metaphor of the robust pyramid should be changed into the 
image of the archipelago of many subsystems or actors that sometimes are connected 
and sometimes are not. (Frissen, 1993) Within the government, autonomous 
administrative bodies, ministry officials, and parliamentary discussion groups gain 
power. Outside the national government, supra-national governments such as the 
European Commission, the NATO (North Atlantic Treaty Organisation), and so on 
dictate the decisions of national governments as well. And that’s not all. National and 
multinational media, NGOs, companies, courts of justice, financial institutions and 
scientists lay down stringent boundaries for national governments. And last but not 
least there are laymen populations that demand and increasingly obtain their own say 
in the decision-making. 

This is a transformation from a government that is pulling the strings to a 
government that becomes but one actor in a dynamic whole. It makes the 
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governments’ role and responsibilities less clear-cut. And the obfuscation of central 
authorities’ tasks does not stand by itself. All societal actors undergo the same 
evolution. The role of media, NGOs, companies, courts, financial institutions and 
scientists becomes increasingly intermingled and undelineated. On this subject, Helga 
Nowotny, Michael Gibbons and others speak of an evolution from Mode 1 to Mode 2 
society and science. (Gibbons et al., 1994; Nowotny et al., 2001) The concept of 
mode 1-society refers to a bureaucratic society in which decision-making happens 
top-down and in which every actor has its predefined place: scientists provide 
knowledge with which politicians make decisions for the general public that feels 
taken care of. The notion of a mode 2-society describes the current social order where 
everyone is everyone's partner and/or competitor. In analogy with the Greek, 
Nowotny et al. talk about the agora, the area where negotiations, mediations, 
consultations, and contestations take place. 
 

Mode 1 Mode 2 
Academic Application 
Disciplinary Transdisciplinary 
Homogeneity Heterogeneity 
Hierarchical Heterarchical 
Centralised Reflexive 

Table 1: Differences between Mode 1 and Mode 2 science and society according to Gibbons et al. 
(1994) and Nowotny et al. (2001) 

Mode 2 science and society are characterized by more explicit territory disputes 
on authority and responsibility between all actors. Responsibilities between the 
different actors cannot be clearly divided any more. Who has the right to decide on 
what? In order to turn the settle disputes, one must seize decisive power. All actors 
interpret the situation from their point of view and try to convince other actors. In 
doing so, they continuously discuss and demarcate consciously and unconsciously 
their own tasks and those of the competing actors. The different societal actors do not 
have a clearly specified domain and responsibilities.  

 
But another societal aspect exists that contributes to people's lack of security 

despite the growing welfare. Besides the spread of power that is described by mode 2 
theorists and sociologists like Huyse, there is another problem linked with the above 
mentioned increase of education and transparency.  

Science and technology still pretend to rely on facts. In discussions, many 
scientists will admit that some or all of their statements do not refer to 'reality out 
there'. They admit that these are the result of scientific, and therefore human, 
methodologies with their deficiencies.  

In their behavior, however, this picture is slightly different. In societal safety 
discussions, they often bring forward facts in order to settle the debate. They consider 
it normal that using the law of Newton, the half-life of an isotope, or the thickness of a 
clay layer settles the debate. As such, they believe that facts are the only final 
fundamentals of safety decision-making. 

There is one issue that challenges this point of view very directly and 
rigorously. Whereas technology is an accumulation of success, many technologies 
that were initially considered as safe enough by experts have been judged too unsafe 
afterwards. We think here about different cases as asbestos, radiation, etc. (Harremoës 
et al., 2001) These cases show that some statements are in some situations that 
convincing that everyone beliefs them, whereas they are rejected in other situations. 
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Apparantly, their must be more than only the 'facts' that makes the scientists belief in 
the statements at first and abandom them later on.  
 
1.1.3. Mode 2 science and society 

 
To illustrate the above-mentioned responsibility fragmentation, we will indicate 

some important actors in technological developments. Since the original boundaries 
are exceeded everywhere, examples of these border crossings can be given as well. 
We will focus on the interaction between scientists and the other actors. In the 
proceeding chapters, we will pay more attention to how this happens in small groups, 
what kind of mechanisms are at work, how the argumentation is held and so forth. 
  

The concealing of national government’s power begins within the governmental 
organisation. Even within the national governmental structure, the individual 
politician's power is scattered. Ed van Thijn5 describes how autonomous 
administrative bodies in the Netherlands often play an important governmental role 
without being subjected to any minister. As a consequence of the overwhelming 
amount of facts, the interpretation of information by ministry officials and their teams 
on the one hand and governmental bodies on the other hand can bring about indistinct, 
incomplete, untimely, or incorrect information, for which, in the end, ministers are 
always held responsible. Everybody knows that interpretation is always incomplete, 
that work pressure always influences time management, and that nobody is perfect. 
But ministry official’s reports can unconsciously and consciously steer interpretations 
in a certain direction. Someone who uses this mechanism, is restructuring the 
governments policy.  

Governmental bodies often think they are ‘only providing’ information. It is 
clear they co-determine a regime’s policy if we look to the Electromagnetic Fields 
Committee of the Health Council of the Netherlands. It comes to the conclusion that 
exposure limits of electromagnetic waves do not have to be lowered. It decides that it 
is not within its competence to settle whether the precautionary principle can be 
applied or not. 
 

The Committee is of the opinion that it cannot be reasonably presumed that any of the three 
categories of non-thermal effects concerned, namely, biological effects, carcinogenesis and non-
specific complaints, pose a health threat. Thus, owing to the Committee’s pragmatic approach to the 
ministers’ question as to whether or not there is cause, on the base of applying the precautionary 
principle, to establish exposure limits at a lower level than the values based on thermal effects, its 
answer is in the negative. However, as indicated in section 1.2, the decision as to apply the 
precautionary principle or not is first and foremost a political one. (Health council of the 
Netherlands, 2000, 28) 

 
Nevertheless, this report will effectively make it more difficult for the Dutch 

government to apply the precautionary principle in this case. The Health Council does 
have political power. 
 

                                                           
5 Huyse refers to VAN THIJN, Ed, De sorry-democratie. Recente politieke affaires en de ministeriële 
verantwoordelijkheid. [The sorry-democracy. Recent political cases and the ministerial responsibility.], 
Amsterdam, 1998.  
We mention here that references in footnotes are secondary literature. If certain documents seem 
interesting or important, but we have not read them, we do mention them in a footnote. 
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Besides the intergovernmental territory disputes, a lot of other governments 
compete with the national governments. First of all, national governments transfer 
power to regional or local governments. In Belgium for example, many levels next to 
the federal level exist: community council; provincial council; Walloon, Flemish and 
Brussels capital regions; the French speaking, Dutch speaking, and German speaking 
community. The Belgian and Swiss subdivision structure wants to give the different 
populations their autonomy. A direct consequence is the shift from federal 
government’s decisive power to other governments.6 The evolution on the European 
scale induces another power transfer away from national governments. Europe’s 
decision-making is very obscure which does not contribute to the transparency of 
authorisations and responsibilities. 

 
Let’s now concentrate on the role of other organisations such as the media, 

NGO’s, financial institutions, courts of justice in the political legitimacy crisis. 
When people look for the origins of the lost trust, the finger is often pointed at 

the media. It is said that they over-emotionalise facts to increase sales. They sacrifice 
the truth on the altar of competition. Individual journalists complain that they often do 
not have the right to write neutral or better-founded articles. Their editors habitually 
choose catchy titles on which the original journalists have no veto anymore. The 
increasing hunt for the quickest and most sensational news has a lot of consequences. 
Most important for our story is the fact that feelings of distrust and fear are strongly 
stimulated. Technological evolutions are frequently misleadingly portrayed as 
disastrous. The opposite happens as well. The media are used to minimise appropriate 
and inappropriate worries. 

The media are used for private benefits. Multinational NGO’s for example do 
so. Ricardo Petrella mentions two strategic aspects: a global and international 
approach and a maximal use of information technology. When a manifestation against 
mixed oxides (MOX) is held in Dessel, Belgium, it could be that it is only implicitly 
directed against the local MOX decision-making process. It could be that the protest is 
an orchestrated happening to be broadcast few hours later in primetime in Japan 
where the MOX is at that moment an hot issue. The local manifestation against 
Belgian MOX is only a means to give the anti-nuclear argument an international 
cachet.  

 
It is indeed true that negative media-attention can cost companies a lot of money 

if not their existence. Therefore, it is of the utmost importance to them to control the 
media. And if this is not possible, they at least have to use their power. A well-known 
example is the controversy on Shell’s Brent Spar oil platform. (Löfstedt and Renn, 
1997; Lubbers, 2002) On the one hand, Shell and Exxon, owner of the platform, 
together with John Mayor and the British government, defended the Brent Spar deep-
sea disposal. On the other hand, Greenpeace, in particular the activists in Germany, 
mounted a campaign against sinking the platform. The German, Danish and Swedish 
governments supported them in their actions. Ragnar Löfstedt and Ortwin Renn argue 
that this controversy would probably have been more moderate if Shell and Exxon 
had had a better risk communication, whereas Greenpeace used the media very well. 
Eveline Lubbers emphasizes one of Shell’s reactions after this controversy. ‘The 
company called in specialised external web monitoring services to search the web on 
                                                           
6 According to some authors, the mechanism to devide countries is deliberately used to weaken strong 
nations. Michel Collon for example states that Germany and the US deliberately triggered the division 
of former Yugoslavia to decrease or even destroy the national power. (Collon, 1998) 
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a daily basis and collect the URL’s where the company was mentioned and in what 
context’7 Pictures of activists braving the water cannons of Shell’s tugboats made it 
possible to mobilise politicians against deep sea sinking by means of petitions and to 
organise a consumer boycott of Shell gasoline stations. (Löfstedt and Renn, 1997) 

 
The effect of NGO’s in technological issues can indeed be enormous. 

Greenpeace’s actions changed the ‘environmental non-issue’ (Ibid., 131) of the 
sinking of an oil platform to an important and hot media topic. It is clear that NGO 
activities and actions influence people’s opinions and ideas. On the one hand it can 
create more suspicion or simply change people’s values by pointing strongly to a 
certain occurrence. On the other hand, it can evoke resistance to the NGO’s message 
and increase the belief in the opposite opinion because of an aversion to the methods 
used.  Since this change of opinion is often important in the final decisions made, 
NGOs bear a political responsibility too. (Huyse, 1999, 99; Tieleman, 1996) A well-
known example of the devastating consequences of NGO’s actions is the Somalia aid 
in the eighties. Mohammed Sahnoun and Michael Maren show how the relief aid of 
USAID and other NGOs helped to create and bolster the corrupt regime of President 
Siad Barre. (Sahnoun, 1994; Maren, 1997) 
 

The role of courts of justice and law making is considered as important in mode 
2 science as well. Research on cell phone use and microwave radiation has shown 
both to be harmful and non-harmful. Concerning antennas, the Belgian High Council 
for Health does not mention radiation risks coming from antennas. (Hoge 
Gezondheidsraad, 2000) The Electromagnetic Fields committee of the Health Council 
of the Netherlands comes to the conclusion that exposure limits do not have to be 
lowered. It also decides that it is not within its competence to decide whether the 
precautionary principle can be applied or not.  
During this controversy, the court of first instance used the precautionary principle to 
argument that a GSM base station in Belgium had to be removed from an apartment 
block. (Rechtbank van Eerste Aanleg van Brugge, 2002).  
  

Scientists play an important role in the previous example. This should be plain 
logic, since it is their domain. However, it is not that simple. The above-mentioned 
actors are important for scientists as well. For a scientist who believes microwave 
radiation is not harmful, it is hard to accept that courts use the precautionary principle 
to support the removal of GSM antennas. For those who do believe, it is equally 
important. The same goes for attitudes towards companies or NGO’s. The actions 
they undertake must be in accordance with the scientists’ beliefs. 

Scientists now have to look for socially robust instead of merely reliable 
knowledge. ‘Decision-making … becomes a fluid configuration of knowledge, 
information and experience, all of which are most likely to resonate with questions 
arising in highly specific and localised contexts.’ (Gibbons et al., 1994, 221) 

 
And this is not the end of the list of possible actors. Unions, members of the 

public, parliamentary inquiry groups, etc. can have their influence as well in the 
determination of safety issues. 

                                                           
7 Translation of ‘Het bedrijf nam gespecialiseerde externe webmonitoren in de arm om dagelijks het 
web af te zoeken en alle plekken bij te houden waar het bedrijf werd genoemd en in welke context.’ 
(Lubbers, 2002, 148) 
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One central question will pop up for many readers: what is the use of this 
elaboration if –in the end- facts settle the debate. The safety debate will probably be 
influenced, delayed, etc. by all these mechanisms. But scientific methods are that 
stringent that in the end, the truth about the safety aspects will prevail. In order to 
answer this question, we will concentrate in the next sections on the notion of facts 
and their strength in debates. 
 
1.1.4. Conclusion 

 
It is clear that we have mentioned here two core aspects of the legitimacy crisis: 

the fragmentation of responsibility and the difference between the strength of facts 
and there final result. 

In what follows, this text will concentrate on the second aspect. We will discuss 
how we have to reconsider the notions 'fact', 'strength', and the consequences hereof. 
The aspect of responsibility fragmentation will not be our implicit focus any more. 
We must, however, retain the insights we gained here in the back of our heads 
because the two issues are of course interdependent. On the one hand, a good insight 
into what facts are will provide people with a good attitude towards the responsibility 
fragmentation. A good answer to the responsibility fragmentation, on the other hand, 
will imply a good insight in facts and their strength. 

In order to give an answer to the concept of facts, we explain two opposing 
ontologies: convergent epistemological realism and interactionism. Convergent 
epistemological realism believes that 'real scientific facts' refer to reality. 
Interactionism avoids this statement and argues why it does not need the reference to 
reality.  
 

1.2. Convergent epistemological realism 
 

If we focus on the argumentation that people give to justify whether and how 
laymen, scientists, politicians, and so forth should participate in technological 
decision-making or not, we get confronted with science views. The role that someone 
considers ideal for certain actors depends on the view of what science is. 

The role of members of the public in scientific debate is subjected to a lot of 
discussion. Some people plead for limiting non-scientific interference in science. 
Others will accept public or other meddling in technological decision-making, but do 
not believe that laypeople need to have influence on scientific developments. The 
public can decide on a specific and local design. It might well be possible that they 
answer in the affirmative the above-mentioned questions. Yet others will argue for a 
certain involvement of the public and a redefinition of the scientist's role, as we saw in 
our explanation of mode 2 science and society.  

 
We can say that describing and elaborating different philosophies of science is 

a common activity in philosophy. The literature is therefore very vast. To convince 
yourself, you can take a systematic overview of theories and opinions of technology 
or science like van der Pot's Steward or Sorcerer's apprentice' (1994). 

It is, however, not our aim to give an overview of all the possible positions in 
philosophy of science. Handbooks in philosophy of science do this job. We want to 
justify our choice in the debate. To reach this aim, we start with an elaboration of 
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another science view, which we consider, together with Larry Laudan, as very 
persistent among philosophers and scientists. 
 

Even more influential than relativism, especially in scientific and philosophical circles, is a very 
different version of the axiology and methodology of science – a viewpoint called scientific 
realism. (Laudan, 1984, 104) 

 
Not only philosophers and scientists, also many laymen hold this stance. We therefore 
consider it important to position ourselves against this science view. 
 
1.2.1. Concept delineation  
 

We will use Laudan's definition to explain the realism notion. Before we start 
our elaboration, it is important to make the distinction between this realism concept 
and the rationalism concept.  The rationalism notion is a methodological concept. It 
describes the approach on how to get knowledge. We can also focus on the 
ontological notion. It expresses the relation between concepts and what they denote. 

As already mentioned, a persistent ontological theory at present that goes hand 
in hand with rationalism is probably what Laudan calls convergent epistemological 
realism (CER). It is a view that consists of variants of the following components: 
 

R1) Scientific theories (at least in the mature sciences) are typically approximately true and 
more recent theories are closer to the truth than older theories in the same domain. 
R2) The observational and theoretical terms within the theories of a mature science genuinely 
refer (roughly, there are substances in the world that correspond to the ontologies presumed by 
our best theories). 
R3) Successive theories in any mature science are such that they preserve the theoretical 
relations and the apparent referents of earlier theories (i.e., earlier theories are limiting cases of 
later theories). 
R4) Acceptable new theories do and should explain why their predecessors were successful 
insofar as they were successful. 
R5) Theses R1-R4 entail that (mature) scientific theories should be successful; indeed, it is said 
that these theses constitute the best, if not the only, explanation for the success of science. The 
empirical success of science accordingly provides striking empirical confirmation for realism. 
(Laudan, 1984, 106-7) 

 
The CER philosophies are obvious. Scientific theories have only two destinies. 

The first is that they give descriptions that go further away from the truth. It is 
possible that these theories can convince scientists for a while because they are 
promising. But in the end, their falsehood will become clear and truth will prevail. A 
second faith is that theories indeed bring human knowledge closer to the truth. It can 
be that scientists will not see its truth for a moment, even for many centuries. 
However, if a theory brings human knowledge closer to reality, truth will prevail in 
this case as well. 
 
 Although this view is very widespread and persistent, it faces some problems. 
In order to organise the critiques, we use an elaboration of Herman Roelants (1992) 
He mentions five classical and very important issues in philosophical theories on 
science and technology: induction, explanation, demarcation, theory dynamics, and 
reduction.  

CER theories have difficulties to explain some important science and 
technology features. A core issue is the R1 statement of the approach of truth. Which 
statements provide an unfailing certainty on which a theory can be built (induction)? 
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A related problem is the status of scientific statements. Do they only claim to be 
predictive models without any reality claim? Or do they go a step further and claim to 
be closer to reality in comparison with competitive theories? The successfulness of 
theories is very important in Laudan's realism description. The R5 statement implies a 
prediction of more success if the non-successful, wrong theories are kept separated 
from the successful, right ones. We will show that this demarcation is not that easy. A 
problem associated with the delineation is the issue of theory dynamics and the role of 
affections herein. A last issue is the reduction of certain theories to others. This 
challenge is addressed by the R3 and R4 statements.. What can the new theory's 
attitude be towards the statements made in the previous theories?  

 
We will explain these induction, explanation, demarcation, theory dynamics, 

and reduction issues in more detail. 
 
1.2.2. Induction: an ultimate ground can always be questioned again  
 

This induction problem refers to the problems of scientific knowledge 
foundation and justification. An ultimate ground can always be questioned again. 
What then could be the foundations of the building of science? 

It has been solved in different ways. In the history of philosophy, the 
distinction between rationalism and empiricism has been very important. An 
important division is put in the seventeenth century. Rationalism was elaborated by 
people as René Descartes and Baruch De Spinoza. They found sovereignty in 
Reason. (Descartes, 1989, 1641) Empiricists like John Locke and David Hume see 
the ultimate ground in the sensory perception.  

This foundation idea remained lively in the twentieth century. The 
neopositivism of the Wiener Kreis and the Berliner Gruppe was looking for a class 
of statements that denote as precisely as possible to the immediate data of sensory 
perception. In this way, the statements would gain maximum certainty. (Roelants, 
1992, 24) Carnap for example tried in his 1928 The Logical Structure of the World 
to describe our whole conceptual framework in terms of one concept - recollection 
of similarity. (Lokhorst, 1999) 

 
The R1 statement says that mature scientific theories are closer to the truth 

than older theories in the same domain. This belief does not exclude when 
scientists can be really scientifically certain of something. In the quest for a 
foundation, we can always question our fundaments. This will lead us to infinite 
regress, unless we accept a certain point as fundamental or fundamental enough. 
 
1.2.3. Nature, functions, and structure of scientific explanations 
 

Related to the induction issue are the explanation problems. If the ultimate 
foundation can not be found, what then are the nature, the functions, and the structure 
of scientific explanations? What is the role of theories and scientific laws in 
explanations? Are theories but a heuristic model of reality that give certain interesting 
analogies but fail to reproduce reality? Or do they realistically refer to reality?  

 
A well-known textbook illustration can be found in the genesis of the three 

Kepler laws for the movements of the planets. E.J. Dijksterhuis described in his 
"Mechanisation of the World View" (1989) among many other things how astronomy 
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insights developed from the Ptolemaic world view, over Copernicus, Ticho Brahé, to 
the Kepler laws.   

According to Dijksterhuis, there has been a tension between mathematical and 
physical explanation since the Greek world descriptions. The mathematical model 
only wants to give a description of the facts and does not pretend to give origins of the 
movements. This is in contrast with the physical justifications that pretend to provide 
descriptions that refer to reality. 

During the Greek era, the distinction between the mathematical and physical 
approach was not yet clearly divided. According to Dijksterhuis, however, the origins 
of the distinction were already present. Greek philosophers like the Stoa did not ask 
for the origin of movements because it is the domain of the divine creature. (Ibid., 48) 
The development of mathematics implied the growing importance of descriptive 
models. 
 

"The first [mathematical description] is based on observed, and even by exact measurements 
ascertained facts, keeping their value when the nature philosophical predictions change, and on 
mathematical theories, doing nothing else but briefly summarise the essence of the facts in such 
a way one can draw conclusions from it and make predictions. The second, which wanted to 
depart from the essence of celestial bodies, was on the contrary bound hand and foot to 
philosophy of nature that was not sufficiently supported by empirical research, but on the 
contrary, based on metaphysical considerations, and pretended to be able to provide largely the 
results of such a research by itself. (Ibid., 68-9) 

 
Dijksterhuis adds that this metaphysical contemplation even led some philosophers in 
the Greek era to presume that the earth was not the centre of the movements.  

The tension between mathematical description and physical explanation of the 
celestial bodies becomes very apparent in the writings of Copernicus. The 
introduction in the first edition of his "De Revolutionibus Orbium Caelestium Libri 
VI"8 is famous for this. The preface, entitled "To the reader, about the hypotheses of 
this work", informs that 

 
the author only wanted to fulfil the astronomer's required task of making the movements of the 
celestial bodies calculable by means of hypotheses. The formulation of these hypotheses does 
not at all imply the statement that these hypotheses are true, even that they are plausible. It is 
just that astronomy cannot teach something certain at this point. Those who take for granted the 
hypotheses that are meant for other purposes will leave more stupid than they came.9    
(Dijksterhuis, 1989, 327-328)  

 
It came out that this preface was written by the Lutheran theologian Osiander. He 
apparently wanted to meet anticipated objections. Thomas Kuhn (1957, 196) and 
many others10 mention the baleful influence of Protestantism on the evolution of the 
heavenly bodies theory.  Luther made a famous remark in 1539: 
 

So it goes now. Whoever wants to be clever must agree with nothing that others esteem. He 
must do something of his own. This is what that fellow does who wishes to turn the whole of 

                                                           
8 COPERNICUS, Nicolaus, De Revolutionibus Orbium Caelestium Libri VI, Thoruni, 1873. 
9 Translation of the Dutch text of "Dat de auteur alleen de aan een astronoom toevallende taak heeft 
willen volbrengen, met behulp van hypothesen de hemelbewegingen berekenbaar te maken, maar dat 
het opstellen van die hypothesen helemaal niet de bewering insluit, dat zij ook waar, zelfs niet, dat zij 
ook maar waarschijnlijk zou zijn. De astronomie kan nu eenmaal op dit punt niets zekers leren; wie de 
onderstellingen, die zij voor een ander doel maakt, voor waarheid houdt, zal dommer van haar heen 
gaan dan hij gekomen is." 
10 For an overview, see Kobe, 2002. 
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astronomy upside down. Even in these things that are thrown into disorder I believe the Holy 
Scriptures, for Joshua commanded the sun to stand still and not the earth [Jos. 10:12]11 

 
Copernicus' adherents were of course furious that this theory was depicted as 

mathematical fiction without claim to reality. (Dijksterhuis, 328) Kepler was one of 
them. He disapproves of the Osiander preface in his "Astronomia Nova"12. "One 
expects not only workability, but also truth from a hypothesis. When one phenomenon 
can be explained by two hypotheses, one has to find physical or metaphysical 
arguments to decide which of the two is in fact realised in nature, or demonstrate that 
none of both contains truth."13 

 
One could consider this example as an illustration of the strength of the 

physical explanations. Kepler found, in this viewpoint, after a 20 centuries long 
inquiry, the true and referring laws of the planets' orbits. However, the Kepler laws 
can also be regarded as a good approximate mathematical rough estimate of the 
gravitational field approach expressed in the Schwarzschild solutions14.  

Convergent epistemological realism clearly states that science comes ever 
nearer. It is obvious, however, that the explanation problems are not easily solved. 

This referring issue is treated by Laudan at length.  His argumentation starts 
from the alleged relation between the reference to reality and the successfulness of 
theories. (1984) Although realists often take the notion of success for granted, they 
have hardly explained it. According to Laudan, realists as Putnam, Sellars, and Boyd 
have a pragmatic use of the success concept.  

 
So far as I can see, they are working with a largely pragmatic notion to be cashed out in terms of 
a theory's workability or applicability. On this account, we would say that a theory is successful 
provided that it makes substantially correct predictions, that it leads to efficacious interventions 
in the natural order, or that it passes a suitable battery of standard tests. One would like to be 
able to be more specific about what success amounts to, but the lack of a coherent theory of 
confirmation, and the notable silence form realists themselves about their explanandum, make 
further specificity difficult. (Laudan, 1984, 109) 

 
The notion of reference is often used in a 'rather liberal sense, according to 

which the terms in a theory may be genuinely referring even if many of the claims the 
theory makes about the entities to which it refers are false.' (Ibid., 110) According to 
Laudan, the realist claim that we should expect referring theories to be empirically 
successful is simply false. Genuinely referential theories are not invariably or even 
generally successful at the empirical level. He substantiates this with a list of 'ample 

                                                           
11 Kobe (2002) refers to TAPPERT, Theodore G., "Table Talk" In: Helmut T. Lehman, Luther's work, 
Vol. 54, Fortress Press, Philadelphia, 1967, 53-54.  
12 Dijksterhuis refers to KEPLER, Johannes, Neue Astronomie, translated and introduced by Max 
Caspar, Munich, 1929.  
13 Translation from "Van een hypothese wordt niet alleen bruikbaarheid, maar ook waarheid verlangd 
en wanneer eenzelfde verschijnsel door twee verschillende hypothesen verklaard kan worden, moet 
men physische of metaphysische argumenten trachten op te sporen om uit te maken, welke van deze 
twee in de natuur in feite is gerealiseerd of aan te tonen, dat ze geen van beide waarheid bevatten." 
(Ibid., 341)  
14 For a (mathematical) introduction, see Carroll, 2003, arriving at the general relativity equivalents of 
Kepler's second law that equal areas are swept out in equal times, with L the angular momentum, r the 
distance between two objects, λ an affine parameter. 
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evidence': the chemical atomic theory, the Wegenerian theory of the continent drift, 
and many others. (Ibid., 111;121) 

His main argument is that these theories, which are nowadays seen as 
genuinely referring, once faced important opposition. The chemical atomic theory in 
the eighteenth century was so remarkably unsuccessful that most chemists abandoned 
it in favour of a more phenomenological, elective affinity chemistry. (Ibid., 111) The 
Wegenerian theory made the same start.15 Naomi Oreskes (1999) showed that there 
was a large difference between European and US acceptance of the theory. Carozzi 
(1985) demonstrates that reactions within Europe were extremely diversified and 
dominated by an association of strong post World War I politics, the language barrier, 
the stifling of academic authority, passions of individuals, and regionalism of 
geology. 

The mechanism that is at stake is the following thesis, labelled in his book S3: 
"If a theory is successful, we can reasonably infer that its central terms genuinely 
refer." (Laudan, 1984, 109)  The list of theory change examples indicates that this 
thesis should be weakened. 'It is possible that when Putnam, for instance, says that 
"terms in nature [or successful] science typically refer"16, he means only to suggest 
that some terms in a successful theory or science genuinely refer.' (Ibid., 114) This 
weakening implies that realists loose their preserving R3 claim. This claim is the 
necessary claim for the relations between different and subsequent theories; and the 
explanation of scientific progress.   
 

Something apparently has to give. A version of S3 strong enough to license R3 seems 
incompatible with the fact that many successful theories contain non-referring central terms. But 
any weakening of S3 dilutes the force of, and removes the rationale for, the realist's claims 
about convergence, retention, and correspondence in intertheory relations. (Ibid., 116) 

 
 The most important difference between CER adherents and Laudan is the time 
dependence of their approaches. Convergent epistemological realists always judge the 
past evolution with current, present day criteria. They make their judgement within 
the context we are in right now. It is easy to believe that these criteria are 
fundamental. It is imperialism of the present knowledge. It is therefore easy to believe 
that they refer. 
 
 This is precisely our critique with respect to the risk and uncertainty 
definitions. They start from the notion that present science refers to reality or knows 
how 'remote' they are. After all, they can give an assessment of the reducible 
ignorance, indeterminacy, or irreducible ignorance, concepts that have to do with the 
'distance' between theory and reality. 

 
1.2.4. The demarcation issue: scientific thinking preferred to non-scientific 
 

The (R5) statement of Laudan's CER description implies a prediction of more 
success if the scientific thinking is preferred to non-scientific thinking. The empirical 
success of science provides striking empirical confirmation to realism. The 
demarcation between science and other human activities is very important for many 
realists. A substantial part of this demarcation problem discussion concerns the 
relation between science and pseudo-science. In what follows, we will concentrate on 

                                                           
15 Publications about this issue can be found at http://www.scils.rutgers.edu/~kpennell/webpage3.html . 
16 Laudan refers to PUTNAM, Meaning and the Moral Sciences, Routledge & Kegan, 1978, 20. 
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this distinction. What is the difference between alternative and true medicine, between 
food biodynamics and nutrition science, or between energy supply beliefs and hard 
and rational production facts? 

A common approach consists in describing the deficits of pseudo-science 
activities to separate it from pseudo-science. It is the rationalistic challenge to 
describe pseudo-science characteristics without erasing institutionalised science 
because of some of their odd traits. 

Rationalists mention some delineations between science and pseudo-science. 
First of all, pseudo-science, they say, is often based on fraudulent research. Secondly, 
it is often marginal or has extremely dissenting opinion in comparison with state-of-
the-art science. Thirdly, the ideological misuse of the notion 'science' is often present 
in pseudo-science. Lastly, the self-deceit of so called scientists makes these people 
pretend they achieve scientific results.  

We will illustrate this argumentation's difficulty. Some classical examples 
show that what is sometimes considered as 'real science' does not escape these 
problems. Firstly, the Blondlot N-rays concept gives a clear example of self-deceit. 
Langmuir talks about 'pathological science' to denote the difference between real 
science and pseudo-science.17 (Langmuir, 1953) This goes for posterior 
considerations. Secondly, the intelligence studies of Cyril Burt are a well known 
example of the fraud concept's complexity. It shows clearly the difficulty to 
demonstrate the link between facts, fraud, and 'real science'. Thirdly, the explanations 
of Robert Strecker and Peter H. Duesberg on AIDS are extremely dissenting. The 
persistence of this marginal research however is remarkable. We will illustrate the two 
last examples in more detail.   

 
Cyril Burt, a famous British psychologist, performed intelligence studies using 

identical twins. In the beginning of the fifties, he started with 21 and 42 pairs. In 1956 
he completed a study with 53 pairs achieving a correlation coefficient matching to the 
third decimal place to the earlier twin study. Five years after his death, the biography 
writer Leslie Hearnshaw and social psychologist Leon Kamin accused him of 
publishing a fraud concerning these series, backed up by the Sunday Times. This lead 
Hans Eysenck and Arthur Jensen, Burt’s fervent defenders, to withdraw their support. 
In the late eighties, Robert B. Joyneson and Ronald Fletcher reopened the case and 
concluded that the accusations of fraud were ill founded and that Burt must be 
exonerated. (Parrington, 1996; Rushton, 1994) 

This example of fraud accusations shows a problem with the rationalist 
interpretation of facts. Suppose a result of a scientific measurement is accepted as a 
fact. After many years, it appears that the scientists perpetrated fraud. And later on, it 
is questioned whether this is true or not. When are the results really considered as a 
fact from a rationalistic point of view? During Burt’s glamour period they are. 
Afterwards, they are not any more. The most important consequence is that all other 
scientific facts could be proven to be false and that therefore, no fact can ever claim 
an absolute certainty that is understood as if it will never change.  
 

Controversies can differ in their emotive level. This issue is particularly 
important when the opponents perform marginal research or have extremely 
dissenting opinion. How should mainstream AIDS researchers deal with theories from 

                                                           
17 We will come back to these examples in the chapter on individual influences on scientific 
assessment. (page 180) 



Waste depositionism                                                          A Non-referring Ontology for Safety 
 
 

 17

respectively Robert Strecker and Peter H. Duesberg that say that the CIA made HIV 
or that AIDS is caused by conventional pathogenic factors such as drug-related 
promiscuous male homosexual activities themselves? Duesberg, who is a renowned 
virologist and a member of the prestigious National Academy of Science, and is 
professor at the University of California at Berkeley, can rely on reasonable support. 
An entire issue of the journal Genetica addressed alternative hypotheses regarding the 
cause of AIDS, with Duesberg a major contributor. Editorial letters in Science and 
Nature were furious. The origins of this fury were not the violated scientific rules but 
the societal norms and beliefs these imply.  Duesberg, however, also received support 
in the scientific community, some if only to defend his right to be heard. (Palevitz and 
Lewis, 1997) 

Rationalistic science approaches have difficulties facing these emotions in 
science. It does not exclude what is in a certain case the decisive factor, emotions or 
the results the believers obtained in their laboratories. They will mention that 
emotions exist in science. But emotions will always have a bad connotation. They 
slow down the process towards reality reference. Emotions give room for digression. 
Fortunately, according to convergent epistemological realists, reason will always have 
the last word.  
 

These examples show that the demarcation of science is not an easy task. 
When a list of exclusion items is made, a lot of scientific activities come under 
question too.  

 
1.2.5. Theory dynamics 

 
A problem associated with the delineation is the issue of theory dynamics and 

the role of affections. The convergent realist views as described by Laudan mention 
an evolution towards reality. They have difficulties however to explain what the role 
of emotions, foundations, personal vendettas or persuasion is.  

Many theory dynamics issues remain. Are these changes purely rational or are 
other factors involved? Can one speak about progress in science or merely a 
replacement of theories? Do theories have internal coherence? What kinds of factors 
stimulate change? 

One of the most important aspects is probably cognitive commitment. 
Scientists have a strong belief in their own theory.18 In combination with Laudan's 
notion of convergence, we can say that most scientists belief in the convergence of 
their theory, even if many other alternatives exist. Gustaaf Cornelis also comes to this 
conclusion in his study of cosmologies: 
 

It is interesting to see that many cosmologists believe in a convergence of their theories to one 
major theory of everything. No consensus exists on the content of that utopian theory, but they 
all agree that there has to be some or other global theory. (Cornelis, 1999, 145) 

 
1.2.6. Reduction 

  
A last issue concerns the relation of subsequent or conflicting theories. How 

should we consider the problem of reduction of scientific theories? Rationalistic 
points of view often implicitly presume the notion of a unified science, for science, 
                                                           
18 We will discuss this issue at length in different places in this text. An elaborate study has been 
performed by Verbruggen (1973). It will be discussed at page 167. 
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that uses reason, is the only or most important way to grasp reality. This reduction 
problem pops up in the object reducibility discussion too. The mind-body problem, 
for example, raises the question as to whether the mind is no more than the idle side-
effect of our brain process or whether the mind can, in some degree, influence 
behaviour. 
 
1.2.7. Conclusion 
  
It is clear that CER has some important drawbacks. We especially consider the 
explanation problem as an important problem. CER theories have problems to give a 
proof for their referring thesis. The demarcation and induction issues can be 
considered as a consequence of the explanation problems. 
 Now that we have criticised in more detail the point of view of some and the 
behaviour of many scientists and decision-makers, we want to describe interactionism 
as a constructive alternative. 

1.3. Interactionism 
 
These five brief outlines and illustrations show that some science view 

challenges are not easy to answer. We therefore will give a philosophical elaboration 
that describes science and technology evolution and has fewer difficulties with the 
induction, explanation, demarcation, theory dynamics, and reduction issues. We will 
of course investigate whether this theory has no other insurmountable problems. We 
will give it a first try with actor network theory (ANT). 
 
1.3.1. Genesis of actor network theory 

 
Since many introductions on actor network theory already exist, the 

movement’s genesis becomes standardised. Kukla considers two streams as its basis: 
seminal thinkers and sociology of science. On the one hand, seminal thinkers as Karl 
Marx, Karl Mannheim, and Emile Durkheim emphasised the causal role of social 
factors in sculpting individual belief. Together with Fredrick Engels, Marx showed 
that social class and numerous intellectual attitudes correlate. Mannheim and 
Durkheim extended both the causally relevant social factors and the range of 
intellectual attitudes that are influenced. On the other hand, Robert Merton’s 
sociology of science studied how the institution of science is organised. He analysed 
the various social roles that are created by the profession of scientists. (Kukla, 2000) 

Both the seminal thinkers and the sociology of science school had a dualism 
between scientific and social knowledge in their theories. Marx and Durkheim 
considered scientific knowledge as rational and thus as transcending social and 
cultural influence. Even Merton’s science elaboration is merely a social study of 
scientists instead of one of scientific knowledge. Scientific knowledge remained out 
of the scope of sociological analysis. (Ibid.) 
 

The study on the social influence on scientific knowledge was initiated by the 
elaboration of Thomas Kuhn. In ‘The structure of scientific revolutions’ he described 
the famous paradigm concept. A paradigm is “a term that relates closely to ‘normal 
science’. By choosing it, I mean to suggest that some accepted examples of actual 
scientific practice –examples which include law, theory, application, and 
instrumentation together- provide models from which spring particular coherent 
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traditions of scientific research.” (Kuhn, 1970, 10) The route of a scientific 
community can be explained with the persistence of paradigms.  

A society of scientists tends to stick to a paradigm if it is spectacular and has 
plasticity. In other words, the theory must be good enough to explain observations and 
to crystallise the consensus of a scientific community, thus restraining and 
discouraging a stable group of adherents to perform competitive research. Oddly 
enough, a paradigm must also be bad enough to be attractive for normal science or 
puzzle solving activities. Roelants submits that this puzzle solving remains a highly 
creative job. It contributes to the elaboration of a paradigm. As an example, he gives 
the highly sophisticated examples of the three and more body problem, the moon 
movement, and the Lagrange-Hamilton formulation in the Newtonian mechanics 
paradigm. (Roelants, 1992, 48) 

 In the postscript of his book, Kuhn gave an important extension to the 
paradigm concept by the notion of disciplinary matrix. The paradigm concept is 
regarded more broadly and described holistically as a ‘constellation of convictions, 
values and techniques shared by members of a certain scientific community, and that 
are handed down in an inextricable whole.’ (Kuhn, 1970, 176) 

This disciplinary matrix contains certain expressions that will be accepted 
without difference of opinion. It also encloses metaphysical components. These are 
beliefs giving explicit or implicit answer to several questions. What are the 
fundamental entities of the universe? How do they interact with each other and with 
our senses?  Which kind of questions can legitimately be asked about these entities? 
Which heuristical and ontological models can be used?  

A disciplinary matrix also consists of common values. Are quantitative 
hypotheses to be preferred to qualitative ones? How important is simplicity? Are 
theories considered to be value-laden or value-free? The matrix concept also holds 
examples worthy of imitation. According to Kuhn, the possibility to perform 
successful research is obtained without hypothetical, explicit rules. The identification 
of a direct example, tacit knowledge will do. (Kuhn, 1970, 174-210) 

 
Imre Lakatos (1978) argued that rational scientists could completely ignore 

evident refutations for their research programs. A controversy could exist for decades 
without scientists solving the issue at stake. Lakatos too left unclear how a community 
of scientists might reasonably decide for one research program or another, thereby re-
establishing consensus. One group of opponents fails to save a favoured hypothesis by 
means of auxiliary hypotheses. They might even restrain trying to stick to their theory. 
 

Kuhn wrote about the non-rational evolution of scientific research. However, 
he did not examine what exactly determined this process.  People like David Bloor, 
Donald MacKenzie, and Barry Barnes (later called the Edinburgh school) made the 
first attempt to map these variables, as Durkheim did with religion and Bourdieu with 
fashion. However, as Latour mentions, the difference with sociologists like Durkheim 
and Bourdieu is important. 
 

Social scientists did not really believe in religion and popular consumption. They did believe in 
science, however, from the bottom of their scientistic hearts. [...] By treating the ‘harder’ parts 
of nature in the same way as the softer ones – that is, as arbitrary constructions determined by 
the interests and requirements of a sui generis society – the Edinburgh daredevils deprived the 
dualists – and indeed themselves, as they were soon to realise – of half of their resources. 
Society had to produce everything arbitrarily including the cosmic order, biology, chemistry, 



Waste depositionism                                                          A Non-referring Ontology for Safety 
 
 

 20

and the laws of physics! [...] The double position of objects and society had to be entirely 
rethought. (Latour, 1993, 54-5) 

 
 The social constructivism of the Edinburgh school implies that facts are 
constructed in a sociological way. Scientific results are the consequence of the social 
interaction between scientists and not of nature. It is clear that this is quite the 
opposite of the convergent epistemological realism we discussed earlier. CER theories 
imply that observational and theoretical terms of a mature science genuinely refer. 
Social interactions can delay the discovery of new facts, but in the end, nature will 
prevail. 

The correspondence between theories and reality is lacking in the philosophies 
of the Edinburgh school. The possibility to construct anything resulted in a relativism 
that the Edinburgh school itself did not want to take. If we accept the extension to 
science as put by the Edinburgh School, we have to accept that society constructs 
everything in an arbitrary way including the laws of physics, chemistry and biology. 
This might seem indeed very far going, as if everything becomes completely 
subjective. 

The social constructivism position as it was put forward by the Edinburgh 
school was missing something. Some other social scientists tried to combine the 
influence of social interaction on facts and the role of nature. These people, actor 
network theorists, looked for a limitation of the unbridled relativism and the societal 
freedom that was predicted to go astray in social constructivism. They found a 
solution in the new interpretation of objects. They considered objects as actors in a 
technological discussion among other actors such as scientists, economists, policy-
makers etcetera. Actor network theory thus studies the construction of facts in the 
interaction between objects and subjects.  
 

The defeatism of the Edinburgh school leads to the idea that not a single 
scientific control is possible anymore. Pseudo-science will have its free way. The 
strongest doom-mongers fear for the loss of what science built up so conscientiously. 
It could be lost, forever... 

Let us therefore stay calm and consider the actor network theory idea step by 
step. In order to counter this belief, we will go deeper into interactionism, Latour's 
actor network theory. (Latour and Woolgar, 1986; Latour, 1987; Latour 1993) We 
will try to describe clearly some consequences of his philosophy and dispel some 
persistent misunderstandings. What is the status of facts? What will be the role of 
objects? Which origins of technological evolution does he describe? And what are the 
drawbacks of his theory?  

 
1.3.2. Latourian actor network theory 
  
1.3.2.1. Science in action 

 
Latour's starting point is very important. “We study science in action and not 

ready made science or technology; to do so, we either arrive before the facts and 
machines are blackboxed or we follow the controversies that reopen them.” (1987, 
248) He will develop a fundamentally dynamic theory by taking this point of 
departure. 

Laudan also made the distinction between CER theories and his own theory. 
CER theories consider the historical process to come to these facts as a way with 
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successes and failures to arrive finally at an approximation of the truth. The successes 
and failures of scientific evolution are judged on the basis of current facts that are 
considered to refer genuinely in mature theories. Historical statements that contributed 
to the discovery of these current referring facts are successful; statements that 
hindered this evolution are considered as failures. 

This point of view is linked with another issue of philosophy of science. 
Scientific judgements can be considered as evaluations that use in advance sound 
criteria. Latour reacts against this viewpoint.  
  
1.3.2.2. Teleological approach 

 
From a point of view of ready made science and technology, scientists only try 

to improve features. To put it differently, they try to make facts even more referring. 
If scientists start from facts and use the scientific methods, they will obtain more 
referring facts. “Just get the most efficient machine.” “Once the machine works, 
people will be convinced.” “When things are true, they hold.” (Latour, 1987, 9-12) 

 
To us, the essential idea in their plea is that assessment is twofold. An 

evaluation always uses criteria to judge features. (Hofstee, 1999) This is of course 
very evident. It elucidates that a performed assessment can be changed in two ways. 
The first is of course to alter the characteristics of the assessed. The other way is to 
change the criteria used. We will call this duality the twofoldness of assessment. 
Applied on science and technology, it looses its triviality.  
 Many philosophers passed criticism on the concept of fixed scientific methods. 
Karl Popper already wrote in 1963 in Conjectures and Refutations, The Growth of 
Scientific Knowlegde about the theory-dependence of observations. Larry Laudan 
states that methods, theories and aims are mutually dependent and not hierarchically 
structured. 
 

Where the reticulational picture differs most fundamentally from the hierarchical one is in the 
insistence that there is a complex process of mutual adjustment and mutual justification going 
on among all three levels of scientific commitment. Justification flows upward as well as 
downward in the hierarchy, linking aims, methods, and factual claims. No longer should we 
regard any one of these levels as privileged or primary or more fundamental than the others. 
Axiology, methodology, and factual claims are inevitably intertwined in relations of mutual 
dependency. The pecking order implicit in the hierarchical approach must give way to a kind of 
levelling principle that emphasises the patterns of mutual dependence between these various 
levels. (Laudan, 1984, 63) 

 
From Latour’s science in action point of view, scientists and technological 

decision-makers can change the assessment criteria or scientific methods too. He 
attacks the ready made science idea by reversing the problem. It is not the 'scientific 
method' as a fixed and predefined methodology that makes the fact accepted. It is the 
acceptance of the fact by a scientific community that afterwards makes the 
methodology 'scientific': “Decide on what efficiency should be.” The machine will 
work when all the relevant people are convinced.” “When things hold, they start 
becoming true.” (Latour, 1987, 9-12) An absolute, fixed, universal science method 
does not exist. 

Latour takes a teleological stance to specify the relation between theory, 
method and aims within science and technology. “To determine the objectivity or 
subjectivity of a claim, the efficiency or perfection of a mechanism, we do not look 
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for their intrinsic qualities but at all the transformations they undergo later in the 
hands of others.” (Ibid, 258) According to Latour, their empirical research let them 
conclude the following.  
 

Since the settlement of a controversy is the cause of Nature’s representation, not its 
consequence, we can never use this consequence, Nature, to explain how and why a controversy 
has been settled. (Ibid.) 

 
This is a very important point in actor network theory. The core of science is 

not ‘finding out about Reality’. The essence is to convince the necessary people that a 
certain solution works in a certain situation. If people involved do not question a 
certain statement in the situation, if they take it for granted, it is a fact. Latour and 
Woolgar define a fact as “a statement with no modality and no trace of authorship”. 
(1986, 82) The people involved constructed the fact. This lasts as long as the claim 
holds. 

In 'The promises of constructivism' Latour (2003) asks himself: "What is 
wrong with constructivism?" His answer in his typical rhetorical style: "Everything". 
He gets even with critiques and ends up with what is –to him- the core of his view on 
science and technology. For want of a better term, he proposes interactionism as the 
actor network theory he supports. 
 

Any term will do as long as it can allow me to designate something which a) has not always 
been around, b) which is of humble origin, c) which is composed of heterogeneous parts, d) 
which was never fully under the control of its makers19, e) which could have failed to come into 
existence, f) which now provides occasions as well as obligations, g) which needs for this 
reason to be protected and maintained if it is to continue to exist. (Latour, 2003) 

 
As such, we can understand an important difference between CER and 

interactionism. CER adherents do not refute the influence of the 'human factor' in the 
construction of facts. However, they do believe that, whatever the socioeconomic 
aspects are, in the end, facts will refer. Realism will prevail above interactionism. 
Interactionism also accepts the influence of the human factor, but states that the result 
of the process in the end will depend on its evolution. 
 We can picture it as follows. Convergent epistemological realism believes that 
science and technology follow a non-straightforward method and that they will come 
close to reality in the end. Science is going in the right direction and will add 
knowledge to the existing insights from A to A'. The path how to find it can depend 
on the 'society', but the endpoint will always be the same. Interactionism says science 
and technology follow a non-straightforward process and in the end, the result is 
dependent on this process. The endpoints B, C or D will be dependent on 'objects' and 
'society'. 
 

                                                           
19 With respect to the feature that facts are not completely under the control of its makers, we can refer 
to a difference Latour makes between 'object' and 'thing': 'As long as somatostatin, polonium, 
transfinite numbers, or anaerobic microbes are shaped by the list of trials, it is easy to relate them: tell 
me what you go through and I will tell you what you are. This situation, however, does not last. New 
objects become things, things isolated from the laboratory conditions that shaped them, things with a 
name that now seem independent from the trials in which they proved their mettle.  
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(1) (2)  
Figure 1: Different role of socio-economic factors for the construction of facts in (1) CER, and (2) 
interactionism  theories.  

 
 This makes clear how interactionism opposes itself to CER. But does this 
imply the same relativism as the social constructivism of the Edinburgh school, that 
scientific results are constructed in an arbitrary sociological way? The actor network 
theories' answer is no. The reason for this is the role of objects as actors. 
 
1.3.2.3. Objects 

 
We promised to give an answer to a form of unrestrained relativism that many 

social constructivism cynics see in the theory. Different reasons exist why social 
constructivism has met vehement reactions. One reason must be that it has the same 
name as psychological social constructivism. This theory of Watzlawick and others 
(Watzlawick, 1984) does not take the role of objects into account. If this theory is 
applied to science as such, it gives room for relativism.  

Interactionism does not go adrift because of the role Latour assigns to objects. 
A good opening in the argumentation of the role is Latour's definition of objectivity.  
 

Objectivity does not refer to a special quality of the mind, an inner state of justice and fairness, 
but to the presence of objects which have been rendered 'able' (the word is etymologically so 
powerful) to object to what is told about them. A laboratory experiment is a rare, costly, local, 
artificial set up in which it becomes possible for objects to become relevant for statements made 
by scientists. (Latour, 1999) 

 
 Society cannot construct a fact just like that. Besides human beings -as 
scientists, decision-makers, and so forth- the objects also have to be brought and kept 
in line. Latour stresses the strength of the interaction between objects and subjects, 
both considered as actors.  
 

[...] we witness the intervention of a new actor recognized by the new [modern] Constitution: 
inert bodies, incapable of will and bias but capable of showing, signing, writing, and scribbling 
on laboratory instruments before trustworthy witnesses. These nonhumans, lacking souls but 
endowed with meaning, are even more reliable than ordinary mortals, to whom will is attributed 
but who lack the capacity to indicate phenomena in a reliable way. (Latour, 1993, 23) 

 
We do not assert that constructivism sees itself as a modernist philosophy. On the 
contrary, Latour gives in the above-mentioned book a profound modernism critique, 
which we will mention below. 

What we do want to show with this quote is that both modernity and Latourian 
philosophy attribute an important role to objects. When scientists show the earth 
orbits around the sun, convergent epistemological realists would say they come 
(closer) to the truth. It is difficult to fight these facts, because (1) they refer closely to 
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reality and (2) a critique must refer even more to reality. If we describe the CER 
theory like this, we can say that Latour sees it almost like that! When the argument of 
scientists and the celestial bodies is not argued any more, they (the objects and 
subjects) consider the Kepler laws as facts. It is difficult to fight these facts, because 
(1) objects are very stubborn and (2) a critique must be based on stronger allies 
containing even more stubborn objects and subjects. 
 

Scientists and engineers speak in the name of new allies [objects and people] that they have 
shaped and enrolled; representatives among other representatives, they add these unexpected 
resources to tip the balance of force in their favour. (Latour, 1987, 259) 

 
 The most important difference between interactionism and CER is ontological. 
As we pictured in Figure 1, interactionism states that facts are not predefined and have 
to be discovered by scientists. The outcome is not completely dependent on Nature. 

It is important to notice that the concepts object and subject get another 
connotation in the Latourian actor network theory compared to modernity 
philosophies as CER. In order to explain the role of objects and subjects, Latour 
speaks of actants or hybrids. In order to stress that both objects and subjects can be 
approached in a same methodological way, he uses the word actant. 'Both people able 
to talk and things unable to talk have spokesmen. I propose to call whoever and 
whatever is represented actant.' (Latour, 1987, 84) Hybrids are entities that are shaped 
by Nature and Society alike.  

This is different for modernity philosophies. According to Latour, they have 
always tried to reduce the hybrids in the agora, and this in two steps. The first 
translation step was to unravel the hybrid networks into purified entities. A good 
example is Descartes approach to reach 'les idées claires et distinctes'. He developed a 
method in four steps in order to see things more clear.  
 

The first was, never to accept something of which I would not see the truth in an evident way. 
[...] The second, to divide every problem that I would inquire into as many peaces as necessary 
for a correct solution. Thirdly, to pass off my reasonings in an orderly fashion starting with the 
most elementary things that are the easiest to know, in order to ascend slowly to the knowledge 
of the most complicated issues. [...] And finally, to sum up the parts of the argumentation so 
exhaustively that I would be sure not to forget anything.20  

 
The second purification step was the establishment of the dichotomy of 

nonhuman nature and human culture. (Latour, 1993) On the one hand, there is Nature 
with its objects. On the other hand, there is society, with its subjects. These two 
purification steps lead to a modern constitution. 
 

First guarantee: even though we construct Nature, Nature is as if we did not construct it. 
Second guarantee: even though we do not construct Society, Society is as if we did construct it. 
Third guarantee: Nature and Society must remain absolutely distinct: the work of purification 
must remain absolutely distinct from the work of mediation. (Latour, 1993, 32) 

 
                                                           
20 Own translation from: 'De eerste was, nooit iets voor waar aan te nemen waarvan ik niet zelf de 
waarheid op evidente wijze zou inzien. [...] De tweede, om elk probleem dat ik zou onderzoeken eerst 
in zoveel mogelijk studies te verdelen als voor een juiste oplossing ervan noodzakelijk zou zijn. De 
derde, om mijn redeneringen op ordelijke wijze te doen verlopen door te beginnen met de meest 
eenvoudige dingen die het makkelijkst te kennen  zijn, om langzaamaan op te stijgen tot de kennis van 
de meest ingewikkelde zaken. [...] En de laatste, om telkens de afzonderlijke onderdelen van de 
redenering zò volledig op te sommen dat ik zeker zou zijn niets te vergeten.' (Descartes, [1641] 1989, 
57-58) 
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It is clear that convergent epistemological realism is a modern ontology. The 
process of discovering facts can be influenced by Society, but in the end, it will 
appear to be Nature: 'even though we construct Nature, Nature is as if we did not 
construct it'! 

 
Latour reacts against this point of view. He states that whatever the issue that 

is considered, it is constituted of many inextricable entities. Even if 'objects' and 
'subjects' are considered apart, they are always both cultural and human. To stress this 
difference with the modernity interpretation, Latour writes about quasi-objects and 
quasi-subjects. 

Considering quasi-objects as actors does not mean that they are put in the 
same ontological category as quasi-subjects. Quasi-objects have their own ontology 
and influence quasi-subjects in their way. Latour mentions this clearly when he 
replaces the Modern Constitution by the nonmodern constitution. 

 
Nonmodern constitution: 
1st guarantee: non-separability of the common production of societies and natures. 
2nd guarantee: continuous following of the production of Nature, which is objective, and the 
production of Society, which is free. In the last analysis, there is indeed a transcendence of 
Nature and an immanence of Society, but the two are not separated.  
3rd guarantee: freedom is redefined as a capacity to sort the combinations of hybrids that no 
longer depend on a homogeneous temporal flow. 
4th guarantee: the production of hybrids, by becoming explicit and collective, becomes the 
object of an enlarged democracy that regulates or slows down its cadence. (Latour, 1993, 141) 

 
The first and second guarantee refer to the above-mentioned statement that we do not 
need an external concept 'Reality' which scientific facts genuinely refer to. Nature and 
Society cannot be separated. The third guarantee refers to the teleological stance 
Latour takes. Which combination of hybrids is accepted as fact depends on the 
acceptance of the people who use it. The last guarantee refers to the role of insights in 
this non-modern ontology. If people are aware of the production of hybrids, it changes 
societal decision-making and its features as rationality, democracy, transparency etc. 
This is in line with the objective we set ourselves for this PhD: make the role of 
hybrids explicit in order to contribute to a 'better' decision-making on safety. 
 
1.3.2.4. Translation and strength 

 
As in CER theory, relativism is out of the question in actor network theory in 

general and Latour's interactionism in particular. Objects are actors that can make 
very severe demands. We will tackle this in the next section. 

Because a statement only becomes a fact for a certain group when this group 
agrees, persuasion is core to fact-building. According to Latour, this entails two 
aspects. The group has to take care it convinces others so they join the construction of 
the fact; and the group has to take care the behaviour of its members maintains. 
People have to be persuaded and if they are persuaded, their beliefs must remain. This 
is what Latour calls translation. Someone’s behaviour is converted in such a way that 
it fits the wishes of the fact-builder. (Ibid., 108) . The more people are convinced and 
accept a finding by believing or using it, the more it becomes a fact. The fact-builder 
needs “numbers, more numbers”. (Ibid., 60) 

This leads to a paradox of the fact-builder. Fact-builders "have simultaneously 
to increase the number of people taking part in the action – so that the claim spreads – 
and to decrease the number of people taking part in the action – so that the claim 
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spreads as it is." (Ibid., 207) Fact-builders can take two routes of persuasion: 
translating people creating soft facts and creating hard facts. 

 The easiest way to spread an assertion is to leave “a margin of negotiation to 
each of the actors to transform it as he or she sees fit and to adapt it to local 
circumstances;” (Ibid.) This approach, constructing a soft fact, has some 
disadvantages. 

  
First, the statement will be transformed by everyone and these transformations will not be 
noticeable, because the success of the negotiation depends on the absence of any comparison 
with the original statement; 
Second, it will have not one author but as many authors as there are members along the chain; 
Third, it will not be a new statement, but will necessarily appear as an older one since everyone 
will adapt it to their own past experience, taste and context. 
Fourth, even if the whole chain is changing opinion by adopting a new statement, this change 
will never be noticeable since there will be no measurable baseline against which to notice the 
difference between older and newer claims. 
Finally, since the negotiation is continuous along the chain and ignores clashes, no matter how 
many resources are brought in to strengthen the claim, it will always appear as a sorter claim 
that does not break up the usual ways of behaviour. (Ibid.) 

 
The other way of fact-making is the one chosen by people “who are called 

scientist and engineers. They prefer to increase the control and to decrease the margin 
of negotiation.” (Ibid., 209) A hard fact has its disadvantages as well. 

 
First, the statement may be transferred without being transformed – when everything works 
according to plan; 
second, the owner of the original claim is designated – if he or she feels cheated, a bitter 
struggle ensues about who should be credited for the claim; 
third, the claim is a new one that does not fit into the fabric of everyone’s past experience – this 
is both a cause and a consequence of the diminishing margin of negotiation, and a cause and a 
consequence of the bitter fights for credit; 
fourth, since each claim is measured by comparison with the previous ones, each new claim 
contrasts clearly with the background; thus it seems that a historical process is at work 
characterised by new beliefs that constantly shake the older ones; 
and, finally, all the resources brought in to force people to assent are explicitly arrayed, making 
the claim a harder fact that appears to break through the usual softer ways of behaving and 
believing. (Ibid.) 

 
It is important to notice that hard facts are not naturally better than softer facts. 

"Hard facts are the only solution if one wants to make others believe something 
uncommon." (Ibid., 209) In other circumstances, this is not the case. Hard facts have 
the advantage that the claim will spread as it is, but it will dissolve slowly. Soft facts 
have the advantage that they spread easily, but they will change in the meantime. 

 
The idea persist that one individual with a scientific fact is stronger than 

thousands of people without scientific facts. According to the Latourian actor network 
theory point of view, this is a nonsense statement. An individual formulating its 
findings in isolation does not construct any fact at all. He has to convince others of his 
results in such a way that they use his or her discovery. Confronted with a new 
finding, people can go along, give up, or re-enact what the original author has gone 
through. A statement without a group of people that believes it or uses it is no fact at 
all. 

This necessary alignment of people can happen in different ways. Latour 
divides five mechanisms. He writes about translation, the interpretation given by the 
fact-builders of their interests and that of the people they enrol. Firstly, a fact-builder 
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can explicitly join an existing fact-building process. "I want what you want." 
Secondly, the fact-builder can try to convince other people to copy his search. "I want 
it, why don't you?" This second persuasion technique is seldom possible. A fact-
builder can therefore propose to make a small detour in favour of the fact-builder. 
"You cannot reach your goal straight away, but if you come my way, you would reach 
it faster, it would be a short cut." If even this is not possible, the fact-builder can try to 
reshuffle interests and goals. This can be done in different ways. The fact-builders can 
try to displace goals of the others. They can invent new goals. A third tactic to 
restructure interests consists of inventing new groups. This is particularly important 
when the previous tactic is hardly possible. In a fourth tactic, the fact-builder will try 
to make the detour invisible. The last tactic Latour mentions in order to reorder 
interests is winning trials of attribution. As a fifth and last translation, Latour 
mentions becoming indispensable. It is in fact a result of the previous four 
translations. Whatever people do, they have to pass through the contenders' position 
and to help them further their interests. (Ibid., 108-121) 

 
The opinion that the essence of science is to convince the necessary people 

leads to the view that no fundamental difference between science and non-science 
exists. “We have to understand it without any additional divide.” (Ibid., 208) The only 
division that exists is the gradual change from soft to hard fact. The demarcation of 
science can thus not be given. 

It has become clear that we cannot separate science and technology either. It is 
not so that science provides facts and technology builds machines with it. Science and 
technology is one inextricably whole. New facts always need new machines, 
instrumentation, etc. New machines can only be made with new facts. Latour 
therefore talks about technoscience. We will copy this terminology in the rest of our 
work. 

 
1.3.2.5. Network 

 
In the situation that an author chooses to use hard facts, he will refer to other 

texts, laboratory work, references that give a foundation for the laboratory work. 
Those who doubt these first order references can compare their own references, 
laboratories, etcetera. If the first order references hold, one can question the references 
of the references. This is only possible because technoscientific methodologies imply 
this explicit array of hard facts. This procedure can go on up to the nth order 
references. In this way, technoscientists dish up nth order forms, saying: “If you do not 
agree, you have to fight the army of all people involved in the nth order claim.”  

The nth order characteristic of scientific facts gives a lot of strength. However, 
scientific facts also have a weakness. The proof race is so expensive that only a few 
people, institutions, nations, or professions are able to maintain its demanding 
activities. The production of facts will not occur everywhere and for free. On the 
contrary, it will occur only at specialised laboratories at particular times. “If 
technoscience may be described as being so powerful and yet so small, so 
concentrated and so dilute, it means it has the characteristics of a network. The word 
network indicates that resources are concentrated in a few places – the knots and the 
nodes – which are connected with one another – the links and the mesh: these 
connections transform the scattered resources into a net that may seem to extend 
everywhere.” (Ibid., 180)  
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Within these networks, the nth order assertions can easily move. They can 
move from one place to another. They can be combined with other assertions to an 
(n+m)th order statement. Why? Because the hard facts are manufactured to collections 
or re-representations that move even faster: generalisations, statistics or formulas. 
These re-representations are often called theories or abstractions. This is no problem 
as long as these names do not induce a normative strive as if they where “better” than 
figurative and concrete representations. 

The network concept also makes it possible to put the persistent outdate idea 
of universalism behind us. Technoscientific facts are not universal. The findings are 
but legitimate in a network. “We know that scientists and engineers do not extend 
‘everywhere’ as if there existed a Great Divide between the universal knowledge of 
the Westerners and the local knowledge of everyone else, but instead that they travel 
inside narrow and fragile networks, resembling the galleries termites build to link 
their nests to their feeding sites.” (Ibid., 232) As David Hess puts it: 'Social 
constructivism argues that it is possible to distinguish between valid and invalid 
scientific statements, but the criteria for making such judgements cannot be derived 
from an 'abstract and universal faculty or reason'. (Hess, 1994)  

 
The description above leads us to three important remarks.  
A first remark refers to the strength of soft and hard facts. Hard facts are not 

necessarily more convincing compared to soft facts. Latour mentions that most often, 
hard facts are not needed to convince others and that soft facts will do. As such, soft 
facts are 'not less convincing' or 'not less strong’ as hard facts. It is therefore important 
to make this difference between hard and strong facts on the one hand and between 
soft and weak facts on the other hand. Whether something is accepted does not only 
depend on whether something is an arrayed, hard fact or not. In research that is 
broadly accepted as technoscientific, hard facts and strong facts are almost synonyms. 
This is because these groups' culture attributes a huge importance to hard facts. 
However, other contexts can have other criteria to judge whether a statement is a fact 
or not. 'Lay context' situations can have other criteria. They can refuse hard, arrayed 
facts. In these contexts, soft facts can be stronger than hard facts. We will come back 
to this important difference at page 205. 

 
The second remark concerns the correspondence between convergent 

epistemological realists and interactionism. According to us, the elaboration of hard 
facts and objects as important actors makes the gap between CER theories and 
Latourian interactionism less deep than normally acknowledged. CER theories 
attribute a prominent role to nature. To say it with a witticism: "When nature speaks, 
people have to listen." Latour also ascribes a prominent role to objects. In 
interactionist jargon: if the objects speak, their arguments are often hard facts and 
therefore also strong facts. This argument counterattacks some CER accusations that 
interactionism leads to the anything-goes-relativism. In an interactionism point of 
view, research does not go astray. On the contrary, it is a very structured happening 
compared to many non-technoscientific surroundings. Interactionism and CER do not 
differ in the importance attributed to hard facts. 
 

We are now ready to answer the questions mentioned in the beginning of this 
chapter (page 10). The impact of the non-scientific actors can be very important in 
addition to the scientists’ contributions. It depends on their position in the network 
and their rhetorical capabilities. This has nothing to do with filling elbowroom, 
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remaining gaps or deciding on design only. Mind that we write can, for it is far from 
evident that lay people are involved in technoscientific decision-making. 

Despite this difficulty, it is clear that not only the people “labelled scientists” 
have influence on the evolution of technoscience. All other societal actors in principle 
have an impact too. “We also know that these [technoscientific] networks are not built 
with homogeneous material but, on the contrary, necessitate the weaving together of a 
multitude of different elements which renders the question of whether they are 
‘scientific’ or ‘technical’ or ‘economic’ or ‘political’ or ‘managerial’ meaningless.” 
(Latour, 1987, 232) The swing from truth to socially robust knowledge described by 
Gibbons et al. (1994) and Nowotny et al. (2001) is a different description of the same 
argumentation occurrence in agora. The distinction between mode 1 and mode 2 
science and society is comparable with the distinction between the modernity and 
nonmodern stances. 

Interactionism implies that Mode 2 science and society is not new, but merely 
gradually different. Modernity philosophies tried and still try to spread the idea that 
this kind of hybrid networks (the mode 2 approach) can be simplified and solved by 
considering everything separately (the mode 1 approach). Latour argues that 
modernity philosophers only realised the spread of the idea that everything could be 
reduced to pure facts. They never realised the actual spread, however. That is his main 
statement: "We have never been modern". Or with the words of Gibbons et al., we 
have never been mode 1. We have always been mode 2. 

The above-mentioned discussion does not make the mode 2 discussion 
worthless. Both Latour and the Mode 2 authors write about a shift in technological 
decision-making. Latour outlines the proliferation of hybrids, or the quasi-objects as 
he calls them. He pleads a nonmodern constitution and a parliament of things. In 
doing so he makes the same appeal as Nowotny, Gibbons, and the others. Because 
people can have a respectable amount of influence on technoscience compared to 
technoscientists, the modern Mode 1 is often too persistently present. 
 

Our last remark follows from the previous one. If we recall the paradox of the 
fact-builders, we know that they have to increase the number of people taking part in 
the action so that the claim spreads. At the same time, they have to try to keep the 
claim as it is in decreasing and controlling the number of people taking part in the 
action. (Latour, 1987, 207) In a mode 2 or nonmodern society, the public at large is 
admitted if not invited to join in and to do their say. The spread of technological facts 
is stimulated because of the larger number of people involved. The control of people, 
however, becomes more difficult. Socially robust knowledge is determined by many 
people not being members of the classical scientific communities. We will give an 
illustration hereof in chapter 5 for the safety debate on the Belgian nuclear waste 
repository. 

This shift from rational to socially robust knowledge changes the 
interpretation of the assessment and perception concepts. Assessment and perception 
have another interpretation in CER compared to interactionism. Below, we will go 
into this shift. 

With interactionism, we also can understand that participation (self-
representation) in se is not the aim one has to strive for. We can understand that it is 
important that one is represented. This can be done by a strong and trusted 
government or by self-representation. 
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1.3.2.6. Conclusion 
  

In this part, we demonstrated that interactionism is a potentially viable 
alternative ontology compared to convergent epistemological realism and the social 
constructivism of the Edinburgh school. It does not fall victim to unbridled relativism 
of social constructivism. It does not need the CER postulate that a 'reality out there' 
exists; that this can never be fully known; but that science is heading towards it. 
 The result of interactionism is that facts come into existence in the interplay 
between nature and society. These facts depend in the end both on nature and society. 
These facts are also relative. This is not an anything goes relativism. Technoscientific 
facts are relative to networks that use methodologies that explicitly array some facts in 
nth order in order to make them as hard as possible. At the same time these networks 
also use soft facts if hard facts are not necessary. The group of hard and soft facts is 
relevant to networks, which can give them a large spread, but it does not make them 
universal. Outside the network, a fact is not more than a statement that has to be 
proven again. 
 
1.3.3. The lack of a social psychological approach in interactionism 
 

We introduced interactionism as an answer to the problems convergent 
epistemological realism faced with induction, explanation, demarcation, theory 
dynamics, and reduction. We will inquire here whether interactionism does better. We 
will mention the reduction and demarcation issues briefly and will go deeper into the 
induction and explanation issue on the one hand and the theory dynamics topic on the 
other hand. 

1.3.3.1. Interactionism strengths  
 
Let us start with the epistemological reduction issue. This is no problem for 

interactionism. Translation is the key concept for the reduction issue. The reduction of 
one theory to another one is seen in interactionism as a reshuffling of interests of one 
theory in favour of another one. The proponents of the reduced theory are translated to 
consider facts in a way the proponents of the reducing theory do. Interactionism 
withstands this first classical philosophy of science issue. 

 
Laudan said that the demarcation of science is uninteresting, intractable 

(Laudan, 1996) and irrelevant. Interactionism comes to the same conclusion because, 
as we saw, the difference between hard and soft facts is only gradual. “We have to be 
as undecided as the various actors we follow as to what technoscience is made of; 
every time an inside/outside divide is built, we should study the two sides 
simultaneously and make the list, no matter how long and heterogeneous, of those 
who do the work.” (Latour, 1987, 258) Being 'scientific' is a rhetorical argument a fact 
builder can use to align some actors in a certain debate. The demarcation issue 
therefore is no problem for interactionism. The theory stands up well to our attacks. 

What about the explanation issue? Interactionism has no problems with the 
nature of explanations either. All facts are a consequence of the interaction between 
different actors, whether they are semi-objects or semi-subjects. The two first 
guarantees of the non-modern constitution ensure that the explanation issue is no 
problem at all: the common production of societies and nature are non-separable. 
People who ask the question whether there is a difference between the theoretical 
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explanation and the nature it refers to, ask a wrong, modern question. Interactionism 
also neutralises this third critique. 

1.3.3.2. Interactionism weaknesses 
 
Interactionism seems to do very well for these three issues. As we will show, 

interactionism also will stand up to the two other classical challenges. However, it 
does not face them without any problems. Let us first go into the strengths of 
interactions.  

Interactionism partly withstands the two other issues. As the theory states that 
an ultimate ground is an idée fixe, the foundation issue is replaced from the ultimate 
ground question to the translation issue and the network relativity. This only partly 
solves the induction problem. It implicitly replaces the question away from the 
ultimate ground question to the persuasion and translation issue. 
 The same goes for the theory dynamics issues. It is of huge importance that 
interactionism shows that both semi-objects and semi-subjects determine the 
(tentative) final outcome of a fact. As such, it gives important answers to the theory 
dynamics issue. However, it again implicitly hides why scientists are motivated to 
change their ideas. 
 These two implicit replacements have two origins. First of all, there is the 
difficulty to link empirical results with ontological statements. Secondly, the 
interactions between semi-subjects such as technoscientists and semi-objects is 
considered at the sociological level and almost not at the sociopsychological level21.  

  
Let us first treat the link between empirical research and ontology. If a 

philosopher questions whether theories refer to reality or not, he makes a statement 
about reality behind the observations. This is what Bergmann argues in The 
metaphysics of Logical Positivism. Logical positivism and views such as Quine's22 
presuppose a metaphysical theory. Arguing metaphysical theories is always 
metaphysical. (Audi, 1996, 489) This is a challenge for philosophical theories that 
want to react against metaphysics in answering the induction issue. We must be aware 
that our argumentation becomes indispensably metaphysical as well. 

For ANT adherents, this is not a problem. Someone or a group can convince a 
network of a metaphysical fact. Although other techniques or objects will be used, the 
ontological fact building process is not fundamentally different from a 
technoscientific fact building process. If the technoscientific or ontological statement 
has been accepted, it is a fact in a network. Empirical historic and case study research 
can be used in order to convince people and enlarge the network, even if it concerns 
ontological issues. However, at the end it comes down to beliefs. Convincing people 
who still believe fully or partially in a CER theory, is difficult. Both CER and ANT 
                                                           
21 As we will mention later, adding sociopsychological aspects to interactionism does not mean that we 
will return to the 'everything goes relativism' of social constructivism. 
22 Quine showed in his famous article ‘Two dogmas of Empericism’that reduction to a sensory 
foundation can not be executed sentence by sentence. Contrary to the neopositivists, he stated that 
theories are related to experience in a holistic way. "Modern empiricism has been conditioned in large 
part by two dogmas. One is a belief in some fundamental cleavage between truths which are analytic, 
or grounded in meanings independently of matters of fact, and truths with are synthetic, or grounded in 
fact. The other dogma is reductionism: the belief that each meaningful statement is equivalent to some 
logical construct upon terms which refer to immediate experience. Both dogmas are ill-founded. One 
effect of abandoning them is a blurring of the supposed boundary between speculative metaphysics and 
natural science. Another effect is a shift toward pragmatism." (1964, 20) 
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adherent can never show whether this 'reality behind observation' exists or not, which 
is of course the same argumentation that we used to argue for ANT in favour of CER.  

The only thing empirical researchers can do is give loads of empirical results 
to show that it makes the own ontology acceptable. 
 

The second issue why interactionism has some difficulties with induction and 
theory dynamics is its stress on sociological issues. The least elaborated issues for 
actor network theory are social psychological issues of network building. We do not 
pretend that this approach is completely missing. Some actor network theorists like 
Latour himself and Michel Callon made some attempts to focus on the social 
psychological level besides the purely sociological. Latour described the construction 
of a TRF-fact (Thyrotropin Releasing Factor) in his Laboratory Life. (Latour, 1986; 
see page 93 for more explanation) Michel Callon described the interaction between 
escallops, fishermen, a scientific community and biologists (Callon, 1986; see also 
page 189). 

The origin of the lack of social psychological approach is probably Latour's 
teleological choice to concentrate mainly on the consequences and not the 
mechanisms in the discussion. It is indeed an important result that statements are only 
facts as long as they are treated as such after the moment the statement has been 
made. However, this insight does not make the approach of looking at the actual 
discussion that leads to a fact useless. On the contrary, the concrete discussions 
between two or more technoscientists in laboratories, in corridors, at the decision-
makers' office, at conferences is a crucial issue to understand the induction and theory 
dynamics issue more completely. 
 

The core question that Latourian interactionism avoids too often is why people 
change their opinion or stick to it? As André Kukla puts it: 
 

To my mind, the most telling argument against strong constructivism is also the simplest: if 
facts are all negotiable, then why does anybody ever feel the need to defend a favoured thesis 
against a factual objection? Why not simply deny the problematic fact? (Kukla, 2000, 160) 

 
  In the following chapters, we want to give an initial impetus to fill this gap. 
We will do this by looking first to a contextual theory and combining it with 
interactionism to our positionism theory. 
 
1.3.3.3. Conclusion 
  

In the section on the legitimacy crisis, we discussed that there are two aspects 
that contribute to the feeling of uncertainty. First of all, there is the division of tasks in 
a way that no one knows any longer who can be held responsible. The second reason 
was the discrepancy between the promises of certainty that follow from the behaviour 
of technoscientists on the one hand and the list of examples that contradict these 
statements on the other hand. 
 We therefore discussed the distinction between convergent epistemological 
realism and interactionism. We pointed at the weaknesses of CER and at both the 
strengths and weaknesses of interactionism. We argued that, from a philosophy of 
science point of view, interactionism is a better ontology than CER. 
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 Does this statement withstand a practical discussion on risk? We will discuss 
below that it does. We will also show that the same sociopsychological deficiencies in 
the theory will pop up in the risk discussion as well.  
  

1.4. Safety concept 
 

According to van Asselt23, the risk concept traces back to the thirteenth 
century Italian word 'rischiare' and is etymologically linked with the Greek 'rhiza', 
meaning 'root' or 'cliff'. The word was used for ships coming from the Orient facing 
storm and piracy. The notion risk referring to a scientific context appears at the end of 
the nineteenth century. Edison and Thomsom, for example, already made risk 
assessments related to the introduction of electricity. 

Ever since, the concepts of risk and safety have been broadly discussed. The 
technical aspects were the first issues to be studied in fault tree analysis and scenario 
analysis. The importance of the human factor became apparent in organisational 
management after incidents and accidents as those in Harrisburg, Bhopal and 
Tsjernobyl. These accidents and the large demonstrations that followed showed the 
important role of the legitimacy, democracy, and long-term governance aspects of 
risk. In order to respond to these manifestations and other related risk communication 
issues, the contributions to lay risk perception have been mapped. The difference 
between scientific risk assessment and lay risk perception is subject of a broad inquiry 
at the moment. The influence of conformity in groups has also shown to be important 
in lay risk perceptions. 
 
1.4.1. Definitions difficulty 
 

In this section, we give definitions of concepts related to safety as they appear 
in literature. This might seem easy. However, we have to pay attention to some 
difficulties.  

First of all, the literature gives a mixture of definitions all referring to 
'something that has to do with dangerous things'. We will group the various 
definitions and discuss them in an attempt to give some clarification. 

Another problem is more fundamental. It is impossible to give a precise 
definition according to the language games theory of Ludwig Wittgenstein. In the 
Tractatus, he still stated that every proposition presupposes a complete language. 
‘Wenn die Gegenstände gegeben sind, so sind uns damit auch schon alle Gegenstände 
gegeben. Wenn die Elementarsätze gegeben sind, zo sind uns damit auch schon alle 
Elementarsätze gegeben.' (Wittgenstein, 1995, 5.524). The notion of language games, 
introduced in ‘The Blue Book’ (Hacker, 1984, 52-56), reacts against this view. 

 
... what I shall call language-games. These are ways of using signs simpler than those in 
which we use the signs of our highly complicated everyday language. Language-games 
are the forms of language with which a child begins to make use of words. The study of 

                                                           
23 Van Asselt (2000, 147-8) refers to JUNGERMANN, H., "Risk (in German)", In: H. Schütz and W. 
P.M., Technology Controversy. Actual key notions for public debates (in German), IMK, Frankfurt am 
Main, Germany, 1993; and CARLSON W.B., and A.J. Millard, "Defining risk within a business 
context: Thomas A. Edison, Elihu Thomsom, and the a.c.-d.c. controversy (1885-2000)" In: B.B. 
Johnson and V.T. Covello (Eds.), The social and cultural construction of risk, Reidel, Dordrecht, the 
Netherlands, 1987. 
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language-games is the study of primitive forms of language or primitive languages. If we 
want to study problems of truth, ..., we shall with great advantage look at primitive forms 
of language in which these forms of thinking will appear without the confusing 
background of highly complicated processes of thought. 

 
In the Philosophical Investigations, he will also abandon the analytical method this 
quotation presumes. 
 

Unsere klaren und einfachen Sprachspiele sind nicht Vorstudien zu einer künftigen 
Reglementierung der Sprache, - gleichsam erste Annäherungen, ohne Berüchsichtigung 
der Reibung und des Luftwiederstands. Vielmehr stehen die Sprachspiele da als 
Vergleichobjekte, die durch Änlichkeit und Unänlichkeit ein Licht in die Verhältnisse 
unsrer Sprache werfen sollen. (Wittgenstein, 1995, 130) 

 
It is indeed impossible to give a precise definition. All use of concepts is 

dependent on the language game that is played. It is Slovic who nicely expressed this 
for the risk concept: 'Just as there is no universal set of rules for games, there is no 
universal set of characteristics for describing risk.' (1999, 691-2) Indeed, the 
consequence is that risk and related concepts are only defined in some situations 
because of the definitions given in that situation and the meaning the concepts get 
through their use. 

A third definition difficulty is the interdependence of the terms. A concept is 
always defined within a cluster of concepts. This means that using a particular 
definition has its consequence on existing, related concepts as well. As we will argue 
later on, the alleged coherence co-determines attitudes and cognitions. Whether the 
relation between the concepts is accepted or not depends on the context in which it is 
defined. And when certain relations are accepted, they in their part constitute other 
specific relations. 

A last difficulty in our delineation has to do with language differences Terms 
such as 'safety' and 'security' in English, 'sûreté' and 'sécurité' in French, 'Sicherheit' in 
German, and 'veiligheid' in Dutch all have other nuances. Since this text and most 
texts we have read on the safety concept are in English, the English meanings will 
prevail. This gives 'English'24 constructed facts. 
  
 With these remarks in mind, we will analyse the safety notion and some 
related concepts. We will start with the security notion and then treat two important 
sub-aspects: risk and uncertainty. These two concepts will be subdivided in their turn. 
 
1.4.2. Safety 
  

We started our argumentation that assuring safety becomes more and more one 
of the most important tasks of technoscience. Some important reasons are that people 
are deprived of the feeling that they can control their own life; that there is a lack of 
clarity about responsibility; and that technoscience gives confusing signals about their 
abilities to solve problems. It is in this light that we have to consider the safety 
concept. 

Let us start with some definitions. Paul Makin defines safety as the 'freedom 
from unacceptable risk.' (2000) The Royal Society sees it as 'the freedom from 
                                                           
24 The difference can be related to the English language or specific cultures that can arise in one 
country. We just mention the fact. It could be that Australian, Belizean, Zimbabwean, Malaysian, , 
Jamaican, or Trinidadian risk concepts differ significantly. 
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unacceptable risks of personal harm.' (1992, 6) Cepin gives a more elaborate 
definition in which he avoids the Royal Society's anthropocentrism. According to 
him, the concept comprises 'all sociological, technical and organisational features, 
which insure in all circumstances, that the environment and the public are protected 
against the undesired events and consequences.' (2001)  

At first sight, the three definitions seem very much alike. The absence of 
unacceptable or undesired risks is core. We will also use safety in the meaning of 
'freedom of unacceptable risk'. 'This means that safety has two main concepts: risk 
and acceptance. However, some important differences are present. 

A first difference is the explicitly anthropocentric point of view in Cepin's 
definition. Since the Royal Society and Makin do not mention this, they leave it to the 
debate whether the personal harm applies to fauna and flora as well. The second 
difference refers to the different actors that have to 'insure' the freedom of undesired 
consequences 'in all circumstances'. Again, the two first definitions do not mention 
this stringent condition. We see that the apparent consensus is deceptive. A safety 
debate will be a discussion in a real situation in which it will be very difficult or at 
least crucial to determine what is unacceptable for whom.  A third difference concerns 
the risk concept itself. It is not free from obscurity either. We will consider this in 
more depth in the next section. As such, we see that the safety concept differences are 
situated in the different interpretation of the two sub-concepts risk and acceptance. 
 
1.4.3. Risk 

 
1.4.3.1. Narrow framing 

 
The consensus on the safety concept can indeed be seen as a hidden 

disagreement on the risk-concept used in the safety definition. The risk concept is 
used in many different contexts - such as everyday situations, scientific and 
technologic argumentation or economic justification - in a highly ambiguous way.  

All authors agree that risk is a concept with multiple meanings25. Based on an 
article by Lindell and Sjöberg, Drottz-Sjöberg26 sees four different risk definitions: 
the mere possibility of an adverse event, the cause of an event, the magnitude of the 
consequence, as some or something judged as a hazard and as the conceptualisation of 
a procedure for the estimation of a quantity. According to Christensen et al. (2003, 
192) who based themselves on 6 core references27, two fundamentally different 
understandings of the term 'risk' exist. Risk can express the probability of a given 
                                                           
25 Just two other examples of this multiplicity of meaning can be found on 
http://www.welcom.com/content.cfm/node/257 and 
http://www.maxwideman.com/pmglossary/index.htm 
26 Drottz-Sjöberg (1991, 37) bases herself on LINDELL, B. and L. Sjöberg, Vilket är viktigast vid 
riskbedömning: sannolikhet eller konsekvens?" In: Läkartidningen,86, 1989, 4435-4528. 
27 Christensen et al. (2003, 192) refer to EUROPEAN COMMISSION, First Report on the 
Harmonisation of Risk Assessment Procedures, Part 2, Appendix 1: Glossary of terms, 2000; 
LEWALLE, P., Terminology, Standardization and Harmonisation, 11, 1999; US-EPA, "Risk 
assessment and risk management in regulatory decision-making." In: The presidential/Congressional 
Commission on Risk Assessment and Risk Management, Final Report, Glossary, 
http://www.riskworld.com, 1997; DANISH STANDARDS ASSOCIATION, Risk Analysis: 
Requirements and Terminology, Danish Standards, Copenhagen, 1983; COUNCIL OF THE 
EUROPEAN UNION, Council Directive 96/82/EC of 9 December 1996 on the Control of Major-
Accident Hazards Involving Dangerous Substances, 1998; and INTERNATIONAL ORGANSIATION 
FOR STANDARDIZATION, Risk Management. Vocabulary, Guidelines for Use in Standards, Draft 
ISO Guide 73, 2001. 
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consequence or effect of a given severity and extent under given specified 
circumstances. Risk can also express a combination of (1) probability of consequence 
or effect on the considered object(s); (2) severity; or (3) extent of the consequence or 
effect, all three under given specified circumstances.  
 This last definition is what most authors attribute to the word. Shrader-
Frechette mentions that risk 'is generally defined as a compound measure of the 
perceived probability and magnitude of adverse effect.' (1985a, 18) The Royal Society 
writes that 'a general concept of risk is the chance, in quantitative terms, of a defined 
hazard occurring. It therefore combines a probabilistic measure of the occurrence of 
the property event(s) with a measure of the consequences of that/those events.' (1992, 
4) Makin (2000) defines risk as 'a combination of the probability of occurrence of 
harm and the severity of that harm.' 
 Although all the definitions mentioned in the above paragraph agree on the 
influence of probability, magnitude and severity, they deliberately or unintentionally 
avoid giving a formula for risk in terms of probability and magnitude. Peter Sandman 
however puts it bluntly: 'Let's take what risk assessors mean by risk, magnitude (M) × 
probability (p) [...]' (1993, 7) In an attempt to make a strong argumentation and to 
create order in the risk concept chaos, he calls this ... hazard. 
 
1.4.3.2. Broad framing 

 
The point Sandman wants to make with his connotation shift is twofold: 

laypeople's risk perception is necessary for risk determination and this risk perception 
component is measurable. 

First of all, he stresses that laypeople's risk judgement is important in 
determining risk. He therefore enlarges the risk concept as a function of hazard (H) 
(see above) and outrage (O). 
 

Risk = Hazard + Outrage 
 

Sandman defines his outrage term with the following sentence. 'Let's take what the 
public means by risk, all the things that people are worried about that the experts 
ignore, and call it outrage.' (Sandman, 1993, 7) 

The second point he makes with this connotation shift is that this laypeople's 
judgement can be measured very well. Not only the hazard factor can be measured 
sufficiently, the outrage factor is measurable as well. Continued efforts by 
psychometric psychology have indeed pictured a great deal of risk perception. 
However, stating that it can be measured very well is exaggerated. Severe debates 
between defenders of psychometric, social amplification and basic risk perception 
models take place in the literature. But the point made by Sandman is clear, it is more 
measurable than many would expect. 

The distinction between the M×p factor and the dread factor is defended by 
many authors. Weiner argues that 'this separation between reality and perception is 
pervasive in a technically sophisticated society, and serves to achieve a necessary 
emotional distance."28 Some engineers indeed want to assess R = M×p and make an 
assessment. This assessment has its value in many situations. Other engineers or 
decision-makers might be interested in R= M×p+D. This can also be considered as a 

                                                           
28 SLOVIC (1999, 690) refers to WEINER, R.F., "Comments on Sheila Jasanoff's Guest Editorial.", In: 
Risk Analysis, 13, 1993, 495-496.  
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judgement with scientific methodologies. An example is The Royal Society's risk 
evaluation as 'the complex process of determining the significance of value of the 
identified hazards and estimated risks to those concerned with or affected by the 
decision.' (1992, 3) 
 

Christensen et al. make a distinction between fundamental and action oriented 
terms. 'The fundamental terms are used for description and characterisation of 
chemical, physical, and biological processes in the cause-effect relationship 
eventually leading from a risk source to the final characterisation of risk(s). [...] The 
action oriented terms cover the administrative, scientific, sociological, etc. 
processes/activities associated with the work of identifying, characterising, regulating, 
and communicating risks in society.' (2003, 182) 

The different action oriented risk terms also create a jumble of meanings: 
many authors use many action oriented risk terms in many different meanings: 
analysis, assessment, management, identification, evaluation, monitoring, judgement, 
characterisation, etc. Again, the most important thing is that what is said is clear in the 
situation. This can not be realised by giving definitions alone and must be 
accompanied by the use of terminology in practice. (Wittgenstein, 1995) 

 
Christensen, et al. define risk assessment as follows. 'The scientific 

estimation/characterisation of risk is the output of risk assessment. Risk analysis is 
generally applied when studying engineering risks, whereas both 'analysis' and 
'assessment' are encountered for health and environmental risks with a tendency of 
preferring 'assessment'. (2003, 199) The Royal Society uses the concept 'risk 
estimation' to refer to the scientific assessment. The description is as follows: 
'Identification of outcomes, estimation of magnitude of outcomes and estimation of 
probabilities of outcomes'. (1992, 3) 

Both texts start with the description that the judgements that are made are 
scientific. However, when they continue with their definition, they refer only to the 
engineering factor, Sandman's hazard component. Following Sandman, we can say 
that both M×p and M×p+D can be determined with scientific methods. 
 
1.4.3.3. Constitutive risk terms 
 

The hazard conception is not an exception on the richness of meanings. If we 
leave Sandman's description of hazard aside, we can see two slightly different 
meanings of the hazard concept refer to hazard as a situation or a characteristic. Both 
refer to the potential harmful effect. Orr and Fogle29 etymologically related "hazard" 
with the Arabic word for "the die", "az-zahr". 

The Royal Society talks about a 'situation that could lead to harm' (1992, 3), 
whereas Makin talks about 'potential source of harm' (2000). Both authors see the 
'hazard' as the risk source. Christensen et al.'s definition sees hazard as a characteristic 
of a risk source. A risk source itself is 'an activity, condition, energy or agent 
potentially causing unwanted consequences or effects.' (Christensen et al., 2003, 185) 
Their hazard definition that focuses on the features of the risk source is a little more 
elaborate: 'The inherent property or properties of a risk source potentially causing 
consequences or effects.' (2003, 187) 

                                                           
29 Drottz-Sjöberg (1991,39) refers to ORR, C.M. and T.H. Fogle, "Loss risk assessment procedure.", In: 
1988 Annual Conference of the Society for Risk Analysis, Washington, 1988. 
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 In the further elaboration of the risk and hazard terms, the texts of Christensen 
et al. (2003) and the Royal Society (1992) use different notions. However, they can 
remarkably easily be combined and adopted.  

Christensen et al. start their further explanation with the consequences or 
effects in the risk source term as a result of a realized hazard that may be caused by 
exposure to an agent or energy. Exposure is the extent to which an agent or energy 
reaches an object or objects. The Royal Society sees an adverse event as an 
occurrence that produces harm. Harm is the loss to a human being or to a human 
population consequent on damage. Damage is the loss of inherent quality by an entity. 
(Royal Society, 1992, 3) Christensen et al. define an event as an isolated incident or a 
number of interrelated circumstances or incidents resulting in the release of agents 
and or energy. One extra point the authors add is the cause-effect relationship, the 
established connection between a cause and the coupled consequence or effect. This 
might seem evident. However, it is indeed all too often overlooked in lists of 
definitions on risk. 

Four important concepts in the judgement of this exposure according to 
Christensen et al. are severity, extent, frequency and probability of the consequences. 
Severity is the expression of the weight allocated to a consequence or effect based on 
type and degree. This severity may logically be categorised in 'type' and 'degree'. The 
type refers to the differences in severity between effects, whereas degree refers to the 
differences in severity within the individual effect or consequence. The extent of a 
consequence or effect is a measure of the spread of the consequence or effect. The 
Royal Society denotes the numerical measure of the expected harm or loss associated 
with an adverse event as detriment. Detriment is usually expressed on a scale chosen 
to facilitate meaningful addition over different events (Royal Society, 1992, 3 and can 
be seen as the combination of severity and extent and as a synonym for magnitude. 
(Sandman, 1993, 7) The frequency is an expression for the number of outcomes per 
time unit. Finally, probability is said to be defined in two ways. The probability is an 
expected frequency or is the expected fraction of a specific outcome in a population. 
(Christensen, 2003, 191)  
 

We can give some remarks on the above elaboration. First of all, the Royal 
Society's definition of harm focuses on human beings and seems to apply mainly to 
health. Makin enlarges this anthropomorphic harm definition. According to him harm 
refers to physical injury; or damage to health of people; or damage to property or the 
environment. (2000) However, this specification does not clear all doubt. Is the total 
capital, i.e. human-made and natural, involved? Or is only the critical natural capital 
such as the ecological processes included in the risk calculation? Or does the risk 
assessment focus only on irreversible natural capital? (Dobson, 1996) 

It is important to mention the economic risk because it is often overlooked in 
the fundamental approach, while economic factors are often the most decisive in the 
decision-making process. Economic risks are related to financial losses that represent 
the commercial consequences of a hazard. These consequences can include loss of 
capital investment or loss of the product. (Royal Society, 1992, 5) 

It is nice to see severity, extent, frequency and probability nicely separated in 
theory. In practice, this is often a mess that makes comparison of two comparable risk 
sources very difficult if not problematic. As an example, we can give Paul Slovic's 
(1998, 1999) enumeration of some ways of expressing mortality risks: Deaths per 
million people in the population, deaths per million people within X miles of the 



Waste depositionism                                                          A Non-referring Ontology for Safety 
 
 

 39

source of exposure, deaths per unit of concentration, deaths per facility, deaths per ton 
of air toxic released, deaths per ton of air toxic absorbed by people, deaths per ton of 
chemical produced, deaths per million dollars of products produced, loss of life 
expectancy associated with exposure to the hazard. The complexity even increases 
when the severity is very variable in contrast with Slovic's list, where the severity is 
constant except for the last measure. 
 
1.4.3.4. Assessment and perception 
  

Arriving here, you might ask yourself why we first stressed that the difference 
between convergent epistemological realism and actor network theories is important 
to understand safety debates. It is therefore high time that we show the importance of 
the different approaches for safety and risk. 

Sandman's definition is a scholarly example of convergent epistemological 
realism and Latourian modernism. On the one hand, he mentions that scientist can 
make mistakes: many scientists (1) pretend that their scientific support is stronger 
than it is; (2) pretend that their actions are grounded in science when they are 
grounded largely in other considerations; (3) pretend that their disputes with critics 
are about science when they are mostly about trans-scientific issues; and (4) believe 
their own pretences. (2001, 5) On the other hand, his clear-cut distinction between 
hazard and dread implicitly implies that technoscientists ultimately have access to 
reality, the hazard factor. Although decision-making has to cope with the risk factor 
R= M×p+D, science can ultimately measure M, p, and U by avoiding the dread factor. 
His approach divides Nature (M×p; first guarantee) and Society (the dread factor; 
second guarantee) very distinctly (+; third guarantee). Sandman's strength is that he 
accepts that the risk concept has a Nature and Society component. His weakness is 
that he keeps them strictly separated. M×p is purely a function of Nature, whereas 
M×p+D is a combination of both. Magnitude (M), probability (p), and Risk (R) 
depend on Nature (XNature) whereas Society (XSociety) influences Dread (D). In the 
safety definition of Makin, Cepin, and the Royal Society, this would give  
 

R=f R(XNature) 
M=fM(XNature) 
p=f p(XNature) 
D=f D(XNature) 

S = f S(XNature, XSociety) 
 

The idea that is implicitly or explicitly behind these definitions is the R1 CER 
belief that scientific theories are typically approximately true and more recent theories 
are closer to the truth than older theories in the same domain. CER theories want to 
avoid perceptions and non-arrayed scientific findings. 'Evidence-based facts' are 
superior in comparison with emotion based statements. The assessment should be 
maximised, and the perception minimised. This should be done by decreasing the 
research inadequacies as much as possible: limD→0R.  

 
In an interactionism theory, the risk and uncertainty concepts get another 

interpretation compared with the ones in CER theory. Uncertainty, risk, magnitude, 
probability, etc. are expressed with the non-modern constitution (see page 25). It 
follows from the guarantee of non-separability of the common production of societies 
and natures that the hazard and dread factor cannot be divided. This does not only 
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concern the risk factor, but all other concepts as well: uncertainty, magnitude, etc. 
Magnitude (M), probability (p), Dread (D), and Risk (R) depend inseparably on 
Nature (XN) and Society (XS).  

 
M=fM(XNature, XSociety) 
p=f p(XNature, XSociety) 
D=f D(XNature, XSociety) 
R=f R(XNature, XSociety) 
S = f S(XNature, XSociety) 

 
 

We stress some aspects of this conclusion. First of all, M, p, R and also D can 
be as hard a fact a CER adherent can dream of. The stability of technoscientific 
evolution is not threatened by the interactionism theory. Or M, p, R or D can be 
expressed as a soft fact. Secondly, risk is still measurable as a function of p, M and D 
in the sense of Sandman. The only remark is that D, p and M depend on the quasi-
objects and quasi-subjects. Thirdly, all the safety concepts are network dependent. M, 
p, D, R can be hard facts, but these facts can only be hard in the network that 
constitutes these facts. 
 

CER theories make a sharp distinction between assessment and perception. 
Assessments are judgements based on sound scientific methodologies. Perceptions are 
judgements of laypeople that use simple heuristics.  

This is completely different for actor network theories. We repeat the fifth 
hard facts characteristic: 'All the resources brought in to force people to assent are 
explicitly arrayed, making the claim a harder fact that appears to break through the 
usual softer ways of behaving and believing.' (Latour, 1993, 209) The difference 
between hard and soft facts is not absolute, but gradual. Some facts can be explicitly 
arrayed, but less strongly compared to other facts. This gradual difference reflects 
itself in the continuum from perception to assessment. The more facts are explicitly 
arrayed, the more we talk about assessment. If risk judgement was for 100 percent an 
assessment, the judgement would be completely determined by the role of the objects 
in the context. A 100 percent risk perception would be based only on ideas based on 
intuitive processing of risk-related information through direct observation, past 
experience or communication without using any fact that is explicitly arrayed with 
other facts. It is clear that none of these extremes exist and that there is a continuum 
between the two ends. 
 

It is important to notice that Latourian interactionism does not mention a 
preference between hard and soft facts. Soft facts are an important means to unite 
people around a certain project. (Latour, 1993, 59) It therefore does not make a 
preference between assessment and perception in advance. 

 
The last consequence is probably the most important one. The R2 CER 

statement mentions that the observational and theoretical terms within the theories of 
a mature science are substances in the world that correspond to the ontologies 
presumed by our best theories. This provides the scientific facts with a foundational 
strength. If a scientist says in a safety discussion 'This is a fact (of a mature science)' 
the discussion is closed. Indeed, the most fundamental argument is given. 



Waste depositionism                                                          A Non-referring Ontology for Safety 
 
 

 41

In interactionism, this is not the case. If a technoscientist states that something 
is a fact, this statement also has foundational strength. However, this strength is only 
limited to the network in which the fact is accepted. Outside this network, the 
statement 'This is a fact' can have two consequences. The hearer is persuaded by the 
statement and the argumentation in which the statement is embedded. The network 
will then be enlarged and the foundational strength will remain. The second 
consequence is that the hearer will not be persuaded. In this case, the fact lacks certain 
strength and is reduced to a statement in this situation. 
 
1.4.4. Incertitude 
 
 So far, we have discussed definitions of safety and risk in technoscientific 
decision-making. Very often, people want to grasp in how far these statements or facts 
will still be valid in the future. People will therefore make judgements to get an idea 
about it. 

In an attempt to describe these judgements, they use many concepts: incertitude, 
uncertainty, indeterminacy, inexactness, ignorance, etc. We heavily rely on the work 
of Marjolein Van Asselt (2000) and Christensen et al. (2003) in order to explain the 
use of these concepts. 
 
1.4.4.1. Overview incertitude concepts 
 

We start an exploratory inquiry with Harremoës' elaboration to distinguish 
between theoretical and practical indeterminacy and ignorance and Hofer's difference 
between aleatory and epistemic uncertainty, before we continue with the uncertainty 
continuum of Van Asselt.  

 
Harremoës distinguishes two types of indeterminacy. Theoretical 

indeterminacy is the situation where the relationships are inherently unidentifiable, 
e.g. due to chaotic properties that make predictions impossible. Practical 
indeterminacy exists when functional relationships are so complicated and the number 
of parameters so large that neither determinism nor stochasticity is within reach. 
(2002) 'Ignorance applies when we do not know essential functional relationships. 
They may become known later due to research and development on the issue, but they 
may not be known at the time, when far-reaching decisions have to be made.' (Ibid., 
8) Brian Wynne puts it briefly: 'the unknown unknowns' (Wynne, 2001; Smithson, 
1980). This is the area of the precautionary principle, the errors of sound science 
(Sandman), post normal science (Funtowicz and Ravetz), trans science (Weinberg), 
etc.  

Hofer (2001) explains the difference between indeterminacy and uncertainty 
with the notion of aleatory and epistemic uncertainty. He defines aleatory uncertainty 
as the domain where knowledge is possible if not yet available. It refers to stochastic 
uncertainty -variability, data deviation, representativity- and model or structural 
uncertainty. G.W. Parry and the US Regulatory Commission state that 'the aleatory 
uncertainty is that addressed when the events or phenomena being modelled are 
characterized as occurring in a 'random' or 'stochastic' manner, and probabilistic 
models are adopted to describe their occurrences. It is this aspect of uncertainty that 
gives PRA [Probabilistic Risk Assessment] the probabilistic part of its name.'30 
                                                           
30 Hofer (2001, 5) refers to PARRY, G.W., "The characterization of uncertainty in Probabilistic Risk 
Assessment of Complex Systems", In: Reliability Engineering and System Safety, 54, 1996, 119-126; 
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Epistemic uncertainty refers to assumptions that are temporal or structural 
uncertainties with regard to system evolution and human behaviour. G.W. Parry and 
the US Regulatory Commission state that 'the epistemic uncertainty is that associated 
with the analyst's confidence in the predictions of the PRA Model itself, and it reflects 
the analyst's assessment of how well the PRA model represents the actual stem being 
modelled. This has been referred to as state-of –knowledge uncertainty.' 
 

Van Asselt makes a distinction between origins and manifestation of 
uncertainty. Based on a review of scholarly literature, she concludes that 'on the 
highest level of aggregation, the two major [origins] of uncertainty are variability and 
lack of knowledge. [...] Uncertainty thus has both an ontological (variability) and an 
epistemological (lack of knowledge) dimension.' (Ibid., 85-6) The manifestation of 
uncertainty refers to the way in which uncertainty pops up in a particular situation. 
We will use her division as a start of our discussion. 
 According to Van Asselt, the different sources of variability are (1) inherent 
randomness or nature; (2) value diversity; (3) human behaviour; (4) social, economic 
and cultural dynamics; (5) and technological surprises. (Ibid.) The lack of knowledge 
is a continuum that ranges from inexactness to irreducible ignorance. We copy her 
table because it is well formulated and concise. 
 
Degree of knowledge  Description 
Inexactness Measurement errors: "We roughly know" 
Lack of observations or 
measurements 

Data could have been collected but are not: "We could have known" 

Practically immeasurable  Data can in principle be measured, but it is not practical to do so (too 
expensive, too lengthy): "We know what we do not know" 

Conflicting evidence Different data sets are available and can be interpreted in competing 
manners: "We do not know what we know" 

Reducible ignorance There may be processes and interactions between processes out there 
that we do not observe, nor theoretically imagine at this point of time, 
but probably in the future: "We do not know what we do not know" 

Indeterminacy There may be processes of which we understand the principles and 
laws, but which can never be fully predicted: "We will never know" 

Irreducible ignorance There may be processes and interactions between processes that 
cannot be (or not unambiguously) determined by human capacities 
and capabilities: "We cannot know" 

Table 2: Overview of lack of knowledge continuum from inexactenss to irreducible ignorance taken 
from Van Asselt.  (2000, 86-7) 

 
With respect to the manifestations of uncertainty, Christensen et al., (2003) 

and Van Asselt (2000) give structured and corresponding typologies in stochastic, 
statistical, modelling, or scenario analyses. Uncertainty is divided by Christensen et 
al. in four types: model uncertainty, data uncertainty, variability and outcome 
uncertainty. (2003, 194) 

'Model or structure uncertainty 'reflects the limited ability of a model to 
accurately represent the real world. Limited knowledge results in erroneous 
mathematical formulations or even omissions of important processes.' (Ibid.) Van 
Asselt talks about methodological uncertainties that arise due to a lack of knowledge. 

                                                                                                                                                                      
and US NUCLEAR REGULATORY COMMISSION, Reactor Risk Reference Document, Main 
Report, Vol.1, NUREG-1150, Office of Nuclear Regulatory Research, US Nuclear Regulatory 
Commission, Washington, 1987. 
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The appropriateness of analytical tools, the modelling of causal relationships, the 
framing of the uncertainties and the uncertainty interpretation are all issues that arise 
in a scientific evaluation and that do not find an easy solution. (Van Asselt, 2000, 88) 

'Data or parameter uncertainty is both attributable to sampling errors and 
measuring errors and to statistical uncertainties arising in erroneous estimation of 
model parameters.' (Ibid.) Van Asselt classifies these as technical uncertainties. They 
primarily result from uncertainty due to unreliability of data. They can arise from the 
quality or appropriateness of the data used to describe the system. Another origin is 
the temporal and spatial aggregation of data, next to the simplification as well as from 
lack of data and approximation.  

'Variability is an important and inherent variation associated with an input to 
the model.' Variability represents diversity or heterogeneity in a population of people 
or events that is irreducible by additional measurements. (Anderson and Hattis, 1999) 
Uncertainty is always involved in statistical instruments due to the mere fact that all 
relationships have to be calibrated with data. With a well-known functional 
relationship and an adequate combination of number of parameters and number and 
character of data, the uncertainty can be expressed statistically and can be 
incorporated in the risk analysis. (Harremoës, 2002) Van Asselt calls these 
epistemological uncertainties. They concern the conception of a phenomenon. 'The 
key question with regard to this type of uncertainty is whether the description, theory, 
or model relates to the real, variable world.' (Van Asselt, 2000, 89) 

Finally, outcome uncertainty is associated with the resulting prediction 
achieved by a model. The three first categories in combination express themselves as 
a resulting uncertainty associated with the result of the calculation. (Christensen, 
2003, 195) 
 
1.4.4.2. Interactionism and incertitude 
 

These distinctions appear to be very useful in technoscientific decision-
making. They enable people to talk about the future and current status of assessments 
and perceptions. As such, people are able to cut the difficult knots in decision making 
and build their facts. 

However, we have one major problem with all of the above definitions. They 
all start from an idea that science can compare 'reality' with 'theory'. Van Asselt's 
overview of definitions such as reducible ignorance, indeterminacy, or irreducible 
ignorance implies that, at present, people know at least implicitly what science will 
know in the future. Let us give some examples. Measuring 'inexactness' implies that 
people know what the measuring errors are and that they can guess what the 
consequences hereof are in the findings of technoscience. 'Reducible ignorance' 
implies that there are processes that are not observable or theoretically imaginable at 
present time but probably in the future. Let us mention 'irreducible ignorance' as last 
example. This concept refers to processes that cannot be determined by human 
capacities. 

All these concepts make assessments of things that are said not to be 
assessable. This is a problem in convergent epistemological realism, since they need 
'reality' to refer to. The only way they can proceed is with the S3 thesis. The more a 
theory is successful, the more they assess that the central terms genuinely refer. All 
the above-mentioned incertitude concepts are deduced from the success of the 
present-day theories. Our point is not that it is bad to do so. We want to stress that 
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these concepts are shrouded in ontology, whereas they are used as technoscientific 
concepts. It is impossible to discuss let alone measure these aspects. 
 In actor network theory, the referring-issue is of course no problem. All 
concepts in Van Asselt's incertitude continuum (see Table 2) can easily be considered 
as statements, soft facts or hard facts. People can measure all kinds of incertitude 
aspects and express these results. Since it has no use in our theory to make a 
distinction between the different kinds of incertitude, we only retain the uncertainty 
concept. This concept will be a judgement on the usefulness or robustness of the facts 
that are used in a technoscientific or non-technoscientific decision-making process. 

We express uncertainty as a function of nature and society, as we did for risk, 
magnitude or probability. 
 

U=f U(XNature, XSociety) 
 
 Our remark in the preface that we do not make a difference between theory 
and model fits in the same approach. 
 

The term theory generally is taken to mean mathematical framework derived from a small set of 
basic principles capable of producing experimental predictions for a given category of physical 
systems. In science, a body of descriptions of knowledge is usually only called a theory once it 
has a firm empirical basis, i.e. it: (1) is consistent with pre-existing theory to the extent that the 
pre-existing theory was experimentally verified, though it will often show pre-existing theory to 
be wrong in an exact sense, (2) is supported by many strands of evidence rather than a single 
foundation, ensuring that it probably is a good approximation if not totally correct, (3) has 
survived many critical real world tests that could have proven it false, (4) makes predictions that 
might someday be used to disprove the theory, and (5) is the best known explanation, in the 
sense of Occam's Razor, of the infinite variety of alternative explanations for the same data. 
(http://encyclopedia.thefreedictionary.com/theory) 

 
It is an assessment in itself whether someone calls an elaboration 'theory' or 'model'. 
Calling a certain elaboration 'theory' means saying it has certain characteristics. 

1.5. Conclusion 
 
In this chapter, we laid the foundations of our argumentation. We started with 

the specification of the current legitimacy crisis in 'western society'. We showed this 
crisis has two major origins: the division of responsibility and the difference between 
the promises of and beliefs in technoscience on the one hand and the actual 
realisations on the other hand. 

We want to add to a solution of this legitimacy crisis. We argued that we can 
contribute with an –at first sight rather theoretical- epistemological discussion. Having 
a good idea about the limits of knowledge will help decision-making. 

 
In order to show this, we discussed the difference between two ontologies: 

convergent epistemological realism and actor network theory. We stated that CER is a 
belief that is held by many technoscientists, at least in their behaviour. It states that 
mature sciences use concepts that refer to reality. Because of deficiencies in human 
behaviour, the discovery of a fact can be slowed down, but in the end, the truth will 
prevail because of the soundness of scientific methodology.  

This ontology however has some important drawbacks in philosophy of 
science: the ultimate ground of a statement can not be shown; it is unclear when 
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theories are a mere model or refer to reality; and the demarcation between real science 
and pseudo-science is difficult. The major origin of these problems is the judgement 
of other theories with respect to the current theory which is held as absolute reference. 

 
This shortcoming is solved in actor network theory in general and Bruno 

Latour's interactionism in particular. The judgement of theories is not absolutely 
based on the theory currently in force. A validity of a theory is linked with its 
acceptance in a network. This makes fact claims of technoscientists not absolute but 
relative to a network of people that accept the fact.  

This ontology completely avoids the explanation problem. Since theories do 
not have to refer to reality any more, the question whether it refers to reality or a mere 
model is useless. We argued that interactionism also has some drawbacks. The issue 
of the ultimate ground has been replaced from ontology to sociological theory. And 
the human aspects' contribution to the (tentative) final outcomes of facts has been 
neglected. 

 
These nuts and bolt of interactionism appear again in our application of the 

safety debate. The ontology explains better how safety, risk and uncertainty are 
arguments in a technoscientific debate. However, when it comes to an actual 
application of the concepts, interactionism lacks precision to describe the process.  

We will complementarily extend interactionism. We want to enlarge the 
interactionism theory with a more sociopsychological basis that explains the small 
group discussions on facts in general and safety in particular. We will do this in what 
we will call positionism theory. A first step in this theory is the elaboration of the 
context notion; the idea that knowledge is limited in such a context; and that the 
context elements are connected. We will elaborate this in the next chapter. 
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Soms droom ik wel eens dat de puzzel past 
Ik had het onlangs nog met een Ikeakast 

Maar ik had weer een vijs of drie te weinig  
Ook al deed ik zo mijn best 

Bart Peeters, Het Plaatje van Bart Peeters 
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2.0. Introduction 
 

In the first chapter, we demonstrated that the crisis in technology is due to the 
representation crisis. People do not feel as if they are represented. Every actor uses 
her or his own argumentation to obtain his or her truth. A universally accepted 
foundation cannot be found. We explained with the aid of Latourian interactionism 
that even technoscience cannot give us this foundation. Technoscience as well as 
other domains in society have their argumentation without an ultimate ground. 

However, we revealed one important weakness of interactionism. It cannot 
explain why scientists stick to their theory or change ideas. In this document we will 
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give an answer to the interactionism Achilles' heel. We will investigate the small 
group mechanisms of fact acceptance. In a first step, we will give a random indication 
of fact acceptance. We will demonstrate that the acceptance of facts can be related 
with problem definition, attitudes, personality, group culture and objects. We will call 
this fact acceptance situation 'context', in accordance with a theory of Diderik Batens. 
In a second step, we will consider the fact building process. How does a context 
changes when other aspects are brought in? These dynamic aspects will be described 
in chapter four and five. 

 In this chapter, we will give the theoretical framework for the 'snapshot' 
approach of contextual knowledge. We will focus on risk assessments, although we 
state that the model is also applicable to other assessments. Since we stressed the 
importance between risk and other related concepts on the one hand, and the 
difference between risk assessment and risk perception on the other hand, we will pay 
attention to these differences in this chapter. If we mention an inquiry, we will give 
the necessary information to decide for yourself what kind of judgement it concerns. 
We will compare some literature results with our questionnaire, which is only 
explained in the next chapter. 

We want to make some remarks to finish with. We have to "arrive before the 
facts". (Latour, 1987, 248) When a fact is settled, all objects and people are aligned. 
We will not find the differences we look for. We also will focus in our first, random 
indication step on a quantitative methodology. In the snapshot approach we focus on 
the rather limited risk concept because we want to stress the link between 
technoscientific assessment and other context features. Later on, we will mainly use 
qualitative methodologies. For the safety concept, this is more widely accepted 
compared to risk. In the second, dynamic step, we will focus on safety at large. 

2.1. Context 
  
 In his book "Human knowledge. Plea for a workable rationality", Diderik 
Batens (1992b) argues for a realistic theory of knowledge and reacts against 
traditional epistemological views. A scientific argumentation, he claims, is not at all 
universal. The arguments that are brought forward depend on the people present in the 
discussion, how they see the problem and what they consider to be true. Knowledge 
as it is used and applied in a certain situation is always 'contextual'.  
 We will introduce Diderik Batens' context concept (1992a). After the brief 
explanation of this model, we will enlarge the context concept in a way it will fit our 
needs to explain both our random indication of fact acceptance in this chapter and the 
acceptance dynamics that we attend to treat later. We will finish this part with some 
specifications of our extended context concept. 
 We want to stress from the beginning that this context notion differs from the 
day to day use of the word. It has nothing to do with the context-notion as in 'This 
decision was comprehensible if we take the nuclear context of the seventies into 
account.' Our context notion will have a very specific definition, which we will 
explain below. 
 
2.1.1. Context concept 

 
According to the definition of Diderik Batens, a context contains five elements: 

(1) the problem that one tries to solve; (2) the participants of the problem solving; (3) 
contextual certainties; (4) claims that are considered to be true and relevant; and (5) 
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methodological guidelines, values and norms. (Batens, 1992b, 151) Let us consider 
each of these five elements in some more detail. 

Central in the structure of a context is the problem that one wants to solve. 
Batens considers the ‘problem’ concept very broadly. It can be mainly theoretical, for 
example a mathematical demonstration; or largely practical, as how one should 
explain something to someone, how to fix one’s bike, etcetera. A problem as it is 
defined by Batens can be very specific or, on the contrary, very daily life matter. It is 
clear that the problem issue can contain assessment as well as perception issues. This 
will prove to be very important for the rest of our argumentation. 

Often, one needs to solve other problems to be able to tackle the original one. 
In Batens’ context definition, derived problems are considered independently and 
consequently they need to be looked at in another context. If I want to fix my bike, I 
might need a specific tool. Where to find this particular device is now the new 
problem in a new context with possibly other participants, contextual certainties, 
claims, and guidelines. 
 Besides the problem, the participants are an important context constituent. 
Other compositions of groups trying to solve the problem take place in other contexts. 
Subsequently these will be other decision-making processes. Let us consider a group 
arguing about a certain technological application. If it contains radical pressure 
groups, it will go through another process compared with those groups that lack it. In 
addition to the composition of the participants, the different participant’s formal and 
informal role is very important. A technology discussion group brought together by 
the technology leader is another discussion in another context compared to the group 
discussion on the same problem if a neighbourhood committee gathers the group. 
 The importance of problem and participants for a context is quite clear. The 
difference between contextual certainties on the one hand and claims that are 
considered to be true and relevant on the other hand is less straightforward. Batens 
explains this by referring to the difference between logical-imperative31 and logical-
contingent claims. Someone who talks about the weather can take for granted that it 
rained an hour ago. This is a contingent statement. It provides a fact about the 
weather. Within the context, it is accepted that this information could be false. The 
fact that it can be wrong is exactly why we can learn something concerning the 
problem. In order to be relevant, the claim has to contain information about elements 
of the problem solving. 

The assertion “one hour ago it did or did not rain” cannot be false and is 
therefore a contextual certainty, if and only if the classical logic is part of the context. 
(Ibid., 152) The classical logic can become the problem and starting point of a 
discussion instead of a contextual certainty. In researches on logic for example, a 
classical logic can be compared with a paraconsistent logic. In this context, other 
contextual certainties will be used. (Batens, 1992a) Contextual certainties are not 
dependent of the situation itself, but define how we look at the situation in a certain 
context. Contextual certainties are claims that are beyond all discussion in a certain 
context. 
 The concept 'methodological guideline' is again very broad. According to 
Batens, it can contain both guidelines that are presumed to be generally applicable and 
probably useful; and indications concerning the direction one has to seek. (Batens, 
1992b) We want to stress here the importance of group cultures as well, containing 
norms, values, taboos, and so forth. We will come back to this at length further on. 

                                                           
31 In Dutch : logisch-noodzakelijk 
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The context constituents’ interdependency is obvious. The way participants 
consider the problem relates to the contextual certainties, observation, and group 
culture they can rely on. The methodological guidelines are not fixed either. A certain 
research tradition can have established research methodologies. In another context, 
however, these methodologies can be questioned. The methodological guidelines will 
be chosen according to the problem under consideration and the other elements of the 
context. This mutual interdependence is sharply formulated by the psychological 
interactionist32 view that states that situation and personality are mutually dependent. 
We will come back to that on page 75. 

 
Two other context components, the role of objects and interactionism 

psychological aspects of knowledge, are implicitly present. However, we consider 
them so important that we choose to mention and treat them explicitly. We saw that 
the role of objects is of utmost importance in actor network theory in order not to 
lapse into the mistakes of social constructivism of the Edinburgh school. The social 
psychological aspects are of course our addition to Latourian interactionism. 

In the scope of behaviour at large, the concepts used in the model therefore 
need some extension. As we see it, our further elaboration does not alter the context 
concept. It only makes some aspects more specific. In our contextual model we will 
describe the interaction between (1) problem, (2) objects, (3) individual aspects as 
background characteristics and personality traits, (4) group characteristics, and (5) 
attitudes. 
 
2.1.2. Extended context concept 

 
We will consider Batens' context constituents. We will reflect whether we can 

apply them as they are formulated by Batens or if we have to extend them. We 
maintain the problem notion. We will also postulate that it is useful to extend the 
participant notion to both groups and individuals. Thirdly, we will consider the three 
other contexts constituents in Batens' theory, 'claims that are considered to be true and 
relevant', 'contextual certainties' and 'methodological guidelines', as attitudes together 
with behaviours and affections. Finally, we consider it functional to make the role of 
objects more explicit. 
 

To begin with, we can specify the problem concept. Batens' theory focuses on 
argumentative discussions. Occurrences as violence, repression, blackmail, or 
extortion are not well explained. Boltanski (1990) therefore makes a distinction 
between four different action systems (régimes d’action).  

In the violence dispute (dispute en violence) power relations prevail. The 
violence dispute defines itself by the absence of justification. People are not treated 
differently then to objects. 'The struggle with a stubborn or precarious object as a 
leaking tap or oil well does not differ from the battle with other people in a state of 
war.'33 

The justice dispute (dispute en justice) is characterised precisely by the act of 
people’s justification of their deeds. According to Boltanski, the fundamental 
                                                           
32 On should not mix up this psychological interaction theory (of R.J. Hogan, D.C. Funder, D.T. 
Kenrick, ...) with Latour's interactionism. 
33 Translation from: “(L)a lutte avec un objet récalcitrant ou menaçant, un robinet ou un puits de pétrole 
qui fuient, n’est en rien différente de la bataille avec d’autres hommes en état de force.” (Boltanski, 
1990, 116) 
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difference between the violence and justice dispute is the equalisation (la mise en 
équivalence). The justice dispute participants try to establish some comparability 
between the constituting situation elements. In their work “On justification”, 
Boltanski and Thévenot analyse exactly this question of agreement (la question de 
l'accord) by justification, “ce qui arrête le dispute” (1991, 50).  

States of argument are very common. However, they are not all pervading or 
omnipresent. Societies in permanent dispute are unliveable and intolerable. 
Justification and violence have the exact aim of settling agreement or achieving peace 
(la paix). Soundness peace (La paix en justesse) People implicitly take for granted 
that objects and other people behave in accordance with what is presumed. 
Jacquemain describes the example of postal delivery. Most letters arrive as expected 
at their addressees. Nobody intends to question this evident but tacit rule. The 
soundness peace system has equalisation in common with the justice dispute regime. 
A postman can leave a recorded delivery with a family member of the absent 
addressee because this last one is considered as equal for the delivery of the 
correspondence. (Jacquemain, 2001) 

When this equalisation is not present in the peace system, when one does not 
balance pros and cons, Boltanski talks about love peace (la paix en amour) of which 
intimate relations as friendships and love affairs are obvious examples of these. 
However, also interactionism utopias also make appeals to this action regime. 
Marxism for example presupposes a far-reaching fraternity. 
 

 Dispute Peace 
Equalisation Justice dispute Soundness peace 
Difference Violence dispute Love peace 

Table 3 : Four action systems according to Boltanski. (Jacquemain, 2001, 5) 

According to Boltanski, these four systems tend to display inertia. Human 
behaviour, he says, remains in the same system without external intervention to 
change the momentum. People only leave their system if they are confronted with 
someone from another one. Although we acknowledge the importance of this inertia 
mechanism, it seems incomplete to us. Someone acting in the violence dispute regime 
will experience an appeal but not necessarily change his attitude when he is 
confronted with someone from a different system. The equalisation from the justice 
dispute for example is only possible by the benevolence of all, or at least enough, 
people concerned. It seems to us that there is a system hierarchy dependent of 
people’s commitment. It requires more commitment from violence dispute through 
the equalisation regimes to the love peace system. Groups or societies can only evolve 
from a 'poorer' system to a 'richer' one if there is enough loyalty. Since this 
faithfulness counts to all, richer systems are less steady balances compared to poorer 
ones. 

How can we judge the strictness of the typology? Publicity for children, for 
example, uses equalisation and not violence. Children and their parents are of course 
not obliged to buy the recommended goods. One can however question children’s 
critical resistance. A promotion group can be so hard on politicians that it becomes 
very hard to stand up to. Olivier Hoedemand and Ann Doherty (2002) give the 
example of the discussion in the United States to allocate a Permanent Normal Treaty 
Relations (PNTR) to China. Referring to an article34 of the Public Citizens NGO, 
                                                           
34 “Purchasing Power. The Corporate-White House Alliance to Pass the China Trade Bill Over the Will 
of the American People” In: Global Trade Watch, October 2000. 
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Hoedeland and Doherty contend that 113 million dollar was spent on lobbying, 
political donations (up to 200.000 dollar), advertising and astroturf to win US 
Congress over. And the authors continue their argumentation. Some congress 
members are said to have been threatened with loss of their financing if they did not 
support the new law. According to the writers, commercials were launched to suggest 
public support. Students were hired for pro-PNTR manifestations35. Even if only half 
of the above-mentioned accusations are true, it is clear that lobbying is an example of 
the twilight zone between violence and justice disputes. In our point of view, the 
sharp demarcation in this typology is useful as explanation but is too theoretical to be 
put to practice. 

Although we will focus on the justice dispute in technoscientific situations in 
this document, we want to stress that our model can also be applied to the other action 
systems. We will briefly come back to that in our discussion on power (see page 202). 
 

Batens writes about participants as a second constitutive factor of contexts. 
His context concept does not explicitly pay attention to the variation due to different 
levels. Some aspects are unambiguously present: interactions between individuals, 
group culture or societal ideas. We find it important to make this distinction. In order 
to apply social psychological discussions to our context model, we must split the 
participant notion in Batens' contextual model into individual and group. The 
individual notion concerns the personality aspects and individual background 
characteristics under which gender, age, education etcetera. It is clear that we do not 
refer to an individual as an independent unit that interacts with other originally 
independent units. This type of interaction is then called ‘social’. The concept 
‘person’ is already a social construction. 

The group notion contains supra-individual aspects that add up to individual 
participants: inter-individual, group, inter-group, organisational and societal aspects. 
In this document, we focus on small group contributions to fact making. The inter-
individual and group aspects therefore are of main importance to us. The other levels 
are not at all negligible, but will get almost no attention in this text.  
 

Batens' context concept contains the cognitive dispositions, 'claims that are 
considered to be true and relevant', 'contextual certainties' and 'methodological 
guidelines' as well. In the social behaviour psychological literature, these dispositions 
are categorised as cognitive attitudes or beliefs. We saw in the previous chapter that in 
Kuhn's disciplinary matrix approach and in actor network theories, it is clear that also 
affective and behavioural aspects influence fact-building. Thomas Kuhn's disciplinary 
matrix concept claims that facts in scientific communities are determined by 
convictions, values, techniques, and objects shared by members of a certain scientific 
community. (Kuhn, 1970, 174-210)  

We therefore group the three belief constituents and extend them with affects 
and behaviour to the attitude concept. We will develop in the next section that 
cognitive, affective and behavioural dispositions together can be called attitudes. 
(Nuttin, 2000; Breckler, 1984) At the moment, the attitude definition given by Eagly 
and Chaiken (1998, 269) meets our needs: "An attitude is a psychological tendency 
that is expressed by evaluating a particular entity with some degree of favor or 
disfavour". A scientific belief is an evaluation of a particular entity as well and can 

                                                           
35 Hoedeland and Doherty refer to: “Spinning Free Trade: The Battle for Public Opinion”, Making 
Contact, radio program, 5 July 2000. Transcript on www.radioproject.org.  
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therefore be considered an attitude as well. We thus obtain the proposition that 
affective, behavioural and cognitive aspects together determine what can be called an 
attitude. 
 

Our last extension of Batens' context model concerns objects. It is clear that 
they are present in his elaboration. The 'claims that are considered to be true and 
relevant' refer to facts about objects. Here, we follow the philosophical and 
sociological elaborations as those of Boltanski and Thévenot. (1991) According to 
them, it is impossible to define definitely a social interaction situation. Marc 
Jacquemain (2001) mentions the example of a car accident. Clearly, the position of 
the cars involved will determine the debate. However, the characteristics of the cars 
also will have their impact. A bump between two old small cars, an old small car and 
a brand-new BMW or two spanking new BMWs will all create different discussions. 
The uniforms and the flashing lights of the policemen will also have their influence on 
the way the discussion is held and consequently its final outcome. Since Latour 
attributes an important role to objects in his interactionism, we opt to treat the object 
factor separately. It must be clear that we refer to quasi-subjects and quasi-objects in 
the Latourian interactionism sense.  
 

As such, we obtain a context with the following constituents: problem, 
individual, group, attitude, and object. Before we elaborate the different elements in 
more detail, we will mention some aspects of the whole context. 
 

attitudes

problem
framing

objectsgroup

individual

 

Figure 2: Extended context concept 

 
2.1.3. Limited contexts to create broad networks 
   

Actor network theory demonstrates that facts are the result of a created 
network of quasi-objects and quasi-subjects. Our critique was that the social 
psychological approach in this theory was missing. We said that we would introduce 
the context concept as a start to fill this gap. At this point, we can already indicate the 
link between the two core concepts in our argumentation. 

The construction of a fact is the consequence of concurrence of decision-
making processes. A decision-making process can be considered a sequence of 
contexts. We therefore consider a context as the basic element of a decision-making 
process and a fortiori of a fact-building and fact-maintenance process. It follows that 
fact building processes and contexts have specific characteristics. 
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The most important difference we want to mention here is the extent of the 
two concepts. A context is as extended as possible. A fact builder per definition wants 
his facts distributed as widely as possible. As we previously mentioned, the limits of a 
network are its cost and the difficulty to keep the fact as it is. Apart from that, a 
network is large. It contains many people, groups, objects, and attitudes. Latour gives 
the example of Diesel and his engine. Behind a Diesel engine we find all the people 
necessary for the creation of this engine, the different prototypes, etc. 
 

First we had Carnot's thermodynamics plus a book plus a patent plus Lord Kelvin's encouraging 
comments. We now have in addition MAN plus Krupp plus a few prototypes plus two engineers 
helping Diesel plus local know-how plus a few interested firms plus a new air injection system, 
and so on. (Latour, 1997, 105) 

 
As such, a network is a consequence of one or many decision-making 

processes that is organised around a fact. It contains objects, attitudes, people and 
groups and these network components are centralised around a fact. 

 
This is quite the opposite for contexts. A key feature of context, according to 

Batens and his plea for a workable rationality, is the limitation of a context. Contexts 
are indeed very limited in time. Patrick Goes found on average more than one context 
per page in a dialogue of Galilee (1984, 130-144). Every time a new problem is 
tackled, this happens –per definition- in a new context. It could be that several 
subsequent contexts can contain the same people and objects over some subsequent 
problem solving situations. Since the problem is different, we talk about different 
contexts. 

A context is limited to those attitudes, people, group cultures and objects 
present at the actual problem solving. In the four years Diesel tried to get one engine 
working, he probably encountered millions of contexts, every context containing a 
limited number of context elements. Whereas a network is built around a fact, a 
context is created around a problem. It is in such a situation that problem solving 
occurs. 
 

A context is limited in its explicit context elements. There is however 
something that links context and decision-making process together. We argue that it 
concerns the implicit presence of other network aspects. Batens mentions 
observations, actions, and the construction of contexts (1992, 156-8). In our extended 
context model, attitudes, people, group cultures, objects and problem framings all 
have their history, their present and their expected future. This implicit presence of 
network elements in the context is important to guarantee a useful –in the perception 
of the context participants- sequence of the contexts.36 
 
2.1.4. Context features 
 
2.1.4.1. Why a partition between individual, group, and attitude? 
  

It is important to note that we made a distinction between attitudes, group and 
individual. Since this separation is not applied in all psychological and philosophical 
inquiries, we want to give a short justification here. We first explain the distinction 
                                                           
36 We will further the shift from context to network with we threat the general rise concept in the theory 
of Boltanski and Thévenot (1991). We will come back to this at page 199. 
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between attitudes on the one hand and group and individual on the other hand. Then 
we consider the difference between group and individual. 
 
  In classical social psychology, it is an important point of discussion whether 
attitudes are enduring or time-limited. In accord with Lewin's assertion that "Every 
psychological event depends on the state of the person and at the same time on the 
environment, although their relative importance is different in different cases."37, 
Snyder and Cantor give three different investigative strategies that differ in their 
relative emphasis on dispositional and situational properties in studying personality 
and social behaviour. (1998, 636) The authors call these different strategies 
dispositional, interactional, and situational. 

The dispositional strategy tries to explain behaviour in terms of relatively 
stable traits, enduring dispositions and other properties that are thought to reside 
"within" individuals. 'In particular, the dispositional strategy seeks to identify those 
domains of social behaviour within which it is possible to identify individuals who 
characteristically manifest the regularities and consistencies in social behaviour that 
might reflect the influence of underlying dispositional features.' (Ibid.) The situational 
strategy tries to explain behaviour in referring to the characteristics of situations. It 
states that certain situation traits can predict consequent behaviour. The interaction 
strategy lies in between. It tries to explain regularities and consistencies in social 
behaviour in terms of the interactive influence of dispositional and situational 
characteristics. Certain individuals and their dispositions on the one hand and 
situations with certain features on the other hand will converge. This is quite obvious 
in some areas, e.g. job selection. Selection committees for applications will look for 
people fitting the job and therefore implicitly the existing culture as well. On the other 
hand, applicants will look for jobs and implicitly existing cultures that suit their 
personality. The mutual tuning to context and personality happens in all groups in 
various degrees. 

We favour this interactionist strategy. We argue that dispositional 
characteristics, situational aspects and the interaction between both are important. We 
therefore make the distinction between attitudes as typical behaviour guidance origins 
but situation dependent on the on hand and enduring group and individual aspects on 
the other hand. 

 
A second axis in explaining group behaviour mentions group and individual 

influences. It might seem that the dispositional and situational strategies refer 
respectively to individual and group aspects. We want to counter this idea by stressing 
the two-dimensionality of this explanation. Both groups and individuals can have 
enduring and time-limited characteristics. Most groups in their day-to-day activities 
are very predictable. This is due to their enduring group traits. When such a 
predictable group is in a certain crisis for the first time, however, it will probably act 
differently and may be unpredictable. The same goes for individuals. On the one 
hand, individuals have enduring traits that will not easily change in changing contexts. 
On the other hand, they will have characteristics that will easily change in changing 
contexts. But no trait will be stable in all contexts and no characteristic is completely 
dependent on contexts. Every individual characteristic is dependent on the context, as 
the interaction strategy states. 

                                                           
37 Snyder and Cantor (1998, 636) refer to LEWIN, K., A dynamic theory of personality, New York, 
McGraw-Hill, 1936. 
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As we said earlier, we enclosed inter-individual, group, inter-group, 
organisational and societal aspects in the context element 'group'. 

 
Because of this two-dimensionality, we made the decision to keep group and 

individual on the one hand and attitudes on the other hand separated. 
Our contextual model consists of five mutually influencing elements: 

individuals, groups, objects, attitudes and assessments. All together this gives for N=5 
(N/2)(N-1)= 10 different mutual relations in each context. Below we will discuss all 
interrelations. However, we will stress the interrelations between the problem and the 
other context elements.  

It is clear that our division is not ultimate. First of all, it is not fundamentally 
better than Batens' model, but stresses other uses. Secondly, it can be up for 
discussion where to put some context elements. If a person has a conformity reaction, 
it could be regarded as a conformity attitude, a conformity personality treat or a mere 
group aspect. We will look into this problem below. 
 
2.1.4.2. Holism and quantitative method 
 

Our contextual model thus far can create the holistic idea that everything 
influences everything. This wholeness idea is indeed an underlying concept. However, 
a holistic approach alone is said to be unlikely to continue to yield much genuine 
scientific progress. In our random indication approach we therefore focus on 
quantitative approaches to challenge this holistic idea. Our major interest is to 
determine which personality traits, attitudes, or group aspects relate with 
technoscientific assessment.  

We will not treat everything. We have some major delineations. First of all, 
we will treat the problem definition issue in more detail in the next chapters. In our 
quantitative approach it is not easy to find examples of this matter. Maybe the best 
examples are the critiques that respondents give to questionnaires on risk assessment.  
We also suppose that personality, background characteristics and group culture 
influence each other as well but will not go into the literature of these fields because it 
is of more common psychological research. Finally, we also pay little attention to the 
economic factor, although some authors stress that this is the most important factor, at 
least in risk perception. (Sjöberg, 2000) In this chapter, the economic influence will 
be treated, though implicitly, in the affiliation variable. Extra attention will be paid to 
this aspect in chapters four and five. 

 
Maybe a small word on quantitative research is useful here. We choose to 

perform a quantitative research, although it is not a common methodology in 
philosophy. The link between the quest for meaning of certain concepts and their 
relationship might indeed seem very opposed to the analytical and inevitable 
reductionist approach of quantitative inquiries. As Bruno Latour puts it: "Nothing is 
more difficult than to find a way to render objects able to object to the utterances that 
we make about them. The paradox is that when quantitative social scientists imitate 
the natural sciences they avoid precisely those features that would render their 
discipline really objective." (Latour, 1999) 

We can give two main reasons why we nevertheless use a quantitative meta-
analysis and carry out a quantitative research ourselves. The first reason is that this 
research, performed in the frame of a PhD, gives us the possibility to become 
competent with and experience the drawbacks of both qualitative and quantitative 
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inquiries. There is a second reason why we opted for a quantitative inquiry. We think 
that quantitative inquiries are more accepted and convincing in a technoscientific 
context. We hope that we can construct contextual model facts about technoscientists 
that are accepted by the same technoscientists. 
 
2.1.4.3. Operationalisation of risk 
 
 As we said, the quantitative approach of context elements with risk judgement 
will be important. Many different questions are used to measure risk judgement. First 
of all, it heavily influences the results of the questionnaire. Sjöberg and Drottz-
Sjöberg for example gives an illustration how a question on risk perception of a high 
level waste repository drops severely if the question is asked differently. (2001)  

Secondly, also the validity is influenced by the questions asked. Validity is the 
assessment how well a question or set of questions measures what is proposed to be 
measured. (for more info, see page 124) Many risk judgement questionnaires intended 
for technoscientific respondents do consider overall risk perception questions instead 
of risk assessment questions. This distinction is very important in our theory because 
we state that risk assessments are influenced by context constituents.  

The operationalisation of risk and risk assessment is very important. The point 
is, that no universal risk concept exists as we also saw in our safety, risk and 
uncertainty explanations in the previous chapter. It is Slovic who nicely expressed this 
for the risk concept: 'Just as there is no universal set of rules for games, there isn't any 
universal set of characteristics for describing risk.' (1999, 691-2) 

The only thing we can do is mention precisely which risk notion is used. We  
will therefore pay extra attention to the risk judgement questions in our description of 
the different studies. 
 
2.1.5. Hypothesis 

 
In the previous section, we have laid the foundations for our argumentation on 

justifications of technoscientists. We gave a theoretical contextual model. We stated 
that each problem solving context contains a problem that has to be solved, 
individuals, groups, attitudes and objects. Contextual elements are linked in a certain 
way if we take a snapshot in time. This contextual knowledge model will be the frame 
of our quantitative research to determine which personality traits, attitudes, or group 
aspects relate with technoscientific assessments.  

In this chapter, we will make the following hypothesis:  
 

Technoscientific risk assessments (and constituent factors) and uncertainty are a function of the 
four other context elements attitude, personality, group and object. 

 
We will mainly illustrate this with a meta-study on risk and uncertainty assessment 
inquiries. There are numerous studies on the technosciences. We will also mention 
our own questionnaire on the risk and uncertainty assessments of high level waste 
repositories worldwide. It is uncertain in advance that risk and uncertainty on the one 
hand or magnitude and probability on the other hand will have the same links with the 
other contextual variables. We will therefore treat them as separate as possible if 
necessary. 
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In chapter three we will describe this questionnaire extensively. In this 
chapter, we will look separately at the influences of the four context elements on 
technoscientific risk assessments. 

2.2. Attitudes 
  

Attitudes are seen in many social psychological approaches as the most 
important determinant of behaviour in general and judgement in particular. In our 
attempt to enlarge Latourian interactionism with social psychological aspects of fact-
building, it will therefore be important to discuss attitudes. Will technoscientists with 
certain beliefs make different risk assessments compared to their colleagues? Can 
values influence risk assessment? And what about previous behaviour, can this make 
a difference in technoscientific risk assessment? 

In order to be able to make a sound assessment of the link between judgement 
and attitudes, we must look at the internal and external structure of attitudes. First of 
all, we will consider affects, behaviour and cognitions all as attitudes. We state that 
there is a link between these three different attitude components. This adds to the 
external attitude structure that different attitudes have different links which can be 
consonant or dissonant. Only when we consider the internal and external structure, we 
can say something about behaviour. 

We will use this brief attitude explanation to illustrate that attitudes are linked 
with assessments in technoscientific contexts. 
 
2.2.1. Attitude concept 

 
So far, we have defined the attitude concept as a psychological tendency that 

is expressed by evaluating a particular entity with some degree of favour or disfavour. 
In this section, we will continue to elaborate this concept for a technoscientific 
context and come up with a more extended definition at page 159. The concept might 
seem somewhat outlandish. However, attitudes have many manifestations and as such 
quite well-known: prejudices (attitudes toward minority groups), self-esteem (attitude 
towards one's self), or values (attitudes toward relatively abstract goals or end states 
of human existence). (Eagly and Chaiken, 1998, 270; Van Den Enden, 1997) 

 
2.2.2. Internal attitude structure 
 
2.2.2.1. The ABC of attitudes 

 
When we discuss the internal structure of attitudes, it is important to start with 

the apparent distinction between attitude and attitude object. A person or group 
always directs its evaluation toward a particular entity, the attitude object. The attitude 
object can be abstract or concrete, individual or collective. Attitudes themselves can 
also be mainly individual or mainly collective. Whereas the original attitude research 
as Festinger's stressed the collective aspects of attitudes, the last decades had a mainly 
individual focus. Nowadays, the pendulum seems to find a middle position. Both 
collective and individual approaches are accepted to contribute to the attitude models. 

 
Central to the internal structure is the subdivision of affective, behavioural and 

cognitive aspects of attitudes.  
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Attitudes include reactions that were obtained by the attitude object and 
therefore become associated with it. The affective or cathectic (Van Den Enden, 
1997) aspects of attitudes consists of feelings, moods, emotions, and sympathetic 
nervous-system activity that people have experienced in relation to an attitude object 
and subsequently associate with it. (Eagly and Chaiken, 1998, 272) In the attitude 
treatment, the affective components are most accepted and often considered as 
synonyms. 

We do not agree with this last view and also regard behaviours and cognitions 
as attitudes. Definitions of beliefs are quite vague. A.W. Kruglanski defined a belief 
as 'a proposition to which a person attributes at least a minimal degree of 
confidence.38 Van Den Enden (1997, 12) gave the following enumeration: 

 
'Everything that someone knows, thinks, supposes with regard to what exists and does not exist, 
what existed and (certainly or maybe) will exist, what is true and what is false, what is plausible 
and is implausible, what is explained and unexplained, what are the properties and features of 
things and what are fictions or illusions; in other words the cognitive human-, society- and 
worldview that someone uses as descriptive, structuring, and explanatory grid her or his world.  

 
The attitude Ao toward an object o was expressed by Fishbein as a summation 

of the products of the strength bi of the belief i about o and the evaluation ei of 
attribute i. Ao=∑ibiei. (Eagly and Chaiken, 1998, 275) It is important to notice in our 
contextual approach for a limited and workable knowledge that only the relevant 
beliefs are summed instead of all beliefs that all the individuals of the group already 
have had about the attitude object. Apart from this limitation, we mention the 
difficulties to apply this formula. It is very difficult to find relevant numbers for both 
bi and ei. 

The importance of the cognitive and affective attitude aspects is broadly 
accepted. Less obvious is the influence of behaviour on attitudes. In a most evident 
appearance, behavioural aspects of attitudes refer to associations that encompass a 
person's overt actions toward the attitude object as well as intentions to act, which are 
not necessarily expressed in overt behaviour. Behaviours can be generalised on the 
basis of repeated responding. (Ibid., 272) 

 
So far, we showed that affects, behaviour and cognitions can be considered as 

attitudes. This of course does not help us at all. We must show what the role of these 
different aspects is. In order to do so, we must first illustrate that these three aspects 
are always interconnected.  
 
2.2.2.2. Ties between affects, behaviour, and cognition 

 
Eagly and Chaiken (Ibid.) notice that affect and behaviour are not isomorphic 

with evaluation in contemporary usage. They suggest that, 'although attitudes may be 
expressed through cognitive, affective, and behavioural responses and formed through 
responding of each of these types, attitudes do not necessarily have all three aspects, 
either at the point of their formation or at the pint of attitudinal responding.' (Ibid.) 

                                                           
38 Bar-Tal (1990, 14) refers to KRUGLANSKI, A.W., "Lay epistemological-process and contents: 
Another look at attribution theory." In: Psychological Review, 87, 1980, 70-87; and KRUGLANSKI, 
A.W., Lay epistemics and human knowledge: Cognitive and motivational bases., Plenum, New York, 
1989. 
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Breckler (1984) empirically investigated whether the three factor model of 
affect, behaviour and cognition as distinct components of attitudes was better than a 
one factor model. A first study, in which subjects' attitudes toward snakes were 
examined, indicated very strong support for this tripartite model (χ2(32, N=138)= 
37.51; p>.20) compared to the one factor model of attitude (χ2(32, N=138)= 113,45; 
p<.01). The correlations between affect, behaviour and cognition were moderate (.37, 
.49, and .71) according to Breckler. To call correlations of .71 moderate does not 
seem very straightforward to us. Especially when a second study indicates that higher 
intercomponent correlations (.81<r<.87) occurred when attitude measures derived 
solely from verbal reports and when the attitude object was not physically present. 
 We agree with Breckler that a three factor model will give a better fit. We do 
not agree with the statement of Breckler, Eagly and Chaiken that the correlations are 
weak. For us, this research confirms our statement that affects, behaviour and 
cognitions are strongly interlinked. If one of the three components changes, the others 
will change as well. Contrary to Eagly and Chaiken, we state that all attitudes always 
contain behavioural, cognitive and affective aspects. Cognitions without emotive or 
behavioural aspects do not exist, nor do emotions without cognitions and 
consequences for behaviour. 

 
In a scientific context, beliefs are often considered as the only or at least the 

most important attitudes. Convergent epistemological realists, for example, accept 
that affective and behavioural aspects can play a certain role at a certain moment in 
the evolution of an inquiry. Beliefs, however, certainly will take over at a certain 
moment when the research groups have found a new law of nature that is more 
convergent with reality. At that time, the contributions of the affective and 
behavioural aspects vanish.  

For actor network theorists, this is not the case. The interplay of affective, 
behavioural and cognitive attitudes will make a network shift towards the acceptance 
of certain assessments and/or perceptions. The role of cognitions of objects is very 
important. This parallels with the CER remark that, in the end, beliefs will always 
determine what is a fact and what is not. But in actor network theories, this important 
contribution does not have to eliminate the other roles. Affective and behavioural 
aspects in the route to fact-building can keep their impact on assessments. What is a 
fact is in the end determined by affects and behaviours as well. 

2.2.2.3. Attitude complexity 
 
One important aspect in the link between attitudes and assessment is their 

intra-attitudinal structure. One attitude can be a bipolar or more complex construct. 
This intra-attitudinal structure will co-determine the link between attitude and 
assessment. 

 People often consider their attitudes as bipolar, especially in controversial 
issues39. Others stress the multidimensionality of attitudes, expressed in the 
complexity concept. Different interpretations have been given to the complexity issue. 
All approaches, however, share the view that complexity refers to 'the dimensionality 
of the beliefs that a person holds about an attitude object, or, more formally, as the 
number of dimensions needed to describe the space utilised by the attributes ascribed 
                                                           
39 Ealgy and Chaiken (1998a, 273) refer to JUDD, C.M. and Kulik, J.A., "Schematic effects of social 
attitudes on information processing and recall." In: Journal of Personality and Social Psychology, 38, 
1980, 569-578. 
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to the attitude object.' (Ibid., 275) We mention a specific complexity definition that 
'encompasses, in addition to the dimensionality of the beliefs, the extent to which the 
dimensions are perceived as linked to, or integrated with, one another by logical or 
causal bonds.'40 

Judd and Lusk41 showed that moderate attitudes correlate with higher 
complexity when the constituents of the attitudes are mainly uncorrelated 
(orthogonal). A moderate attitude will always contain more separated dimensions. An 
extreme attitude is also correlated with complexity. The extreme attitude will be 
constituted by components that are correlated and therefore somewhat evaluatively 
redundant. 

 
This attitude complexity notion can be brought in relation with Kuhn's normal 

and revolutionary periods and Latour's nth order notion (see page 27). Attitudes with a 
high complexity in a normal science period will be broadly founded. Attitudes in high 
complexity clusters in revolutionary periods will miss the broad bases but will bring 
about many aspects for a limited number of issues. 
 
2.2.3. External attitude structure  
 
 The relation between different attitudes is expressed in the inter-attitudinal 
structure. The most prominent approach to understand attitude relations stems from 
Fritz Heider and his balance theory. He argued that we are inclined to have the same 
positive or negative feelings about attitude objects that are cognitively associated with 
each other. (Jones, 1998) The focus on cognitive consistency was already present in 
Gestalt psychology (Perls, Hefferline, and Goodman, 1994; Perls, Stevens and 
Stevens, 1976) and folk wisdom and kept on exercising its importance in system 
theory and cognitive dissonance theory. For a further elaboration, we refer to chapter 
4. For our random indication approach of this chapter, we can say that correlations 
will most likely be found between consonant attitudes for attitude systems in 
equilibrium, whereas imbalanced systems will give way to dissonant attitudes. 
 
2.2.4. Behaviour and attitude prediction 
 
 Defining and analysing attitudes is one thing, showing their usefulness is 
another. We still have to find evidence in how far overt behaviour is influenced by 
attitudes and what the importance is for science. 
 In the early history of attitude research, a dispute between two behaviour 
prediction hypotheses existed. The strong attitude-behaviour hypothesis states that 
behaviour is caused by attitudes. The weak hypothesis states that behaviour and other 
attitudes are only correlated with each other. In the beginning of Allport's personality 
studies, even the strong hypothesis was considered self-evident. He considered 
personality as the 'dynamic organisation within the individual of those psychophysical 
systems that determine his unique adjustments to his environment." (Snyder and 
Cantor, 1998) Subsequent research, however, found many weak attitude-behaviour 

                                                           
40 Ealgy and Chaiken (1998a, 276) refer to TETLOCK, P.E., "Structure and function in political belief 
systems." In A. R. Pratkanis, S.J. Breckler, and A.G. Greenwald (Eds.), Attitude structue and function, 
1989, 129-151. 
41 Ealgy and Chaiken (1998a, 276) refer to JUDD, M. and C.M. Lusk, "Knowledge structures and 
evaluative judgments: Effects of structural variables on judgemental extremity." In: Journal of 
Personality and Social Psychology, 46, 1984, 1193-1207. 
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correlations. (Eagly and Chaiken, 1998, 296) These disputes heavily stimulated the 
attitude-behaviour studies. 
 As an answer to these critiques, Ajzen and Fishbein formulated their theory of 
reasoned action. First of all, they distinguished between two kinds of attitudes: 
attitudes toward a target -or attitude object- and attitude toward behaviour. As their 
names mention, the attitudes focus respectively on the attitude itself and the behaviour 
towards the attitude object. Hating a neighbour and destroying his car because you 
hate him; favouring a political party and donating money to it; it are but two examples 
that show that a positive attitude toward an attitude object does not imply an equal 
attitude toward the behaviour. Not surprisingly, attitudes toward behaviour seem to 
correlate stronger with behaviour compared to attitudes toward attitude objects. 
 
 The weak link between attitude and behaviour that was found in the early 
studies is comprehensible because a single behaviour is typically influenced by a 
variety of factors. 

The theory of Ajzen and Fishbein included intentions and expected outcomes 
as well. The intention, the decision to act in a certain way, is considered as the most 
proximal cause of behaviour. In the modern version of the model, three outcome types 
are differentiated: utilitarian, normative and self-identity outcomes. Utilitarian 
consequences refer to expected rewards and punishments. Normative consequences 
stand for the perceptions of others' approval or disapproval of one's behaviour. The 
self-identity outcomes refer to the expectations that certain behaviour will confirm 
one's self-concept. A last behaviour contribution is added to this scheme to answer to 
the non volitional habits, a product of well-learned predispositions to respond in a 
certain context.  

Instead of outcomes, Cantor and Snyder talk about agendas. It is mainly the 
issue, topic, activity, or theme at stake at a certain context. In the theory as Snyder and 
Cantor put it forward, agendas at different levels determine the consequent behaviour: 
'[...] we take as our central analytical concept the idea of agendas constructed and 
enacted by individuals in a social context.' (1998, 644) 

Van Den Enden (1997, 14) includes besides the cognitive and affective 
attitude components the volitional - action-tendency aspects. These components refer 
to the pursuits and the will. In what follows we will also consider attitudes in this 
broad sense in contrast with the above elaboration of Ajzen and Fishbein on the one 
hand and Cantor and Snyder on the other hand. From now on, we consider the broad 
concept of attitudes including cognitive, affective and behavioural aspects. 
 
2.2.5. Attitudes and technoscientific context 
 

We will demonstrate that attitudes and assessments are interlinked. In this 
section, we will carry out a meta-analysis of different researches that conform and 
disconfirm our hypothesis. In the quantitative research literature, we mainly found 
inquiries on the relation between background characteristics and technoscientific 
assessments. Values, cognitions, worldviews, political context and social context are 
less used but show important contributions as well. 
 
2.2.5.1. Cognitions 

 
Let us consider cognitions first. From our theory it follows that risk and 

uncertainty related assessments can be correlated. These correlations can depend on 
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many other variables. Obviously, the objects under investigation play an important 
role. Certainly, objects and contextually assigned data can lead to common results. 
Maybe the possible correlations have other origins from the contextual model. We 
will first look at the relation between assessments. Afterwards, we will also consider 
the beliefs in the limitations of one's own research. 

 
The empirical findings of Jenkins-Smith and Bassett (1994) do not confirm the 

correlation between risk perception and uncertainty. According to them, scientists 
tend to associate no greater certainty with more perceived risk, this in contrast with 
laymen. They found this, together with Richard P. Barke and Jenkins-Smith (1993). 
The last researchers carried out a repeated wave mailing method (N=1011, 
RR=66,8%) with which they inquired the American Association for the Advancement 
of Science (AAAS) members' perceptions of the risks associated with four stages of 
the nuclear waste cycle: nuclear energy production, temporary storage of nuclear 
waste, transportation of nuclear waste, and permanent storage of those wastes. Jenkins 
Smith and G.W. Bassett (1994) combined the previous inquiry with other data. They 
asked other scientists the same risk perception questions on general nuclear waste 
issues. The respondents were the AAAS group, members of the association of 
Commerce and Industry (ACI) and Sierra Club members. (N=4706, RR=59,1%). As 
we said, the authors did not find a correlation between uncertainty and risk 
perceptions. 

Slovic and others state that they did find correlations between risk 
assessments. In two subsequent inquiries, Slovic et al. (1995) and Slovic et al. (1997) 
asked respectively British (N= 312, RR: 36.4%) and Canadian (N=150, RR=30.6%) 
toxicologists for an assessment of the level of evidence of Bromoethane's 
carcinogenic activity based on a summary of a two-year inhalation and genetic 
toxicology study of the National Toxicological Program for this chemical. A low 
score on the index indicated a tendency to see strong evidence for carcinogenicity. 
With a stepwise multiple regression analysis Slovic et al. (1995) found four 
statistically significant predictors for the overall tendency to judge chemical B as 
carcinogenic for rats and mice. Among others, it was correlated with seeing a high 
risk in another compound E. 
 In our questionnaire in which we looked for correlations of risk, magnitude, 
probability, and uncertainty assessments. (see Table 46) We found strong correlations 
between uncertainty and the risk related assessments (up to r=.30; p=.001) and 
between magnitude and probability (r=.39; p<.001). This confirms our hypothesis that 
risk and uncertainty related assessments can be interlinked. 
 These insights are also found in theoretical research. Marjolein Van Asselt 
says that 'deciding about risk is deciding in uncertainty'. (2000, 206) Andrew Stirling 
makes the same point in his typology on risk. He divides four assessments in a two-
dimensional typology. One axis describes whether the probability assessment has a 
firm basis; the other axis says something about how good or poorly the outcomes are 
defined. (Stirling, 1999, 17) 
 
 Another apparently important group of cognitions are the beliefs in one's own 
research and in science in general.  

This is what Richard P. Barke, Hank C. Jenkins-Smith and Carol Silva (2000) 
show. They inquired scientists for the Union of Concerned Scientists (UCS) (N=1155, 
RR=55%) and Sandia and Los Alamos National Laboratories (Lab) (N=1226, 
RR=53%) about their opinion on the correct relation between ionising radiation and 
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carcinogenic response. We are not quite sure in how far the respondents were familiar 
with radiobiology or radiation protection to consider the judgements as assessments. 
Probably, it concerns mere perceptions since Barte et al. asked a broad group of 
scientists. They found that those who tend to believe that scientists understand the 
risks associated with nuclear radiation judge the radiation risk at low doses as low 
(Lab: F=11.13, p<.0001; UCS: F=26.20, p<.0001).  

A result from Slovic et al. (1997) is that toxicologists with a tendency to see 
strong evidence of carcinogenicity in animals were more likely to believe that animal 
reactions reliably predict human reaction (r=-.14, p<.05) or cancer causation (r=-.28, 
p<.01). They were more likely to disagree that risk is a subjective construct (r=-.12, 
p<.05) 

In our questionnaire, we found a link with the risk assessment and trust in the 
safety assessment methods (r=.20, p<.05) and in what scientists or decision-makers 
know about the final waste forms (r=.40, p<.001). 

In the same article, Slovic et al. (1997) found that toxicologists' confidence in 
the ability to extrapolate from animal studies to human health effects was rather low. 
They tended to discount the importance of animal studies that found a chemical to 
induce cancer. This discounting appears to be related to the belief that animal studies 
overestimate risks to humans because of cytotoxic effects associated with high doses 
given to animals. (Ibid., 303) Despite these problems, about two third of the 
respondents believed that experts could make reasonably accurate quantitative 
estimates of health risks from chemicals in the environment.   

We can conclude that also the belief in the limitations of the inquiry can have 
its influences on the assessments. 
 
2.2.5.2. Behavioural attitudes 
  

The interaction between behaviour and assessment are almost not present in 
the quantitative research we looked at. Slovic et al. (1997) do mention that 
toxicologists with a tendency to see strong evidence of carcinogenicity were more 
likely to have spent more years conducting experimental work (r=-.19, p<.01) and had 
worked frequently with animal test (r=-.16, p<.05). We could not find any other 
quantitative inquiry that looked into this relation. 
 
2.2.5.3. Affective attitudes 
  

Finally, we want to say something about the affective attitude components.  
With their analysis Slovic et al. (1995) also found that the overall tendency to 

judge chemical B as carcinogenic was correlated with disagreeing that figures in 
authority are abusing power; and with seeing high risk to society from nuclear power 
plants. (Together with seeing high risk in another chemical and gender, this lead to 
R=.40.) 

Frances M. Lynn (1986) conducted 136 interviews with occupational 
physicians and industrial hygienists working for industry, academia and government. 
He asked for the belief in the use of animal data to identify human risks and for the 
attitudes toward the existence of thresholds for carcinogens. He found that those who 
agree that risk associated with advanced technology have been exaggerated by events 
such as Three Mile Island and Love Canal tempt to believe in a threshold for 
carcinogens. The respondents who believe that a threshold exists support (1) the 
government's use for cost-benefit analysis as well as (2) the decreased willingness to 
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strengthen environmental regulations. (p<.005; N=86) Belief in the existence of 
thresholds correlates with voting behaviour in the 1980 Presidential election and self-
identification as conservative and republican. (p<.02; N=75) 

The influence of this last aspect was also found by Richard P. Barke, Hank C. 
Jenkins-Smith and Carol Silva (2000). They found that those who believe that 
technically trained experts should decide about the risk for society (Lab: F=9.09, 
p<.001; UCS: F=5.04, p<.01), those who consider it ok to impose small risks on 
individuals (Lab: F=8,88, p<.0001; UCS: F=11,70, p<.0001), and those who are more 
liberal compared to conservative (Lab: F=5,57, p<.001; UCS: F=9.91, p<.0001), 
judge the radiation risk at low doses lower. The belief in the responsibility of the 
individual scientist (F=8,25, p<.001) and of the scientific community (F=7.25, 
p<.001) is also linked with a risk that is judged higher for the UCS group. 

From these inquiries it follows that political beliefs, role of experts, abuse of 
disagreeing authority, and ideas of responsibility can be linked with risk related 
judgements.  
 
2.2.6. Conclusion 
 

In this section, we described the role of attitudes in a random indication of 
technoscientific fact building. First of all, we gave a theoretical elaboration of the 
attitude concept. We described the three different components of attitude, cognitive, 
evaluative and behavioural. In describing the intra- and inter-attitudinal attitude 
aspects we focused on the complexity concept and the balance theory. We explained 
that behaviour is influenced by the attitudes in the broadest sense, i.e. intentions, 
attitudes, habits and outcome perceptions. 

Attitudes are important in technoscientific contexts as well. They are often 
linked with assessments. The attitudes we found are quite wide-spread: interaction 
with other assessments, beliefs in science, behaviour, and affects. 

Attitudes are not the only determinant of risk assessment. In our contextual 
approach, also personality traits, group characteristics, and objects are important. We 
will continue here with the elaboration of personality and its role in the contextual 
assessments.  

2.3 Individual 
 

We illustrated that attitudes are important in assessment. A technoscientist that 
has a strong belief in science will be prone to assess risks lower compared to his 
colleagues. Can we say the same about the much more persistent personality aspects? 
Do technoscientists with an open character have a different risk assessment compared 
to their colleagues? What about those who are less risk-taking in life?  

In order to explain the role and importance of personality in technoscientific 
context, we will start with a general overview of the four classical personality 
theories. We will explain why we prefer the five factor personality trait theory in the 
quantitative random indication of fact building and give a setting and an explanation 
of the different factors. We will use the personality factors and background 
characteristics to inquire their roles in technoscientific contexts. 
 
2.3.1. Personality theories 

 



Waste depositionism                                                                                             Contextual risk 
 
 

 65

Personality psychology is classically divided in four different approaches 
(Bernstein et al., 1997; Roediger et al., 1996): psychodynamic theories, 
phenomenological and humanistic philosophies, the social learning theories, and the 
trait approaches. 
 
2.3.1.1. Psychodynamic theories 

 
The psychodynamic theories state that the various unconscious processes 

determine thoughts, feelings and behaviour. Freud saw the 'id' (es) as the inborn, 
unconscious portion of the personality where basic instincts as sex and aggression 
reside. This id operates on the pleasure principle, seeking immediate satisfaction, 
whereas the ego, responsible for organising ways to get what a person wants in the 
real world, acts on the reality principle by compromising between the id's demands 
and the possibilities in the outside world.  

Other psychologists took over some ideas of Freud's theory but modified it 
largely as well. Carl Yung extended the individual unconscious toward the collective 
unconscious. Afred Adler reacted against Freud in saying that not the id but the innate 
drive to conquer infantile feelings of helplessness was the force for personality 
development. Karen Horney gave a profound critique on the Freudian male-centric 
approach. 

 
The psychodynamic approaches had an enormous impact on Western society 

and culture. They were also the first and so far most comprehensive and influential 
personality theories. (Bernstein et al., 1997, 463) And Freud's research has stimulated 
personality assessments outside the analytical domain.  

However, the theories have been subjected to many critiques. First of all, it is 
said to have a cultural bias because it only takes Western-European and American 
values into account42.  Secondly, Freud is often accused of having biased 
observations. Some charged him of asking leading questions. This made the 
influenced patients recall events that never really happened43. Jeffrey Masson 
mentioned another possible bias of his observations. Masson argued that Freud was 
afraid to accept his patients' accounts of sexual abuse by their parents because this 
would bring him into conflict with these parents. Some of these parents had a lot of 
power and influence in Vienna44. A last critique builds on the previous one. Freud and 
other psychoanalysts are said to be 'not very scientific'. (Bernstein et al., 1997, 464; 
Roediger et al., 1996, 581) It lacks empirical evidence because the concepts are badly 
defined and lack evidence that much behaviour goes beyond instinct fulfilment. There 
is more. Stunkard reported that "what I thought of as research in psychoanalysis was 
interpreted by others as a lack of faith in the field." Garbarino describes 
psychoanalysis as a collection of "incredibly detailed, extensive, and persuasive 

                                                           
42 LANDRINE, H. and E. Klonoff, "Culture and health-related schemas: A review and proposal for 
interdisciplinary integration." In: Health Psychology, 11, 1992, 267-276. Cited in Bernstein et al., 
1997. 
43 POWELL, R.A., and D.P. Boer, "Did Freud mislead patients to confabulate memories of abuse?" In: 
Psychological Reports, 74, 1994, 1283-1298. Cited in Bernstein et al., 1997. 
44 MASSON Jeffrey, "Assault on the truth: Freud's supression of the seduction theory.", Farrar, Straus 
and Giroux, New York, 1983. Cited in Roediger et al., 1996 
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explanations of ... many phenomena that have never been documented empirically to 
exist."45 

The critique that the psychodynamic theories are not 'scientific' is a typical 
convergent epistemological realism argument. In our contextual approach, we can 
only state that right now, many people do not accept the findings of psychodynamic 
theories as a fact. This does not include that (1) they are not important for certain 
people outside the scientific field; and (2) it is possible that their importance in the 
scientific field increases at another time. The actuality that they are heavily contested 
at the moment and that they are not well empirically founded are for us the reasons 
not to use these theories in this chapter. 

 
2.3.1.2. Phenomenological and humanistic theories 
  

The phenomenological and humanistic theories react against the 
psychoanalytic ideas. They state that experiences as perceptions, interpretations and 
feelings constitute the personality core. "Subjective experience is not just one of the 
dimensions of life, it is life itself."46 The primary human motivation is an innate 
ambition toward growth that encourages people to fulfil their unique and natural 
potential. The most prominent phenomenological or humanistic personality 
psychologists are Carl Rogers, George Kelly, Abraham Maslow, and Frederic Perls. 
 Carl Rogers assumed that everyone responds as an organised whole to reality 
as they perceive it. Central is the self-concept, the notion of "I" or "me". Self-
actualisation is an innate tendency to fulfil this self. However, people are evaluated by 
others as well. Both the external evaluations about what ought to be done and the self-
actualising tendencies shape personality. If the external evaluations become more 
important compared to the self-actualisation tendencies, these "conditions of worth" 
can create psychological discomfort, anxiety, or mental disorder. 
 According to George Kelly, people perceive themselves and others by means 
of personality constructions. These are sets of opposed characteristics through which 
we filter reality and construct our own subjective world. Problems arise when these 
constructions are not adequate, i.e. too narrow or too small.  
 Abraham Maslow saw most people as controlled by a deficiency orientation, a 
preoccupation with perceived needs for material things. In contrast, people with a 
growth orientation do not focus on what is missing but draw satisfaction from what 
they have. In the same line as Maslow, Frederic Perls and others used the 'self-
concept' to give a gestalt-description of personality characteristics. (Perls, Hefferline, 
and Goodman, 1994; Perls, Stevens and Stevens, 1976) They considered the self as 
the function of contacting the actual present. According to these authors, the self 
contains three chief partial systems, ego, id, and personality that in special 
circumstances seem to be the self. (Perls, Hefferline, and Goodman, 1994, 149) 
Personality is seen as a created figure that the self becomes and assimilates to the 
organism, uniting it with the results of previous growth. (Ibid., 157) It is the system of 
attitudes assumed in interpersonal relations. It is the assumption of what one is, 
serving as the ground on which one could explain one's behaviour, if the explanation 
were asked for. (Ibid., 160) 
                                                           
45 Roediger et al. (1996, 582) refer respectively to STUNKARD, A.J., The pain of Obesity., Palo Alto, 
Bull Publishing Company, 1976, 13; and GARBARINO, J., Adolescent development: An ecological 
perspective, Merrill, Columbus, Ohio, 1989, 1014. 
46 Roediger et al. (1996, 583) refer to CSIKSZENTMIHALYI, Flow. The psychology of Optimal 
Experience., Harper and Row, New York, 1990, 192. 
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 According to Bernstein et al. (1997, 478), on the one hand, the strength of the 
phenomenological approaches lies in the similarity of their treatment and the way 
many people view themselves. On the other hand, the above-mentioned theories are 
seen as naive, romantic and unrealistic. They have neglected the inherited 
characteristics, learning mechanisms, unconscious motivation and situational impacts 
too much. This theory too is charged with a cultural bias.  

As for the psychodynamic theories, our main reason not to use these theories 
in this chapter is their lack of quantitative researches, especially with respect to 
epistemological issues. 
 
2.3.1.3. Social learning approaches 

 
A third collection of personality theories consists of social learning 

approaches. The experiences in the social world make people learn and hence shape 
their personalities. A clear distinction between environmental and situational theory 
must be made within the learning approaches. The environmental theory states that 
the ascertained experience will become stable personality traits after a while, whereas 
situational theories see behaviour as being everywhere and ever determined by 
immediate situation and not at all by traits. 

 The learning theories can be traced back to behaviourism. John B. Watson 
stated that all behaviour was learned.  B.F. Skinner broadened this approach to 
classical and operant conditioning mechanisms. The psychologists of the learning 
approaches build on these findings.  

Julian Rotter stressed that behaviour is not only determined by rewarding 
outcomes, but by the cognitive expectation of a reward after a certain behaviour. He 
acquired a reputation through his theory of internals and externals, respectively those 
who expect events to be controlled by their own or to be determined by external 
forces.  

Albert Bandura formulated his reciprocal determinism thesis, explaining the 
mutual influence of environment, behaviour and cognitions. He sees one element of 
specific importance in this learning process: self-efficiency. The belief of success will 
have an important influence on the development of the learning process and therefore 
on the personality.  
 

The learning theories are very experimentally oriented. The principles can be 
translated into treatment procedures for many types of unwanted situations. Critics 
highlight that the approaches are reductionistic. People and their personality are cut 
down to a set of learning responses. 
 
2.3.1.4. Trait approach 
  

A last group of personality theories are the trait approaches. These theories 
consider personality as a combination of stable internal characteristics that people 
display consistently over time and across situations. The relative strength of these 
traits and the underlying theories vary among different trait theories. 
 It is difficult to give one single trait definition. Pervin gives it a try with 'traits 
are broad predispositions to respond in particular ways.' (Pervin, 1993, 276) The 
definitions of the different trait theories change, however. (See page 73 for more 
discussion.) Susan Cloninger gives two movements in trait approaches: 
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personological and factor analytic trait theory. Gordon Allport is seen as a 
representative of the first one. Raymond Cattell, Hans Eysenck (the one mentioned in 
the Cyril Burt case at page 16), Paul Costa and Robert McCrae are proponents of the 
second trait approaches. 
 

Gordon Allport considers personality as 'the dynamic organisation within the 
individual of those psychophysical systems that determine his unique adjustments to 
the environment.'47 He considers a trait as 'a generalised and focalised 
neurophysiologic system (peculiar to the individual) with the capacity to render many 
stimuli functionally equivalent, and to initiate and guide consistent (equivalent) forms 
of adaptive and expressive behaviour.'48 Allport considers central and secondary traits. 
Central traits are traits that are apparent to others. They organize behaviour in many 
different situations. Secondary traits are important and are more situation dependent. 
Central traits are most abstract and are most interesting in trait theory. He defines 
individual and common traits as well, traits possessed respectively by only one person 
or by many people. Allport's secondary traits open the gate for interactionist 
approaches in personality. This was heavily countered by personality theorists as 
McCrae and Costa. We will focus on the factor analytical approach. 
 

We will mention three factor analytic trait theories and how they measure 
personality. Raymond Cattell developed the 16PF questionnaire. Hans Eysenck 
looked for broad traits instead of a fine-grained structure. Paul Costa and Robert 
McCrae developed the Big Five Questionnaire. We will mention the two first ones, 
but will focus mostly on the third one. 

The factor analytical theories have been developed since the sixties, starting in 
the lexical tradition (Digman, 1990). Through factor analysing ratings on thousands of 
adjectives as ‘nervous’, ‘energetic’, original’, these researches led to the identification 
of several personality factors. 
 

Raymond Cattell defined personality as 'that which permits a prediction of 
what a person will do in a given situation.'49 A trait is 'that which defines what a 
person will do when faced with a defined situation'.50 For Cattell, traits were abstract 
concepts and conceptual tools useful for predictive purposes but not necessarily 
corresponding to any specific physical reality. However, he believed that traits were 
determiners of behaviour. Cattell made a distinction between surface and source traits. 
A person's more or less readily apparent traits are the surface traits and the underlying 
determinants of personality are source traits. 

In his factor analysis, he found 16 separated bipolar factors. (Cattell, 1989; 
Cattell, Eber, and Tatsuoka, 1970) Although the lists were based on self-assessment, 
Cattell advised to perform additional personality analysis with the assistance of 
judgement data and test data. We give the whole table here because we will mention 
inquiries based on the 16PF below. 
 

                                                           
47 Cloninger  (1996, 197) refers to ALLPORT, G.W., Personality: A psychological interpretation., 
Henry Holt, New York, 1937, 48. 
48 Cloninger  (1996, 200) in Allport, 1937, 295. 
49 Cloninger (1996, 229) refers to CATTELL, R.B. Personality. A systematic theoretical and factual 
study. McGraw-Hill, New York, 1950, 2. 
50 Ibid., CATTELL, R.B., Personality and learning theory. The structure of personality in its 
environment., 1979, 14. 
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A Cyclothymia, outgoing, warm-hearted, 
easygoing, participating 

Schizothymia, reserved, detached, critical, 
aloof, stiff 

B Intelligence, more intelligent, abstract 
thinking, bright 

Defective general ability, less intelligent, 
concrete thinking 

C Ego strength, emotionally stable, mature, 
faces reality, calm 

General emotionality, affected by feelings, 
emotionally less stable, easily upset, 
changeable 

E Dominance, assertive, aggressive, stubborn, 
competitive 

Submissiveness, humble, mild, easily led, 
docile, accommodating 

F Surgency, happy-go-lucky, enthusiastic Desurgency, sober, taciturn, serious 
G Super-ego, identification with group 

standards, conscientious, persistent, 
moralistic, staid 

Lack of super-ego, expedient, disregards 
rules 

H Adventurous cyclothymia, venturesome, 
uninhibited, socially bold 

Withdrawn schizothymia, shy, timid, treat-
sensitive 

I Sensitive emotionality, tender-minded, 
sensitive, clinging, overprotected 

Toughness, though-minded, self-reliant, 
realistic 

L Paranoid trend, suspicious, hard to fool Lack of paranoid trend, trusting, accepting 
conditions 

M Bohemian unconcern, imaginative, 
bohemian, absent-minded 

Practical, "down-to-earth", concerns 

N (Psychological little uncertain) astute, 
polished, socially aware 

Forthright, unpretentious, genuine but socially 
clumsy 

O Free-floating anxiety, apprehensive, self-
reproaching, insecure, worrying, troubled 

Lack of anxiety, self-assured, placid , secure, 
complacent, serene 

Q1 Radicalism, experimenting, liberal, free-
thinking 

Conservatism, conservative, respecting 
traditional ideas 

Q2 Self-sufficiency, self-sufficient, resourceful, 
prefers own decisions 

Lack of self-sufficiency, group-dependent, a 
"joiner" and sound follower 

Q3 Super-ego, will control Controlled, exacting 
will power, socially precise, compulsive 

Lack of will control, undisciplined self-
conflict, lax, follows own rules, careless of 
social rules 

Q4 Psychosomatic anxiety, tense, frustrated, 
driven, overwrought 

Relaxed, tranquil, unfrustrated, composed 

Table 4: Cattell's Sixteen Personality Factors. (Cattell, 1973; Roediger et al., 1986) 
 

A second factor analytical trait theory is given by Hans Eysenck. His factor-
analytical research resulted in a three factors Eysenck Personality Questionnaire 
(EPQ-R): psychoticism, introversion-extraversion, and emotionality-stability. We will 
not go into this theory since we will not use it any further. 

A third trait theory using factor analytical techniques comes up with five 
factors. According to Paul Costa and Robert McCrae considered extraversion, 
agreeableness, conscientiousness, neuroticism, and openness as the main traits.  
 
2.3.1.5. Choice 

 
First of all, it is important to mention that we do not reject the personality 

concept. We find sufficient research confirming that people have considerable stable 
characteristics. We think all four approaches certainly had their merits in the 
development of personality sciences. Nowadays as well, the different approaches 
point to different fields of personality. This goes for all kinds of settings: therapeutic 
environment, family or leisure contexts and the scientific environment. For our 
purpose of scientific assessment description and explanation, we limit ourselves to the 
big five treat theory and the interaction theory. 
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We prefer the Big Five for our quantitative approach in this chapter. The Big 
Five questionnaire is currently the most wide-spread personality measuring 
instrument. It makes comparison between many other personality related issues 
possible. The big five questionnaire reliability and validity are also very high. For a 
further discussion, we refer to page 123. We also consider five factors as a good 
average between an intricate structure and wide traits. Another asset is the big five's 
cultural independency. Whereas the psychodynamic and humanistic personality 
psychologies give predisposed views, it is said that the big five approach avoids this 
bias. (John and Srivastava, 1999) Finally, we must mention that the co-promoter of 
this PhD, Ivan Mervielde, works with the Big Five. The necessary practical and 
theoretical expertise was present It was therefore quite comprehensible and 
predictable that we opted for the Big Five. 
 
2.3.2. Five Factor Theory of personality 
  
 So far, we discussed the four most important approaches in personality 
psychology. For our technoscientific risk assessment purposes, we opted for the 
personality trait approach. In this section, we will go into the big five personality 
questionnaire. 

We start with some background for the five factor theory and the description 
of the five factors. Since we will use the questionnaire, we will pay particular 
attention to the critiques the five factor questionnaires faces. 
 
2.3.2.1. Setting 
  

'We can define traits as dimensions of individual differences in tendencies to 
show consistent patterns of thoughts, feelings, and actions. This is a phenotypic 
definition; in essence, it tells us what traits look like and how we can recognize one 
when we see it.' (Costa and McCrae, 2002, 25) By patterns of thought, feeling, and 
actions, Costa and McCrae denote both the breadth and the generality of traits. They 
distinguish between traits and mere habits. Habits are repetitive, mechanical 
behaviours such as smoking or driving fast or saying "you know" after every 
sentence. They are specifically learned behaviours. Traits are generalised dispositions, 
expressed in a variety of specific acts. The consistent patterns that indicate traits must 
be seen over time as well as across situations. This means that traits are distinguished 
from passing moods, transient states of mind or the effects of temporary stress. Only 
when emotions, attitude, or style persists despite changes in circumstances do McCrae 
and Costa infer the operation of a trait. (Ibid., 27-28) 
 In their development of the Five Factor Theory (FFT), they make a distinction 
between basic tendencies, characteristic adaptations and external influences in 
explaining behaviour. 'Basic tendencies are the abstract capacities and tendencies of 
the individual, whereas characteristic adaptations are concrete acquired structures that 
develop as the individual interacts with the environment.' (Ibid., 187) Re-interpreting 
Lewin, they consider behaviour as a function of characteristic adaptations and 
external influences; B = f(CA, EI) (Ibid., 191). The characteristic adaptations 
originate from the interaction between basic tendencies and external influences: CA= 
f(BT, EI). 'In fact, this is why they are called characteristic adaptations: They are 
characteristic because they reflect the operation of enduring personality traits, and 
they are adaptations because they are shaped in response to the demands and 
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opportunities offered by the environment. Personality traits have more influence on 
some characteristic adaptations than others.' (Ibid., 191)  

McCrae and Costa reject the influence between external influences and basic 
tendencies. 'In contrast with all other personality theories, FFT does not admit of any 
influence of the environment on personality traits.' (Ibid., 193) They refer to adoption 
and twin studies showing that half of the variance is explained by personality traits 
and almost none by shared family environment. The authors expect that the other half 
is explained by other biological influences as mutations, intrauterine hormones, or 
brain diseases. (Ibid., 194-6) 

With the aid of this model, Costa and McCrae specify their definitions of 
traits. 'Traits are endogenous Basic Tendencies that give rise to consistent patterns of 
thought, feelings and actions.' (Ibid., 204-205) 

 
2.3.2.2. The Five Factors 

 
The five factors found by McCrae and Costa are neuroticism, extraversion, 

openness, agreeableness and conscientiousness.51 
Neuroticism (N) describes the general tendency to experience negative affects 

such as fear, sadness, embarrassment, guilt, or distrust. People with high N score are 
prone to have irrational ideas, to be less able to control their impulses, and to cope 
more poorly than others with stress. The concept ‘neuroticism’ might suggest that the 
N-scale is a measure for psychopathology. It is however a dimension of normal 
personality. Patients traditionally diagnosed as suffering from neuroses generally 
score higher on measures of N. Individuals with a low N score are emotionally stable. 
They are usually calm, even-tempered, and relaxed, and they are able to face stressful 
situations without becoming upset or rattled.  

  Extraversion (E) expresses sociability, assertiveness, activity and a talkative 
characteristic. The E domain scale is strongly correlated with interest in enterprising 
occupations. People with a high E-score like excitement and stimulation and they tend 
to be cheerful in disposition. They are upbeat, energetic, and optimistic. People with 
low E scores are introverts. They are reserved rather than unfriendly, independent 
rather than followers, evenpaced rather than sluggish. Introverts are not necessarily 
unhappy and shy compared to extraverts. They prefer to be alone. 

The third factor, openness (O) consists of active imagination, aesthetic 
sensitivity, attentiveness to inner feelings, preference for variety, intellectual curiosity, 
and independence of judgement. People scoring high on the O scale are curious about 
both inner and outer worlds, and their lives are experientially richer. They are willing 
to entertain novel ideas and unconventional values. They experience both positive and 
negative emotions more keenly than do closed individuals. Low O scores indicate 
conventional and conservative attributes. These people prefer the familiar to the 
novel, and their emotional responses are somewhat muted. It is important to notice 
that the O score indicates a narrower scope and intensity of interests, but it does not 
indicate a generalised defensive reaction. Likewise, the O scale is not a measure of 
whether the people are authoritarian or not.  

Agreeableness (A), the fourth factor, describes altruism and sympathetic 
feelings towards others. People scoring high on the A scale are eager to help and 
believe that others will be equally helpful in return. Low A scores indicate that the 

                                                           
51 The explanation of the five concepts is based on questionnaire Paul T. Costa Jr. and Robert R. 
McCrae (1985). 
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respondent is egocentric, sceptical of others’ intentions, and competitive rather than 
co-operative. Agreeableness is, as is neuroticism, a measure of normal personality. 
However, low A scores correlate with narcissistic, antisocial and paranoid personality 
disorders, whereas high A is associated with the dependent personality disorder.  

Conscientiousness (C), the last personality domain in the five-factor model 
tells about how purposeful, strong-willed, determined people are. High C is associated 
with academic and occupational achievement. The pitfall of those who score high on 
the C scale are annoying fastidiousness, compulsive neatness, or workaholic 
behaviour. Low scorers are not necessarily lacking in moral principles. They are less 
exacting in applying them. There is some evidence that they are more hedonistic and 
interested in sex… 

It is tempting to see one of the five outlined aspects as both socially preferable 
and psychologically healthier. It is certainly the case that, for example, agreeable 
people are more popular than antagonistic individuals. Neurotic people are avoided. 
However, all scores have their pros and cons. Cocooning, staying at home with the 
family, is considered hip in certain environments High neuroticism can be life-saving 
in dangerous situations.  
 
2.3.2.3. Critiques  

 
We gave many advantages of the five factor questionnaire in our justification 

to choose it. We think it is more important to mention the drawbacks as well. We can 
mention both methodological and theoretical problems. Methodologically, it is still 
questionable how the factors are chosen and why precisely five factors are chosen. At 
the theoretical level, we can question the definition, the explanatory strength, the 
consistency of time and over different contexts. 

 
The big five theory postulates five basic tendencies in contrast with other 

theories of personality. It is, however, not always clear-cut what number of factors 
can or should be derived from a data-set. (Pervin, 1993, 332; Brody, 1997, 74) 
Admitting an additional latent variable or two often leads to quite different 
interpretations of the causal structure underlying the observed correlations. The 
problem is not at all trivial. Several possible solutions have been proposed: the 
Kaiser-Guttman rule, the scree test, chi-square test for further significance of the 
residuals, and a cross-validation procedure due to Cudeck and Browne. (Loehlin, 
1992, 149) All these methods have their limitations. The results of a scree test for 
example are obvious and reliable when sample size is large, communality values are 
high, and each factor has several variables with high loadings. Under less than optimal 
conditions, the scree test is still usually accurate to within one or two factors. 
(Tabachnick and Fidell, 1996, 673; Gorsuch, 1983, 130-160) 

The structure of the basic tendencies is not clear either. 'The structures and 
processes underlying them [surface manifestations of individual differences] have 
only begun to be explicated. Explication in explanatory and mechanistic terms will 
change the definition and assessment of the Big Five dimensions as we know them 
today.' (John and Srivastava, 1999, 131) From the same set of data, many different 
factor analysis solutions are possible, depending on what assumptions are made. For 
example, must the factors be uncorrelated (orthogonal), or are they allowed to be 
correlated with one another (oblique)? If they are correlated (as Cantell permitted for 
his personality questionnaire for example), how close can they be to each other to be 
still called separate factors? Another problem is how to make sense of the 
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mathematical solution. The factors that emerge have to be interpreted, and this 
interpretation is reflected in how they are named. (Cloninger, 1996, 233)  
 The second methodological critique we want to mention is a well-known 
remark from Skinner. He states that trait theories are circular methods. Trait approach 
inquiries ask for a behaviour X to predict this behaviour X. We do not fully agree. 
The questions in the big five indeed ask for such questions. They are combined with 
other questions in order to predict other behaviour than the behaviour that is asked for. 
 
 Pervin asserts that the trait concept itself is subjected to many discussions. 
'Trait theorists can define the concept in any way they want, and include within it 
whatever they choose, but what is included and whether there is agreement in this 
regard does make a difference.' (Pervin, 1993, 333) Indeed, the definition between 
basic tendencies as abstract capacities and tendencies of the individual on the one 
hand and characteristic adaptations as concrete acquired structures on the other hand 
is not very clear. The difference between openness and open behaviour as respectively 
abstract and concrete is not very clear. An abstract entity must always be represented 
by an attitude. 
  The descriptive or explanatory level of the theory is also under discussion. 
'We argued that personality taxonomy should provide a systematic framework for 
distinguishing, ordering, and naming types and characteristics of individuals. Ideally, 
that taxonomy would be built around principles that are causal and dynamic, exist at 
multiple levels of abstraction or hierarchy, and offer a standard nomenclature for 
scientists working in the field of personality. The Big Five taxonomy does not yet 
meet this high standard.' (John and Srivastava, 1999, 130) 

The nomothetic-idiographic issue, the relevance of different traits, and their 
structure can be considered in this row. We already discussed the biological topic 
briefly. The nomothetic approach emphasises that comparisons among people need a 
common category, i.e. traits. People only differ in the quantity of the present trait. The 
idiographic personality approaches (as Allport's) suggests that some traits are 
possessed by only one person. (Carver and Scheier, 1996, 75; Brody, 1997, 72)  

Trait theories say little about how traits are linked with attitudes, self-concepts, 
cognitive styles, and the unconscious. (John and Srivastava, 1999, 131; Brody, 1997, 
82)   Some personality psychologists are therefore currently trying to link their 
research with that of cognitive psychologists in an effort to better understand how 
thoughts and emotions influence, and are influenced by, personality traits. (Bernstein 
et al., 1997, 471) 

 
The biggest issue in the trait approaches is probably the consistency of the 

measured personality aspects over life span and over all situations. The original 
advocates of the theories consider the traits as stable from a certain moment. Others, 
especially the contextual theorists, doubt these findings and see a life-time change in 
personality traits. 

First of all, McCrae and Costa (McCrae & Costa, 2002) pretend that the five-
factor traits are solely dependent from biological causes. If situations are aggregated, 
situational influences disappear and trait patterns emerge. Behaviour that seems 
inconsistent is not. It is a consistent translation of personality traits in different 
situations.  

Secondly, personality traits reach their maturity by age 30 when individuals 
attain a configuration of traits that will characterise them for years to come. From the 
perspective of the trait psychologist, adulthood begins at that point. (McCrae and 
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Costa, 2002, 11) They now seem to admit however that this hypothesis is "ripe for 
minor revision" (McCrae & Costa, 1999, 145) as some studies show changes after the 
age of 30 as well. However, McCrae and Costa remain with their interpretation that 
these changes stem from biological influences. Contextual theories state that 
behaviour is a combination of personality and the context. They also predict that 
personality alters during adulthood. 

The statement of Walter Mischel that behaviour changes from situation to 
situation decreases the importance of trait theories enormously. People get the idea of 
constant personality because they see these people   always in the same contexts. 'The 
global impression of consistency may not be strongly related to highly generalised 
cross-situational consistency. The perception and organisation of personality 
consistencies seems to depend more on the temporal stability of key features than on 
the observation of cross-situational behavioural consistency, and the former may be 
easily interpreted as if it were the latter.' (Mischel and Peake, 1982, 730) 

However, social roles, life events, and social environments change during the 
life course. Such factors have been suggested as important influences on behavior, 
cognition, affect, and basic personality traits. Probably the most important domains 
that invoke trait changes in early and middle adulthood are work, marriage or 
partnership, and parenting. (Srivastava et al., 2003, 1042) In our search for influences 
in science, especially work is important. Work performance and work commitments 
can be linked with conscientiousness. Since commitment is expected to increase, the 
conscientious measure is expected to increase as well. Srivastava et al. found a 
quadratic age dependency for conscientiousness. A positive linear age term indicates 
that people are increasing in conscientiousness at all ages. The negative quadratic age 
term indicates that the rate of increase is greater at younger ages than at older ages. 
(Ibid., 1046) The inquiry of Srivastava et al. (2003) is very convincing in arguing 
against the McCrae & Costa hypothesis that personality traits do not change at all or 
not very much after the age of 30. They do change and the inquiry precisely 
demonstrates how. 

 
Srivastava et al. make conclusions about the nature-nurture issue as well. 

Since the data are in favour of their hypothesis, they see a proof against the biological 
determinism. This is of course not correct. It is only a proof that the deduction of 
McCrae and Costa is not correct. But it does not exclude another biological 
mechanism to influence the trait slopes as Srivastava et al. plotted them. 

The uniqueness of biological factors on personality traits is not yet sufficiently 
proven. We therefore accept both biological and environmental factors to influence 
personality, which is, according to us, the most useful stance. We also accept as well 
that personality can be influenced by environmental factors through the whole life-
time. This indicates that parenting, marriage or partnership, and in our case more 
importantly, job tasks can influence personality as well. 

 
As you see, a whole list of critiques. According to us, they do not however 

counterbalance the advantages of reliability and validity. For our quantitative 
purposes in this and the next chapter, we will use the big five personality 
questionnaire to look for links between assessment and personality. 

 
2.3.2.4. Interaction theory 
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The interaction theory states that personality traits and contexts influence each 
other. Often, transactions serve to increase earlier dispositions. Individuals tend to 
look for situations that suit them. (Swann, 1987) People also evoke certain situations. 
Buss (1987) found three key mechanisms by which personality and social processes 
are intrinsically linked. Selection deals with the manner in which individuals choose 
to enter or avoid existing environments. Evocation is defined by the ways in which 
individuals unintentionally elicit predictable reactions from others in their social 
environments. Manipulation deals with the tactics that individuals use intentionally to 
alter, shape, exploit, or change the social environments they inhabit. In order to 
predict behaviour, information on personality and the situation is needed. Bernstein et 
al. refer to conclusions made by Hogan and Kenrick & Funder52.  
 

1. Traits influence behaviour only in relevant situations.  
2. Traits can lead to behaviours that alter situations that, in turn, promote other behaviours.  
3. People choose to be in situations that are in accord with their traits. 
4. Traits are more influential in some situations than in others. 
(Bernstein et al., 1997, 474) 

 
In doing so, we acknowledge that cognitions, behaviours, and environment are 

important for subsequent behaviour. Price and Bouffard (1974) made a distinction 
between strong and weak situations. Strong situations make people behave according 
to the situation instead of their personality traits. Weak situations make them behave 
according to their traits instead of the situation. As Taylor puts it: 
 

Individual differences are believed to manifest themselves in terms of chronically accessible 
knowledge that leads people to categorise situations in particular ways. The situation, in turn, 
provides contextual priming, which leads people to categorise it as calling for one for another 
kind of behavioural response. When situational cues are minimal, individual differences in the 
propensity to construe situations in particular ways may be used as guidelines for behaviour, but 
when situational variables that demand certain kinds of behaviour are clear, or when certain 
situation-relevant constructs have been activated, then situational factors may overwhelm 
individual propensities in construal. The person then represents chronic knowledge accessibility 
and the situation provides contextual priming. Behaviour is a function of the knowledge that is 
primed by these individual differences and by situational parameters. (Taylor, 1998, 82-84) 

 
Neither the purely biological, nor the contextual-biological trait theories are 

proven. We stick to the theory of Srivastava et al. and their "incomplete architecture 
of human ontogeny":  

 
[...] the legacy of the biological evolution has provided the most structure for the earlier part of 
the life span, when people have not yet survived long enough to pass along their genes; as 
individuals get older, culture becomes a more important influence on how well they adapt to 
their environments. [...] adult personality is characterised more by plasticity than by increasing 
calcification, and the mechanisms of personality change can be understood best by considering 
the life contexts that accompany change. (Srivastava et al., 1051) 

 
Although we do not accept all the underlying assumptions of McCrae and Costa 
theory, we will use the questionnaire. We believe it is a very good measure for the 
relatively stable traits. We can conclude with a quote of John and Srivastava (1999, 
131) to the evaluation: 
                                                           
52 HOGAN, R.J., "Personality and personality measurement", In: M.D. Dunette and L.M. Hough 
(Eds.), Handbook of Industrial/Organisational  Psychology, Consulting Psychologists Press, Palo Alto, 
1992, 873-919; KENRICK, D.T. and D.C. Funder, "Profiting from controversy: Lessons from the 
person-situation debate.", In: American Psychologist, 43, 1988, 23-34. 
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In our view, the Big Five taxonomy is a major step ahead, a long-due extension and 
improvement over earlier factor systems that tended to compete with each other, rather than 
establish commonalities and convergences. The big Five taxonomy captures, at abroad level of 
abstraction, the commonalities among most of the existing systems of personality description, 
and provides an integrative descriptive model for personality research. 

 
Since the contextual-biological issue is not settled, we will consider 

personality and background characteristics as age, gender, education in addressing 
attitudes, behaviour, or risk assessment as well. Probably some background 
characteristics are related with risk assessment though their influence on personality 
and personality on risk assessment. Maybe other background characteristics are 
straightforwardly connected with risk assessment without both having a link with 
personality. 
 
2.3.2.5. Conclusion 
  

After the setting and explanation of the five factor theory, we demonstrated the 
nuts and bolts of the big five personality questionnaire. Although it has a lot of 
drawbacks, we judged the big five as the best tool for our purpose. We think it will be 
a useful instrument to inquire the relations between personality and technoscientific 
assessment. We also decided to take personal background characteristics into account. 
 After this rather long introduction of personality questionnaire, it is high time 
to see whether it can be applied to technoscientific decision-making or not. 
 
2.3.3. The role of individuality in the technoscientific context approach 

 
Personality and background characteristics are very important issues in social 

psychological research. From this point of view, it is strange that the personality issue 
in technoscientific contexts is as good as absent. The lack of research in this domain is 
of course understandable from a CER point of view. The distinction between objects 
and subjects is most pertinent in the distinction between pure objects and their 
assessment on the one hand and pure subjects or individuals on the other hand. In our 
context approach, we expect a role for personality in technoscience. 

In the fifties and sixties, personality inquiries in technoscientific contexts were 
mainly focused on the differences between scientists and non-scientists. (Bush, 1973; 
Cattell, 1973; Chambers, 1973; Eiduson, 1973) These inquiries are still performed, 
although the interest is shifted towards a difference between risk perceptions of 
scientists and laymen. Because it is an important research field for our contextual 
approach, we will mention some results briefly. However, the main focus in this 
section is on the interaction between personality and assessment of risk and 
uncertainty.  

As we said above, we will divide risk and uncertainty on the one hand and 
magnitude and probability on the other hand because they may have other links with 
personality. It may be possible that risk is more linked –for the NEO personality 
questionnaire- with neuroticism, whereas uncertainty is more linked with openness or 
conscientiousness. This may sound strange since we found at page 62 that there is an 
important link between risk and uncertainty. This shouldn't cause any surprise though, 
since the attitude and personality concepts are multidimentional concepts. It is 
possible that some dimensions show an important link and others don't. 
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2.3.3.1. Personality and risk judgement 
 
We did not find many researches on the relation between scientific assessment 

and personality. Sjöberg and Drottz-Sjöberg (1991) (N=236, RR=) questioned nuclear 
power plant emoloyees. They found a correlation between personality and risk 
judgement. Weak self confidence (r=0,133, p<0,05) and somatic anxiety (r=0,150, 
p<0,05) were correlated with nuclear power plant employees' risk perception of their 
job activities per category. 

We ourselves found that the neuroticism factor of the big five questionnaire 
was related with risk (r=0,30, p<0,01), magnitude (r=0,33, p<0,001), and probability 
(r=0,21, p<0,05). (See page 300 in appendix B) The other personality factors –
extraversion, openness, agreeableness, and conscientiousness- did not have significant 
correlations with the risk and uncertainty factors. 

Although we only found one factor that correlates with the assessment factors, 
it remains a remarkable result. If we arrive before the facts, the influence of 
personality is large. It is strongly linked with assessments made. 
  
2.3.3.2. Background characteristics and risk judgement  
 
 Little research concerning the link between personality characteristics and 
scientific assessments have been made. One exception to this statement is the relation 
between scientific assessment and what we will call background characteristics. With 
background characteristics we denote individual features as age, gender, education, 
geographical location, etc.  
 

The influence of age on a scientist’s risk assessment in quantitative studies is 
consistent with laymen risk perception studies. Barke et al. (2000), and Sjöberg and 
Drotzz-Sjöberg (1991) show that elder people seem to judge risks lower then younger 
ones. Barke et al. (2000) found that older people judge the radiation risk at low doses 
higher (Lab: F=3,72, p<.05; UCS: F=6.61, p<.01). Sjöberg and Drottz-Sjöberg (1991) 
found that male NPP personnel judged the risk of their job as lower than women (r= -
0,14, p<0,05). We also found a correlation between age and our risk (r= -0,20, 
p<0,05) and probability (r= -0,23, p<0,01) factors, but no relation with our magnitude 
factor. Kivimäki et al (1995) did not find a significant correlation between age and the 
risk related judgement in their inquiry of nuclear plant workers. 

This means that we have quite some evidence for the correlation between age 
and risk assessment. However, the results of Kivimäki et al. and our magnitude factor 
show that this result is not completely unambiguous. We postulate that the concept 
delineation is important in the correlation between age and risk assessment. 
 

Many inquiries have been performed to look for gender influences. According 
to some inquiries, women seem to judge risks higher than men do. Slovic et al. (1997) 
found that women toxicologists were more likely than men to label an item moderate 
or high in risk for 27 of the 29 items. With a stepwise multiple regression analysis 
Slovic et al. (1995) found four statistically significant predictors for the overall 
tendency to judge chemical B as carcinogenic. Among others, it was correlated with 
being female. (R=.40 if four predictors included) Barke et al. (1997) used the data of 
Richard P. Barke and Jenkins-Smith (1993) and found that women scientists were 
more likely than men to rate the risks as high (p<.01 for physical scientists and p<.05 
for life scientists). Mazur, Rothman, and Lichter (2001) asked American cancer 
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researchers from the American Association of Cancer Research (N= 401 by telephone 
interview, no RR given) about the importance of man-made carcinogens. They found 
that male cancer researchers are more likely to minimise the importance of man-made 
carcinogens. (p<0,5; together with affiliation, income and number of articles 
explaining 10% of the variance). 

 
Barke et al. (2000) and Kivimäki et al. (1995) found no significant correlation 

between gender and risk assessment. We did not find a statistically significant 
correlation between gender and risk, magnitude or probability either. Our uncertainty 
factor, however, was correlated (r= .25, p<.05; see table 47). The strange thing 
however is that in our sample, women assessed smaller uncertainty compared with 
men. We will come back to this strange result in the next chapter at page 150. 

 
Geographical diversity seems to have little or no impact on risk perception 

(Mertz, 1998; Slovic, 1997).  
The differences in one's educational or working field, however, do seem to 

matter though. Barke and Jenkins-Smith (1993) performed an ordinary least squares 
multivariate regression with the aggregated risk scale as variable. According to them, 
nearly 10% of the variance in nuclear risk perception is explained by research field 
alone. They found that life scientists (biology, biomedical science and clinical 
medicine) perceive higher levels of nuclear and overall environmental risk then 
physicists, chemists and engineers.  

Pescatore (2003) (N=51, RR not known) inquired scientists with a chemist, 
physicist and other 'mindset'. He asked them in a thought experiment about an 
assessment of the elution of isotopes of a certain type. In order to illustrate that the 
questions are assessments, we will mention them here. Consider the situation where 
the concentration gradient of an isotopically pure and non-radioactive solute, 1A, is 
maintained steadily across an aqueous medium, ∆x, by keeping C0 and C1, the 
maximum and minimum concentrations respectively, constant. In particular, C0 is kept 
constant by maintaining it in equilibrium with a solid phase. C1 may be considered 
equal to zero. Q1: Starting at a given time, will the 1A solute molecules at ∆x /2 elute? 
A. Equally to the left and right; B. Mostly to the left; C. Moslty to the right; D. It's 
difficult to say; E. Ill-posed question. Q2: Consider we replaced instantly, and only at 
∆x /2, part of the 1A isotopes with metastable but very-long-lived 1mA isotopes, in a 
way that the concentration gradient in the chemical element, A, is not changed. Will 
the 1mA solute molecules elute? A. Equally to the left and right; B. Mostly to the left; 
C. Moslty to the right; D. It's difficult to say; E. Ill-posed question. If, instead 1mA, we 
used a stable 2A isotope, will the 2A solute molecules elute? A. Equally to the left and 
right; B. Mostly to the left; C. Moslty to the right; D. It's difficult to say; E. Ill-posed 
question. Pescatore found differences between physicists and chemists in his 
assessment questionnaire. Although he does not mention statistical significance, one 
result is very clear. Chemists are equally divided on the A and B answers of the two 
last questions, whereas physicists are 4 times more in favour of the A answers 
compared to the B answers. 

We also carried out a hierarchical cluster analysis with average linkage 
method using Euclidean distance metric for the working field and education variables. 
We found a very comparable division for the education variable and a less comparable 
one for the working field variable. After a t-test to compare the averages of two 
groups for the three variables, we only found the average risk assessments of the 
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working field variable differ significantly, although in this case the Levene's test for 
equality of variance is not statistically significant.  
 

The affiliation also affects people's risk perception. Scientists in universities or 
state and local governments tend to see the risks of nuclear energy and wastes as 
greater than scientists who work as business consultants, for federal organisations, or 
for private research laboratories.  

Lynn (1986) found that the majority of government (69%) and university 
scientists (52%) agreed with the statement that a substance which is conclusively 
shown to cause tumours in experimental animals should be considered a carcinogen, 
thereby posing a risk to humans. Only 27% of the industry sample agreed. The 
respondents' views on thresholds show the same differences. 80% of the industry 
scientists interviewed agreed that thresholds exist for carcinogens, compared to 61% 
at university and 37% of government employees. 

Slovic et al. (1997) found that toxicologists working for industry were much 
more likely than others to disagree that a chemical inducing cancer in animals was 
likely to induce cancer in humans. Academic toxicologists were more likely than 
others to perceive chemical risks as high.  

Kraus et al. (1992) conclude from their research that toxicologists working for 
industry see chemicals as more benign than do their counterparts in academia and 
government at item level down to p<.01. We must remark that they only mention 6 
items out of 28 that have a p<.05 and that these six items are a mixture of questions of 
safety, cause-effect, dread, trust in science, and risk. We therefore treat these results 
with caution.  

Mazur, et al. (2001) found that cancer researchers affiliated with a medical 
school are more likely than their colleagues to minimise the importance of man-made 
carcinogens. (p<0,5, together with gender, income and number of articles explaining 
10% of the variance). 

We found no statistically significant difference with regard to affiliation in our 
questionnaire. The main problem we encountered was the classification of affiliation.  
 

Kivimäki et al. (1995) found no correlation between longevity with the 
organisation and their risk assessment factor. Concerning the longevity with the field 
Slovic et al. (1997) found that the toxicologists with a high tendency to see strong 
cause-effect evidence of carcinogenicity were more likely to have spent more years 
conducting experimental work (r=-.19, p<.01) 
 We also found a correlation between the 'years in the field' variable and the 
risk (r=-.22, p<.05) and magnitude (r=-.19, p<.05) assessment.  
 

Mazur et al. (2001) discovered that the cancer researchers with more 
publications and high income are more likely than their colleagues to minimise the 
importance of man-made carcinogens. (p<0,5, together with gender and affiliation 
explaining 10% of the variance).We did not ask for these two variables.  
 
2.3.4. Conclusion 

 
Looking back to all these influences, we can say that personality, including the 

background factors, is an important constituent in the context of assessment that 
cannot be neglected. If we arrive before the facts as Latour suggested us, the 
individual characteristics of technoscientists seem important for assessments. 
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Although neuroticism is the only significant personality trait, it is of utmost 
importance. Among the background characteristics, age, gender, working field, 
education and affiliation seem to be the most important links with assessment. 

2.4. Group 
 
2.4.1. Introduction 
  

Up to know we focused in the technoscientific context on individuality traits 
and situational attitudes. However, people do not behave or perform scientific 
research on their own but in group. We already implicitly treated the group aspects  in 
the attitude section. It is therefore important to focus on group processes to grasp as 
fully as possible the contextual factor influencing behaviour at large. In this section, 
we will mention group aspects in science in a static context. 

We will focus in this text on the small group influences. This does not mean 
that organisational and societal influences do not count. We therefore start with the 
system concept that encloses all levels of sets of people before we concentrate on 
small groups. We continue with one of the most important group characteristics, 
conformity. We finish with the quantitative results we found in the literature and 
obtained with our questionnaire. 
 
2.4.2. Group delineation 
 
2.4.2.1. Different stages, collectivities, systems 
  

It is plain that individuals are influenced by others, and not only those in the 
close vicinity. Context influence therefore ranges from the intra-individual stage to 
the societal one. The intra-individual stage contains the internal argumentation and 
weighing. The inter-individual stage focuses on the interaction between two different 
people. Group interaction has its focal point on the whole group when communication 
happens. At the end of the spectrum, organisations -which are webs of small groups- 
and societal cultures influence contextual problem solving and behaviour as well. 
 

It is important to notice that all the stages interact. One cannot understand one 
stage without the influence of all the others. The theory that stressed this is systems 
theory. Originally developed by the biologist Bertalanffy, it explains the interaction 
between a system and its separate constituents, which are in their turn systems with 
their constituents. An organisation exists of different divisions that exist of teams that 
exist of individuals. Systems have permeable boundaries (openness) and can be 
influenced by other systems.53 

Systems are said to have some features as wholeness and nonsummativity. The 
wholeness means that every component of the system affects and is affected by every 
other component and that a change in one component necessarily effects changes in 
all other components. The nonsummativity means that the whole is different from the 
sum of the parts. (Ellis and Fisher, 1994) And it is also important to mention that 
                                                           
53 We do not take the hierarchical order of systems that is also postulated by system theory. We do not 
consider a person as less complex compared to a group or a society. This follows from the theory of 
Batens. It depends on the approach in a certain context whether something is seen as more complex. 
Behaviour of a society in a certain situation (i.e. general crisis) can be more easily to predict compared 
to a persons behaviour in the same situation.  
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systems constantly strive for balance or equilibrium by means of adjustments and 
feedback. This goes for biological systems as organs, individuals or societies. 

It must be clear that we elaborated Batens' context concept in accordance with 
system theory. Our context is a system of a limited number of people, with their 
wholeness, nonsummativity and striving for equilibrium. Therefore, it is important to 
focus on small group aspects and –at the same time- know that larger systems 
influence the group's behaviour as well. 
 
2.4.2.2. Group definition 

 
Group definitions can be divided in three categories54. In a first set of 

definitions, motivation is the core concept. People become member because of a 
certain interest or personal need. A group membership needs to be rewarded or needs 
to show promises for the future. A linked collection concerns definitions that focus on 
the common needs. Examples of such definitions come from E. Freeman "Individuals 
become member of a group in order to reach a common goal."55 or T.M. Mills 
"Groups are entities of two or more people that go about with each other and who 
consider this contact useful."56 A second collection of group definitions focuses on the 
group structure. Sherif and Sherif for example give the following definition: "Group 
members are related in certain role and status relations. They have a series of group 
values and norms, with which the individual members' behaviour is regulated in 
issues important for the group."57 Lewin considered the interdependencies or mutual 
involvement of group members as essential for group existence. Some authors take 
more precise entities as interactions (a kind of involvement) as the core concept of 
groups. Homans for example considers a group to be "a number of people, having 
regular contact with each other during a specific period. The group should be small 
enough to be able to enter into direct relation with all the other individuals without 
intervention of a third party."58 

 
Which characteristic is emphasised in an inquiry depends on the purposes of 

the research. In our own research, we consider the interdependencies as group 
members as most important. Yet, we consider all three characteristics present in all 
groups. This is obvious because of the interdependence of the three concepts. Mutual 
involvements of group members demand a minimum of motivation and structure and 
vice versa. Many group definitions therefore include all three aspects. We mention 
two examples here. The first example stems from Jean-Paul Sartre and is noteworthy 
because of its clarity. The second example from Daniel Bar-Tal is useful because he 
applies it to groups of scientists as well. 

Sartre explains the group concept in opposing it with collectivity. In the 
collectivity, individuals are anonymous. They can only be counted in a quantitative 
way. (Sartre, 1960, 306) Examples are the percentage of newspaper subscribers, party 
voters, etc. (Remmerswaal, 1996, 91) A group emerges from the collectivity in three 
ways. First of all, their general interest is acknowledged as general interest and the 
people involved discover that they have to rely on each other to achieve these goals. 

                                                           
54 Remmerswaal (1996, 44-46) refers to SHAW, M.E., Group dynamics. The psychology of small 
group behaviour., McGraw-Hill, New-York, 1971. 
55 FREEMAN, E., Social Psychology, Holt, New York, 1936.  
56 MILLS, T.M., The sociology of Small Groups, Prentice-Hall, New Jersey, 1967. 
57 SHERIF, M. and C.W. Sherif, An outline of social psychology, Harper and Row, New York, 1956. 
58 HOMANS, G.C., The human group, New York, 1950. 
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Secondly, the people involved turn to direct communication and interaction. People 
address each other directly. Lastly, people realise that the own interests are opposed to 
those of others outside the group. This last group feature fits in his idea that opposite 
interests are always present in society. We give a quotation of Sartre that can serve as 
a good illustration of the difference between collectivity and group. 
 

Voici un groupement de personnes sur la place Saint-Germain ; elles attendent l'autobus, à la 
station, devant l'église. Je prend ici le mot groupement au sens neutre: il s'agit d'un 
rassemblement dont je ne sais encore s'il est, en tant que tel, le résultat inerte d'activités séparées 
ou une réalité commune qui commande en tant que telle les actes de chacun ou une organisation 
conventionnelle ou contractuelle. [...] Ces hommes séparés forment un groupe en tant qu'ils sont 
tous supportés par un même trottoir qui les protège contre les autos qui traversent la place, en 
tant qu'ils  sont groupés autour de la même station, etc. Et surtout ces individus forment un 
groupement en ce qu'ils ont un intérêt commun, une structure de leur être pratico-inerte leur est 
commune et les unit de l'extérieur. Ils attendent la même voiture: l'autobus de 7 h. 49. Cet objet 
[...] est leur intérêt présent. Mais cet intérêt présent renvoie à des structures plus amples et plus 
profondes de leur intérêt général: amélioration des transport en commun, blocage de tarifs, etc. 
(Sartre, 1960, 308-310) 

 
Bar-Tal makes a division between three kinds of beliefs: personal, common 

and group beliefs. (1990) Personal beliefs are those beliefs that individuals perceive as 
being uniquely their own. Beliefs that are simply shared he calls common beliefs. 
Group beliefs are defined as convictions that group members (a) are aware that they 
share and (b) consider as defining their "groupness". (Ibid., 36) Group attitudes 
demarcate the group. Bar-Tal explains the difference by referring to the characteristics 
of group beliefs: confidence, centrality, and functionality. (Ibid., 57-61) First of all, 
group beliefs are held with great confidence because they are considered facts. People 
often join groups because they accept the group beliefs to be true. Group beliefs are 
also more central than common beliefs. Centrality of group beliefs can differ 
according to the relation between a member and its group. Centrality can also differ 
between group beliefs of one member of a group. Lastly, the identification and 
information function refer to what makes them unique and different from the out-
group. All three characteristics refer to the group itself instead of the tasks of the 
group.  
 

According to us, the division between common and group beliefs as developed 
by Bar-Tal is too strict. This becomes clear in Bar-Tal's elaboration of scientific facts 
as common and group beliefs. To him, one of the most obvious categories of common 
beliefs is the one that pertains to so-called scientific beliefs that are accepted as facts. 
(Ibid., 35) With respect to group beliefs, he states the following:  
 

Whereas the fundamental group belief may be formed on the basis of various experiences as 
proximity or common fate, in the case of scientists' groups, it is almost always based on the 
perception of similarity. The perception of similarity is usually derived from common beliefs in 
similar, or even same ideas. These beliefs, which serve as a basis for group formation, are 
formulated by one or several scientists. Once the beliefs are formulated, additional scientists 
who accept them can join the group. The group can grow, and even become a discipline – the 
most common group in science. (Ibid., 117)  

 
According to us, the difference in these two examples lies in the roles of the group 
that holds the facts. If the acceptance of a fact is existential for the survival of a 
certain group, this fact will be a group belief. It separates the group from others. If the 
facts are not existential and nevertheless accepted by all members, the fact is a 
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common belief. We therefore state that the common and group belief concepts 
generate a continuum. It depends on the context the group finds itself in whether a 
belief is a common or a group one. When the outside world exerts pressure on the 
group, common beliefs can become group beliefs. Common beliefs can become that 
important for the group's survival that they become group beliefs. 
 

We can make two other comments concerning group beliefs. The first one 
concerns a methodological aspect of group beliefs. People belong to many different 
groups in their daily life. In the domestic field, people belong to one nuclear or more 
newly compounded families, the bigger group of relatives, etc. In their free time, 
people are members of different groups. And while people are doing their job, they 
are often members of various groups in their institute. As representatives, they can be 
members of groups with people from different institutes.  

It makes it difficult to look for general group influences of technoscientific 
assessment. If technoscientists accept a certain fact, it is difficult to trace back which 
group it could come from. Important in empirical research is that one has to specify 
the unit of analysis the individual is asked to focus on (e.g. department, organisation 
or job) and to construct items on that level of analysis. (Latour, 2002; van Muijen, 
1998d, 124) 

 
 A last comment we want to make here is on our attitude concept. Bar-Tal 
writes about beliefs only. In the section on attitudes, we argued the usefulness of the 
attitude concept as an umbrella concept for affects, behaviour and cognitions. We 
want to stick to this decision here and will continue our argumentation with group and 
common attitudes instead of beliefs.  

We therefore conclude with a list ranging from common attitudes to group 
attitudes, depending on the degree of reference to group or task related issues. 
 
2.4.3. Without conformity, no science. 
 

All people conform to group norms. However, few want to admit it, at least in 
Western Europe or Northern America. In western thinking, conformity is often 
considered as an unwanted consequence of group interaction. It is said to be a threat 
of a person's freedom or creativity. However, it is also a necessary feature of groups.  
We can see conformity as 'uniform behaviours exhibited by members of a social 
system resulting from the members choosing, from among conflicting alternatives of 
behaviour, that alternative least subject to negative social influences. (Ellis and Fisher, 
1994, 306) Firstly, conformity provides the group the possibility to attain a common 
goal, which is needed to guarantee the survival of the group. It also shapes the group's 
social reality. In addition to our own senses, other persons are an important 
information source. When no straightforward proof is present, we have to rely on 
others to judge the correctness of our opinions. Individuals then conform for two 
reasons: social and accuracy goals. On the one hand, the need to correspond with the 
others can imply that a person does not want to harm the (sometimes imagined or 
supposed) expectations of others. On the other hand, the need to come to a correct 
interpretation of the situation makes people submit oneself to external sources of 
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information. According to Deutsch and Gerard59 the Asch and Sherif studies 
demonstrate that two kinds of conformity exist: informational influence because 
people want to be correct and normative influence because they don't like to appear 
deviant. Informational and normative influences usually operate jointly. Thirdly, it 
makes social comparison possible. Both intra and inter group comparison become 
more easy in conformed groups. Last but not least, group conformity determinates the 
relations with the social environment. Actions are only possible when the outside 
world is not completely chaotic but things are regularly and orderly and the group has 
conceptualised this steadiness. (Remmerswaal, 1988) 

 
These insights are of great importance to knowledge. Bruno Latour describes 

in his 'Science in Action' how the struggle for survival of research groups drives the 
direction of scientific and technological research. According to him, it comes to 
mobilise as many resources as possible to maximise the number of allies that act as a 
single whole in one place60. (Latour, 1987, 172) From a social psychological point of 
view, this means science or technology managers have to shape and structure a group 
in such a way it can act as a single whole. The more group members conform, the 
stronger the facts are build within groups. Conformity is an indispensable aspect of 
facts and knowledge. 

It would be wrong to state that knowledge is pure conformity to all members 
of the context. We can understand this if we fall back on the role of the problem in a 
context. The moment technoscientists discuss a problem, they do not conform to the 
problem. They do conform to the group beliefs the moment they agree on a problem. 
We stress that it is very important to know that they do not conform to the group 
beliefs alone and that this therefore does not happen in an arbitrary way.  

Besides their group conformity, their attitudes will be aligned. Before they 
came to that conclusion, they relied on many commonly shared attitudes in that 
context. Facts are statements the whole group (and possibly also context or network) 
conforms with. And they conformed to the role of the objects. This is, as we will see 
at page 185, another indispensable aspect of the view that technoscientific knowledge 
equals conformity. A description of contextual conformity follows in that section. 

It must be clear that conformity in science is a very important issue. And, we 
stress it again, a very good and useful one. To say it with a witticism: "Without 
conformity, no facts. Without facts, no science."  

 
Nonetheless, the negative consequences of conformity do exist as well and are 

better known. Irvin Janis (1982) studied the role of conformity in political fiasco. He 
found in his study about political decision making that three group characteristics 
contributed to the development of policy fiascos: the cohesiveness of groups, the 
group structure and the stressfulness of the situations that groups have to cope with. 
First, highly cohesive groups are more likely to reject members with deviant opinions. 
Cohesiveness of groups refers to the output of a group's socioemotional dimension; 
essentially, the degree to which members are attracted to one another and are 
personally committed to the group. (Ellis and Fisher, 1994, 306) It depends on the 
commitment to the group task, attraction to group members, group pride and the 
number and intensity of interactions. Adequate socialisation, the way new group 
                                                           
59 Cialdini and Trost (1998b, 162) refer to DEUTCH M. and H.B. Gerard, "A study of normative and 
informational social influences upon individual judgment." In: Journal of Abnormal and Social 
Psychology, 51, 1955, 629-636. 
60 Our Italics. 
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members are brought in alignment with the group culture (Pascale, 1985) also 
influences cohesiveness. The unanimity of the majority and the perception of group 
cohesion are seen as the most important factors for conformity. This conformity effect 
occurs mainly when the other group members are unanimous and urge the 
experimental subject not to dissent from the group. However when only one other 
group member breaks the consensus, conformity reduces by almost 80 percent. 

Janis assumes that group structure is also an important determinant of group 
performance. Groups that are composed of people from similar backgrounds, isolated 
form other people, directed by a strong leader and lacking systematic procedures for 
reviewing and making decisions are expected to function worse. The individual's 
perception of the group's responses to the individual's actions is core to this issue. 
Task difficulty for example can affect reliance on others’ input for making an accurate 
judgment: greater difficulty elicits more conformity to the group position. Someone 
who feels incompetent in his or her judgement prior to group exposure will rely more 
on the group’s judgement than will a competent target. Conformity occurs on 
perceptual and opinion items, however it is most significant when questions appear to 
have correct answers but are in fact insoluble. 

This effect will be reinforced in stressful situations when urgency can overrule 
accuracy and the reassuring support of other group members becomes highly 
desirable. He speaks of groupthink to define 'a mode of thinking that people engage in 
when they are deeply involved in a cohesive in-group, when the members' strivings 
for unanimity override their motivation to realistically appraise alternative courses of 
action.' (Janis, 1982, 9) In terms of group attitudes: if the maintenance of the group 
and its attitudes becomes more important than the assessments a group makes, it is 
prone to groupthink. 

Diane Vaughan (1996) shows in her description of the Challenger launch 
accident that this happens in science and technology as well. On January 28, 1986, the 
U.S. National Aeronautics and Space Administration (NASA) had to make a decision 
whether or not to proceed with a risky launch of the space shuttle Challenger. Several 
engineers at the subcontractor company Morton Thiokol Corporation, which had 
made the shuttle's solid rocket boosters, had warned that launching in cold 
temperatures could cause the O-ring seals in the rocket boosters to fail. This would 
cause a catastrophic explosion. Some engineers advised to ban a liftoff if the 
temperature was below about 50 degrees Fahrenheit. On the morning of January 28, 
the temperature at the launch pad was below freezing. But high-level officials at 
Morton Thiokol and NASA were motivated not to delay the launch. The mission had 
been heavily promoted by NASA because it marked the first time that "an ordinary 
citizen", a New Hampshire high school teacher named Christa McAuliffe, joined the 
team of astronauts. The decision was made to launch. Seventy-three seconds after 
liftoff, the Challenger exploded, killing all seven people on board. Apparently, the O-
ring seals had indeed failed.  

Vaugan illustrates that the normalisation of deviance, the cultural secrecy in 
the space shuttle industry and the NASA culture of production went hand in hand to 
make the tragedy happen. However, she admits that 'little data are available about the 
alleged ritualistic rule-following tendencies of engineers.' (Ibid., 225) 
 

The two conformity origins, social and accuracy goals, lead up to two different 
types of conformity. Private conformity or true acceptance, on the one hand, refers to 
situations in which we both overt behaviour and our minds. At this level, one is truly 
persuaded that others are correct. Public conformity or compliance, on the other hand, 
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refers to a superficial change in behaviour. People often appear to pretend to agree 
with group norms and privately do not so. Baron, Vandello and Brunsman (1996) 
found that the difficulty of the task is of great importance in conformity issues. When 
reality cannot easily be validated by physical evidence, people privately conform to 
the information others provide and become truly persuaded by that information. When 
reality is clear, the cost of dissent becomes the major issue. The situation can demand 
conformity to the group attitudes and people will do so superficially. Privately, they 
will not change their mind. 

The distinction between private and public conformity is important for our 
inquiry of technoscientific argumentation. It is evident that technoscientific matters 
are difficult issues. Most conformity in science will therefore happen on the private 
level. The conformity that is needed in fact building will automatically lead to private 
acceptation of the relevant attitudes.  

According to us, this is the reason why CER theories are so persistent. When 
scientists conform to cognitive attitudes, these facts are internalised. When someone 
wants to persuade technoscientists that facts are a result of the interaction between 
objects, attitudes, groups, and individual aspects, she or he has to cope with the 
internalised beliefs and related attitudes. 

 
Resistance to conformity seems very difficult in some situations. However, it 

is not impossible. Whereas the early conformity inquiries mainly looked for the group 
influence on the individual, Moscovici and Nemeth pictured social influence as a 
reciprocal process in which both the minority target and the majority source are agents 
and receivers of influence. In the dual-process approach, they assert that the 
minorities and majorities both exert influence but in different ways. The power and 
control of majorities lies with their number. They bring stressful normative pressure to 
bear on the individual. They invoke public conformity on factual and attitudinal 
questions. Minorities have to be forceful, persistent and unwavering in support of 
their position. Their impact results mainly in private conformity on opinion questions. 
(Maass et al., 1996) 

The result that majorities have more impact on factual issues is important for 
technoscientific argumentation. First of all, it gives a social psychological approval of 
the Latourian interactionist statement that building facts means 'numbers, more 
numbers' to believe in these facts. Secondly, it shows that it is difficult for dissident 
scientists to go against the current. A network of people that considers a statement as 
a fact will put high pressure on dissidents. However, the results are positive in that the 
private conformity results more from dissidents than from the majority. And people 
can also leave groups when they do not agree with the group attitudes. 

 
We want to end this section with a short review of the groupthink concept. A 

lot is said about groupthink. It is applied in many situations. Nevertheless, many 
critiques are formulated as well. Both at the level of the search for predictors of 
groupthink and the developments of theories, there is little consensus. 

At the level of theory development, many different approaches exist. M.E. 
Turner and Pratkanis developed a social identity maintenance model. They see 
groupthink as a collective attempt to maintain a positive image of the group. (1998b; 
1994) A.R. Flippen sees self-regulation as a groupthink motivation. (Flippen, 1999) 
A.A. Mohamed at his turn considers groupthink as process theory. (Mohamed, 1996) 
P.B. Paulus finds some consistency in all these models (1998). Most other researchers 
contest this idea. None of these theories or any other ('t Hart, 1998) has reached any 
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maturity. B.H. Raven points out that group actions often came close to being 
successful and the groupthink model therefore is weak to assess the group 
performances. (Raven, 1998) C.P. Neck and G. Moorhead (1995) stressed the 
situation dependency of groupthink and that this is one of the reasons why theory 
development is that difficult. 

The discussion with respect to the groupthink predictors reflects the 
difficulties of theory development. We mention briefly an overview of two predictors 
that are often mentioned: cohesiveness and homogeneity.  

According to M.W. Rempel and R.J. Fisher, group cohesion correlates 
positively with groupthink (1997). P.E. Tetlock et al. also found that group 
cohesiveness emerged as an independent predictor. (1992) Hogg M.A., and S.C. 
Hains came to the same conclusion when they found that group identification and 
social attraction were strongly and positively related to symptoms of groupthink. 
1998) Groups high in social-emotional cohesion were more likely to experience the 
symptoms of groupthink than were groups high in task-oriented cohesion. (Bernthal 
and Insko, 1993) These results are contested by other inquiries. R.M. Kramer found 
that group cohesiveness is not as prominent a causal factor in the deliberation process 
as Janis argued (1998) B. Mullen et al. found no significant effect of cohesiveness on 
the quality of group decisions either. The factor of cohesiveness that appears to be 
critical for the emergence of groupthink is interpersonal attraction. (1994) C. 
McCauly came to the same conclusion: groupthink most likely when group cohesion 
is based on the personal attractiveness of group members. (1998) 

The homogeneity factor faces the same discussion. Kameda found that 
homogeneity of members' opinions at the outset of interaction and group's 
rationalisation norm were responsible for the observed difference of collective 
entrapment. (Kameda, 1992) D.C. Hambrick on the contrary found that fragmentation 
invokes among others groupthink (1995) M., Schafer and S. Crichlow found no 
correlation at all between group homogeneity and groupthink. (1996) 
 These two examples show that operationalisation of the groupthink concept is 
very difficult. Factor analysis of groupthink questionnaires therefore must be taken 
with care. W.W. Park looked for the 24 variables of groupthink. He found no 
predictions that followed. (2000) We found one actual group think questionnaire, 
developed by M. Rosander, D. Stiwne, and K. Granstrom. (1998) 24 questions were 
analysed with principal component analysis. 20 questions were retained. The analysis 
provided 3 factors of the groupthink concept which were regarded to have bipolar 
qualities.  Further specifications can be found on page 112. 
 
2.4.4. Individual interpretation of group attitudes 
 

Do common and group beliefs have to be shared by all partakers? According 
to Bar-Tal, they have to. (1990) We do not follow this statement. As Wittgenstein 
already said (1995; Hacker, 1984), the meaning of things is generated in particular 
and individual uses of things. What is considered as 'table' depends on the former use. 
When a mother says: "do not sit on the table", a child forms the meaning 'table'. There 
will be objects you call table and someone else doesn't.  

In our contextual approach, we can say that meaning is also context dependent 
for every individual. Every individual partaker of a discussion will consider the whole 
context slightly different. They will have their own views on the problem. Some 
members will consider certain participants as belonging to the context, whereas other 
members will exclude these participants. Also the formal and informal role of the 
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participants will be considered differently by different members. The understanding of 
contextual certainties, relevant claims and methodological guidelines differs as well. 
(Mischel, 1982; Batens, 1992b, 163) 
 

If the interpretation and meaning of the different partakers differs, can we still 
talk about a collective problem solving if every body has it’s own idea about the 
context? Yes, we can. We again rely on the elaboration of Batens. This time we use 
his concept of perfect communication. (Batens, 1992b, 171-3) He gives the example 
of two physicists, a classical mechanist and a special relativist mechanist, that try to 
measure the length of a table. Of course their contexts vary: their concepts of length 
differ, they use a different geometry, and their worlds are occupied with other objects. 
However, both scientists know that, as long as they both stand still, a sentence about 
length in the one language is true if it is also true in the other language. The one 
scientist can deduce from the other scientist’s sentence how long the table is and vice 
versa. This is what Batens calls perfect communication. He gives the following 
precise definition.  
 

Consider two persons, X and Y, and their respective contexts at a certain moment CX and CY. 
Suppose that XW1,…, XWn are the states that X considers to be possible in CX. Suppose YW1 , ..., 
YWn the states that Y considers to be possible in CY. A perfect communication between X and Y 
in those context exists if and only if X and Y believe correctly that a one to one relation exists 
between the set {XW1 , ..., XWn } en {YW1 , ..., YWn }, if this relation connects XWi and YWj 
means that X in CX will conclude XWi under the same conditions as in which Y in CY concludes 
YWj , and vice versa. (Batens, 1992b, 171) 

 
That X and Y believe correctly that this relation exists, implies for Batens that they 
know this relation and that they know which of the states correspond with each other. 
But it is not necessary that X and Y know that the states are different if they are.  

We brought up this theory because it explains well how profound 
communication can take place without the requirement that one must have the same 
language or theory. When X and Y have different languages and theories, it is still 
possible to communicate. 

Suppose four people are solving a problem. They use one object but have all 
different ideas about this object. In this case, the context contains four different 
attitudes about the single object. As for perfect communication, if the people do not 
know that the attitudes are different, this is no problem and they can come to a good 
solution in the context without knowing they had different ideas about the object. If 
they do experience a difference and this is important enough, they will discuss this. 
As such, this becomes a new context, the context in which the problem concerns the 
ideas about the object. 
 

However, talking about communication that is perfect is dangerous. To call 
XWi possible states in a context CX is rather simplistic in the light of the contextual 
view we mentioned above. Since contexts contain values, norms, and explicit but also 
implicit methodological guidelines, it is difficult to delineate XWI and a fortiori the 
one to one relation between those two. To us, this is no problem. We can talk about a 
good enough communication as long as X and Y are still motivated to look together 
for the solution in the context C. 

Leah Ceccarelli gives a technoscientific example. She pointed to the use of 
polysemous textual constructions in scientific debates. A polysemous concept or 
passage 'can bring different audiences, for different reasons, to accept a message. 
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Each group sees its own interest as being served by the polysemous passage; they 
interpret it differently (sometimes focusing on different parts of the passage to do so), 
and because of this, they unite in praise of the [concept or] text and are brought into a 
position of support that allows them to initiate an alliance.' (Ceccarelli, 2001, 5) A 
citation of S. Lélé, quoted by Andrew Dobson can serve as an example: 
 

Sustainable development is a "metafix" that will unite everybody from the profit-minded 
industrialist and risk-minimising subsistence farmer to the equity-seeking social worker, the 
pollution-concerned or wildlife-loving First Worlder, the growth-maximising policy maker, the 
goal-orientated bureaucrat, and therefore, the vote-counting politician. (Dobson 1996, 401) 

 
We conclude that meaning is always individual but that 'good enough 

communication' permits us to talk about group and common attitudes. 
 
2.4.5. The role of group in technoscientific context 
 
 We gave a short introduction in group aspects. Is their a role for group 
characteristics of risk assessment as we showed for individuality traits? On the one 
hand, we are inclined to think so if we consider the philosophy of Kuhn and his 
disciplinary matrix concept. Kuhn identified four elements of the disciplinary matrix 
as shared or group attitudes: symbolic generalisations, metaphysical paradigms, 
values and exemplars. On the other hand, organisational studies admit that 
organisational structure is influenced by technology development (Roberts and 
Grabowski, 1996) but do not mention the reverse effect: the influence of organisation 
structure or culture on cognitive attitudes. Although inquiries on the relation between 
group aspects and technoscientific assessments are scarce, we mention a few 
important ones here below. They treat different aspects at societal and small group 
level. 
 

One of the most important inquiries we found in this respect is the one of 
Kivimaki et al. (1995). They examined to what extent nuclear risk perceptions and 
organisational commitments are associated with each other among nuclear power 
plant personnel (N=428, RR=80%). Their 'risk factor' is a combination of 2 
probability items, one risk and one safety question. (Cronbach's alpha = .70) We refer 
to the R-p-S factor. However, we must admit that the p-item concerns the likelihood 
of a serious accident, which is seen by many authors as risk. Also the different items 
seem to correlate strongly. The R-p-S division therefore is not that bad. They 
described organisational commitment (OC) as a concept including at least three 
factors: (1) an acceptance of the goals and values of the organisation, (2) a willingness 
to exert effort on behalf of the organisation, and (3) a desire to stay with the 
organisation. (Kivimäki et al., 1995) Trust and confidence items were taken together, 
respectively in top management and supervision. 

Kivimäki et al. found a strong correlation between the nuclear power plant 
personnel's R-p-S factor and their  trust and confidence in top management (r=-.29, 
p<.001) and supervision (r=-.15, p<.001). Perceived nuclear risk was related to all 
three components of OC. However, when they controlled the correlations between the 
components, the variance in perceived nuclear risk was explained only by one 
component, acceptance of the goals and values of the organisation.  

They also found a strong correlation between the nuclear power plant 
personel's R-p-S factor and their organisational commitment (r=-.32, p<.001). The 
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more committed people are towards their organisations goals, the lower they assess 
the risk of their company. 

Greenberg and Schneider (1995) found that gender differences in laymen 
perception studies only appear in non-stressed environment. In stressed surroundings 
these differences seem to disappear. Although it is not sure whether this last finding 
also goes for technoscientists risk assessments, it is an important result in the frame of 
the groupthink theory and the stressful situations as a major component hereof.  

We also carried out a correlation analysis between groupthink and 
organisational commitment variables on the one hand and risk assessment on the other 
hand. We found one significant correlation between a groupthink vulnerability factor 
and risk assessment (r=-.22, p<.05). We must say that it surprises us a little bit, 
because we see group features as very important. We will come back to this result in 
the next chapter. 
 

At the societal level, Carozzi (1985) examined the reactions in Europe to 
Wegener's theory of continental drift. This research shows that reactions within 
Europe were extremely diversified and dominated by an association of strong post 
World War I politics, the language barrier, the stifling of academic authority, passions 
of individuals, and regionalism of geology.  

The same result is obtained by the subsequent inquiries of Slovic et al. (1997), 
Slovic et al. (1995), Kraus et al. (1992). They found that the British toxicologists 
perceived general chemical risks as lower compared to their European and Canadian 
colleagues. With respect to the technical evaluations, the authors do not give a 
statistical analysis of the differences. When we compare the answers to the four 
questions concerning the level of evidence of carcinogenic activity respectively for 
male rats, female rats, male mice and female mice, we see a systematic difference of 
10% between the number of respondents seeing clear and those who see some 
evidence. European toxicologists have the lowest percentage, those from the UK the 
highest percentage, and Canadians are in between. We expect a statistically significant 
difference here. 

 
We can state that technoscientific assessments link with small group and larger 

group characteristics. In small groups, organisational commitment, group 
vulnerability, and trust and confidence are shown to be important. For larger groups, 
the language barrier, the stifling of academic authority, and regionalism of certain 
sciences are important for technoscientific assessments. 

Our data seem to show that the group component seems less important 
compared to attitudes and personality. We doubt that the group factor is not important 
and we believe that this is due to the methodology used. We will come back to this in 
the chapter on the low level waste discussion.  
  
2.4.6. Conclusion 

 
In this section, we focused on the influence of small group characteristics of 

technoscientific assessment. We explained that meaning is always individual but that 
'good enough communication' permits us to talk about group and common attitudes. 
We explained the group concept as a system that is more than its separate parts and 
influenced by supra-group systems. We said we can delineate groups with the group 
attitudes, including the remark that group attitude is a concept that is relative to the 
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situation the group is in. If a group is threatened, common beliefs can become group 
beliefs.  

We then concentrated on the conformity aspect as an existential feature of 
(technoscientific) groups. We concluded that (1) facts are the results of private 
conformity to the group norms and (2) that the strength of facts stems from the 
stressful normative pressure majorities display.   

Although few inquiries are known to look for influences of small group or 
societal influences on assessments, the results cannot be neglected. We can affirm that 
technoscientific assessments are influenced by both small and large group features as 
organisational commitment, group vulnerability, trust in management, language 
barrier, the stifling of academic authority, regionalism of certain sciences. 

 

2.5. Object 
 

Up to now, we discussed how behaviour in general and risk assessment in 
particular are linked with attitudes, personality and groups. Although a lot of 
discussions exist on these issues, we might say that it is mainstream social psychology 
as far as it concerns general behaviour and not risk assessment. For risk assessment, 
the mutual influence of objects and behaviour must be known. The reciprocal stimulus 
of object and behaviour has been absent for a long time in social science research. In 
our opinion, the role of objects is still very limited in social psychological research 
(see also Livine and Moreland, 1998b).  

This is understandable because this issue lies in the core of the discussion 
between convergent epistemological realism and actor network theory. One can only 
accept the link between objects and assessments associated to the other context 
elements if one accepts the notions of semi-objects and semi-subjects.  

We will give a short overview of existing research on the mutual influence of 
cognitive, affective, and behavioural attitudinal aspects and objects before we discuss 
the importance of semi-objects for our contextual model. 
 
2.5.1. The role of objects in social psychology 

 
The psychological research that includes objects focuses mainly on the 

interaction between human images and behaviour on the one hand and objects on the 
other hand. (Gerda Smets, 1979) Observation psychologies as Gestalt psychology 
show that the human perceptual system consists of perceptual grouping. This means 
that spatial patterns are organised in larger units and figure-background distinction61. 
The perceptual system is well adapted. However, it sometimes creates visual illusions 
as Müller-Lyer illusion, Necker cube, Ames-room to mention only the most well 
know. Experimental aesthetics look for the esthetical creation and appreciation.  

A line of object-behaviour research that gets most attention nowadays is 
probably ergonomics. Ergonomics grew up with the study of displays in aeroplanes 
and overpopulation studies. Although they were often equal, their functions were 
different. Pilots could not rely on their automatic reactions and had to pay extra 
attention to the dashboard and less to the flight situation. (Roediger et al., 1996, 772) 

                                                           
61 Roediger et. al. (1996, 136) refers to KUBOVY, M. and Pomerantz, J.R. (Eds.), Perceptual 
organisazation, Erlbaum, New Jersey, 1981. 
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The insights are nowadays adapted to traffic safety62 and nuclear power plants. 
(Fucks, 2004; Kantowitz and Sorkin, 1986) Calhoun's overpopulation study 
demonstrates how a free reproduction of rats in a limited area came to a spontaneous 
halt, although they had plenty of food. When rats were forced to live overpopulated, 
there was more homosexual behaviour, sexually overactive males, litter neglect, twice 
as few animals per litter, more spontaneous pregnancy termination, and more 
aggressive behaviour. Calhoun's inquiry stimulated urban architects and 
environmental psychologists avant la lettre to look for the influences of urban 
organisation and human well-being. These insights stimulated Norman Donald and 
many after him to show that every day things as computers, doorknobs, taps, light 
switches or benches in a park are often badly designed. People's proximal behaviour is 
incompatible with a bench designed for three people, for example. 

 
Some researchers applied environmental psychological insights on small 

group decision making. The mutual role of objects on the one hand and individuals 
and groups on the other hand has been examined in some situations. 

People use objects in a way to express interrelations. In the case of the use of 
jewellery and hairdo, this seems evident. The aspects of interpretation by others and 
conformity, however, make even such a simple thing quite complicated. The system 
of giving and counter-giving (don and contre-don), the potlatch, as described by Ruth 
Benedict in particular and the social functions of gift-giving in general by Marcel 
Mauss63 is another, extreme, example of the interaction between objects and groups. 
Private possessions are destroyed in front of others in order to express superiority. 

Men and women or acquaintances and strangers will use the surroundings 
differently. Women also tend to sit next to each other and men opposite to each other. 
(Oomkes, 1986, 125) Women tend to sit closer to one another than men do (Ellis and 
Fisher, 1994, 78; Hall, 1973, 162-185). People with power take bigger offices situated 
higher and are more private compared with people with less power. (Oomkes, 1986, 
126-7) In their turn, these offices do emanate more power.  

The settings of tables and the position people take co-determine the decision-
making process and therefore the final decision as well. Sociopetal and sociofugal 
arrangements respectively encourage and discourage people to make contact and 
communicate. Living rooms, seminar room or restaurants are sociopetal. Lounges, 
classrooms and study areas are examples of sociofugal environments.64 R. Sommer 
showed that people who want to co-operate sit down beside one another and at a 
corner of a table if they want a personal talk. They sit down opposite each other if 
they are in competition.65 Chosen group leaders almost always take a seat at the head 
of the table. But this mechanism works in both directions. Many authors66 found that 

                                                           
62 Roediger et al. (1996, 776) refer to GELLER, E.S., T.D. Barry, R.E. Evans, M.R. Gilmore, and S.W. 
Clarke, "A conceptual framework for developing and evaluating behavior change interventions for 
injury control" In: Health Education Research, 5, 1990. 
63 Influential works are: BENEDICT, Ruth, Patterns of culture, Routledge, London, 1971 (1934); 
MAUSS, Marcel, "Essai sur le don: forme et raison de l'échange dans les sociétés archaïques." In: 
Sociologie et anthropologie, 1973, 145-279. 
64 Ellis and Fisher (1994, 79) refer to RURGOON, Judee K., "Spatial Relationships in Small Groups" 
In: Robert Cathcart and Larry Samovar (Eds.), Small Group Communication, Brown, Dubuque, 1988, 
351-366. 
65 Oomkes (1986, 87) refers to SOMMER, R., "Further studies of small group ecology" in: Sociometry, 
28, 1965, 337-348. 
66 Nuttin (2000, 324) refers to NEMETH and Wachtler, "Creating the perceptions of consistency and 
confidence: A necessary condition for minority influence", In: Sociometry, 37, 1974, 529-540; Oomkes 
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the position at the head of a table initiates people to take a leader role. The reason is 
probably that people address oneself more easily towards people opposite them.67 And 
a familiar environment contributes to a better decision making. The "resident 
advantage" for discussion groups is a parallel phenomenon of the home-court 
advantage of sport-teams. It indicates the benefits groups have when they gather at 
their own territory. Taylor and Lanni (1981) also found that hosting group members 
are more likely to communicate in a dominant manner. 
 
 This research is not negligible. However its impact on psychology as a whole 
is rather limited. The absence in the past and the minor role at present can be 
understood by Latour's philosophy that, in an attempt of being modern, the distinction 
between objects and subjects was and still is important. 

We conclude that the role of quasi-objects cannot be ignored. Not in 
observations, group discussions, and definitely not in scientific progress. This will be 
the issue of the next section. 
 
2.5.2. Object and meaning 
 

Although the role of objects for observations and group discussions is very 
important to understand technoscientific issues, we must not forget the link between 
meaning and object. 

 
Latour (1993, 141) developed an ontology that stresses the non-separability of 

the common production of immanent society and transcendent nature. The meaning 
attributed to the quasi-objects and quasi-subjects differs from person to person and 
from context to context. The relation between meaning and quasi-objects is clearly 
illustrated in Latour and Woolgar. (1986, 107-112)  

They illustrate in a anthropological way how a fact is built in a laboratory by 
means of papers, discussions and objects. They performed field work in Roger 
Guillemin's laboratory at the Salk Institute and the research for what finally was 
called Thyrotropin Releasing Factor Hormone (TRFH). They found that TRF had 
different meanings in different networks at different moments. For most people it did 
not mean a thing. For medics at that time, TRF(H) referred to a test of use in 
screening potential malfunctions of the pituitary. To a number of endocrinologists, 
TRF(H) referred to a booming subfield within their discipline. For students, the 
TRF(H) concept could make them remember the few lines in some textbooks. Some 
people in 1970 knew the origin and formula of TRF(H) from the 8 existing papers on 
the subject. For an even smaller group, the concept referred to their professional life 
and the justification of their pursuit for credit. In contrast to all others, in this last 
network the difference between TRF as a factor of TRH as a hormone is very 
important. 
 

                                                                                                                                                                      
(1986, 87) refers to BASS, B.M. and S. Klubeck, "Effects of seating arrangements in leaderless group 
discussions", In: Journal of Abnormality and Social Psychology, 1952, 47; LEAVIT, H.J., "Some 
effects of certain communication patterns of gorup performance", ", In: Journal of Abnormality and 
Social Psychology, 46, 1951, 38-50; HARE, A.P. and R.F. Bales, "Seating positions and small group 
interactions", In: 26, 1963, 480-486. 
67 Oomkes (1986, 87) refers to HOWELL L.J.and S.W. Becker, "Seating arrangement and leadership 
emergence ", In: Journal of Abnormality and Social Psychology, 64, 1966, 148-150. 



Waste depositionism                                                                                             Contextual risk 
 
 

 94

 The elaboration of Batens confirms the findings of Latour and Woolgar. As we 
discussed earlier, a meaning attributed to objects is always individual. Batens stresses 
that the meaning of terms in a certain context 'determines and has been, however only 
partially, determined by the empirical criteria used in that context to connect 
assertions to observational data.' (Batens, 1992a, 161) As Latour avoids the pure 
socialisation of knowledge as in the Edinburgh school with the object concept, Batens 
prevents Carnap's conclusion that an observation does not say anything about the 
outside world and only says something about the observation method.  

The set of possible worlds is partially limited to decisions, conventions, and 
prejudices. The logical truths and meanings therefore are always local, not global; 
they can differ for the same person from one context to another. (Ibid., 165) 
Collections of assertions that are taken as true change from context to context. The 
variety of certainty collections leads to a variety of collections of logical truths, and 
therefore to a variety of meanings. Batens asserts that even logical necessity 
certainties are context dependent. The difference between logical necessity certainties 
and logical contingent (when they are not logically true and not logically false) 
certainties cannot be meaningfully made, for questions about logic certainties can be 
asked in a certain context. 

 
Quasi-objects are actors in the technoscientific debate. As personality, 

attitudes, and group characteristics influence risk assessments, objects do this as well, 
and very often in a very strong way. If someone shows you that an apple falls down, 
the role of personality, attitudes, and group characteristics must be very pronounced to 
deny it. 

This is the classical idea of science: show me the data. And actor network 
theorists as Latour or contextualists as Batens do not deny this. If technoscientists 
bring forward objects in such a way that they become so strong that all context 
participants align, the fact is accepted in that context. But, as we explained, it is the 
sequence of contexts that make a fact in ANT, whereas it are only objects that 
determine in the end what facts are in CER theories. 
 

2.6. Conclusion 
 

With this chapter, we came a step closer to our objective to extend Latourian 
interactionism so that it is more capable of answering induction and theory dynamics. 
We laid the foundations for our argumentation on technoscientists' societal 
justifications. From Batens' theory, we extracted that problem solving always happens 
in a context that is local and temporal. We extended his context concept because we 
think it will better fit our explanations of our thesis that risk assessment is influenced 
by context constituents. We postulated that each problem solving context contains a 
problem that has to be solved, individuals, groups, attitudes and objects. They are all 
linked in a certain way, even if we take a snapshot in time.  

Classical social psychology shows that some affective, behavioural and 
cognitive aspects of attitudes strongly correlate with perceptions. We showed here 
that this is also the case in technoscientific risk assessments. The attitudes we found 
are quite wide-spread: interaction with other assessments, beliefs in science, 
behaviour, and affective attitudes. 

Personality is the second context element we treated. We confirmed that 
personality including the background factors is an important constituent in the context 
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of assessment. If we arrive before the facts, the individual characteristics of scientists 
are important for their assessments. With regard to personality traits, neuroticism is 
clearly a very important, but also the only important factor. Among the background 
characteristics, age, gender, working field, education and affiliation seem to be the 
most important links with assessment.  

A third context component is the group. We explained that meaning is always 
individual but that 'good enough communication' permits us to talk about group and 
common attitudes. We explained the group concept as a system that is more than its 
separate parts and influenced by supra-group systems. We said we can delineate 
groups with the group attitudes, including the remark that group attitude is a concept 
relative to the situation the group is in. If a group is threatened, common beliefs can 
become group beliefs. We then concentrated on the conformity aspect as an existential 
feature of (technoscientific) groups. We concluded that (1) facts are the results of 
private conformity to the group norms and (2) that the strength of facts stems from the 
stressful normative pressure majorities display. We can affirm that technoscientific 
assessments are influenced by small and large group features as organisational 
commitment, group vulnerability, trust in management, language barrier, the stifling 
of academic authority, and regionalism of certain sciences. 

As a last building block, we mentioned the quasi-objects as actors in the 
technoscientific debate. If technoscientists bring forward objects in such a way that 
they become strong enough to persuade all context participants to align, the fact is 
accepted in that context. But if this is not possible, this alignment can nevertheless 
happen because of other contextual constituents as attitudes, individuality and group 
characteristics. 

 
In the end, we can confirm our hypothesis that risk and its constituents (our 

contextual problems) are context dependent. Risk (R), magnitude (M), probability (p) 
and Uncertainty (U) as technoscientific facts depend on individual features (XI), 
group characteristics (XG), contextual attitudes (XA), and objects (XO).  
 

M=fM(XI, XG, XA, XO) 
p=f p(XI, XG, XA, XO) 
U=f U(XI, XG, XA, XO) 
R=f R(XI, XG, XA, XO) 

  
 This result does not satisfy us. After all, we showed that technoscientific risk 
assessments are linked with other contextual aspects at a given moment in time. In 
order to fit into Latourian interactionism, our model should be dynamic. It should be 
able to describe technoscientific decision-making aspects on safety. In order to do so, 
we will extend our contextual theory to positionism in chapter four. 
 Before we do so, we will specify the above-mentioned formulas for an actual 
situation of safety studies of high level waste repositories. We will do so by means of 
a worldwide questionnaire. 
 



 

 

 

Chapter 3: Contextual Links in Risk Assessment of a 
Nuclear Waste Repository  

 
 
 

"I never had problems with my fellow scientists. Scientists are a friendly, atheistic, hard-working lot 
whose minds are preoccupied with sex, chess and baseball when they are not preoccupied with 

science." 
Yann Martel, Life of Pi, 6. 
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3.0. Introduction 
 

It is the objective of our epistemological argumentation to offer 
technoscientists and social scientists an alternative way of looking at the way safety 
facts emerge in order to contribute to the answer of the legitimacy crisis. So far, we 
have already offered two elements of the reasoning. First of all, we argued that actor 
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network theories in general and interactionism in particular are more useful compared 
to convergent epistemological realisms.  

In a second step we argued that interactionism did not make an important 
decision-making aspect explicit, that is the small group theory dynamics. In order to 
answer this lack, we introduced the context concept. This notion describes a problem-
solving context including attitudes, personality characteristics, group aspects and 
objects besides the problem itself. We showed the usefulness of this concept for 
technoscientific risk assessments in a meta-analytical study. 

In this chapter we will continue with the empirical foundation of the context 
concept with our own quantitative empirical research. We will specify the contextual 
relations of individual features (XI), group characteristics (XG), contextual attitudes 
(XA), and objects (XO) with correlations, regression analyses, and structural equation 
modelling. 
 

M=fM(XI, XG, XA, XO) 
p=f p(XI, XG, XA, XO) 
U=f U(XI, XG, XA, XO) 
R=f R(XI, XG, XA, XO) 

 
 After having justified our choice to look for context relations in the safety 
assessment of high level waste repositories, we give our specific hypotheses of the 
above-mentioned context relations. We then describe how we will test these 
hypotheses. First we describe our questionnaire and our subject. Then we picture how 
we prepared our data in order to use them. Finally, we test our hypotheses and 
conclude with a discussion on the results.  

3.1. Justification of the case 
 

We focus on the process of nuclear waste disposal studies in geological layers. 
This case study has some interesting advantages. Scientists make extrapolations over 
huge periods, and therefore, data from research of 50 years have to be extrapolated to 
many years (from 10.000 to even 1.000.000 years for the high level waste case). One 
deals with uncertainties of the probabilities and consequences of features, events or 
processes (FEP’s) in the models that are difficult to assess. What will society's need 
for groundwater be over a period of 100.000 years? How will the topography and 
morphology of the repository area evolve in this period? What mining activities will 
be carried out in the near vicinity of the repository? What will climate change be like 
during this era? This is only a grasp of questions the scientists have to tackle. 

Another appealing feature of the repository inquiries is that this research is 
done in large and interdisciplinary groups. It enables us to discuss with physicists, 
chemists, biologists, geologists, engineers, economists, historians, and so forth.  

Last but not least, there is a pressure present to find a solution for the nuclear 
waste. The importance to find a solution is twofold. First of all, a safe and sustainable 
solution has to be found for the existing nuclear waste. However, a solution for the 
nuclear waste is also needed for the justification of the future of nuclear energy 
production. This second argument, of course, is not often spoken about, nonetheless it 
seem to us at least as important as the first one concerning the pressure to find a 
solution. 
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3.2 Hypotheses 
 

In this part, we will describe our questionnaire’s hypotheses. It contains five 
parts. The first part deals with absolute measures of the group features and personality 
traits. We explain our expectations from the comparison of our respondents' average 
group culture and personality traits with reference groups. The second part focuses on 
the principal aim of our questionnaire. We expect several statistically significant 
relations between hard fact assessments on the one hand and other hard fact 
assessments, scientists' background characteristics, organisational context, and 
personality features on the other hand. The third part describes premises we postulate 
on the radiation protection perception of radioactive waste scientists. The fourth 
section describes the relations between the background characteristics, organisational 
context, and personality features. A fifth and last part compares SCK•CEN 
respondents' answers with the other ones. 
 
3.2.1. Absolute group characteristics and personality traits 
 
3.2.1.1. Hard facts 
  

Our target group are respondents with expertise in the radioactive waste 
management and in particular the safety assessment of radioactive waste repositories. 
We make the hypothesis that if we ask these people safety assessment questions, the 
answers will be based on hard facts. The judgements made will be assessments 
according to our definition at page 26. 
 
3.2.1.2. Absolute group characteristics 
  

We expect scientists inquiring and developing a radioactive waste disposal 
concept to be less subjected to groupthink compared to groups under hard times or 
openly public pressure. Their level of groupthink (see page 85) will be comparable 
with the average technoscientific group.  
 
3.2.1.3. Absolute personality traits 
  

We expect scientists to be more conscientious than the average of the global 
population. We think that scientists show more intellectual curiosity and less 
extraversion (see page 71) compared to the average of the whole population.  
 
3.2.2. Influences on hard fact assessment 
 

The main aim of our questionnaire is to inquire the effects on hard fact 
assessments. We want to know what the influence is of background characteristics, 
organisational context, and personality features on hard fact assessment. 

First of all, we want to stress again the difference between assessment and 
perception. If the respondents have enough expertise on hard facts of the radioactive 
waste disposal, we consider the radioactive waste disposal questions to be 
assessments rather than perceptions. The difference between assessment and 
perception is not fundamental but gradual. The more objects play a role in the 
judgement, the more we talk about assessment. 
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This is a far reaching statement. Since the difference between assessment and 
perception is only gradual, we can transfer all risk perception facts, issues and 
quarrels to our contextual risk assessment approach. And this is basically what we 
will do, framed in our contextual approach. We will ask ourselves what the 
background, individual, and group and attitude influences on hard fact assessment are, 
just as risk perception researchers ask themselves. 
 

Since our respondents are mainly radioactive waste management specialists, 
their expertise is presumed for the safety assessment questions and not expected in the 
radiation protection field. If this is the case, we consider these judgements as 
perceptions. 

In chapter 1, we analysed the risk concept and many related terms. We found 
that technoscientists can inquire risk as R=M×p or R=M×p+D or yet another relation. 
Which one they take will be in accordance with their aims. Since we are interested in 
the contextual relations with hard facts, we want take the most simple hard fact, 
R=M×p. So, we are particularly interested in three different hard fact assessments. 
The magnitude (M), probability (p), and the uncertainty (U) assessments.  

We could have taken other risk assessment formula. We believe that it would 
have given the same correlations. It is however important for risk perception 
technoscientists not to impose their conception on their respondents. We also have to 
take care we do not force our respondents to answer in a way that they are completely 
not used to. This is Latour's paradox we referred to. Two arguments made us decide 
on the simple version. First of all, we found radioactive waste repository studies 
using, explicitly or implicitly, this risk concept. (Sillen and Marivoet, 2000; 
Volckaert, 2001) Secondly, since it will appear difficult enough for this simple 
formula, we believe that it is a good choice for an exploratory quantitative research to 
start with the simple formula. 
 
3.2.2.1. Relation between different assessments 

 
According to Jenkins-Smith and Bassett (1994), scientists tend to associate no 

greater certainty with more perceived risks. On the contrary, laymen tend to associate 
greater certainty with more perceived risks. 

We doubt these researches. Based on our statement that perception and 
assessment are not fundamentally different, we expect the mutual relations of 
magnitude, probability and uncertainty assessment to be positive, as they are in 
perception studies (Ibid.). We make the hypothesis that scientists making higher hard 
fact magnitude assessments will give bigger uncertainties and higher probabilities too. 
 
3.2.2.2. Background characteristics and hard fact assessment 
 

We expect background characteristics to influence risk assessment, based on 
literature and our own theoretical expectations. We want to look for evidence for 
many background characteristics that influence risk assessment: education, working 
field, kind of job, organisation type, trust in nuclear research and development, the 
number of years in an organisation or certain field, age, and gender.  

 
However, we will not measure the impact of political opinion and one’s 

worldview on risk assessment. 
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The political context seems to influence risk judgement as well. Barke et al. 
(2000) discovered that conservative scientists are more likely to endorse the quadratic 
dose-response model. Political ideologies differ too much world-wide to measure 
them briefly in our questionnaire.  

Slovic et al. (1995) found that the correlation between worldview and 
technical judgement was significant. They used an operationalisation that 
distinguishes among seven worldviews. ‘Fatalism vs. control’ measures control over 
risks to one’s own health. ‘Hierarchy’ sees whether decisions about health risks 
should be left to the experts. ‘Individualism’ sees whether government has the right to 
regulate people’s risk-taking activities. ‘Egalitarianism’ favours an equal treatment. 
‘Technological enthusiasm’ considers high technology important for improving health 
and social well-being.  An ‘economic growth’ worldview considers economic 
development necessary to improve our quality of life. The ‘informed consent’ belief 
sees it as OK for society to impose small risks on individuals without their consent.  

The concept of worldviews as it is operationalised in C.K. Mertz et al. (1998) 
and Paul Slovic et al. (1995) seems less fundamental to us compared to existing 
personality questionnaires that we treat in another part. Lennart Sjöberg (2000b) states 
that this is a very bad typology for risk perception. Because we really needed to limit 
the number of our questions, we did not give it priority in our questionnaire.   

Mazur et al. (2001) discovered that the cancer researchers with more 
publications are more likely to minimise the importance of man-made carcinogens 
than their colleagues. We do not take this into account. We have two reasons for 
doing so. Firstly, we expect that commitment is a concept underlying the publication 
variable. When it comes to commitment, we will use other concepts of which we 
expect to represent the commitment variable: number of years in an organisation, 
number of years in the radioactive waste management field and the groupthink 
concept. In our attempt to keep the questionnaire reasonably short, we decided to skip 
this question. A second reason not to include this question is the assumption that 
many scientists in the radioactive waste management field work thematically and in 
rather large groups. It is not easy to measure the number of publications they really 
co-operated in. 

 
Let us now focus on the questions we did include. 
The differences in one's educational field seem to correlate with hard fact 

assessment. Richard Barke and others found that life scientists (biology, biomedical 
science and clinical medicine) perceive higher levels of nuclear and overall 
environmental risk than physicists, chemists and engineers. (Barke, 1997; Barke, 
1993; Barke et al., 2000) The working field or affiliation also affects people's risk 
perception. Scientists in universities or state and local governments tend to see the 
risks of nuclear energy and wastes as greater than scientists who work as business 
consultants, for federal organisations, or for private research laboratories. (Mazur et 
al., 2001; Murphy, 2001; Mertz, 1998; Slovic, 1997; Barke, 1993; Kraus et al., 1992) 
We therefore expect people with an education in the life sciences such as biology or 
environmental sciences to assess M, p, and U higher than people from the material 
sciences such as engineering or physics. The same goes for people in the life sciences 
working field compared to those in the material sciences working field. 

We see engineers, managers, and people from safety assessment as feeling 
themselves responsible for a project. In order to get this project accepted, they will 
make low M, p and U assessments. People with a job in research and development, in 
quality assurance are stimulated to be critical towards magnitude and probability 
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assessments. Therefore, they might assess it higher than the previous group. However, 
their uncertainty assessment will be also low. A high U assessment would be 
dissonant with the belief in what they are doing. Since they feel less responsible for 
the outcome of their work, their uncertainty will be higher than the first group’s 
though. We think that working as a technician will increase trust in technology. 
Therefore, these people will make low M, p, and U assessments as well. Since people 
from participation groups will benefit from a critical view on M, p and U, they will 
assess them high.  
 

 Ir. Management QA R&D Technician PA Public 
M - - + + - - + 
p - - + + - - + 
U - - - - - - + 

Table 5: Hypotheses for M, p, and U assessment for different jobs. 
 

The organisation type could be a next determining factor. An organisation 
typology can be made in many different ways. We separate the organisations in three 
groups: merely contra, neutral, and merely pro. First are the organisations that can be 
expected to be anti-nuclear or at least critical to nuclear. These are action groups and 
certain non-governmental organisations. A second group contains organisations that 
work or should work for the general welfare: governmental agencies, local agencies, 
private non-profit organisations and universities. Notice that a difference between 
commercial and profit exists. All these organisations should be non-profit. However, 
it is possible that many of them display commercial activities. In short, the second 
group can try to gain money as long as they reinvest it in their own common good 
activities instead of their shareholders. A third group encloses pro-nuclear profit 
organisations such as business consultants and some private research organisations. 
We expect the action groups to assess high M, p, and U; the common welfare 
organisations medium M, p, and U; and the pro nuclear organisations to assess low M, 
p and U. 

Barke et al. (2000) showed that scientists with higher confidence in science 
assessed lower risk. We therefore think that confidence in nuclear research and 
development can also be an important aspect. People who have trust in what happens 
in nuclear R&D will make lower M, p and U assessments.  

Basing ourselves on commitment insights, we wonder if people who have 
been members of an organisation or technoscientific field for longer tend to have a 
higher commitment towards their organisation or field. This would imply that new 
members of an organisation conform less and make less extreme M, p, and U 
assessments compared with their colleagues. We will control for the variables that 
seem to influence M, p, and U assessments directly. Suppose that organisation shows 
to be a predictor for the hard fact assessment. This would imply that the longer people 
work in a nuclear critical organisation, the more critical they will become and the 
higher they will assess M, p, and U. The longer people are working in a pro-nuclear 
environment, the more they will become pro-nuclear and assess M, p and U lower. 
The same goes for other hypotheses. The number of years in an organisation and the 
number of years in the radioactive waste management field could therefore be 
predictors of the assessment as well.  
 Age and gender can also influence M, p, and U assessments. Barke et al. 
(2000) and Mertz et al. (1998) show that older people seem to judge risks lower than 
younger ones. The influence of age on a scientist’s risk assessment in these studies is 
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consistent with laymen risk perception studies. Kivimäki et al (1995) did not find a 
significant correlation between age and risk assessment. 

Many inquiries have been carried out to look for gender influences. According 
to some inquiries, women seem to judge risks higher than men do. (Mazur et al., 
2001; Barke et al., 2000; Slovic, P, 1997; Barke, 1997; Slovic, P, 1995) Greenberg 
found that these differences only appear in non-stressed environments for laymen. In 
stressed surroundings these differences seem to disappear. (Greenberg, 1997) It is not 
sure whether this last finding also goes for scientists or engineers. Since women are 
generally seen as more responsible, we expect them to make higher M, p, and U 
assessments. 

Geographical diversity seems to have little or no impact on risk perception 
(Mertz, 1998; Slovic, 1997). We pose the question of where they work anyway. 
 
3.2.2.3. Group aspects and hard fact assessment 
 

We think that the group aspects are a major determinant for risk judgement. 
We expect that the context in risk assessment studies in a certain company or 
institution is mainly shaped by the affiliation aspect, the group culture, and the 
commitment of an individual to her or his organisation and research.  

As described in the previous chapters, group culture is a broad concept. We 
concentrate on two aspects we presume to be important in risk assessment: groupthink 
and organisational commitment. Groups with high groupthink or organisational 
commitment tend to have more extreme assessments. Groups with high groupthink 
that tend to make high M, p, U assessments will make higher assessments, whereas 
groups that tend to make low assessments will make even lower assessments if their 
groupthink is high. 
 
3.2.2.4. Personality features and hard fact assessment 

 
Another aspect influencing risk judgement might be personality. There is not 

much research available on the mutual influence of risk assessment and personality. 
Sjöberg and Drottz-Sjöberg (1991) found a correlation between personality and risk 
judgement. Weak self confidence (r=0,133; p<0,05) and somatic anxiety (r=0,150; 
p<0,05) were correlated with nuclear power plant employees' risk perception of their 
job activities per category.  

We expect scientists that tend to experience negative affects such as fear, 
sadness, anger, and distrust to make higher M, p, and U assessments. People who are 
altruistic or dutiful will assess risk higher than people who are less altruistic since it is 
to be expected that they feel responsible for their fellow men. Individuals who are 
open to new ideas or new values will make less extreme M, p, and U assessments 
compared to their surroundings. Open people in a group will conform less and make 
less extreme M, p, and U assessments compared with their colleagues. Open people 
will make lower assessments compared to the other group members. 
 
3.2.2.5. Summary of M, p, U assessment influences 
 
Dependent variable Low M, p, U High M, p, U 
Education Material sciences  Life sciences 
Working field Material sciences  Life sciences 
Organisation type Industry Nuclear critical 
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Trust in nuclear R&D High trust Low trust 
Age  Young Old 
Gender Male Female 
Fear Low fear High fear 
Altruism Less altruism More altruism 

Table 6: Summary of hypotheses of M, p, U assessment dependence of other variables.  
 
Dependent variable (DV) M, p, U assessment with 

high value of DV 
M, p, U assessment with low 

value of DV 
Years organisation More extreme Less extreme 
Years RWM field More extreme Less extreme 
Groupthink More extreme Less extreme 
Organisational commitment More extreme Less extreme 
Openness Less extreme More extreme 

Table 7: Summary of influence hypotheses of M, p, U assessment that are more or less extreme 
when controlled for the relevant variables of Table 6. 

 
Dependent variable Comment 
Job See Table 5 
Conscientiousness High assessment 

Table 8 : Summary of hypotheses of M, p, and U assessments influences of kind of job and 
conscientiousness. 
 
3.2.3. Radiation Protection perception 
 

This third part describes premises we postulate on the radiation protection 
perception of radioactive waste disposal scientists. Richard Barke, Hank Jenkins-
Smith and Carol Silva (2000) inquired radiation protectionists' dose-response 
judgement, their dose-response policy preferences, and defined the difference between 
these two results as a risk-aversiveness factor. To us, the required policy opinion is a 
measure of risk-aversiveness. The difference between the two factors gives a measure 
of the value of hard fact assessments in policy regulations. 

The dose-response relationship issue is at the core of radiation protectionists' 
expertise. We presume that the same topic is only background knowledge for the 
radioactive waste disposal scientists. We therefore choose to treat these judgements as 
perception rather than assessment issues. Since we consider perception and 
assessment as fundamentally equal, our hypotheses on the dose-response perception 
are the same as the magnitude, probability, and uncertainty assessment assumptions 
from Table 6 to Table 8. 

 
Barke, Jenkins-Smith and Silva asked for policy preference as well. They 

asked for the respondents' idea about an acceptable assumption concerning the dose-
response relationship. As we have already mentioned, the required policy opinion is to 
us a measure of risk-aversiveness. Barke and Silva found three relevant relations for 
our research. They found that the respondents selecting the more risk-acceptant 
Quadratic Policy Standard model were significantly older. Female scientists were far 
more likely to endorse the more risk-aversive Low-dose/High-response model. 
Respondents with the strongest confidence in whether experts understand risks of 
radiation were far more likely to choose the Quadratic relationship as the basis for 
policy standards, while those with the least confidence were similarly likely to 
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endorse the Low-dose/High-response model. We do not expect radioactive waste 
disposal scientists to be different from radiation protectionists in this perspective. We 
expect the age, gender and confidence predictors to be the same. Furthermore, we 
expect the material-scientists again to assess more the more risk-acceptant Quadratic 
Policy Standard model compared to the life scientists. We make the hypothesis that 
the same goes for institutes more in favour of nuclear. It seems logic to us that people 
with fearful personality traits assess the more risk-aversive Low-dose/High-response 
model more than other respondents. People have been members of the organisation 
for longer, members of the field for longer, with a higher commitment, and with a 
lower openness will make less extreme assessments. 

We see the difference between technoscientific and policy opinion as a 
measure for the usefulness of science in decision-making. We expect respondents 
with high confidence in science to assess lower difference between science and policy 
choices, whereas respondents with lower trust will make larger differences. 
 
3.2.4. Correlations between background, group culture, and personality traits 

 
Although it is not our main aim to inquire the intra-set relations, it can be 

interesting to look for links between background characteristics, organisational 
context, and personality features. 
 
3.2.4.1. Correlations between group culture and personality 
 
 It is a well-known Gestalt statement that the whole is more than its constituent 
parts. A group culture cannot be seen as the sum of its individuals' characteristics. 
People indeed influence their group. (Perls, Hefferline, and Goodman, 1994). 
However, we do not refuse the idea that groups that are important in peoples' lives 
have an influence on their personality. As we explained at page 74, we follow the 
view of John and Srivastava that probably the most important domains that invoke 
trait changes in early and middle adulthood are work, marriage or partnership, and 
parenting. (Srivastava et al., 2003, 1042) The group people work in can therefore 
determine their personality.68 
 We expect fearful people to assess their group as more vulnerable. People with 
sympathetic feelings toward others will sooner accept the organisational objectives. 
People that are eager to help and will be equally helpful in return will consider their 
group as more honourable than other people. People scoring high on the neurotic scale 
will assess their group as more vulnerable.  

If the group means a lot for people, this influence will go in the other direction 
as well. Groups that have fearful shared attitudes will make fearful individuals.  
 
3.2.4.2. Correlations between background characteristics and personality 

 
We can wonder if a link exists between on the one hand background 

characteristics such as education, working field, kind of job, organisation type, trust in 
nuclear research and development, the number of years in an organisation or a certain 
field, age, and gender; and on the other hand fear, altruism, openness and 
conscientiousness. Among all possible relations, we consider two of relative 
                                                           
68 We repeat that these relations are reciprocal. On the one hand, it is probable that people in a certain 
job will evolve towards a certain personality trait. On the other hand, people scoring high on a certain 
personality trait will probably prefer other jobs than people scoring low on the same traits.  
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importance. Those who have a more open, less fearful, or more agreeable or 
conscientious personality might trust science more. Those of a neutral (not pro nor 
contra) organisation could be more open.69 
 
3.2.4.3. Correlations between background characteristic, and group culture 
 

The same goes for the relation between background characteristics and 
organisational context. Amongst the many possibilities, we hypothesise that people 
who trust nuclear R&D will also accept the aims of their pro nuclear company. 

We expect respondents of neutral institutions to be freer to have their own 
opinion about the organisation's objectives compared to those of pro and contra 
organisations.  
 
3.2.5. Comparison between SCK•CEN respondents and others 
 
 We have no reason to expect differences between SCK•CEN and other 
respondents. Out of curiosity and because we have the data to do so, we will check 
whether there are differences in hard fact assessments, scientists' background 
characteristics, organisational context, and personality features between SCK•CEN 
respondents and others that filled out the questionnaire. 
 

3.3 Description of the questionnaire 
  
 In this part, we give a description of the questionnaire. We have five 
subdivisions. The first one gives a general description of the questionnaire. The four 
other sections describe the four sets of questionnaire questions: background 
characteristics, hard fact nuclear waste disposal assessment questions, group 
characteristic questions and personality traits. 
 
3.3.1. General description 
 

We carried out a pre-survey at SCK•CEN and in English speaking countries. 
We used these data as well because they were useful and because the total population 
of scientists and decision-makers in the radioactive waste domain is very small. We 
respectively refer to the pre-survey and the rest of the survey with phase one and 
phase two. Phase one started in January 2002 and phase two started in June 2002. In 
the further explanation of the questionnaire, a distinction between these two phases 
will be made if necessary.  

In the first phase, the title of the questionnaire was ‘Performance assessment 
and human factor’. This title is felt as confusing because it is actually not on safety 
assessment but on waste disposal in general. In the second phase, we changed it into 
‘A questionnaire on human factor and waste disposal research’. We did not get 
anymore remarks on this title. 

 
We use Easy Survey Package software to carry out a web-based 

questionnaire.70 The advantages of web-based questionnaires are well known. 

                                                           
69 Mind that we implicitly presume that background characteristics can influence personality lifelong, 
based on the research of John and Srivastava (1999). 
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Respondents all over the world are easily reached. The data transition happens 
automatically. However, disadvantages exist as well. Since it is so easy to send 
questionnaires, people receive many of them. A “questionnaire fatigue” seems to 
arise. We had huge difficulties to have the scientists and decision-makers respond. In 
addition to this circumstance, some respondents mentioned that their program was not 
stable. 

The questionnaire is web-based and as such sent to different organisations. We 
looked for a broad scope of scientists and decision-makers familiar with the 
assessment of high (and in the first phase also low and intermediate) level waste 
disposal. These people could be members of action groups, business consultants, 
governmental organisations, local agencies, non-governmental organisations, private 
non-profit organisation, private research, public participation groups, and universities. 
Since we presume that all these groups have sufficient internet access, we assume that 
there is low web bias on the population. 
 

The questionnaire was sent to different countries. We decided to make the 
questionnaire in English and to make a translation for only a few difficult words, since 
it demands many extra studies on the compatibility of the translated questionnaires. 
Four Flemish people with moderate knowledge of English marked the words they did 
not understand. These words were translated in Chinese, Czechoslovakian, Dutch, 
French, German, Japanese, Russian, Slovakian, Slovenian, Spanish, and Swedish. A 
re-translation as a check on the translation was not made because it only concerns 
clarifications of English words. 

 
The questionnaire contains only multiple choice questions. A few remarks can 

be given on multiple choice questions. We mention here the issue of the number of 
categories and the kind of labels of the multiple choice questions. One must find the 
optimum between too little and too many categories. When there are too little classes, 
the variation among respondents will be too small and little can be learned from the 
questions. One can not take too many categories. There are limits to the extent to 
which people can use scales to provide meaningful information. Most studies have 
shown that little new valid information is provided by response tasks that provide 
more than 10 categories. In fact, 5 to 7 categories are probably as many categories as 
most respondents can use meaningfully for most rating tasks71. In our research we opt 
for 5 categories. Another issue is the kind of labels of the categories. Should 
numerical or adjectival be taken? The principal argument in favour of adjectival 
scales is that all of the points are more consistently calibrated by the use of words. A 
counter argument is that adjectival scales are virtually impossible to be exactly 
translated across languages. Adjective scaling tasks across languages are said not to 
be comparable. Since our questionnaire is in English, we do not have this problem of 
translation. We can even say that non-native English respondents will have no 
problems with our adjectival scale (strongly disagree; disagree; neutral; agree; 
strongly agree). We opt for the adjectival scale in our questionnaire. 
 

Depending on the respondent’s English language skills and her or his 
precision, the questionnaire fill in time was 1 hour in the first phase and 40 minutes in 
the second phase. 
                                                                                                                                                                      
70 The software is freely available at http://phpesp.sourceforge.net/preview/design3/. 
71 Fowler (1998) refers to Andrews, F.M. "Construct validity and error components of survey 
measures: A structural modeling approach." In: Public Opinion Quarterly, 48, 1984, 409-422. 
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3.3.2. Background characteristics 
 

The first set of questions asks for background characteristics: education, 
working field, job description, affiliation, the country one works in, the time one has 
been active in the radioactive waste management field, age, and gender. You find the 
subdivisions in the appendix on page 274 In Table 9 we give the groupings of the 
background characteristics. The variable groupings of 'education', 'working field', and 
'job' are based on literature. (Barke, Jenkins-Smith and Silva, 2000) Later on, we will 
carry out a hierarchical cluster analysis. (see table Figure 5, Figure 6, and Figure 7) 
 
Variable Value Division  

1 Biology; Earth science; Environmental science   Education 
2 Chemistry; Engineering; Management; Material sciences; Physics 
1 Biology, Earth science, Environmental sciences, Human reliability 

analysis, safety culture  
Working field 

2 Chemistry, Engineering,  Management, Material sciences, Radiation 
Protection, Safety Assessment, Software engineering  

1 Engineering, Management, Research and Development, Technical support, 
Consultant 

Job 

2 Quality Assurance or Quality Control, Safety assessment, Public 
Participation  

1 Action Group   
2 Governmental agency, Local agency, Non-governmental organisation 

Private non profit organisation, Private research, Public participation group 
University 

Instpro 

3 Business consultant   
Instneut 1 Action Group, Business consultant   
 2 Governmental agency, Local agency, Non-governmental organisation 

Private non profit organisation, Private research, Public participation group 
University 

1 Female Gender  
2 Male 

Table 9: Groupings and values for the variables education, working field, job, institute pro-nuclear, 
institute neutrality, and gender. 

 
3.3.3. Assessment and expertise questions 

 
The second set of questions inquires into the respondents' competence, their 

assessment of the facility performance, their radiation protection perception and their 
confidence in their science.  

All questions of this and the following parts are Likert scales with five 
possibilities. The questionnaire protocol was set up with the aid of some SCK•CEN 
scientists carrying out studies for nuclear waste repositories. The assessment questions 
are extracted from two reports. (NEA, 2000; Volckaert, 2001) 

In the first phase both LLW (low level waste) and HLW (high level waste) 
questions are asked. Respondents have the opportunity to indicate whether their 
expertise is more in the field of HLW or LLW. In the second phase we do not give 
this possibility any more and we only retain the HLW questions. We had two reasons 
to drop the LLW questions. Firstly, they were felt as artificial and irrelevant. 
Secondly, the number of responses should be big to make a rescaling of LLW and 
HLW assessments possible. 
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In this section, we will describe and discuss the assessment questions. It is 
very difficult to make a distinction between hard and soft facts in a questionnaire. At 
page 26, we took Latour's definition of a hard fact that stated that a fact is hard if it 
increases the control, decreases the margin of negotiation and if all resources are 
brought in to force people to assent are explicitly arrayed. 

We operationalised this concept in two different ways. First of all, we based 
ourselves on articles and reports written by safety assessment technoscientists to know 
the assessment questions. In doing so, we presuppose that these questions are the 
arrayed terminology of technoscientists. Secondly, we try to assess whether the 
answers are assessment answers. We will do this by means of a little competence test. 
Here, we presuppose that knowledge of numbers or principles is an indication whether 
respondents argue with arrayed facts or not. We will focus on the assessment 
questions in this section. The assessment answer analysis and its challenges will be 
treated at page 133.  
 
3.3.3.1. Competence 

 
The competence is assessed with five questions. By means of these 

competence questions we want to differentiate between risk perception and hard fact 
assessment. 

There is one self-judgement question COMPASS (question 14) in which the 
respondents are asked whether they find themselves competent or not. The values go 
from 5 (very competent) down to 1 (not at all competent).  

Another question asks whether the respondent finds the assessment questions 
difficult (question 37). The question difficulty variable COMPQ goes from 1 (far too 
difficult to answer) to 5 (very easy to answer) as well. 

Two questions ask about the half-life of isotopes of 79Se (1,1 106 year) and 129I 
(1,57 107 year) that are important in the waste facility studies (question 34 and 35). 
There variables, COMPSE and COMPI get the value 5 if they are 'correct' and 1 if the 
answer is 'not correct'. One exception to this rule exists. The official half-life value of 
79Se was recently changed from 6,5 104 year to 1,1 106 year. (Vieno and Nordman, 
1999, 20) We decided to make a small difference between these two answers. The 
answer '6,5 104 year' was attached '4' on this competence question. 

A last competence question asks for diffusion percentage after a period of 
2000 years. (question 36) It assesses whether respondents understood the diffusion 
principle. The fraction of an isotope (129I in this case) that will diffuse out of a waste 
container which begins to leak after 2000 years, starting from that moment to infinity, 
depends on the half-life of the isotope. If the half-life of the isotope is very short 
compared to the time it is encaptured, most of the isotopes will be decayed and none 
of them will diffuse. If the time half-life is very long compared to the encapsulation 
period, almost no isotopes will be decayed and all will diffuse. With the formula N(t) 
= N(0) e-λt  and t1/2 = ln2/λ we obtain the following values that confirm the intuitive 
reasoning (see page 276). 
 

t1/2 (year) Fraction of N(0)  
remaining after 2000 years 

Diffused fraction 
(as in questionnaire) 

6,32 109 ≅1 100% 
1,57 107 0,99 100% 
6,32 105 0,98 100% 
1,57 103 0,41 50% 

6,32 5,46 10-96 0% 
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Table 10: Diffused fraction for 5 given half-lives in a 2000-year period as given in question 36. 
We made the following reasoning to score the variable COMPID. If people’s 

answer to this question corresponded with the answer they gave at the question for the 
half-life of 129I (for example 6,32 109 and 100%; or 1,57 103 and 50%) the variable 
got the value 5. If this was not the case, the variable got the value 0. 

 
We introduce a subjective and an objective competence factor. The subjective 

competence factor (variable COMPSUB) is the non-weighted average of the self-
judgement and difficulty question. The objective competence factor (variable 
COMPOBJ) is defined as the average of the 2 isotopes and the diffusion factor. 
COMP is the non-weighted average of the five competence variables. Finally, we 
define a humility variable CHUMIL that measures the difference between COMPSUB 
and COMPOBJ. To range it from 1 to 5 like the other competence variables, the 
variable gets the value 3 + ½(COMPSUB – COMPOBJ).  

 
Variable  nr Question 
compass 14 I consider myself ... to answer questions about repository safety assessment 
compse 34 What is the half-life of 79Se? 
compi 35 What is the half-life of 129I? 
compid 36 Which fraction of 129I will diffuse out of a waste container which begins to 

leak after 2000 y? 
compq 37 I found the questions in this part 
compsub  ½ (compass + compq) 
compobj  (1/3)(compse + compi + compid) 
compsum  (1/5)(compass + compse + compi + compid + compq) 
chumil  3 + ½(compsub – compobj) 

Table 11 : Competence variables and the questions. 

 
Variable Value = 1 Value = 5 
compass Not competent at all Very competent 
compse 6,5 year 6,5 108 year 
compi 6,32 year 6,32 109 year 
compid No correspondence with q35 Correspondence with q35 
compq Far too difficult to answer Very easy to answer 

Table 12: Minimum and maximum values for the competence variables. 
 

We have to make an important remark here. We presupposed that knowledge 
of numbers or principles is an indication whether respondents argue with arrayed facts 
or not. This is not an evident presumption in a social constructivist theory, for we 
cannot talk about the 'right' answer. What we can do is associate ourselves with a 
network that accepts a certain statement as fact. We will do this for the half-lives of 
79Se and 129I and for the diffusion principle. That this is not without sinecure, we 
already mentioned with the discussion about the official half-life value of 79Se 
recently being changed from 6,5 104 year to 1,1 106 year. 

It could accidentally be possible that the other half-life values mentioned are 
based on even stronger facts. Having asked some experts, this does not seem the case. 
We apply the scores as mentioned above without taking a convergent epistemological 
realism stance. 
 
3.3.3.2. Assessment questions 
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As we mentioned, the second way to take care that we measure assessments 
instead of mere perceptions is to ask good questions. We studied reports on safety 
assessment (Volckaert, 2001; NIRAS, 2001; 2000; 1998b; Sillen and Marivoet, 2000; 
NEA, 2000; ...). As we argued above, we will ask for R=M×p. Since the assessment 
questions contain 3 groups of questions concerning magnitude (M), probability (p) 
and assessed uncertainties on both (UM and Up), we get sets of four questions. 
 

Question Theme 
16-19 Repository dose rate 
20-23 Isolation failure 
24-25 Location 
26-29 Human intrusion 

Table 13: Different assessment themes in our questionnaire. 
 

A first set asks for an assessment of the time at which the dose rate due to 
nuclide migration from the HLW repository will exceed for the first time a dose rate 
of 0.3 mSv/y, taking all possibilities into account. (q16 to q19). Two others concern 
FEP’s. The first set of questions asks for an isolation problem (q20 to q23). The next 
set of questions asks for human intrusion assessment (q26 to q29). We also ask for an 
assessment of the time at which the location of the repository will be known and the 
uncertainty on this assessment (q24 and q25). 
 

For the multiple-choice categories of the magnitude (question 22 and 28), we 
choose to ask for the number of deadly injured people. We also could have asked 
about the cancer increase due to isolation failure or intrusion. We think we force the 
respondents to think in a way they are not used to by asking about deadly injured 
people. They might feel not respected in their way of thinking. However, since this is 
more polarised, we expect that this will give a better distribution. 

For the numerical multiple choice categories of the uncertainties, we took 1%, 
10%, 50%, 1 order of magnitude, and two orders of magnitude. We found this 
distribution both wide and precise enough to make assessments after comparison with 
common uncertainty factors from a spent fuel safety assessment report (Sillen and 
Marivoet, 2000) and after consultation with some safety assessment people. It has two 
different methods to describe uncertainty.  

 
 
Variable  Question 
mdosrat 18.  What will be the maximum dose rate at a certain time due to nuclide migration 

of the HLW repository, taken all possibilities (normal and altered evolution 
scenarios) into account?  

misol 22.  Suppose that the high level waste repository will be closed in 2100 according 
to the best available techniques of that time. 
Suppose an isolation problem due to closure failure does occur 500 years after 
closure. What is a realistic number of deadly injured persons a closure failure can 
cause in total? 

mintr 28.  Suppose the human intrusion does take place 1000 y after closure. What is a 
realistic number of deadly injured persons an intrusion can cause in total? 

 
Variable  Question 
pdosrat 16.  At what time do you expect that the dose rate due to nuclide migration from the 

HLW repository will exceed for the first time a dose rate of 0,3 mSv/y, taking all 
possibilities (normal and altered evolution scenarios) into account? 
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pisol 20.  Suppose that the high level waste repository will be closed in 2100 according to 
the best available techniques of that time. 
What will be the probability that something happens as a consequence of isolation 
problem due to system failure within 500 years after closure? 

ploc 24.  How long after closure will the location of the HLW repository be known? 
pintr 26.  At what time do you expect that human intrusion in the repository by means of 

drilling activities, mining, etc will occur for the first time? 
 
Variable  Question 
umdosrat 17.  What do you think is the uncertainty on the time period you have chosen? 
umisol 23.  What do you think is the uncertainty on the number you have chosen? 
umintr 29.  What do you think is the uncertainty on this number? 
umrpwet 31.  How certain are you about your assessment? 
updosrat 19.  What do you think is the uncertainty on the number you have chosen? 
upisol 21.  What do you think is the uncertainty on the number you have chosen? 
uploc 25.  What do you think is the uncertainty on this number? 
upintr 27.  What do you think is the uncertainty on this number? 

Table 14: M, p, U questions. 

 
Before we will describe the questions, a remark should be made concerning 

the questions itself in the light of interpretation. Putting information questions asks for 
some extra interpretation sensitivity. The answers of the safety assessment questions 
do not measure what people really know. They give an idea about the information 
people can produce. Some respondents will be willing to look for some additional 
information, certainly when they are motivated to give the ‘right’ answer. A few 
respondents, for example, stated that they had been working for more than 2,5 hours 
on the questionnaire. 

Furthermore, when choosing between answers, people prefer reliability above 
precision. They will choose questions which they think are reliable.  

In the first phase, question 13 asked for the ‘repository site’ the respondents 
were most familiar with. Some of the respondents mentioned that they were only 
familiar with a ‘research facility site’. In the second phase, we include this last 
concept in our question. The aim of this question is to make sure that all assessment 
questions concern the same research facility site. It will then be possible to compare 
the different questions mutually. It will also enable us to compare the influence of the 
different research facility sites on the assessment questions.  
 
3.3.3.3. Radiation Protection perception questions 
 

In another set of questions we fathom the assessment of the right dose 
response relationship for low doses and the uncertainty on this assessment 
(exceptional with an adjectival scale) (q30 and q31). We compare this with the 
respondent’s opinion of what an acceptable dose-response relationship assumption is 
for regulation issues (q32). These questions define two other variables RPWET and 
RPREG. A low score gives risk aversive attitude: low doses can induce large effects. 
A high score indicates a small profit, no profit at all or even a positive effect. RPREG 
asks which dose-response relation should be used despite of the hard fact knowledge. 
The same multiple choice possibilities are given.  

 
Value Question 
5 Very low doses have a positive effect on carcinogenic effects (hormesis).   
4 No carcinogenic effects occur below the threshold of 10 mSv. 
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3 Quadratic no-threshold: Small amounts of radiation exposure have little effect; there is a 
level at which the incidence of cancer increases rapidly as dosage increases. 

2 Linear no-threshold: Incremental additions of radiation dosage have the same effects at low 
dosage levels as at high levels  

1 Low dose, high response or curvilinear relationship: Even small amounts of radiation dose 
are likely to have serious carcinogenic effects.  

Table 15: Multiple choice possibilities for perceived hard fact correct and regulatory accepted 
answers for dose-response relationship. 

We define the radiation protection precaution variable RPPREC as the 
difference between science and regulation. A high score on this value means people 
scientifically take a low risk aversive point of view and on policy issues a risk 
aversive stance. This means they take globally a precaution stance. To make this 
variable range from 1 to 5, we give it the value 3+1/2(RPWET-RPREG). 
 
Variable  No. Question 
rpwet 30 What do you think is scientifically the right dose-response relationship for low 

doses (see figure above)? 
rpreg 32 What do you consider an acceptable assumption concerning the dose-response 

relationship (see figure above) for repository regulation? 
rpprec  3+1/2(RPWET-RPREG) 
Table 16: Radiation protection questions and the defined radiation protection precaution variable. 
 
3.3.3.4. Trust in science and technology 

 
Question 15 asks about the respondents’ trust in ‘their science’. It is a citation 

from the NEA document ‘Features, Events and Processes (FEPs) for Geologic 
Disposal of Radioactive Waste’, (NEA, 2000, 3). It states that ‘through international 
exchanges co-ordinated by the NEA, a general consensus has been reached’ on this 
issue. (Ibid.) The question can also give an indication of how supported this 
pronouncement is. 

Question 33 asks respondents about the knowledge of experts about the final 
waste content. We think that this is also a question about trust in the respondents’ own 
technoscientific field. We will get an idea of this presumption in the reliability 
analysis. 
 
Variable  No. Question 
tusefpa 15 Appropriate use of safety assessment methods and sufficient information 

from proposed disposal sites can provide the technical basis to decide 
whether specific disposal systems would offer to society a satisfactory level 
of safety for both current and future generations. 

twstdet 33 What do you think scientists or decision-makers know about the final waste 
forms that have to be disposed? 

Table 17: The trust variables questions. 
 
3.3.4. Group culture 

 
The third set of questions inquires group characteristics. We use two concepts, 

groupthink and organisational commitment. 
The groupthink concept is operationalised by M. Rosander, D. Stiwne, and K. 

Granstrom (1998) in a questionnaire. 24 questions were analysed with principal 
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component analysis. 20 questions were retained. The analysis provided 3 factors of 
the groupthink concept which were regarded as having bipolar qualities.  

The first factor consists of, on the hand, morale groupthink, according to the 
authors describing a strong belief in the integrity of a group and a strong belief in its 
effectiveness vs. demoralisation on the other hand, indicating the collective feeling of 
inadequacy and dissatisfaction (questions 38a,d,f,g,i, m, and 39a,b,c).  

The second factor distinguishes between autonomy and lack of control in the 
groupthink concept (questions 38 b,c,j,l, and 39d). The authors interpret: ‘A sense of 
autonomy refers to a belief in the group’s ability to do the right things. The mentality 
within the group is coloured by belief in the group’s ability to be autonomous. 
Outsiders trying to interfere with the way the group handles things are rejected. 
Members are very supportive of each other and the group collectively believes it is 
competence embodied.’ (Ibid., 86)  

The third factor measures self-sufficiency vs. vulnerability (questions 38e,h,k, 
and 39e,f,g). ‘In a broader perspective, this factor also concerns a group’s boundary 
regulations. Thus, a group characterised by low boundary permeability shuts itself off 
from outside influence and in extreme cases acts on fantasies about self-sufficiency 
and invulnerability. The other extreme, a group characterised by high boundary 
permeability, acts on the belief that the group urgently needs something from outside 
for development or survival.’ (Ibid.) 
 
Variable  Question 
gtmor1  (38a) Suggestions about how we should do our job never influence our work. 
gtmor2 (38d) There is no need to interfere with the leadership, because it wouldn't make any 

difference. 
gtmor3 (38f) It is no use trying to establish contact with other teams and groups because it is 

not going to make any difference, e.g. to help boost our inspiration or creativity. 
gtmor4 (38g) Negative judgements from outside the team make us feel worthless and 

pessimistic. 
gtmor5 (38i) There is not much you can do in our team to change your own work situation 

towards something better. 
gtmor6 (38m) As a member of our team, you are expected to do what you are told to. 

Members with individual competence do not get adequate respect. 
gtmor7 (39a) Our team leader decides most things by him/herself and leaves the rest of us 

without a say. 
gtmor8 (39b) New ideas and suggestions about the work in our team cannot be used or acted 

on due to, e.g. lack of resources and/or leadership. 
gtmor9 (39c) Optimism and belief in the future are expressions that don't really belong to our 

vocabulary. 
 
 
Variable  Question 
gtaut1 (38b) To develop the work of our team we sometimes have to go against the flow, 

use unconventional methods and maybe also take risks. 
gtaut2 (38c) We can see many signs of inferior teamwork in our team compared to other 

teams. 
gtaut3 (38j) When our leadership is working at its best it is often because we give him/her 

our support and feedback. 
gtaut4 (38k) We develop our teamwork without much need of any contact with other teams 

or other outsiders. 
gtaut5 (39d) Most of the time we deserve the criticism aimed at our team from other people. 
 
 
Variable  Question 
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gtvul1 (38e) The development of our team is proceeding at its best in relative isolation from 
other teams and groups. 

gtvul2 (38h) Other teams have inferior team spirit compared to us. 
gtvul3 (38k) We develop our teamwork without much need of any contact with other teams 

or other outsiders. 
gtvul4 (39e) Even if our team is not developing in the right direction, more contact with 

other teams and groups would not change anything. 
gtvul5 (39f) We evaluate our teamwork, and change it so it will work in the best possible 

way, without any regard to suggestions from outside the team. 
gtvul6 (39g) Our teamwork is superior to most other teams in our field of work. 

Table 18: Morality, autonomy, and vulnerability factor questions of the groupthink questionnaire. 
(Rosander, Stiwne, and Granstrom, 1998, 90-1) 

 
In the period between the two phases we found many critical studies on the 

groupthink concept and its operationalisation (see chapter 4). In the second phase we 
therefore added three extra questions on organisational commitment (OC). Kivimäki 
et al. (1994) inquired organisational commitment with an eight-item version of the 
OC scale developed by Mowday et al.72 Three subscales can be extracted. The first 
(OC-acceptance) indicates acceptance of the goals and values of the organisation. The 
second subscale (OC-willingness) measures whether people exert effort on behalf of 
the organisation. The third subscale (OC-desire) measures the desire to stay in the 
organisation. Kivimäki et al. found that perceived nuclear risk was related to all three 
components of OC. However, when the intercorrelations between the components 
were controlled, the variance in perceived nuclear risk was explained only by the OC-
acceptance component. Because we want to keep our questionnaire as short as 
possible, we only included the three items of this subcomponent (questions 39h,i,j). 
 
Variable  Question 
ocacc1 (39h) I talk up our team to my friends as a great team to work in. 
ocacc2 (39i) I find that my values and the team’s values are very similar. 
ocacc3 (39j) I am proud to tell others that I am part of this team. 

Table 19: The acceptance factor of Organisational Commitment. (Kivimäki et al., 1994) 
Both the groupthink and organisational commitment questionnaire have two 

well-known drawbacks. Firstly, many organisational psychologists stress the 
importance of specifying the unit of analysis on which the individual is asked to focus 
(e.g. department, organisation or job) and to construct items on that level of analysis. 
(Latour, 2002; van Muijen73, 1998d, 124) We tried to answer this by making the 
remark that these questions should deal with the group in which scientists or decision-
makers work. 
 

We now want to ask you some questions about the team in which you discuss about or make 
inquiries on the safety assessment of a radioactive waste repository. ´Your group´ refers to the 
research group or unit that you primarily consider yourself being part of, that is, the group (or team) 
that you normally work or co-operate with when doing research. 

 

                                                           
72 Mowday R.T., R.M. Steers, and L.W. Porter, “The Measurement of Organizational Commitment.”, 
In: Journal of Vocational Behavior, Vol. 14, 1979, 224-247. Cited in Kivimäki et al., 1994. 
73 van Muijen (1998d, 124) refers to ROUSSEAU, D.M., "The construction of climate in organizational 
research." In: C.L. Cooper & I.T. Robertson (Eds.), International Review of Industrial and 
Organizational Psychology, 3, 1988, 139-158. 
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 Secondly, the questionnaire is filled out individually. The context in which the 
questionnaire is filled out is different from the context in which an individual writes 
an article for a international symposium or a small group meeting. Consequently, the 
shared beliefs manifest themselves differently. 
 In spite of these fundamental critiques, it is worthwhile to measure group 
culture in a personal questionnaire. As already stated, we can obviate the first 
drawback by asking respondents which group is their 'home-group'. The second 
objection we can meet in saying that every social science methodology is limited and 
specific. Social science lab experiments or observations also give context specific 
results and are limited. The difference therefore is not fundamental but gradual. We 
agree that this methodology has its limits, but that in itself is no reason not to use it. 
 
3.3.5. Personality 

 
To inquire the effects of personality on hard fact assessments, we use a five-

factor questionnaire. In the first phase, we used the NEO-P-IR personality 
questionnaire (Paul T. Costa Jr. and Robert R. McCrae, 1985) containing 240 items. 
Since many respondents complained that the questionnaire was too long, we replaced 
the NEO-P-IR by the 60 item NEO-FFI. 

In the first subsection we explain the five different factors of this theory. In the 
second one we mention the 30 facets of the NEO-P-IR without too much explanation 
since we do not use them. In a last part, we outline the 13 facets of the NEO-FFI. We 
link the different facets and factors with the questions of the questionnaire. 

The five factors are neuroticism, extraversion, openness, agreeableness and 
conscientiousness. The factors are described in more detail at page 71.  These factors 
can be further refined in sub-factors or facets. We mention two typologies. A first 
typology originates from Costa and McCrae (1985) and is constituted of 30 facets. It 
is measured by the NEO-PI-R. A second analysis of the five factors originates from 
Saucier and contains 13 facets for 5 factors. 
 
3.3.5.1. NEO-P-IR  and 30 different facets 
 

Each of the five NEO-P-IR domains is subdivided by six, more specific scales 
that measure facets of the domain. We will give these facets here without explanation. 
After all, we did not analyse the whole questionnaire in our analysis.  

Neuroticism can be divided into anxiety (N1), angry hostility (N2), depression 
(N3), self-consciousness (N4), impulsiveness (N5), and vulnerability (N6). 
Extraversion consists of warmth (E1), gregariousness (E2), assertiveness (E3), 
activity (E4), excitement-seeking (E5), and positive emotions (E6) according to the 
NEO-PI-R. The openness facets measure a respondent's openness to fantasy (O1), 
aesthetics (O2), feelings (O3), actions (O4), ideas (O5), and values (O6). 
Agreeableness is to analyse in trust (A1), straightforwardness (O2), altruism (O3), 
compliance (O4), modesty (O5), and tender-mindedness (O6). At last, the 
conscientiousness facets are competence (C1), order (C2), dutifulness (C3), 
achievement striving (C4), self-discipline (C5), and deliberation (C6). 
 
3.3.5.3. NEO-FFI and 13 different facets 
 

Since we thought the length of this list was the major stumbling block for 
respondents not to answer, we replaced in the second phase the NEO-P-IR by the 
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NEO-FFI. The NEO-FFI is a 60-item personality questionnaire. Since the 60 NEO-
FFI questions are taken from the NEO-P-IR, the 60 questions of the NEO-P-IR 
answers from the first phase could be used as well in the NEO-FFI. 

The NEO-FFI taps? the five broad factors with fidelity and reliability.  
However, a study of Gerard Saucier (1998) shows that the conventional scoring of 
this short form does not provide scores on more specific aspects of the general factors. 
13 item clusters were found to replicate across halves of a sample of self-descriptions 
by adults (N=732). Thirteen factor-analytically-derived scales were developed for the 
item clusters. The scales in Saucier’s research demonstrated reliability and factor 
structure comparable to that of the 30 facet scales of the NEO-PI-R. Correlation and 
multiple regression analyses showed that the content coverage of the 13 scales has 
high overlap with that of the NEO-P-IR facet scales, but that representation of some 
facet scales is more moderate. 

Saucier states that the facet labels should be considered as tentative 
characterisations of content themes, rather than a perfect or definitive labelling. In his 
labelling, Saucier attempted to avoid association with an NEO-P-IR facet to underline 
the fact that the clusters are in no case entirely isomorphic. 

 
Factor Theme of Cluster α NEO-FFI items 

Negative affect .80  neo_n 1,3,4,7,10 Neuroticism 
Self-reproach .80  neo_n 2,5,6,8,9,11,12 
Positive affect .76  neo_e 2,3,8,9 
Sociability .67  neo_e 1,4,6,12 

Extraversion 

Activity .69  neo_e 5,7,10,11 
Aesthetic interests .75  neo_o 3,5,9 
Intellectual interests .74  neo_o 10,11,12 

Openness 

Unconventionality .56 neo_o 1,2,4,8 
Nonantagonistic orientation .71 neo_a 2,3,4,5,6,9,11,12 Agreeableness 
Prosocial orientation .58  neo_a 1,7,8,10 
Orderliness .74 neo_c 1,2,3,6,11 
Goal-striving .68 neo_c 5,7,12 

Conscientiousness 

Dependability .66 neo_c 4,8,9,10 

Table 20 : NEO-FFI item clusters: reliability and constituent items, N=732. (Saucier, 1998, 268) 
 
Q item facet Question 
1 neo_n1 1 I am not a worrier.  

11 neo_n3 1 When I'm under a great deal of stress, sometimes I feel like I'm going to 
pieces. 

16 neo_n4 1 I rarely feel lonely or blue.       
31 neo_n7 1 I rarely feel fearful or anxious.       
46 neo_n10 1 I am seldom sad or depressed.       
6 neo_n2 2 I often feel inferior to others.       

21 neo_n5 2 I often feel tense and jittery.      
26 neo_n6 2 Sometimes I feel completely worthless.      
36 neo_n8 2 I often get angry at the way people treat me.       
41 neo_n9 2 Too often, when things go wrong, I get discouraged and feel like giving up.   
51 neo_n11 2 I often feel helpless and want someone else to solve my problems.     
56 neo_n12 2 At times I have been so ashamed I just wanted to hide.       

Table 21: NEO-FFI Neuroticism items. The questions are clustered by their facets according to 
Saucier (1998): Negative affect (1) and Self-reproach (2). 

 
 
Q item facet Question 
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7 neo_e2 1 I laugh easily.       
12 neo_e3 1 I don't consider myself especially "light-hearted".       
37 neo_e8 1 I am a cheerful, high-spirited person.      
42 neo_e9 1 I am not a cheerful optimist.       
2 neo_e1 2 I like to have a lot of people around me.  

17 neo_e4 2 I really enjoy talking to people.       
27 neo_e6 2 I usually prefer to do things alone.       
57 neo_e12 2 I would rather go my own way than be a leader of others.      
22 neo_e5 3 I like to be where the action is.     
32 neo_e7 3 I often feel as if I'm bursting with energy.      
47 neo_e10 3 My life is fast-paced.      
53 neo_e11 3 I am a very active person.       

Table 22: NEO-FFI Extraversion items. The questions are clustered by their facets according to 
Saucier (1998): Positive affect (1), Sociability (2), and Activity (3). 

 
Q item facet Question 
13 neo_o3 1 I am intrigued by the patterns I find in art and nature.       
23 neo_o5 1 Poetry has little or no effect on me.      
43 neo_o9 1 Sometimes when I am reading poetry or looking at a work of art, I feel a 

chill or wave of excitement.       
48 neo_o10 2 I have little interest in speculating on the nature of the universe or the 

human condition.      
53 neo_o11 2 I have a wide range of intellectual interests.       
58 neo_o12 2 I often enjoy playing with theories or abstract ideas.       
3 neo_o1 3 I don't like to waste my time daydreaming.   
8 neo_o2 3 Once I find the right way to do something, I stick to it.       

28 neo_o4 3 I believe letting students hear controversial speakers can only confuse and 
mislead them.       

38 neo_o8 3 I believe we should look to our religious authorities.        
28 neo_o6 - I often try new and foreign foods.      
33 neo_o7 - I seldom notice the moods or feelings that different environments produce.   

Table 23: NEO-FFI Openness items. The questions are clustered by their facets according to 
Saucier (1998): Aesthetic interests (1), Intellectual interests (2), Unconventionality (3), and those left 
out (-). 
 
Q item facet Question 
9 neo_a2 1 I often get into arguments with my family and co-workers.    

1 4 neo_a3 1 Some people think I'm selfish and egotistical.      
1 9 neo_a4 1 I would rather co-operate with others than compete with them.      
2 4 neo_a5 1 I tend to be cynical and sceptical of others' intentions.      
2 9 neo_a6 1 I believe that most people will take advantage of you if you let them.     
44 neo_a9 1 I'm hard-headed and tough-minded in my attitudes.       
54 neo_a11 1 If I don't like people, I let them know it.      
59 neo_a12 1 If necessary, I am willing to manipulate people to get what I want. 
4 neo_a1 2 I try to be courteous to everyone I meet.      

34 neo_a7 2 Most people I know like me.       
39 neo_a8 2 Some people think of me as cold and calculating.       
49 neo_a10 2 I generally try to be thoughtful and considerate.       

Table 24: NEO-FFI Agreeableness items. The questions are clustered by their facets according to 
Saucier (1998): Non-antagonistic interests (1) and Prosocial orientation (2). 
 
Q item facet Question 
5 neo_c1 1 I keep my belongings neat and clean.       

10 neo_c2 1 I'm pretty good about pacing myself so as to get things done on time.    
15 neo_c3 1 I am not a very methodical person.        
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30 neo_c6 1 I waste a lot of time before settling down to work.        
55 neo_c11 1 I never seem to be able to get organised.       
25 neo_c5 2 I have a clear set of goals and work toward them in an orderly fashion. 
35 neo_c7 2 I work hard to accomplish my goals.       
60 neo_c12 2 I strive for excellence in everything I do.  
20 neo_c4 3 I try to carry all the tasks assigned to me conscientiously.       
40 neo_c8 3 When I make a commitment, I can always be counted on to follow 

through.       
45 neo_c9 3 Sometimes I'm not as dependable or reliable as I should be.       
50 neo_c10 3 I am a productive person who always gets the job done.       

Table 25: NEO-FFI Agreeableness items. The questions are clustered by their facets according to 
Saucier (1998): Orderliness (1), Goal-striving (2), and Dependability (3). 
 

3.4 Subjects 
 
3.4.1. General aspects 
 

The operational population, the population segment that is actually 
investigated (Swanborn, 1994, 269), is always co-determined by a frame. This frame 
(Ibid., 270) is made by the administrative registration available to determine the 
operational population. In our case, this frame consists of (1) the waste link website 
www.radwaste.org, describing all different radioactive waste resources on the internet 
and (2) contacts attained from waste experts at SCK•CEN. We try to reach our entire 
operational population since it is small enough. A list of contacted institutes is found 
at page 287. Some of the organisations answered that they did not belong to the target 
group of the questionnaire. 

In the first phase the questionnaire is sent to organisations in countries with 
Dutch, English, French, and German as mother tongue: Australia, Belgium, France, 
Germany, The Netherlands, United Kingdom, and United States. The questionnaire is 
sent to one person in an organisation. This contacted person has to distribute the 
questionnaire to the relevant people in her or his organisation. In order to increase the 
response in the second phase we asked acquainted scientists (from inside and outside 
SCK•CEN) to contact scientists and decision-makers acquainted to them to distribute 
the questionnaire. To organisations where there were no such acquaintance links, the 
questionnaire is sent to an official representative as was done in the first phase. 
Countries that are contacted in this phase are Australia, Austria, Belgium, Canada, 
China, Czech Republic, Denmark, Finland, France, Germany, Hungary, Japan, the 
Netherlands, Russian Federation, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
United Kingdom, and United States. 
 

In every institute, we looked for a contact person. We asked the contact 
persons to forward the questionnaire and put the researcher in ‘carbon copy’ when 
distributing the questionnaire in their organisation or to mention how many people 
they had sent the questionnaire. This did not work out. Our distribution approach 
makes it therefore difficult to measure the response rate. 

In absolute figures, we had a low return (about 70 individuals) for the first 
phase. Together with the second phase, we had 149 usable answers from 82 different 
institutes. How to get an idea about the response rate? The first thing we can do is 
look at the institutes. We approached 542 institutes we found on the radwaste website 
and by means of contacts with SCK•CEN employees. 18 responded that they do not 
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have people qualified in the radwaste domain to answer the technical questions. We 
are not sure that the 524 remaining institutes are all relevant institutes. However, the 
institute response rate we found is 1,56 percent. If all irrelevant institutes were deleted 
from the list, this percentage would be higher. At the personal level, the response rate 
is lower compared to institute response rate, lower than 1,56 percent. This is, indeed, 
very low. 

Likewise, the non-response analysis is difficult to execute. It is hard to define 
precisely whether there is a selective non-response. The relation between personal 
motivation and response is hard to inquire into precisely too. We will come back to 
that in our conclusions (page 150). 

 
Literature gives some explanation for low returns on web-based multiple 

choice questionnaires. First of all, in a multiple choice questionnaire, people feel not 
listened to. Many questions will arouse discomfort because the respondents can not 
answer them in as detailed or balanced a way as they want to answer them, originating 
in drop-backs. (Abric, 1995, 40) Electronic questionnaires generally have a very low 
response rate as well. (Mangione, 1998, 420) Respondents of questionnaires have 
often low intrinsic motivation. An extrinsic motivation is difficult to organise. 
(Intellectual) restitution (feedback on the own organisation) is possible for members 
of an organisation that gives a lot of answers. Gifts seem to fasten the responses, not 
to increase them. (Swarborn, 1994) 

 
Going from the first phase to the second, we thought that the questionnaire’s 

length was probably another contribution to the low response rate. Sjöberg and 
Drottz-Sjöberg (2001) contest that the length of a questionnaire influences a response 
in an important way. They refer to research that the response rates drop with 0,4% per 
page of mailed questionnaire74. 

Because of the distribution method used, it is very difficult to send a reminder 
to the potential respondents. We sent a response to the distributors of the 
questionnaire. 

Since the questions were quite personal, we found it important to stress the 
privacy of our research. The privacy is guaranteed by official procedures. 
 

SCK•CEN and RUG are committed to protect the privacy of participants to this questionnaire, 
according to the Belgian privacy law of 8 December 1992, as adapted by the law of 11 December 
1998. We use the personalised information we collect exclusively for our PhD work. In accordance 
with the laws mentioned, you are entitled to inspect your personal data and they will be corrected at 
your request. The Public Register at the Belgian Commission for the Protection of Privacy can 
provide you with all additional information at www.privacy.fgov.be . 
The researchers will not know your personal name if you do not state it here. The name of your 
institute or company will not be accessible for other respondents; neither in the data handling, nor in 
reports. 

 
 
3.4.2. Frequencies 
 

                                                           
74 HEBERLIEN T.A. and R. Baumgartner, “Factors affecting response rates to mailed questionnaires: a 
quantitative analysis of the published literature”, In: American Sociological Review, 43, 447-62, 1978; 
BURCHELL B. and C. Marsh, “The effect of questionnaire length on survey response, In: Quality & 
Quantity, 26, 233-44, 1992. 
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 Below we put some frequency tables to describe our population. It gives an 
overview of the country they live in, age, and gender.  

COUNTRY

6 4,0 4,0 4,0
31 20,8 20,8 24,8
10 6,7 6,7 31,5

3 2,0 2,0 33,6
14 9,4 9,4 43,0

1 ,7 ,7 43,6
8 5,4 5,4 49,0
4 2,7 2,7 51,7
6 4,0 4,0 55,7
1 ,7 ,7 56,4
2 1,3 1,3 57,7
7 4,7 4,7 62,4
1 ,7 ,7 63,1

18 12,1 12,1 75,2
11 7,4 7,4 82,6

2 1,3 1,3 83,9
2 1,3 1,3 85,2

22 14,8 14,8 100,0
149 100,0 100,0

 
Belgium
Canada
China
Czech Republic
Finland
France
Germany
Hungary
Russian Federation
Slovakia
Slovenia
Spain
Sweden
Switzerland
The Netherlands
United Kingdom
United States of America
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
Table 26: Frequencies of countries the respondents come from. 

 
EDUCAT

4 2,7 2,7 2,7
27 18,1 18,2 20,9
29 19,5 19,6 40,5
49 32,9 33,1 73,6
4 2,7 2,7 76,4

30 20,1 20,3 96,6
2 1,3 1,4 98,0
1 ,7 ,7 98,6
2 1,3 1,4 100,0

148 99,3 100,0
1 ,7

149 100,0

Biology
Chemistry
Earth Science
Engineering
Environmental Science
Physics
Management
Material Sciences
Others
Total

Valid

SystemMissing
Total

Frequency Percent
Valid

Percent
Cumulative

Percent

 
Table 27: Frequencies of the respondents’ education. 
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JOB

17 11,4 11,4 11,4
11 7,4 7,4 18,8
30 20,1 20,1 38,9

7 4,7 4,7 43,6
5 3,4 3,4 47,0
6 4,0 4,0 51,0

65 43,6 43,6 94,6
8 5,4 5,4 100,0

149 100,0 100,0

 
Engineering
Management
Performance Assessment
Public Participation
Quality Assurance or Quality Control
Research and Development
Technical support
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
Table 28: Frequencies of the respondents’ job descriptions. 

 

YORG_L

27 18,1 18,1 18,1
30 20,1 20,1 38,3
31 20,8 20,8 59,1
46 30,9 30,9 89,9
15 10,1 10,1 100,0

149 100,0 100,0

1-4 years
10-14 years
15 years or more
5-9 years
Less then 1 year
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
Table 29: Frequencies of the number of years people have been members of their actual 
organisation. 

 

YFIELD_L

22 14,8 14,8 14,8
33 22,1 22,1 36,9
44 29,5 29,5 66,4
34 22,8 22,8 89,3
16 10,7 10,7 100,0

149 100,0 100,0

1-4 years
10-14 years
15 years or more
5-9 years
Less then 1 year
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
Table 30: Frequencies of the number of years people have been working in the radioactive waste 
management field. 

 

AGE_L

17 11,4 11,4 11,4
45 30,2 30,2 41,6
44 29,5 29,5 71,1
30 20,1 20,1 91,3
13 8,7 8,7 100,0

149 100,0 100,0

60 or older
From 30 to 39
From 40 to 49
From 50 to 59
Younger then 30
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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Table 31: Frequencies of the respondents' ages. 

 

GENDER_L

26 17,4 17,4 17,4
123 82,6 82,6 100,0
149 100,0 100,0

female
male
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
Table 32: Respondents’ gender. 
 
3.4.3. Interpretation difficulty 

 
One of the advantages of a web based questionnaire is the automatic data 

transition. It reduces the possibility of making errors in the data transitions. However, 
when something goes wrong, it is difficult to repair. Small questionnaire data are 
submitted together with the URL. This makes data restoration possible if something 
goes wrong. For bigger questionnaires, the data are submitted in a separate file, which 
is automatically deleted after data transmission. This goes for the Easy Survey 
Package as well. 
 The early Easy Survey Package version we used sets the missing values 
default to “0”. It also put the lowest score to “0” for subquestions. Since the 
questionnaire was that big that the data were not submitted with the URL, our data for 
the personality and the group questionnaire could not be restored on an informatics 
basis. The missing values have a value. Therefore, the traditional missing value 
techniques can not be applied to restore either.  

This problem does not apply to the assessment questions and the background 
information. Correlations between these two therefore are not a problem at all from 
the 0-value point of view. The problem does apply to the group and individual 
questionnaire data, which therefore remain ambiguous. Starting from page 122, we 
will describe the techniques we applied in our attempt to tackle this issue and save our 
date as much as possible.  
 

3.5. Data treatment 
 

This section consists of five parts. We start with a theoretical introduction on 
error in general and on reliability and validity in particular. We mention how we apply 
these concepts in our questionnaire data treatment. In the four following parts, we 
treat our four sets of questions: background characteristics, hard fact assessments, 
group aspects and personality traits. In the two last ones, we go into the 0-value issue. 
 
3.5.1. Introduction 
 
3.5.1.1. Theoretical approach 

 
In survey research, error comprises two components: random error and 

measurement error. Random error is the unpredictable error that occurs in all 
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research. It may be caused by many different factors but is primarily affected by 
sampling techniques. The main way to lower the occurrence of random error is to 
select a larger and more representative sample. Measurement error refers to how well 
or poorly a particular instrument carries in a given population. Measurement error is 
described by two aspects: reliability and validity. 
 

Reliability measures the reproducibility of stability of data or observations. 
Achieving a high reliability is one of questionnaire’s set-up objectives. It implies that 
the data are highly reproducible. Survey reliability is commonly assessed in three 
forms: test-retest, alternate-form, and internal consistency. Test-retest reliability is 
measured by having the same set of respondents complete a survey at two different 
points in time to see how stable the responses are. Correlation coefficients are then 
calculated to compare the two sets of responses. In general r-values are considered 
good if they equal or exceed 0.70. (Ibid., 8) Alternate-form reliability provides one 
way to escape the problem of the practice effect. It involves (1) using differently 
worded items that are similar but not identical, (2) changing the order of the 
questions, (3) changing the wording of the response sets without changing the 
meaning. The ‘split halves method’ administers each alternative to half of the 
population. Interobserver (interrater) reliability is another method of concept of 
testing reproducibility. It provides a measure of how well two or more evaluators 
agree in their assessment of a variable. In our questionnaire, this is not important. 
Internal consistency is an indicator of how well the different items measure the same 
issue. Internal consistency is measured by calculating the Cronbach’s coefficient 
alpha.  

Cronbach's alpha measures how well a set of items (or variables) measures a 
single unidimensional latent construct.  When data have a multidimensional structure, 
Cronbach's alpha will usually be low. Technically speaking, Cronbach's alpha is not a 
statistical test - it is a coefficient of reliability (or consistency). Cronbach’s alpha can 
be written as a function of the number of test items AND the average inter-correlation 
among the items.  Below, for conceptual purposes, we show the formula for the 
standardized Cronbach's alpha:  

 
Here N is equal to the number of items and r-bar is the average inter-item 

correlation among the items. One can see from this formula that if you increase the 
number of items, you increase Cronbach's alpha. Additionally, if the average inter-
item correlation is low, alpha will be low.  As the average inter-item correlation 
increases, Cronbach's alpha increases as well.  

What number should alpha be to call a factor reliable? This number is 
conventional and dependent on the number of cases and the inquiry purpose. As a rule 
of thumb, it is comforting to have at least 300 cases for factor analysis for a 
confirmatory analysis. Solutions that have several high loading marker variables 
(>.80) do not require such large sample sizes (about 150 should be sufficient) as 
solutions with lower loadings and/or fewer marker variables.75 (Tabachnick and 

                                                           
75 Tabachnick and Fidell (1996, 640) refer to GUADAGNOLI A, E. and W.F. Velicer, "Relation of 
sample size to the stability of component patterns", Psychological Bulletin, 103, 1988, 265-275. 
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Fidell, 1996, 640) Exploratory inquiries are said76 to suffice with cronbach's alfas of 
.60. 
 

Validity is the assessment of how well a survey or index measures what it is 
intended to measure. Litwin (1995) describes different sorts of validity.  

Face validity is based on a cursor review of items by untrained judges. 
Content validity is a subjective measure of how appropriate the items seem to a set of 
reviewers who have some knowledge of the subject matter. The assessment of content 
validity typically involves an organised review of the survey’s contents to ensure that 
it includes everything it should and does not include anything it should not. 

Criterion validity is a measure of how well one instrument stacks up against 
another instrument or predictor. It consists of two sorts of measurements: concurrent 
and predictive validity. Concurrent validity requires that the survey instrument in 
question be judged against some other method that is acknowledged as a “gold 
standard” for assessing the same variable.  Predictive validity is the ability of a survey 
instrument to forecast future events, behaviours, attitudes, or outcomes. 

Construct validity is a theoretical gestalt-type measure of how meaningful a 
survey instrument is, usually after many years of experience by numerous 
investigators in many varied settings and practical uses. Construct validity is seen as 
entailing convergent and divergent validation. Convergent validity is a measure of 
survey accuracy that involves using different tools to obtain information about a 
particular variable and seeing how well they correlate. Evaluating convergent validity 
is analogous to measuring alternate-form reliability but with different established 
instruments rather than different wordings of a single item. Divergent validity is a 
measure of survey accuracy that involves using different tools for obtaining 
information about similar but discrete variables and seeing if they differ.  

It is noteworthy that a survey instrument itself may define the way we think 
about the variable. 
 
3.5.1.2. Questionnaire application 
  

The internal reliabilities of group and personality factors are of particular 
importance because of the 0-value interpretation problem. The NEO questionnaire 
was subjected to all above-mentioned validity analyses in its 45 years of development.  

We did not carry out validity assessment. For background characteristics this 
is not useful. A test-retest and an alternate reliabilities analysis would have been 
useful for the assessment questions. We could have tested the content validity with 
SCK•CEN employees for the assessment questions and assessed the random error 
with the Structural Equation Modelling technique. Because of time limits, we chose 
not to explore it. 
 
3.5.2. Background characteristics 
  
 Our first background questions asked for education, working field, job, and the 
kind of institute. Their scaling was ambiguous. Concerning education, many 
respondents have different degrees. Some subdivisions are overlapping as well. 
Material Science Engineers for example could rate both Material Science and 
Engineering. The same goes for the working field and job question. 
                                                           
76  CRONBACH, L.J., "Coefficient alpha and the internal structure of tests", In: Psychometrica, ; 16, 
1951, 297-334. 
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 The 'kind of institute' question also got a lot of different answers for the same 
institute. SCK•CEN for example was rated as private non-profit, governmental 
agency, and even as public participation group. Some SCK•CEN respondents gave 
their own description, such as 'research institute' or 'institute of public interest with 
private law character'. We saw no other solution to this problem than to assess 
ourselves the pro and contra and the neutrality of institutes. We compared this with 
assessments of two other colleagues. It was remarkably similar. We used our 
individual assessment. It is self-evident that the results obtained with this variable can 
only serve as suggestion.  
 Fortunately we had no appreciable problems with the gender determination... 
 
 As described above, we structured the answers ourselves as is to be found in 
Table 9 based on literature. Barke et al. (2000) carried out a hierarchical cluster 
analysis. We did not execute this classification analysis. 
 
3.5.3. Assessment factors 
 

When we carry out a principal component factor analyses77, the U items load 
perfectly to one factor. The p and M items load to two other factors. (Table 78 in 
appendix B) 
 The reliability analyses of the three factors give the following results. The p-
factor has a low α−value (.49) which is not increased if one of the three p-items is 
deleted. We therefore keep the p-factor with the three items and will treat this factor 
with a lot of caution. The probability factor can only give indications. 

The 3 item M-factor has a cronbach’s alpha αM3 of .59, which is increased up 
to αM2 =.80 if the MDOSRAT item is deleted. We consider this as an appropriate 
increase and delete the item. 

The U factor’s cronbach’s alpha increases from .83 to .90 when the 
UMRPWET item is deleted. This variable refers to an uncertainty question 
concerning radiation protection.  We consider the radioactive waste experts less 
competent in the radiation protection field than their own radioactive waste disposal 
field. This argument together with the α increase is sufficient to delete the item. 
 If we test the factor loadings again, only the PLOC item does not load on its 
own factor. Since this item loads .55 on the M-factor and .31 on the p-factor, we 
consider it appropriate to use the regression factors of these three factors without a 
loss of validity. 
 
 

 

                                                           
77 We note that in factor analysing, we do not treat the assessment for the different repository sites 
separately but take the assessments globally. 
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Rotated Component Matrixa

,85 ,06 ,26
,84 -,03 ,14
,78 ,12 ,07
,78 -,12 -,02
,78 ,03 ,33
,74 ,36 ,00
,60 ,49 -,27
,14 ,86 -,10
,06 ,79 ,27

-,12 ,55 ,31
,12 ,03 ,78
,22 ,31 ,59

UMDOSRAT
UPISOL
UPINTR
ULOCP
UPDOSRAT
UMISOL
UMINTR
MINTR
MISOL
PLOC
PINTR
PDOSRAT

1 2 3
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 5 iterations.a. 
 

Table 33 : Factor analyses of M, p, and U items after deletion of 2 items. 
 

We define two other variables UMSUM and UPSUM, the respectively 
assessed uncertainties on the magnitude (UM) and probability (Up) assessments. Their 
internal consistency remains high, .80 for UMSUM and .85 for UPSUM.78 (see Table 
35) 

 
 We carry out the same analyses for the competence and trust items. The factor 
analysis gives two pure competence factors, the subjective and the objective one. 
However, the reliabilities are low. The five item competence reliability is .50. 
Deleting an item would not increase tremendously the reliability. The objective 
competence cronbach’s α is .51. When the COMPID item is deleted, it only increases 
to .55, which is still low. The subjective competence reliability is very low (.38). The 
trust factor too has a very low reliability (.38). We decide to take the regression factor 
scores for the 5 item competence factor and use the two trust factors as single items.
   

                                                           
78 The works of Tversky and Kahneman for example are based on Up although they talk about 
uncertainty. 'Many decisions are based on beliefs concerning the likelihood of uncertain events such as 
the outcome of an election, the guilt of a defendant, or the future value of the dollar. These beliefs are 
usually expressed in statements such as "I think that ...", "Chances are...", "It is unlikely that ...", and so 
forth' (1974, 1124). Tversky and Kahneman assigned three mayor heuristics to judge Up: 
representativeness, availability and adjustment from an anchor. We will treat this at page 174. 
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Rotated Component Matrixa

,82 ,11
,68 -,12
,62 ,32

-,06 ,77
,20 ,75

COMPI
COMPID
COMPSE
COMPASS
COMPQ

1 2
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 3 iterations.a. 
 

Table 34: Factor analyses of the competence items. 

 
 

Factor Reliability 
αM3 .59 
αM2 .78 
αp .49 
αU .90 
αUp .85 
αUM .80 

αComp .50 
αCompObj3 .51 
αCompObj2 .55 
αCompSub .39 

αTrust .38 

Table 35: Summary for the reliabilities in the assessment questions. 

 
3.5.4. NEO-FFI reliabilities 
 
3.5.4.1. Reliability at factor level   
 
 In our factor and reliability analysis we focus now on the NEO-FFI data. 
Together with the group questions, the reliability in this set of questions is extra 
important because of the 0-value interpretation difficulty.  

This gives the rotated component matrix you find in Table 36. The first 
extraversion factor contains 9 neo_e items of 14 items in total. The conscientious 
factor contains 9 of 11 neo_c items, whereas the third factor has 10 of 14 neo_n items. 
The two last factors contain 8/11 neo_o and 9/10 neo_a. If we measure the reliability 
with the cronbach's alphas, we see that they are anything between .60 and .80 (Table 
39). 
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Table 36 : NEO-factor analysis. 

Rotated Component Matrix a

,72 ,18 -,22 -,03 -,08
,67 -,08 -,08 -,05 -,10
,64 ,20 -,09 ,11 ,02
,60 -,02 -,06 -,16 ,20
,59 ,02 ,04 ,16 ,03
,59 -,11 -,08 -,21 -,06
,52 ,07 ,01 ,42 -,14
,51 ,04 -,13 -,09 -,13
,49 ,37 ,12 ,09 ,25
,49 ,35 -,11 ,13 ,05
,49 ,20 -,25 ,30 -,22
,44 -,13 -,02 ,12 -,06
,41 ,15 ,07 -,04 -,06
,25 ,11 ,02 ,11 ,07

-,12 ,71 -,03 ,21 ,07
,08 ,70 ,01 -,15 ,04
,24 ,69 -,01 ,20 ,09

-,02 ,68 -,04 ,34 ,07
,13 ,62 -,23 -,31 -,14
,10 ,60 -,36 ,16 ,13

-,06 ,48 ,07 -,01 ,18
,40 ,47 ,11 ,25 ,14
,30 ,44 -,42 -,07 -,02
,22 ,42 -,35 -,02 ,16

-,21 -,33 ,18 ,23 -,14
-,07 -,04 ,64 ,00 -,06
,08 -,08 ,62 -,12 ,06

-,02 -,35 ,54 -,32 -,06
-,08 ,05 ,53 ,20 -,11
,06 ,02 ,52 -,12 -,01

-,09 ,11 ,51 ,14 -,06
,02 -,20 ,50 -,11 ,13

-,24 ,10 ,48 ,04 -,14
,26 -,06 -,46 ,01 ,26
,06 ,01 ,44 -,23 -,25
,03 -,12 ,44 -,23 -,18
,12 ,31 -,39 ,01 -,06

-,05 -,06 -,34 -,07 ,31
-,20 -,03 ,32 ,11 ,09
,02 -,02 -,08 ,60 ,07
,06 ,10 ,14 ,52 ,14

-,12 -,01 -,09 ,50 -,13
,10 ,03 -,05 ,47 ,19
,38 -,09 ,08 ,46 -,03
,07 -,09 -,08 ,45 -,07
,18 ,26 ,01 ,44 ,09
,10 -,33 ,41 -,44 ,04
,00 ,19 ,02 ,33 ,11

-,20 -,28 -,04 ,32 -,10
,04 -,22 ,29 -,31 ,05

-,04 ,03 -,22 -,01 ,60
-,05 ,21 -,31 ,10 ,55
,08 ,09 -,14 ,01 ,54
,31 -,03 ,03 -,01 ,47

-,18 ,01 ,03 ,04 ,47
-,13 ,08 -,08 ,14 ,45
,13 ,27 ,22 ,22 ,44

-,01 ,25 ,11 -,16 ,44
-,08 -,05 -,21 ,14 ,35
,00 -,15 -,10 ,09 -,23

NEO_E08
NEO_E04
NEO_E11
NEO_A07
NEO_E05
NEO_E01
NEO_O11
NEO_E02
NEO_A10
NEO_C12
NEO_E07
NEO_O06
NEO_E10
NEO_E06
NEO_C11
NEO_C01
NEO_C05
NEO_C03
NEO_C02
NEO_C06
NEO_C04
NEO_C07
NEO_C10
NEO_E12
NEO_O01
NEO_N05
NEO_N03
NEO_N02
NEO_N01
NEO_N07
NEO_N04
NEO_N12
NEO_N10
NEO_E09
NEO_N08
NEO_N06
NEO_C09
NEO_E03
NEO_A04
NEO_O04
NEO_O03
NEO_O10
NEO_O05
NEO_O09
NEO_O12
NEO_C08
NEO_N09
NEO_O07
NEO_O08
NEO_N11
NEO_A09
NEO_A02
NEO_A05
NEO_A08
NEO_A11
NEO_A12
NEO_A01
NEO_A03
NEO_A06
NEO_O02

1 2 3 4 5
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 8 iterations.a. 
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3.5.4.2. Reliability at facet level 
 
 We are also interested in the 13 facets of the NEO-FFI as described by Gerard 
Saucier (1998). The factor analysis of the item sums of each facet is not convincing. 
Only the C and A facets cluster as wanted (see Table 81 in appendix B). The 
reliability values are low as well. We decide to continue to use the facet approach, but 
with a lot of caution. 
 

Factor Theme of Cluster α (Our research) α (Saucier) 
Negative affect .65 .80  Neuroticism 
Self-reproach .70 .80  
Positive affect .57 .76  
Sociability .46 .67  

Extraversion 

Activity .61 .69  
Aesthetic interests .53 .75  
Intellectual interests .41 .74  

Openness 

Unconventionality .27 .56 
Nonantagonistic orientation .58 .71 Agreeableness 
Prosocial orientation .50 .58  
Orderliness .77 .74 
Goal-striving .67 .68 

Conscientiousness 

Dependability .41 .66 

Table 37: Reliability of NEO-FFI item cluster for our research, N=146. As a comparison, we give 
the cronbach’s alphas of the analysis of Saucier, N=732. The Pearson correlation between the 
cronbach's alpha's of Saucier and our own research is .644 (p=.018; N=13). 
 
3.5.4.3. '0-value' treatment 
 
 In order to tackle the 0-value issue, we made four analyses. Firstly, we carry 
an item-factor correlation analysis to get an idea of the seriousness of the issue. 
Secondly, we carry out some data manipulation to see whether this affects the factor 
reliability scores. Thirdly, we apply a data augmentation analysis. Lastly, we compare 
the Cronbach's alphas of our inquiry with a research of comparable sample size to 
decide whether we continue the analysis with these data. 
 

First of all, an item-factor correlation analysis can give us an idea of the 
seriousness of the issue. For the loading matrix after varimax rotation (Table 80 in 
appendix B), we find the following number of items that correlates highest with the 
own item. (Table 38) We can compare this number with research results mentioned in 
the Dutch-language NEO manual. Knowing that the number of respondents in this 
research is much higher, we can see a pattern correspondence for all but the 0-factor, 
which is much lower. 

It is difficult to say whether a slightly lower number of items that correlates 
with its own factor is due to the 0-value problem. The research we compare with has a 
sample that is more than 15 times bigger than ours. 
 

Number of items that correlates with its own factor Factor 

Own research (N=149) Hoekstra et al. (N=2415) 

N 10 12 
E 9 9 
O 8 12 
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A 9 10 
C 9 10 

Table 38 : Number of items that correlates highest with the own factor for our own research and 
exemplary research. (Hoekstra et al.) 
 
 Secondly, some data manipulations can give us a clue as to whether they affect 
the factor reliability scores. The cronbach’s alphas of the different factors are listed in 
Table 39 The neo_n, neo_e and neo_c alphas have a sufficiently high value. Neo_o 
and neo_a are slightly lower. 
 Because of the 0-value interpretation problem, we try three different 
approaches to give less weight to the 0-values in our analysis. The first one consists of 
deleting complete data entries per set of questions containing many 0-values. A 
second technique was less drastic. We deleted only the 0-values in the data entries 
containing many 0-values. To determine what ‘many 0-values’ means, we analysed 
the number of 0-values. With the scree test, we found a kink at 7 zeros and therefore 
deleted all 0-values if a set contained more than 7 0-values. As we already saw, this 
number can vary one or two numbers when the sample situation is not optimal. This 
variation is in our analysis not important and therefore is a scree test a good 
instrument for this operation. The factor reliabilities after these actions are also 
mentioned in Table 39. 

 

Figure 3: Number of respondents in function of the number of rated zeros 
 

A third method consists of deleting low loading items in the factor analysis. 
Since the minimum number item-factor correlation is 8 out of 12, we decide to delete 
the four lowest loading items. The reliabilities do not increase considerably. None of 
the three methods mentioned gives substantial increase of reliability. In the further 
analysis, we want to keep the whole data set and all the items.  

 
Complete data set Set deletion Zero-value deletion 8 item factors 
αneo_n_compl=  .78 αneo_n_lim = .80 αneo_n_zero = .80 αneo_n_8item = .73 
α neo_e_compl = .75 α neo_e_lim =.77 α neo_e_ zero =.75 α neo_e_8item =.78 
α neo_o_compl = .59 α neo_o_lim = .58 α neo_o_ zero = .58 α neo_o_8item = .59 
α neo_a_compl = .65 α neo_a_lim = .58 α neo_a_ zero = .63 α neo_a_8item = .67 
α neo_c_compl = .82 α neo_c_lim = .81 α neo_c_ zero = .82 α neo_c_8item = .77 

Table 39: NEO factor reliability for the complete data set, data set with deleted sections, data set with 
deleted zero-values and with 8 item factors. 

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Zeros

N
um

be
r 

of
 z

er
os



Waste depositionism        Contextual links in Risk Assessment of a Nuclear Waste Repository 
 
 

 131

 
A fourth step consists of data augmentation analysis. With the 'NORM' 

software, we carried out a data augmentation analysis. (Groves, 2002; Verleye, 1999; 
Schafer, 1997) The 0-values and the variables concerned were too numerous 
compared with the available information. The NORM-program could not be applied. 
 

In a last step we compare the Cronbach's alphas of our inquiry with a research 
of comparable sample size to decide whether we continue the analysis with data from 
a comparable size. Our reliabilities are strongly comparable with same size research 
mentioned in the manual. (Hoekstra et al., 1996, 45) We find an argument in favour of 
keeping the complete data set in the NEO-FFI manual.  
 

Complete data set Hoekstra et al.  
Research A (N=351) 

αneo_n_compl=  .78 αneo_n = .80 
α neo_e_compl = .75 α neo_e =.73 
α neo_o_compl = .59 α neo_o = .57 
α neo_a_compl = .65 α neo_a = .66 
α neo_c_compl = .82 α neo_c = .79 

Table 40: NEO factor reliably for the complete data set and research from Hoekstra et al. The 
Pearson correlation between the cronbach's alpha's from both groups is .974 (p=.005, N=5). 

 The data augmentation analysis was not possible. For the three other analyses 
however -the analysis of the loadings after varimax rotation, the analysis of the alphas 
change after deletion and the comparison with other inquiries- we find that our results 
are very reasonable. These results give courage to continue. We are aware that, in 
doing so, we include the 0-values and their problematic interpretation. Because the 
deletion methods do not provide an important increase and the manual reliabilities are 
very comparable with our research ones, we conclude that the importance of the 
interpretation problem is sufficiently small to continue our analysis.  

 
3.5.5. Group characteristic factors 
 

As is outlined above, the group culture variables come from two different 
questionnaires, a groupthink and an organisational commitment questionnaire. We 
treat them separately in our factor and reliability analysis. 

 
For the organisational commitment questions, it is easy. We do not have to do 

a factor analysis and the internal reliability is .86, which is very good. 
 
We carry out a factor analysis for the groupthink variables. The items do not 

cluster well in the different factors. Especially the autonomy variables spread over the 
different factors. (Table 79, appendix B) 

When we look to the internal reliability, we see a very low cronbach’s alpha 
for the gtaut-factor. The morality and vulnerability factors have alpha values of .76 
and .66, which is good enough to continue the analysis with. 

We then execute a factor analysis of the morality and vulnerability factors. 
The morality factor breaks down into 3 facets, whereas the vulnerability factor breaks 
down into two facets. The reliabilities of the facets are pictured in Table 41. We 
exclude the second vulnerability facet from further analysis because of its cronbach’s 
alpha smaller than .60.  
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Cronbach's alpha value 
αgtmor .76 
αgtmor_1-3 .61 
αgtmor_4-9 .75 
αgtmor_4,5,8,9 .64 
αgtmor_6,7 .69 
αgtaut .16 
αgtvul .66 
αgtvul_1,3,4,5 .68 
αgtvul_2,6 .54 
αocacc .86 

Table 41 : Cronbach's alphas for the groupculture factors and facets. 

 
 When we made a factor analysis again (Table 42), we now got a pure factor 
loading for the different facets. We will continue our analysis with these factors and 
facets. 

Rotated Component Matrixa

,70 ,30 ,01 ,13
,67 -,10 ,33 -,07
,67 -,06 ,24 ,17
,63 ,38 -,15 ,34

-,01 ,80 ,22 ,02
,16 ,79 ,23 ,20
,16 ,20 ,71 -,09

-,01 ,19 ,68 ,12
,29 ,09 ,53 ,30
,21 ,50 ,51 -,01
,16 ,09 -,11 ,77
,02 -,01 ,33 ,75
,47 ,28 ,07 ,52

GTVUL4
GTVUL3
GTVUL5
GTVUL1
GTMOR6
GTMOR7
GTMOR9
GTMOR4
GTMOR5
GTMOR8
GTMOR1
GTMOR2
GTMOR3

1 2 3 4
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 12 iterations.a. 
 

Table 42: Factor analysis after deletion autonomy item. 

3.6. Inter-factor analysis 
 

At this point, we finished the preliminary analysis. We will now carry out the 
analyses we set the questionnaire up for. In a first section, we will calculate absolute 
measures of assessment, groupthink and personality traits. These analyses will give us 
an answer to the relation between our respondents and reference groups.  

In a second section, we will analyse the correlations and regression analyses of 
individual features (XI), group characteristics (XG), and attitudes (XA) in order to 
partially specify the magnitude, probability, risk, and uncertainty assessment 
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functions fM,p,R,U (XI, XG, XA, XO). As we already mentioned, we will not treat the role 
of objects and problem framing here. We refer to the next chapters for these aspects.  

In a third section, we do the same for radiation protection risk perception. In a 
fourth section, we look at the contextual correlations between background 
characteristics, group culture and personality traits. In the fifth section, we analyse the 
difference between SCK•CEN respondents and the others. We conclude with a 
summary of the results and a discussion. 
 
3.6.1. Absolute measures of assessment, groupthink and personality traits 
 
3.6.1.1. Hard fact analysis 

 
In order to get an idea about the hardness of our facts, we analyse the 

competence questions 34, 35, and 36 as discussed at page 108. This gives us overall 
results that are presented in Table 43. 
 
 Fact No fact No answer 
Compse 72,5 20,8 6,7 
Compi 70,5 24,2 5,4 
Compid 48,3 45,6 6,0 

Table 43: Competence frequencies for the half-life assessment of Se and I and the diffusion concept 
(the entire results can be found at page 294). 

About seventy percent of the respondents knew, could find or made a good 
guess at the half-lives of 79Se and 129I. Only 50% gave the network accepted answer 
for the diffusion question. This can mean three things. The first possibility is that our 
question was not clear. The second possibility is that half of the respondents indeed 
did not know, could not find or guess this relationship. 

What about our hypothesis that our questions are hard facts? We infer from 
these results that we must be cautious with the statement that our answers on the M 
and p questions are hard fact assessments. This follows first from the above results. In 
addition, there are other aspects too that challenge our statement that we deal with 
hard facts here. First of all, our way of questioning differs from the way 
technoscientists treat the safety and risk aspect of the nuclear waste repository.   

However, concluding the opposite and saying that we are dealing here with 
mere perception is exaggerated. If we look at the sum of the three questions, we get 
the following graph. Especially our third remark on the low average compid score can 
be a good explanation for the low percentage of the third competence question.  
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Figure 4: The scores of the three competence questions. 

 
It is clear that, when we take our perception-assessment spectrum, we know that we 
are not on the far assessment end but that we are at least in the assessment area. 
 
3.6.1.2. Group culture 
 
 We can ask ourselves whether our population’s group culture differs 
significantly from the populations of the research we based our questionnaire on. 
Since we do not possess the data of the original research, we cannot carry out a t-test. 
We therefore compare our own factor mean with the mean value of the original 
research and with the mean of the technological company.  
 We first calculate the mean (Mown) of the morality and vulnerability items in 
our research (Table 71 in appendix B). In Rosander et al. (1998) inquiry, they are 
scored on a one to nine scale, whereas ours is on a one to five scale. We therefore 
carry out the following transformation: 
 

Mown-trans = 1 + 2(Mown-1) 
 
We wonder if these values lie outside the intervals [M-σ/2; M+σ/2]. As we can see 
(Table 44), both the morality and the vulnerability factor Mown-trans fall outside this 
interval [Mall-σall/2; Mall+σall/2]. We can therefore confirm that these values are 
significantly different from the general mean value of the original inquiry. Compared 
with the technical company, the respondents in our questionnaire have a significantly 
stronger belief in its effectiveness (MORSUM). We did not measure a significant self-
sufficiency or vulnerability difference between our and Rosander et al.'s technological 
group. 
  

Factor Mown Mown-trans Mall σall Mall± σall/2 
GTMORSUM 2,13 3,27 6,06 1,63 [5,24; 6,87] 
GTVULSUM 2,32 3,65 4,53 1,47 [3,79; 5,26] 
 

Factor Mown Mown-trans Mtech σtech Mtech ± σtech/2 
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GTMORSUM 2,13 3,27 4,98 1,69 [4,14; 5,82] 
GTVULSUM 2,32 3,65 3,78 1,17 [3,20; 4,36] 
OCACCSUM 3,58  3,59 0,81 [3,18; 3,99] 

Table 44: Our inquiry mean, the transformed mean, the mean and standard deviation of the original 
inquiry and the value of half a standard deviation from the mean for the overall group and the 
technological company. 

 This is not true for the organisational commitment factor. The mean value lies 
well in the Morig ± σorig/2 interval. 
  

According to Rosander et al. (Ibid.) it means that the respondents in our 
questionnaire have a statistically significant stronger belief in the integrity of their 
group and a stronger belief in its effectiveness compared with the mean and the 
technological institute. Also according these authors, these results show that our 
respondents believe in the autonomy of the group and that outsiders trying to interfere 
with the way the group handles things are rejected.  

This confirms our hypothesis with regard to the general public. With regard to 
the technological team, it is remarkable that there is a difference in the effectiveness 
assessment. 
 
3.6.1.3. NEO analysis 

 
 
 Mown Morig σorig Morig ± σorig/2 
Neo_n 29,2 31,1 8,2 [27,0; 35,2] 
Neo_e 39,8 40,1 6,6 [36,8; 43,4] 
Neo_o 42,4 35,9 6,4 [32,7; 39,1] 
Neo_a 42,9 44,1 5,2 [41,5; 46,7] 
Neo_c 44,6 45,3 5,6 [42,5; 48,1] 

Table 45 : Whole group NEO-factors means for our questionnaire (N=133) and the NEO-manual 
(N= 2415). 

Our questionnaire’s respondents (N=133) show statistically significant more 
openness then the respondents of the values for the norm group listed in the NEO-
manual (N= 2415). This means the respondents are more curious about both inner and 
outer worlds, and their lives are experientially richer. They are willing to entertain 
novel ideas and unconventional values. They experience both positive and negative 
emotions more keenly than do closed individuals.  

The other factors show no significant different means between the two groups. 
The same goes for the following subgroups mentioned in the NEO manual: women, 
men, respondents younger than 50, and the respondents of 50 and older. (Table 72 to 
Table 77 in appendix B) 

 
This confirms our hypothesis that scientists show more intellectual curiosity 

compared to the average population. Our hypotheses that scientists show more 
conscientiousness and less extraversion is not confirmed. 
 
3.6.2. Background, group culture, and personality determinants for M, p and U 
 
 In this section, we test our hypotheses about the determinants of the 
magnitude, probability, and uncertainty assessments. We start with the 
intercorrelations of M, p, R=M×p, U, UM, and Up. The three following parts deal with 
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the hypotheses on the relation between hard fact assessment and respectively 
background characteristics, group culture and personality traits. The fifth part 
describes regression analysis of the hard fact assessments as dependent variable and 
the background, group, and personality items and factors as the independent ones. In a 
last part we carry partial correlation to test the hypotheses that certain variables 
invoke more extreme assessments. 
  
3.6.2.1. Uncertainty, magnitude and probability intercorrelations 
 
 We first inquire the correlations between the uncertainty, magnitude, and 
probability factors. We expect R, M, p, and U to correlate with each other; M with UM 
and p with Up. We see that the R, U, p, M factors all correlate at the 0.01 significance 
level. The correlation between p and M is even at the 0.001 significance level. The p 
Up correlation is 0.01 significant, the M UM correlation is 0.001 significant.  
 
  R M p U UM Up 
R Pearson Correlation - - - ,305** ,401*** ,221* 
 Sig. (2-tailed)    ,001 ,000 ,021 
 N    106 113 108 
M Pearson Correlation  - ,387*** ,258** ,379*** ,146 
 Sig. (2-tailed)   ,000 ,008 ,000 ,132 
 N   121 106 114 108 
P Pearson Correlation   - ,264** ,279** ,232* 
 Sig. (2-tailed)    ,006 ,003 ,014 
 N    106 113 112 
***  Correlation is significant at the 0.001 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 

Table 46 : Correlations between risk, magnitude, probability, general uncertainty, magnitude 
uncertainty, and probability uncertainty.  R-p and R-M correlations are not indicated because R is a 
function of p and M. 

 
Our hypothesis that R, M, p, and U are positively correlated is confirmed. This 

result goes against the conclusion of Jenkins-Smith and Bassett (1994) that risk and 
uncertainty are correlated for laymen, but not for scientists. All relations between R, 
M, p, and U are statistically significant. Higher hard fact assessment of one factor 
means a higher assessment of another factor. 

The strong correlations between M, p, and U seem to indicate that these 
assessments have a fundamental characteristic in common. We will show in the 
following sections that this is not necessarily the case. 
 
3.6.2.2. Background determinants for M, p and U 
 
 We carry out a correlation analysis for R, M, p, and U and the above-
mentioned background characteristics. 

M correlates at the 0,001 level with trust in the determination, at the 0,05 level 
with competence and the number of years scientists are member of a certain field. The 
pro-contra attitude of institutions and the age item correlate with M at the 0,1 trend 
level. We see negative correlations at the 0,01 level between p on the one hand and 
the age and the both trust items on the other hand. The proper assessment of one’s 
competence correlates at the 0,05 level with the p-factor, whereas the pro-contra 
attitude of organisations correlates at the trend level.  
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U correlates with gender at the 0,01 significance level and shows a trend to 
correlate with the items job and trust in waste determination. It is remarkable that the 
correlation is positive.  

The R factor correlates negatively with our trust-item at the 0.001 level. This 
confirms Barke et al.’s (2000) findings that high confidence results in low risk 
assessment. Whereas the same authors do not find a correlation between subjective 
competence and risk assessment, we see that low subjective competence assessments 
result at the 0.05 level in a high risk assessment. The correlation between R and age 
confirms research of Barke et al. (2000) and Mertz et al. that elder scientists assess 
lower risks. The same goes for the number of years the respondents have been 
members of the radioactive waste management field. The longer they heave been 
members, the lower their R assessment is.  

Whereas Barke et al. (1997), Mazur et al. (2001), Slovic et al. (1997) find that 
male scientists assess risk lower than women, Barke et al. (2000) and our research 
find no statistically significant gender influence. We find no correlation between R 
and education, working field, the kind of institute, years in the organisation, or 
competence in general. 

 
What do these results mean for our hypotheses?  

First of all, we implicitly expected a more or less parallel correlation between 
background characteristics and M, p, and U assessments. 

This is not the case. M and p are more or less parallel. U follows a completely 
different pattern with regard to the background characteristics. 

The categorisation of the institute variable was very difficult. We have to take 
the result of the pro and contra attitude of institutes with caution. The influence of the 
number a respondent is in an organisation is indeed measurable, but moderate. The 
hypothesis that age and probability are correlated is also confirmed. Since we gave 
'female' the value 1 and 'male' the value 2, this means that men make a higher U 
assessment. This is a contrast with all perception inquiries and our hypothesis that 
women make higher uncertainty perceptions and assessments. We find a strong 
confirmation of the influence of trust on perception and consider this the most 
important result of the interplay between assessment and background characteristics. 

All other hypotheses are not confirmed.  
 
3.6.2.3. Group culture determinants for M, p and U 
 
 The correlation matrix of the magnitude, probability, uncertainty and group 
factors does not reveal any statistically significant correlation. The vulnerability and 
the probability item show a negative correlation at the trend level. (Appendix B, Table 
82). 
 R correlates negatively with the vulnerability factor at the 0,05 significance 
level. Scientists who assess their group as vulnerable have also a high R assessment. 
 
 Since we postulated that groups with high groupthink or organisational 
commitment made more extreme assessments, we do not confirm or disconfirm a 
hypothesis with these results. 
 
3.6.2.4. Personality determinants for R, M, p and U 
 



Waste depositionism        Contextual links in Risk Assessment of a Nuclear Waste Repository 
 
 

 138

The neuroticism factor correlates at a 0,001 significant correlation with the 
magnitude factor, at a 0,05 level with the probability factor, and at the 0,01 level with 
the R level. Scientists scoring high on the N-scale make a high assessment of the M, 
p, and R. The only trend correspondence in the matrix is between the openness factor 
and UPSUM. (See Table 82 in Appendix B) 

There are more correlations between the NEO-facets and M, p, U factors. M 
correlates positively with activity, negative affect, and self approach at the 0,01 level. 
With pro-social orientation, a trend level relation pops up. The p factor correlates 
positively with self-reproach as well, though at the 0,05 significance level only. The 
activity and negative affect facets drop to the trend level in the p correlation. A low 
orderliness score implies a high U score at the 0.05 significance level. 

 
These results confirm our hypothesis that scientists who are more fearful will 

make higher assessments. The hypothesis that more altruistic people make higher 
assessments could not be confirmed. The altruism facet can only be measured by the 
NEO-PI-R. The more global factor agreeableness, including altruism, does not 
correlate with the assessment factors. 
 
 

Variable  R MSUM PSUM USUM 
INSTPRO Pearson Correlation -,229* -,170 -,166 -,073 

 Sig. (2-tailed) ,012 ,062 ,059 ,461 
 N 120 121 130 105 

-,222* -,195* -,125 ,030 
,015 ,032 ,160 ,764 

YFIELD Pearson Correlation 
Sig. (2-tailed) 
N 120 120 129 105 

AGE Pearson Correlation -,202* -,151 -,231** ,023 
 Sig. (2-tailed) ,026 ,096 ,008 ,817 
 N 121 122 132 106 

GENDER Pearson Correlation -,026 -,028 ,026 ,246* 
 Sig. (2-tailed) ,781 ,760 ,767 ,011 
 N 121 122 132 106 

COMPSUB Pearson Correlation -,257** -,233* -,217* -,023 
 Sig. (2-tailed) ,005 ,010 ,013 ,815 
 N 119 120 130 105 

COMPA Pearson Correlation -,166 -,202* -,114 -,064 
 Sig. (2-tailed) ,078 ,031 ,213 ,523 
 N 113 114 121 101 

TUSEFPA Pearson Correlation -,201* -,077 -,250** -,128 
 Sig. (2-tailed) ,027 ,400 ,004 ,191 
 N 121 122 132 106 

TWSTDET Pearson Correlation -,427*** -,360*** -,299** -,168 
 Sig. (2-tailed) ,000 ,000 ,001 ,090 
 N 118 119 128 103 

NEO_N Pearson Correlation ,299** ,334*** ,212* -,011 
 Sig. (2-tailed) ,002 ,000 ,022 ,914 
 N 110 111 117 97 

GTVULSUM Pearson Correlation -,226* -,080 -,173 -,039 
 Sig. (2-tailed) ,019 ,410 ,061 ,704 
 N 108 109 117 95 

***  Correlation is significant at the 0.001 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
Table 47:  Correlation matrix for p*M, M, p, and U with background determinants. The whole table 
is pictured at page 300 in appendix B. 
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  R MSUM PSUM USUM 
neo_n1 negative affect Pearson Correlation ,242* ,302** ,161 -,073 
  Sig. (2-tailed) ,011 ,001 ,083 ,475 
  N 110 111 117 97 
neo_n2 self-reproach Pearson Correlation ,275** ,282** ,207* ,044 
  Sig. (2-tailed) ,004 ,003 ,025 ,668 
  N 110 111 117 97 
neo_e3 activity Pearson Correlation ,256** ,311** ,158 -,001 
  Sig. (2-tailed) ,007 ,001 ,090 ,989 
  N 110 111 117 97 
neo_c1 orderliness Pearson Correlation -,130 -,103 -,077 -,232* 
  Sig. (2-tailed) ,175 ,280 ,408 ,022 
  N 110 111 117 97 
**  Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
Table 48: correlations with R, M,  p, U The whole table is pictured at page 301 in appendix B. 
 

Whereas we concluded from the important correlation between M, p, and U 
that these assessments might have a fundamental feature in common, we have to 
refute this after the results in the last three sections. As we said at page 76, this should 
not cause any surprise since risk and uncertainty as attitudes are multidimensional 
concepts. 

 
We finish this section with a continued analysis of the variables education, 

workfield and job. Barke et al. (1993) found that scientists' risk perception can be 
explained by their research field (R =.10 with multivariate regression). We also used 
their division. We carry out Hierarchical cluster analysis with average linkage method 
using Euclidean distance metric for the three variables with respect to risk 
assessment.79 

Our education variables cluster as follows: biology, earth science, 
environmental sciences on the one hand and chemistry and engineering on the other 
hand. (Figure 5) The working field variable could be divided in two ways. We opted 
to consider management, environmental sciences, earth sciences, chemistry and 
engineering as one group and material sciences, physics, safety assessment, and 
radiation protection as the second group. (Figure 6) We separated the job variable 
answers quality assurance, R&D, technical support from engineering, management, 
safety assessment, and public participation. (Figure 7) The last variable, affiliation 
gave a group of action group, private research, public participation, and university on 
the one hand and business, governmental organisation, nongovernmental organisation, 
and private non-profit on the other hand. (Figure 8) With the clusters we obtain this 
way, we carry out a t-test for the differences of the means. The comparison with 
Barke et al. for the education variable is striking. The other two variables are more 
diverse. (Table 49) 

When we carry out the t-test to compare the averages of the two groups for the 
three variables, we give the results in Table 50. Only the average risk assessments of 
the workfield variable differ significantly, although in this case the Levene's test for 
equality of variance is not statistically significant. 
 

                                                           
79 Bark et al. (1993) refer to TOULMIN, S., Human Understanding, Vol.I, Princeton University Press, 
Princeton, 1972, 263-8 for a discussion on the fact that terms such as 'scientific field' are difficult to 
operationalise. 
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                                     Rescaled Distance Cluster Combine 
 
          C A S E            0         5        10        15        20        25 
  Label                 Num  +---------+---------+---------+---------+---------+ 
 
  Biology                 1    

  Earth Sciences          3                     

  Environmental Scienc    5                                 

  Physics                 6                                                 

  Chemistry               2    

  Engineering             4     
 

Figure 5: Hierarchical cluster analysis with average linkage method using Euclidean distance 
metric for education with respect to risk assessment. 

 
 
                                     Rescaled Distance Cluster Combine 
 
          C A S E            0         5        10        15        20        25 
  Label                 Num  +---------+---------+---------+---------+---------+ 
 
  Earth Sciences          3    

  Environmental Scienc    5    

  Engineering             4    

  Management              7         

  Chemistry               2                                                  

  Radiation Protection    9                                             

  Performance Assessme   10                                                   

  Material Sciences       8    

  Physics                11    

 

Figure 6: Hierarchical cluster analysis with average linkage method using Euclidean distance 
metric for working field with respect to risk assessment. 

 
                                     Rescaled Distance Cluster Combine 
 
          C A S E            0         5        10        15        20        25 
  Label                 Num  +---------+---------+---------+---------+---------+ 
 
  Quality Assurance or    3    

  Research and Develop    4    

  Technical support       5           

  Management              2             

  Engineering             1                                 

  Performance Assessme    6                                                   

  Public Participation    7    
  
Figure 7: Hierarchical cluster analysis with average linkage method using Euclidean distance 
metric for 'job' with respect to risk assessment. 
                                     Rescaled Distance Cluster Combine 
 
          C A S E            0         5        10        15        20        25 
  Label                 Num  +---------+---------+---------+---------+---------+ 
 
  Business                2    

  Governme                3    

  Nongovernmental orga    4         

  Private nonprofit       5                  

  Public participation    7             

  University              8                                                  

  Private research        6                                   

  Action G                1     
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Figure 8: Hierarchical cluster analysis with average linkage method using Euclidean distance 
metric for affiliation with respect to risk assessment. 
 
Variable Division (Barke et al., 1993) Own division 

Biology, Earth science, Environmental 
science   

Biology, Earth science, Environmental 
sciences, Physics 

Education 

Chemistry, Engineering, Management, 
Material sciences, Physics 

Chemistry and Engineering 

Biology, Earth science, Environmental 
sciences, Human reliability analysis, 
safety culture  

Management, Environmental sciences, 
Earth sciences, Chemistry and 
Engineering 

Working field 

Chemistry, Engineering,  Management, 
Material sciences, Radiation Protection, 
Safety Assessment, Software engineering 

Material sciences, Physics, Safety 
assessment, and Radiation protection 

Engineering, Management, R&D,  
Technical support, Consultant 

Engineering, Management, Safety 
assessment, and Public participation 

Job 

Quality Assurance or Quality Control, 
Safety assessment, Public Participation  

Quality assurance, R&D, Technical 
support 

Federal agency Action group, Private research, Public 
participation, and University  

Affiliaton 

State, Local agency Business, Governemental organisation, 
Nongovernemental organisation, Private 
nonprofit 

Table 49: Comparison of divisions after cluster analysis of our own research and Barke at al. (1993) 

 
Variable  Levene's Test for 

Eq of Var 
t-test for Equality of Means 

  F Sig. t df Sig.  
Educat Equal variances assumed 3,241 ,074 -1,243 121 ,216 
 Equal variances not assumed   -1,254 120,850 ,212 
Workfield Equal variances assumed 2,892 ,092 2,505 121 ,014 
 Equal variances not assumed   2,645 92,630 ,010 
Job Equal variances assumed ,078 ,781 -,618 112 ,538 
 Equal variances not assumed   -,605 80,111 ,547 
Affiliation Equal variances assumed 7,819 ,006 1,481 120 ,141 
 Equal variances not assumed   1,237 29,482 ,226 

Table 50: t-test for differences in risk perception for education, workfield and job. 
 
3.6.2.5. Regression analysis for M, p and U 
 

Using the insights gained from the correlation analysis, we obtain the 
following results from stepwise regression analysis at factor level.  

Risk assessment is predicted by trust, uncertainty, and years in the field. 
Magnitude is predicted by probability, uncertainty, and neuroticism. Probability can 
be estimated by magnitude and age. The R2, adjR2, F, and t values are reasonable for 
these three regression analyses. Uncertainty only has gender as a predictor. The R2, 
adjR2, F, and t values are very low. We therefore reject these regression results. 
 
 
DV Predictors R2 Adj R2 F Sig. β t Sig. 
RSUM Constant 0,18 0,17 22,22 .000  9,60 .000 
 TWSTDET     -.43 - 4,71 .000 
RSUM Constant 0,24 0,22 15,50 .000  4,69 .000 
 TWSTDET     -.39 - 4,34 .001 
 USUM     .24 - 2,71 .008 
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RSUM Constant 0,28 0,26 12,96 .000  5,39 .000 
 TWSTDET     -.38 - 4,30 .000 
 USUM     .25 - 2,83 .006 
 YFIELD     -.21 - 2,50 .014 
MSUM Constant 0,17 0,16 19,35 .000  3,24 .002 
 PSUM     .41 4,40 .000 
MSUM Constant 0,22 0,20 13,30 .000  0,96 .340 
 PSUM     .37 3,98 .000 
 USUM     .23 2,49 .015 
MSUM Constant 0,27 0,24 11,32 .000  -1,02 .310 
 PSUM     .35 3,90 .000 
 USUM     .24 2,61 .011 
 NEO_N     .21 2,44 .017 
pSUM Constant 0,16 0,12 21,96 .000  9,74 .000 
 MSUM     .40 4,69 .000 
pSUM Constant 0,22 0,21 16,29 .000  9,16 .000 
 MSUM     .37 4,40 .001 
 AGE     -.25 - 3,01 .006 
pSUM Constant 0,26 0,24 13,33 .000  7,79 .000 
 MSUM     .29 3,38 .001 
 AGE     -.27 - 2,76 .007 
 TWSTDET     -.21 - 2,45 .016 
U Constant 0,06 0,05 6,68 .011  5,67 .000 
 GENDER     .25 2,58 .011 

Table 51: stepwise regression analysis at factor level. 

 
3.6.2.6. Partial correlation analysis for M, p and U 
 

Some of our hypotheses are not yet treated. We supposed that people who are 
longer in an organisation, longer in the RWM field, more prone to groupthink or 
organisational commitment, and less open make more extreme assessments. The 
hypothesis of the number of years in the organisation and openness is confirmed. The 
other hypotheses of RWM field, groupthink and organisational commitment are 
rejected. 
 
Variable  R MSUM PSUM USUM 
YORG Pearson Correlation -,181 ,085 -,410** ,053 
 N 47 47 47 47 
 Sig. (2-tailed) ,213 ,563 ,003 ,717 
NEO_O Pearson Correlation ,294* ,080 ,389** -,035 
 N 47 47 47 47 
 Sig. (2-tailed) ,040 ,584 ,006 ,808 

Table 52: Partial correlation controlling for TWSTDET. 

 
Variable  R MSUM PSUM USUM 
YORG Pearson Correlation -,214 ,047 -,450** ,009 
 N 38 38 38 38 
 Sig. (2-tailed) ,184 ,775 ,004 ,957 
NEO_O Pearson Correlation ,251 ,061 ,383* -,100 
 N 38 38) 38 38 
 Sig. (2-tailed) ,118 ,709 ,015 ,537 

Table 53: Partial correlation controlling for INSTPRO, TWSTDET, TUSEFPA. The whole table 
can be found at page 305. 
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3.6.3. Background, group culture, and personality determinants for radiation 
protection perceptions 
 
3.6.3.1. Correlations with radiation protection variables 

 
Richard Barke, Hank Jenkins-Smith and Carol Silva (2000) found that the 

hard fact assessment of radiation protectionists has correlations with age and 
confidence, and not with gender. We find .05-level correlations with education, 
institute and confidence (TUSEFPA), and not with gender and age. It does not 
correlate with any facet. 

We find confirmation for the confidence results in the correlation of RPREG 
with TUSEFPA and TWSTDET. The neuroticism factor also correlates with the 
respondents’ policy standard choice. However, we do not find age and gender 
correlations. RPREG correlates negatively with negative affect (0.01 level) and 
positively with the positive affect facet (0.05 level). Lastly, it correlates negatively 
with the activity facet. 

Barke et al. find that the difference between hard fact and regulation opinion 
was correlated with affiliation. We found no correlation with RPPREC. It correlates 
positively with the unconventionality facet at the 0,05 level. As already mentioned, 
we do not retain this because of the very low reliability of this facet. 
 
Variable  RPPREC RPWET RPREG 
EDUCATION Pearson Correlation -,098 ,172* ,089 
  Sig. (2-tailed) ,252 ,043 ,296 
  N 138 140 140 
INST Pearson Correlation -,143 ,186* ,066 
  Sig. (2-tailed) ,096 ,028 ,442 
  N 137 139 139 
TUSEFPA Pearson Correlation -,015 ,193* ,195* 
  Sig. (2-tailed) ,864 ,022 ,021 
  N 139 141 141 
TWSTDET Pearson Correlation ,118 ,062 ,175* 
  Sig. (2-tailed) ,170 ,473 ,039 
  N 137 138 139 
NEO_N Pearson Correlation -,090 -,130 -,228* 
  Sig. (2-tailed) ,319 ,147 ,010 
  N 125 126 126 
Table 54: correlations with the radiation protection perception variables. The whole table can be 
found at page 306. 
 
Variable   RPPREC RPREG RPWET 
neo_n1 negative affect Pearson Correlation -,112 -,268** -,141 
  Sig. (2-tailed) ,212 ,002 ,114 
  N 125 126 126 
neo_e1 positive affect Pearson Correlation ,067 ,187* ,113 
  Sig. (2-tailed) ,456 ,036 ,208 
  N 125 126 126 
neo_e3 activity Pearson Correlation -,056 -,200* -,134 
  Sig. (2-tailed) ,533 ,025 ,136 
  N 125 126 126 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
Table 55: correlations with the radiation protection perception variables. The whole table can be 
found at page 307. 
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 These results confirm some hypotheses. A relation exists between scientists' 
education, their institute and their idea of usefulness of safety assessment on the one 
hand and their dose-response perception on the other. We did not find evidence for the 
influence of working field, age, gender, fear, or altruism on dose-response perception. 
The hypothesis that RWM scientists with high confidence in science assess lower 
difference between science and policy choices is not confirmed. We mentioned the 
problems we had with the classification of institutes. We therefore drop the already 
weak correlation. As our hypothesis stated, the trust and neuroticism are correlated 
with the policy standard choice, but also rather weakly. 
 
3.6.3.2. Partial correlation for RP variables 
  
 If we carry out a partial correlation control for the trust variables and the 
INSTPRO variable, we find some weak (,05 level) correlations. RPWET correlates 
positively with education and institute neutrality; RPREG with neuroticism; and 
organisational acceptance with RPPREC. 
 This does not confirm any of our hypotheses that RWM scientists who have 
been part of an organisation or field for longer, who show higher groupthink or 
organisational commitment have more extreme perceptions on radiation protection 
than their colleagues. 
 
Variable  RPPREC RPWET RPREG 
EDUCAT  Pearson Correlation -,113 ,176* ,078 
 N 132 133 134 
 Sig. (2-tailed) ,192 ,041 ,365 
INSTNEUT Pearson Correlation -,065 ,170* ,126 
 N 132 133 134 
 Sig. (2-tailed) ,453 ,048 ,141 
NEO_N          Pearson Correlation -,083 -,115 -,207* 
 N 120 121 121 
 Sig. (2-tailed) ,363 ,205 ,021 
OCACCSUM Pearson Correlation -,234* ,031 -,215 
 N 69 70 69 
 Sig. (2-tailed) ,049 ,791 ,072 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 56: Partial correlation for controling RPWET, RPREG, and RPPREC for INSTPRO, 
TUSEFPA, and TWSTDET. 
 
3.6.4. Correlations between background characteristics, group culture, and 
personality 
 
3.6.4.1. Correlations between group culture and personality 
 

We compute a correlation matrix between group culture and NEO factors. We 
see that extraversion correlates positively at the 0,001 significance level with the 
vulnerability group culture factor. Agreeableness correlates negatively with 
organisational commitment acceptance at the 0,05 level. Neuroticism correlates at the 
trend level with the morality factor. The other factors do not correlate at the trend 
level or lower. 
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We made the hypothesis that scientists with sympathetic feelings toward 
others will sooner accept the organisational objectives. We find evidence for this 
hypothesis in the correlation of the neo-agreeableness factor and the organisational 
commitment acceptance factor. 

We made two other hypotheses. Fearful HLW scientists will assess their group 
more vulnerable; and scientists that are eager to help and will be equally helpful in 
return will consider their group more honourable than other colleagues. These 
hypotheses are not confirmed. 

The strong correlation between the extraversion factor and the group 
vulnerability is not surprising. Extraversion is linked with sociability, assertiveness, 
activity, interest in enterprising occupations, excitement and stimulation (see page 
71). 
 

Variable   GTVULSUM OCACCSUM 
NEO_E Pearson Correlation ,329*** ,010 
  Sig. (2-tailed) ,000 ,930 
  N 124 74 
NEO_A Pearson Correlation ,023 -,253* 
  Sig. (2-tailed) ,801 ,030 
  N 124 74 

Table 57: Correlation group and NEO factors. The whole table can be found at page 308. 
 

Variable   gtvul2 gtmor2 4589 OCACCSUM 
neo_n2 self-reproach Correlation ,061 ,236** ,186 
  Sig. (2-tailed) ,501 ,008 ,112 
  N 124 124 74 
neo_e1 positive affect Correlation ,262** -,003 -,098 
  Sig. (2-tailed) ,003 ,975 ,407 
  N 124 124 74 
neo_e2 sociability Correlation ,276** -,058 ,006 
  Sig. (2-tailed) ,002 ,520 ,958 
  N 124 124 74 
neo_o3 unconventionality Correlation -,244** -,001 ,038 
  Sig. (2-tailed) ,006 ,987 ,748 
  N 124 124 74 
neo_a1 nonantagonistic orientation Correlation -,009 ,096 -,335** 
  Sig. (2-tailed) ,924 ,288 ,004 
  N 124 124 74 
neo_a2 porsocial orientation Correlation ,198* ,014 ,013 
  Sig. (2-tailed) ,028 ,874 ,914 
  N 124 124 74 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 58: Correlation NEO and group facets. The whole table can be found at page 309. 
 
3.6.4.2. Correlations between background characteristics and personality 
 

We now look to the links between background characteristics and personality. 
All statistically significant correlations are at the 0,05 level, except the correlation 
between trust in waste determination and neuroticism, which is at the 0,01 level. 

The working field and institute variables correlate respectively with openness 
and agreeableness. The neutrality of an institute correlates positively with neuroticism 
and negatively with conscientiousness. The number of years a respondent has been 
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working in her or his actual organisation correlates negatively with openness. Age 
correlates with neuroticism and openness. Lastly, trust in future waste determination 
correlates with conscientiousness. 

The correlation matrix also shows some trend-level connection. The 
organisation’s pro-contra attitude correlates negatively with neuroticism. The 
institute’s neutrality attitude correlates with agreeableness. The number of years a 
respondent is member of his field could give a hint for a lower neuroticism score. 
Finally, a lower openness score could suggest higher trust in the determination of 
waste allocation. 
 

Variable   NEO_N NEO_E NEO_O NEO_A NEO_C 
WORKFIE2 Pearson Correlation ,124 ,107 -,176* -,093 ,007 
  Sig. (2-tailed) ,163 ,226 ,047 ,294 ,937 
  N 129 129 129 129 129 
INSTIT2 Pearson Correlation -,046 ,185 ,172 ,323* -,020 
  Sig. (2-tailed) ,773 ,246 ,282 ,039 ,899 
  N 41 41 41 41 41 
INSTNEUT Pearson Correlation ,190* -,128 -,046 ,150 -,191* 
  Sig. (2-tailed) ,030 ,146 ,599 ,087 ,029 
  N 131 131 131 131 131 
YORG Pearson Correlation -,065 ,056 -,171* -,079 ,088 
  Sig. (2-tailed) ,458 ,521 ,049 ,365 ,314 
  N 133 133 133 133 133 
AGE Pearson Correlation -,217* -,030 -,213* -,006 -,034 
  Sig. (2-tailed) ,012 ,734 ,014 ,946 ,695 
  N 133 133 133 133 133 
TWSTDET Pearson Correlation -,258* ,121 -,166 ,116 ,207* 
  Sig. (2-tailed) ,003 ,175 ,060 ,193 ,019 
  N 128 128 128 128 128 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
Table 59: Correlations between background characteristics and NEO factors. The whole table can 
be found at page 310. 

 
Variable   neo_n1 neo_n2 neo_e3 neo_o1 neo_o3 neo_a2 neo_c1 neo_c2 
EDUCAT2 R -,130 -,037 -,100 ,176* -,059 -,019 -,057 ,063 
  Sig. ,138 ,671 ,255 ,044 ,499 ,832 ,516 ,471 
  N 132 132 132 132 132 132 132 132 
INSTIT2 R ,143 -,196 -,115 ,193 ,247 ,359* ,007 -,150 
  Sig. ,374 ,219 ,474 ,226 ,119 ,021 ,966 ,349 
  N 41 41 41 41 41 41 41 41 
INSTPRO R -,181* -,096 -,153 -,057 -,037 -,028 ,063 ,097 
  Sig. ,038 ,277 ,081 ,515 ,677 ,755 ,475 ,268 
  N 131 131 131 131 131 131 131 131 
YFIELD R -,242** -,052 -,172 -,023 -,093 -,023 ,059 ,122 
  Sig. ,006 ,558 ,052 ,796 ,296 ,793 ,510 ,168 
  N 129 129 129 129 129 129 129 129 
AGE R -,311*** -,087 -,293** -,105 -,181* -,009 -,063 ,020 
  Sig. ,000 ,322 ,001 ,229 ,037 ,919 ,473 ,822 
  N 133 133 133 133 133 133 133 133 
TWSTDET R -,191* -,255** -,148 ,037 -,309*** ,026 ,187* ,257** 
  Sig. ,031 ,004 ,095 ,678 ,000 ,769 ,035 ,003 
  N 128 128 128 128 128 128 128 128 
***  Correlation is significant at the 0.001 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
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Table 60: Correlations background characteristics and NEO facets. The whole table can be found at 
page 311. 

 
We find evidence for the hypotheses that scientists who have been working in 

an organisation for longer show less openness than their newer colleagues and that 
high conscientiousness and low neuroticism indicate a high trust. 

We cannot confirm the hypotheses that HLW scientists who have a more open, 
or more agreeable personality trust science more; and that those of a neutral (not pro 
nor contra) organisation are more open.80 

 
 
3.6.4.3. Correlations between background characteristics, and group culture 
 

The job item correlates negatively with the vulnerability factor at the 0,05 
level. Trust in the usefulness of safety assessment and in the ability of scientists to 
determine future waste allocation correlates positively respectively with 
OCACCSUM and GTMORSUM, also at the 0,05 level. 
 

Variable   GTMORSUM GTVULSUM OCACCSUM 
JOB Pearson Correlation ,031 -,225* -,029 
  Sig. (2-tailed) ,743 ,015 ,815 
  N 116 116 66 
TUSEFPA Pearson Correlation ,007 ,015 ,266* 
  Sig. (2-tailed) ,936 ,862 ,019 
  N 131 131 77 
TWSTDET Pearson Correlation ,187* ,113 -,023 
  Sig. (2-tailed) ,034 ,201 ,846 
  N 129 129 76 

Table 61: Correlation between background characteristics and group factors.  The whole table can 
be found at 312. 

We find no evidence for our hypothesis that respondents of neutral institutions 
are freer to have their own opinion about the organisation's objectives compared to 
those of pro and contra organisations. 
 
3.6.5. Comparison between SCK•CEN respondents and others 
 
 We did not expect any difference between SCK•CEN and other respondents 
on the background characteristics, group culture, and personality traits. However, the 
SCK•CEN respondents score significantly higher on the neuroticism factor and facets. 
If we accept a .10 Levene's test significance, we find two more differences. SCK•CEN 
HLW scientists score R significantly higher. They see themselves as more self-
sufficient compared to their colleagues elsewhere. 
 
 INSTSCK N Mean Std. 

Deviatio
n 

Std. 
Error 
Mean 

NEO_N 1 rest 110 28,44 5,28 ,50 
  2 SCKCEN 23 32,87 8,24 1,72 
neo_n1 negative affect 1 rest 110 12,94 2,92 ,28 

                                                           
80 We notice as well that the gender differences that are apparent in John and Srivastava (1999, 130) are 
not found here.  
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  2 SCKCEN 23 14,78 4,10 ,86 
neo_n2 self-reproach 1 rest 110 15,50 3,41 ,32 
  2 SCKCEN 23 18,09 4,66 ,97 
R 1 Other 98 35,87 19,23 1,94 
  2 SCKCEN 23 50,65 25,46 5,31 
GTVULSUM 1 rest 108 14,30 3,30 ,32 
  2 SCKCEN 24 12,33 1,90 ,39 
 
  Levene's Test for 

Equality of 
Variances 

 

t-test for Equality of Means 

  F Sig. t df Sig. 
NEO_N Equal variances assumed 8,723 ,004 -3,287 131 ,001 
  Equal variances not assumed   -2,476 25,897 ,020 
neo_n1  Equal variances assumed 4,532 ,035 -2,560 131 ,012 
  Equal variances not assumed   -2,054 26,836 ,050 
neo_n2  Equal variances assumed 5,067 ,026 -3,093 131 ,002 
  Equal variances not assumed   -2,525 27,124 ,018 
R Equal variances assumed 3,684 ,057 -3,108 119 ,002 
  Equal variances not assumed   -2,615 28,173 ,014 
GTVULSUM Equal variances assumed 3,361 ,069 2,803 130 ,006 
  Equal variances not assumed   3,910 58,489 ,000 

Table 62: Significant t-test for the difference between SCKCEN and the other respondents. Other 
results can be found at page 312 ff. 
 
3.6.6. Contextual model 
 
 As a matter of illustration, we conclude our analysis with a structural equation 
modelling for two models of five important variables in our questionnaire. We see 
that the context structure emerges in the results pictured below. 
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Figure 9: Structural equation modelling for neo_n, neo_e, gtvulsum, twstdet, and R. The first model 
has χ2=0, df=0, Q=1. The second model presupposes the following couples as uncorrelated: (R, 
gtvulsum), (gtvulsum, neo_n) and (R, neo_e) and has χ2=1,5 and df=3, and Q=0,68. 

3.7. Discussion 
 
 We must say we are satisfied to have carried out this quantitative inquiry. It is 
plain that we have met some drawbacks. The operationalisation of the hard fact 
concept was difficult, but we sufficiently realised our aim to make a distinction 
between assessment and perception. The categorisation of some background variables 
as institute type was tricky. Here, we had to give in. The biggest quantitative issue of 
our questionnaire inquiry was the zero value problem for the subquestions in the 
groupthink and personality parts. We tried to solve it in many ways. We argued that 
we could use the data for further analysis. However, this zero value issue means that 
we must be humble, moderate, and cautious with our data. In interactionism terms: 
they are not the hard facts we strived for. But they are, according to us, (1) harder 
facts than a non-empirical philosophical argumentation; and (2) a very strong 
indication that our results on these matters can indeed be hardened. 
  
 When we focus on the data analysis itself, we can say that we find evidence 
for the context dependence of hard facts. Hard facts are not, as is often acknowledged 
by convergent epistemological realists, in the end only dependent on the objects in 
nature. Background characteristics, group culture and personality traits influence hard 
facts and/or vice versa. This is an important result for the foundation argument 
technoscientists often make about their statements. With this result, a scientific fact 
will not automatically cut the knot.  
 We do not pretend that the assessments can not be hardened at the moment. 
The magnitude, probability and uncertainty judgements made by our respondents will 
partially be based on intuitive processing of risk-related information through direct 
observation, past experience or communication. However, we can say that the 
judgements are sufficiently based on facts that are considered as hard in a certain 
network. 

In chapter 1 we described uncertainty, magnitude and probability assessments 
as hard facts and we gave no further specification about the differences. The strong 
correlations between the different assessments seem to confirm this implicit 
assumption that the assessments are fundamentally the same. The pattern of 
correlations with background characteristics, group culture and personality traits 
however is different for uncertainty assessments compared with the M and p 
assessments. We conclude that this means that the M and p assessments on the one 
hand and U assessments have a fundamentally different aspect. We said that the 
multidimensionality of the different concepts treated does not imply that the 
correlation between M, p and U cannot be strong. This is exactly what we see in our 
questionnaire results.  
 
 What about the relation between the assessments and the other contextual 
constituents? We mention a very important general result and some particular 
outcomes. 
 The most important result is that there is contextual influence for 
technoscientific risk assessment. We see many correlations, ranging from weak 
(p<.05) to very strong (p<.0001). This is a very important result in many discussions: 
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the differences in risk judgements between expert and laymen; philosophy of science; 
risk based decision-making including precautionary approaches, ... Hard facts interact 
with other context components. 

We see trust in science and neuroticism as the two most important factors. As 
we said at page 122, the trust and assessment questions are not influenced by the zero 
value issue. The strong correlations between trust and magnitude (r=-360, p<0,001) 
and R (r=-0,427, p<0,001) are therefore very strong results for hard fact assessments! 
The correlations between the neuroticism-factor and M (r=0,334, p<0,001) and R 
(r=0,299, p<0,01) are also very important. These results are subjected to the zero 
value issue. The correlations are so strong that they will stand up taking our 
argumentation of the zero value problem into account (see page 131). These are very 
strong results. As a matter of fact, this surpasses our expectations. Personality and 
attitudes do indeed importantly influence hard facts. The other correlations are 
important as well. However, the zero value issue makes some interpretations less 
stringent. 

 
The role of gender is particular. It does not correlate with any assessment 

except uncertainty. Uncertainty does not correlate with any background characteristic 
or personality trait but gender. And, above all, women assess lower uncertainty 
compared with men. This result contrasts with all risk perception inquiries. A possible 
explanation could be that our population of women is not representative for all 
women. The women that work in the radioactive waste management, a typical men's 
world, fought against the male group culture and could maintain themselves. Maybe 
there is an a priori selection, maybe the women change their behaviour (and 
personality?) to cope with this situation. We do not know whether this is a good 
assumption. This hypothesis could help to explain the lack of gender difference in 
personality traits mentioned by Srivastava et al. (2003), although our female 
respondents do not statistically differ with regard to personality traits compared with 
the general group of women. 

As we said at page 119, it is difficult to carry out the non-response analysis. It 
is difficult to discover precisely the relation between personal motivation and 
response and whether there is another selective non-response. 

 
We also found a few important correlations between group culture on the one 

hand and attitudes and personality traits on the other hand. Important to mention is the 
correlation between self-sufficiency group culture and agreeableness personality trait 
(r=0.33; p<0.001). Nonetheless, the group culture correlations in general are 
disappointing. We found very few correlations and no important correlation at all 
between group culture and assessment. We do not see this as a disconfirmation of our 
proposition that group culture is a very important contextual factor in risk assessment. 
We blame the lack of correlation mainly on three limitations. Firstly, the groupthink 
questionnaire is limited in quality. A second problem refers to the difficulty to inquire 
group cultures with a questionnaire. Thirdly, the most important influence of group 
culture is dynamic. With our questionnaire, we measure only assessments that are a 
snapshot in time. 

 
With regard to background characteristics and assessments on the one hand 

and radiation protection perceptions and other context constituents in general, we did 
not find many correlations contrary to other researchers. One possibility is that we did 
not carry out cluster analysis as other researchers did. A second possible explanation 
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could be that the variance of our characteristics was too narrow. A third possible 
conclusion could be that another variable determines the difference between important 
results of quoted research and the lack of correlations in our inquiry. 
 
 Now it only remains for us to mention the absolute measures. We found that 
our respondents showed a stronger belief in its effectiveness and in their autonomy 
compared with the generalised population. There is only a difference in the self-
perception of effectiveness of our respondents and the technological company 
respondents of Rosander et al. (1998) Taking the remark into account that the 
groupthink questionnaire is somewhat questionable, these results could be seen as a 
positive message for radioactive waste management. The groups are not very prone to 
groupthink. 
 

Scientists appear to be significantly more open compared to the average 
population. It is indeed acceptable that scientists have a more active imagination, 
aesthetic sensitivity, attentiveness to inner feelings, preference for variety, intellectual 
curiosity, and independence of judgments. However, they are not more conscientious 
and less extravert compared to the rest of the population. Yann Martel was probably 
right when she said that "scientists are a friendly, atheistic, hard-working lot whose 
minds are preoccupied with sex, chess and baseball when they are not preoccupied 
with science." We can also see this result as a positive message for radioactive waste 
management as well. RWM scientists are significantly more open compared to the 
general public. 

 
Finally, we want to say something about the SCK•CEN respondents. They are 

more neurotic than their colleagues elsewhere (F=8,7; t= -3,2). As with the gender-
uncertainty correlation, this correlation could have a self-selection origin. Since the 
SCK•CEN respondents know the inquiry and the researchers the best, the standard 
deviation of many relevant variables will be bigger. People who are generally not 
prone to answer because of personality origins, will answer right now. 
 

3.8. Conclusion 
 
 With this chapter, we came a step closer to our objective of providing an 
epistemology that makes it possible to consider safety discussions more broadly. After 
our interactionism explanation and the context concept development, we made a 
personal empirical contribution in order to justify the contextual theory. We partially 
specified in our regression analysis the relations of technoscientific assessments in 
function of other context components that we mentioned at page 95. 
 

M= fM(XI, XG, XA, XO) = fM(probability, uncertainty, neuroticism) 
p = f p(XI, XG, XA, XO)  = f p(magnitude, age, trust) 
R = f R(XI, XG, XA, XO) = f R(trust, uncertainty, years in the field) 

 
 These relations have two important restrictions: the role of objects has been 
kept constant; and the questionnaire only treats static issues. It is high time that we 
tackle the dynamic issues and include the role of objects in our empirical study. We 
will do so in the next two chapters. Chapter 4 will be a theoretical elaboration of what 
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we will call 'positionism'. Chapter 5 will be an empirical study that illustrates this 
theory. 



 

 

   
Chapter 4: Positioning Safety 

 
 
 

I was forced to abandon the techno-optimism of modernity, I slipped through the net designed to 
counteract primitive fears. [...] I came closer to the world of the gods, the world of primitive forces 
guiding our lives. I felt the transience of everything, the illusions upon which skyscrapers, bridges, 

theories, rocket launchers, elections, and fast-food restaurants were built. 
Alain De Botton, Essays in love, a novel, 1994, 211 
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4.0. Introduction 
 
 In the three previous chapters, we have made a start for an epistemology that 
will allow us to have another view on safety decision-making. In the first chapter, we 
justified our interactionism choice in favour of convergent epistemological realism. 
We opted for this first ontology because it gives a good answer to the induction, 
explanation and demarcation critiques in philosophy of science. However, we met one 
important interactionism drawback: the theory dynamics are not well elaborated. As 
such, interactionism avoids this critique instead of giving an answer. 
 We need a good answer to the theory dynamics to answer the question about 
what it means when technoscientists consider something safe or not. In chapter two 
we started with an elaboration of our context model. We stated that a problem solving 
situation contains personality characteristics, group aspects, objects, attitudes and a 
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problem framing. In chapter 2 and 3 we illustrated that many elements in a 
technoscientific context are interdependent. Risk and uncertainty assessments are 
linked with attitudes and personality traits. They seem to constitute boundaries for the 
decision-making process.  
 In this chapter, we build on these results. We will develop a model that 
explains how these boundary conditions for behaviour or points of view come about.  
   
 We will start with the cognitive dissonance theory which argues that 
cognitions can be mutually dissonant, that people are motivated to reduce these 
dissonances and that the dissonance reduction direction and size (positioning) depends 
on the cognitions concerned and their relative strength. As we will explain, this theory 
has an important drawback for our explanation since it is often used in a modern 
ontology. 
 We therefore will extend the cognitive dissonance theory in our positionism to 
a contextual dissonance theory. Instead of starting from cognitions, we consider all 
the context elements as basic elements. We will state that the dissonance and 
reduction notions can be applied to all context elements. If contextual dissonances 
arise, people will be motivated to reduce these dissonances. The dissonance reduction 
direction and size will depend on the contextual aspects concerned and their relative 
strength. The definition and solution of a problem in a context is reached by mutual 
'positioning' of the five contextual aspects. We will call this theory positionism. 
 Contextual dissonance reduction as we have explained it here has important 
consequences for philosophy of science. We will demonstrate that every contextual 
dissonance reduction in a dispute action system will lead to esteem, the rearrangement 
of contextual elements one above the other. When subsequent contexts are well 
orchestrated, fact builders will be able to transform contextual statements into facts. 
Positioning gives the context elements a strength that we will trace back to three 
roots: inherent strength of context elements, strength of the relation between context 
elements, and the strength of implicitly linked elements outside the context. 
 We will show that this last strength origin implies a lot for our limited human 
knowledge. On the one hand, it guarantees a minimum robustness of a decision-
making process. On the other hand, it implies that attitudes like transparency and 
democracy can never be absolute and will always remain context dependent. 
 

4.1. Cognitive dissonance reduction 
 
4.1.0. Introduction 
 

As we said, we will start with an elaboration on the cognitive dissonance 
theory. It will provide us the basic structure needed to make our context concept 
dynamic. 

In this section, we will sketch the basis of our argument: cognitive dissonance 
theory. We will argue that persuasion is influenced by external and internal factors. 
We mention the external factors, but will concentrate on the attitude mediation 
processes that are the basis for attitude change. We will explain the basic concepts 
cognition, dissonance and reduction.  

This elaboration does not give a full answer to the final outcome of 
persuasion. We therefore focus on the determinants of the dissonance reduction 
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direction. We will go into the aspects of attitude strength because they will turn out to 
be of particular importance to our argumentation. 

 
4.1.1. Persuasion 

 
We start with a discussion of persuasion in general. Petty and Wegner (1998) 

give in their model of attitude change four independent variables of persuasion and 
their effectiveness: source, message, recipient and other situational aspects. These 
four aspects influence the attitudinal mediation processes in which cognitions, affects 
and behaviour have mutual impact. The result is a noticeable attitude change of a 
person or group. 

As is pictured by the model of Petty and Wegner, persuasion depends on the 
persuader, the one who is intended to be persuaded, the message and the other 
situational components. Persuasion in a political campaign is a good example. When a 
politician (source) wants to win votes, this can happen in a debate or in a convention 
with banners and other theatrics (the message) according to the kind of people the 
politician thinks to address. Some issues can be lively present in the media such as a 
war in which the country is involved, a food crisis or whatever. This background or 
situation will be important and sometimes decisive for the election of a candidate or 
party. We will look at these aspects separately. 
 

Let us first look at the persuaders. They will succeed sooner if they radiate 
credibility and likeability. Perceived competence and trustworthiness are said to 
determine credibility. People who are knowledgeable, smart, or well spoken or who 
have impressive credentials are seen as competent and are persuasive by virtue of 
their expertise. Unless an expert contradicts someone on issues that are personally 
important, people tend to accept what the expert says without much scrutiny. 
Trustworthiness is said to be based on stereotypes. On the one hand, people look out 
for those who have something to gain or try too hard to convince. On the other hand, 
people tend to trust those who take unpopular stands or present a balanced, two-sided 
message. These are aspects of persuasion that are likely to have a similar role in 
science and decision-making. Similarity and physical attractiveness evoke likeability. 
(Brem, Kassin, and Fein, 1999) 

The message itself is also an aspect of the success of attitude change. In 
attitude change research, some important general insights are known. The message 
length, discrepancy and appraisal are important for its effect. The longer the message, 
the stronger the arguments have to be. The discrepancy between the message and the 
position held by the audience has to be big enough to command attention, but has to 
be small enough to keep them listening. Positive feelings of the audience tend to 
activate the peripheral route to persuasion, facilitating change, and allowing 
superficial cues to take an added importance. (Brem, Kassin, and Fein, 1999) 

 
This is closely linked with the situation aspect. As we discussed on page 75, 

behaviours of all kinds depend not only on the personality, but also on the situation. 
This goes for persuasive behaviour as well. Although Petty and Wegner mention it as 
a core variable in their model, they do not pay much attention to it. Since we will 
elaborate this further in this chapter, we leave it at that.  

 
The features of persuader, message and audience will have their impact on the 

attitudinal mediation processes and the attitude changes. This means that apart from 
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an external influence and the relation between an external source and the 'target', the 
individual or group has to convince itself as well. We will describe these processes in 
the next section.  

We will use cognitive dissonance theory to describe attitude change in 
persuasion situations. 

 
4.1.2. Self-persuasion and mediating processes 

 
We will have to consider the internal processing of external information in a 

persuasion situation. Cognitive psychology that describes these phenomena is a large 
field. We will use a well-known theory that explains self-persuasion: cognitive 
dissonance theory. It has been developed by Leon Festinger (1957, 1964) and many 
others after him. We will discuss this theory here in order to answer the importance of 
attitude mediation in persuasion issues. We will explain the concepts of cognition, 
dissonance, and reduction and end with a discussion on the tenability of the attitude 
concept. 

 
This theory starts with the concept of cognition or knowledge element. 

'Cognitive' in 'cognitive dissonance' does not primarily point to the products of 
scientific thought. It includes many other elements. The notion encloses statements 
pronounced by scientists ('The earth orbits around the sun.'), convictions ('The world 
will soon perish in 2005.'), beliefs ('UFO's do exist!'), and values ('Life is sacred.')81. 
In our argumentation, we talk about attitudes as the set of affects, behaviours and 
cognitions that are interlinked. We do this because we want to stress the importance of 
this linkage. Talking about one aspect only distorts the interpretation. We therefore 
will talk about attitude dissonance if we talk about our own theory. In the explanation 
of existing theories we will still adapt the prefix 'cognitive'.  

 
 Nuttin (1999, 229-233) states in his elaboration that the cognitive dissonance 
concept is used to relate to a special kind of relation between two cognitive elements 
that a person (P.) thinks, feels, desires or does, or can refer to things that ought to be 
for P. or P.'s environment. The relations can be dissonant, consonant or irrelevant. 
Two cognitive elements x and y are cognitive dissonant if and only if not-x follows 
from y or not-y follows from x. Two cognitive elements x and y are cognitive 
consonant if and only if x follows from y or y follows from x. Two cognitive elements 
x and y are said to be cognitive irrelevant if and only if x and y are not cognitive 
dissonant nor cognitive consonant. 

Nuttin continues that it is important to notice that 'follows from' is considered 
from P.'s point of view. Dissonance and consonance are rather founded on 
psychological than logical implications. (Ibid., 230) We do not only agree with the 
statement that consonance and dissonance are founded on psychological implications, 
we consider it as being a core element of our theory.  

There is, however, an important difference between Nuttin and our theory. As 
he sets psychological against logical, it is clear that he makes the distinction between 
real facts and psychological perceptions. As we have explained in the previous 
chapters, we do not follow this. Referring to the contextual approach of Batens, 
statement y can only 'follow from' statement x if the deductive rule to conclude y from 

                                                           
81 Examples stem from Van Den Enden, 1997. 
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x is also present in the context. What is considered as a dissonance or consonance 
therefore not only depends on the individual P but on the whole context. 

This explains why some statements are considered problematic in one context 
and taken for granted in another. Or why a hazard can be assessed as safe in one 
context and unsafe in another. Some people plead for more rationality in safety or risk 
debates. They are asking for 'their' deductive rules in other contexts. As such, they are 
trying to change these contexts. What happens is that they become part of another 
context dealing with what ought to be characteristics of deductive rules. Besides a 
different problem framing, this context will contain different people, group aspects, 
attitudes, objects and not necessarily the first context that is questioned. 

 
A next step is that dissonances and consonances differ in size, depending 

directly on the importance of the considered cognitive elements. The size of the 
dissonance is also an indication of the urgency of the dissonance reduction.  

So far, we know that cognitive elements can be consonant, dissonant or 
irrelevant. A cognitive element, however, is never isolated. Two cognitive elements x 
and y can also have relevant (dissonant or consonant) relations with other cognitive 
elements of P. so that one speaks of clusters around x and y. The size of the 
dissonance between x and y depends on the weighted proportion of all relevant 
relations between and in the two clusters as well. The more important the consonant 
relations with x and y are, the smaller the total dissonance between the total cognitive 
system for x and y is.  

Cognitive dissonance is therefore an overall implicit evaluation of a whole 
cluster of dissonant and consonant cognitive relations instead of an isolated relation 
between two cognitions. Some authors reach for a weighted summation of all 
relations.  

Dcluster = ∑i<j wij dij 
with dij the dissonance between two cognitions of a certain cluster and wij weighing 
factors. By analogy with the arguments of the attitude towards an attitude object (see 
page 58), we abandon this formula since we think that it ignores the complexity and 
richness of the cognitive dissonance reduction and that it is very difficult to give 
numbers to wij and dij. 
 It is important to stress that this reduction happens mainly implicitly. Such 
clusters can contain many attitudes. First of all, an explicit reduction would ask far too 
much time to reduce the dissonance. Secondly, most attitudes are implicitly present. 
An explicit reduction would ignore most of the attitudes present in the cluster. The 
fact that dissonance reduction happens implicitly will be shown to be very important 
in our theory on technoscientific decision-making (see page 198 ff). 
 

In line with the elaboration of Heider and his balance theory (see page 60), 
Festinger further postulates that this cognitive dissonance is aversive. People strive to 
make convictions, attitudes and behaviours they consider compatible with each other. 
(Festinger, 1957, 1964, 1964, 1980) One will therefore try to decrease this internal 
stress by means of cognitive dissonance reduction.  

Some authors make a distinction between rational and non-rational reduction 
of dissonance. They consider that stress reduction will often take place in a rational 
way and see the scientific method is a good example. When an experimental result 
does not match with an existing theory, a scientist can question her or his 
experiments, experimental set-up, data interpretation, or the theory itself. It can be 
well-founded why a certain rational dissonance reduction is made. Nevertheless, they 



Waste depositionism                                                                                        Positioning Safety 
 
 

 158

state, the reduction can happen non-rationally too. Sect members waiting for the 
world to perish, for example, can maintain their faith, holding the belief they prayed 
enough to safe themselves and the rest of the world. It must be clear by now that we 
do not accept this reasoning. Whether something is rational or not is an attitude 
toward other attitudes and as such part of a certain situation and not part of others. 
The scientists and sect members mentioned above used other attitudes as 
methodological guidelines.  

Brem, Kassin and Fein give an overview of dissonance reduction strategies 
with a chocolate example. (1999, 200) The authors give an example of someone on a 
diet who has just dived head into a chocolate mousse. 'Being on a diet' and 'diving in a 
chocolate mousse' are two attitudes. A first way to reduce dissonance would be to 
change the affective attitude. "I don't really need to be on a diet." A second way to get 
rid of the conflict feeling would be to change his or her perception of the behavior. "I 
hardly ate any chocolate mousse." A third way to deal with the tension is to add a 
cognition to the relevant cluster that is consonant with the behaviour in question. 
"Chocolate mousse is very nutritious." A fourth way should be to reduce the 
importance of the conflict. In the chocolate mousse example this could lead to the 
following statement: "I don't care if I'm overweight – life is too short." Finally, a last 
way to reduce cognitive dissonance according to Brem, Kassin and Fein is the 
reduction of the perceived choice. "I had no choice; the mousse was prepared for this 
special occasion." 

The most important thing in this quasi weight-watchers manifest is what we 
call the relativity of attitude cluster rearrangement. Cognitive dissonance does not 
start from an irrefutable foundation. We see that the rearrangement of the attitude 
cluster can happen in many different ways. None of the attitudes is the ultimate 
ground. Every attitude can be changed with respect to the others if this is necessary. 

 
So far, we have taken the attitude concept for granted. Jef Nuttin questions 

whether the evaluative assimilation needs the attitude concept. In an analysis of 
classical examples and some own inquiries, he concludes that the attitude concept 
amounts to a change in evaluative loaded, situationally determined cognitive, 
affective and conative responses that –being a new behavioural manner - influence 
subsequent behaviour. According to him, this can be analysed without using the 
attitude, conviction, or belief concept. Nuttin proposes that in cognitive dissonance 
research the attitude behaviour is situationally determined by manipulated 
disconcerting stimuli. The emotion arousing effects of the stimuli had the evaluative 
impact on the most recent behaviour to the new self-descriptive response. Nuttin calls 
the general effect response contagion, and applied to attitude research it can be 
specified to evaluative-behaviour contagion hypothesis. According to him, it is 
supposed to be dependent on three factors: (1) the evaluative direction of the 
preceding behaviour, (2) the perturbation degree or confusion caused by the 
disconcerting stimuli, and (3) the temporal contiguity or proximity between the 
preceding behaviour and the by contagion changed self-descriptive behaviour. 
(Nuttin, 1999, 263-4) 

We do not agree with this conclusion and are more prone to follow R.H. Fazio. 
He tried to explain why psychological experiments with emotion arousing effects 
induce such an important attitude change. Fazio showed that direct behavioural 
experience with the target attitude object increases the consistency between an attitude 
and relevant behaviour. His automatic activation model further indicates that an 
attitude that is automatically accessed without active attention or conscious thought 
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'biases perceptions of the object in the immediate situation, and behaviour simply 
follows from these perceptions without any necessary conscious reasoning process.' 
(Fazio, 1986, 237) 

Instead of attacking the attitude concept, we consider these findings as a 
strengthening of the attitude and commitment theories. It might seem paradoxical, but 
we will use the definition Nuttin deduced from literature: A cognitive, affective or 
behavioural disposition acquired by an experience –mostly external, especially social, 
influence- that is a (very) important and relatively enduring, pre-situational, directive 
and/or dynamic determinant of the evaluative aspects of (open) behaviour towards a –
mainly social- object that lends itself, and as far as it lends itself, to favourable or 
unfavourable appreciation.82 

Nuttin seems to take a middle stance in the enduring discussion. (See 75) 
Attitudes are not like personality traits: stable across all situations. They are not 
changed by all situations either. This is exactly how we will treat attitudes in our 
contextual approach. We will use his approach at page 183 therefore as an affirmation 
of our view on attitudes. 

  
We understand right now how persuasion has an external and an internal 

component in persuasion situations. The external variables are the source, the 
situation and the relation between these two and the target. The internal persuasion 
component can be described by cognitive dissonance reduction concept.  

However, an important problem remains. Sometimes people try to convince 
others and obtain the opposite result. Instead of voting for the recommended political 
party, people will turn away from it. Instead of believing technoscientists that a 
technology application is safe, they will reject the recommended plans. We will 
explain that the direction of the persuasion and the attitudinal dissonance reduction 
depends on different aspects. We will go into this issue in the next section on attitude 
strength. We will also indicate whether and how this theory can be applied to 
technoscientific situations. 

 
4.1.3. Attitude strength 

 
The core concept in the explanation of the cognitive dissonance reduction 

direction is attitude strength. In this section, we mention two attitude strength 
approaches, the experimental and the structural one. However, we will opt for the last 
and analyse this further with the inter- and intra-attitudinal approaches. 
 

We start with the observation that the strength of the dissonance reduction 
pressure is directly dependent on the size of the dissonance. (Nuttin, 1999) In general, 
dissonance reduction means that x and y become more consonant.  

As royally as the cognitive dissonance theory was entertained in the fifties and 
the sixties, the more vehemently it was attacked in the seventies and eighties. These 
quarrels have apparently come to ease. Their result is that the attitude concept has 
encountered some modifications. Daril Bem (1967; 1972) for example starts with the 
idea that people do not always have firsthand knowledge of their own attitudes. He 
                                                           
82 Translation from: "Een attitude is een door ervaring – meestal door externe, vooral sociale, 
beïnvloeding – verworven interne (cognitieve, affectieve en conatieve) dispositie die een (zeer) 
belangrijke en relatief duurzame, pre-situationele, richtinggevende en/of dynamische determinant is 
van de evaluatieve aspecten van (open) gedrag tegenover een – vooral sociaal – object dat zich leent, en 
voor zover het zich leent, tot gunstige of ongunstige waardering." (Nuttin, 1999, 196) 



Waste depositionism                                                                                        Positioning Safety 
 
 

 160

therefore argues in his self perception theory that people merely infer their attitudes 
and how they feel by observing themselves and the circumstances of their own 
behaviour. He points to an important confusion, not in cognitive dissonance theory 
itself, but in the use by many people of this theory. The cognitive dissonance theory 
determines which attitudes follow certain behaviour. Many people83 obliviously mix 
cause and effect, expecting to change behaviour when attitudes are changed. A 
thorough controversy followed and ended when Fazio et al. concluded that both 
theories are right but in different situations. In short, it can be said that highly 
discrepant behaviour produces attitude change through dissonance, whereas slightly 
discrepant behaviour produces change through self-perception. (Brem, Kassin, and 
Fein, 1999, 206) We can wind up by stating that the self-perception theory at least 
indicates some boundaries of cognitive dissonance theory. 

 
Dissonance reduction is a process that leads to a change in cognitive elements. 

It presupposes a change of the internal or external reality which cognitive elements 
refer to. (Nuttin, 1999, 234) We want to add that the dissonance reduction is also 
determined by the attitudes towards the dissonance reduction itself. Suppose that a 
reduction based on scientific facts has a high value for someone. A dissonance 
reduction not using 'rational' aspects can not be used even when the strength of the 
dissonance reduction would be in favour of the 'non-rational' reduction. 

The attitude change direction will depend on the strength of the attitudes 
referring to the internal and external reality and the attitudes referring to attitude 
change itself. Eagly and Chaiken (1998) give an overview of the status quo of attitude 
strength research. Two main ways exist to look for attitude strength: experiential and 
structural strength variables. The experiential group of attitude variables are defined 
by subjective awareness of the strength of one's attitude. Structural strength variables 
derive from an explicit model of attitude structure. 

 
Experiential strength variables are seen as relatively questionable by many 

attitude researchers. Jef Nuttin (1999), for example, gives 22 science students at the 
beginning of an experiment confidential information on their unfavourable 
psychology examination results. At the end, he leaves them the choice between 
financial reward for taking part in the experiment and dishonest but successful 
examination results. All (!) students opted for a good examination result. Further, 
Nuttin asked some other science students: "Do you think you could resist the 
temptation when I proposed to give you, in a perfectly safe way, some extra 
examination points and changed your insufficient result here on this index card into a 
sufficient one?" One out of eleven answered that he might yield to the temptation.  

In another experiment he uses the 'lost letter technique' and a questionnaire. A 
lot of 'lost' letters with the address already written on the envelope are deposited in a 
fixed situation. In the situation that three extra stamps were added unfixed to the 
letter, only 34% of the letters returned. Nuttin carried out an interview in which he 
probed people's intentions in the very same circumstances. Almost 95% said they 
would bring the letter to a post office box or a police office in the case that there were 
extra stamps. That is 2,5 times more than in the real life experiment.  

                                                           
83 The military people made the social psychology research boom possible in the fifties because they 
expected to derive manipulation methods from its results. Nowadays, the commercial sector nourishes 
the same hope when making publicity. 
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This confirms the conclusions we made at page 61 saying that one distinct 
attitude is often not enough to define subsequent behaviour. 

 
We leave the experimental strength discussion and focus on the intra- and 

inter-attitudinal aspects of structural strength variables. The inter-attitudinal strength 
stems from centrality and embeddedness, concepts of respectively Milton Rokeach 
(1960, 75) and W.A. Scott. Certain beliefs, behaviours or affects seem to be strongly 
related to enduring personality or the self. Many researchers featured that the 
anchoring of attitudes to these 'more abstract attitudes (e.g. values) in a hierarchical 
structure made them particularly strong.' (Nuttin, 1999, 289)  

Commitment and accessibility are core to intra-attitudinal aspects of strength. 
Psychological experiments using commitment manipulations by which people become 
pledged or bound to their behavioural acts show that associations between attitudes 
and the overt behaviours that support these attitudes are strengthened. At the same 
time, the intertwined concept of accessibility comes into play. Attitudes that pop up 
from a background play a more important role in behaviour compared to background 
attitudes because of their proximity.  

We will now go into the aspects of attitude strength because they are of core 
importance to our further argumentation. We will first tackle the intra-attitudinal issue 
before going into the inter-attitudinal ones.  

 
4.1.3.1. Intra-attitudinal strength 
 

The intra-attitudinal treatment of attitude strength focuses on proximity and 
accessibility. During a cognitive dissonance reduction, a cluster of attitudes must be 
reorganised and this change will depend on the structure of the cluster. The strength of 
this structure depends on the proximity of the single attitudes and their selectivity. 
Attitudes that are easily activated or effortlessly accessed have a high selectivity. We 
have already encountered the proximity notion in the attitude definition of Nuttin. We 
therefore go more into the selectivity notion. 
 

Eagly and Chaiken (1998) see three main sets of consequences because of 
attitudinal selectivity: exposure, judgement and memory. The early researches of 
congeniality effects, mainly in the fifties, saw an evident influence of attitudinal 
selectivity in these three fields. Of course there is the cognitive dissonance theory of 
Festinger. The theory showed that people hold relatively positive attitudes towards 
whatever they have decided. This post-decisional movement is an important form of 
attitudinal selectivity. The quick defence mechanisms for compulsory negative tasks 
prevent new cognitions from ever becoming firmly established. The inquiries are an 
example of early beliefs in selective judgement. 

These findings were attacked in the sixties. First of all, the congenial effects 
are not a consequence of selectivity but of the plain mechanism that supportive 
information is more useful and therefore more present. Ostrom and Upsaw showed 
that findings of selective judgement merely reflect the impact of participants' own 
attitudes on their use of the response scale that they have available for rational 
attitudinal statements. The same methodological problems were attributed to 
selectivity of memory. Although empirical support is lower for some attitudinal 
selectivity findings compared to other attitude researches, it survived the mentioned 
critiques. For example, it is shown that selectivity is more likely when people have 
freely chosen to perform an attitude-relevant behaviour or have committed themselves 
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to a particular attitude or course of action. There is a preference for supportive over 
non-supportive information if both types of information are weak. (Schwarz, Groves 
and Schuman, 1998) 

Snyder and Swann (1976) showed the importance of attitude activation for 
selectivity. They found that attitude-behaviour correlations were significantly higher 
in an attitude relevant condition in which subjects were instructed to take some time 
to consider their views toward affirmative action before reading a court case than in a 
condition in which subjects were not given such an opportunity. Based on inquires 
such as Snyder and Swann's, Fazio's automatic activation model separates two 
dimensions of behaviour influence: norms and attitude activation. The knowledge of 
what behaviours are or are not normatively appropriates function as demarcation. The 
second dimension concerns attitude activation. Both norms and attitude activation 
cause biased perceptions because of the unconscious role of attitudes. (Fazio, 1986) 

The activation notion is important in philosophies of technoscience. Brian 
Wynne for example showed that quite a number of farming families have sons, 
daughters, brothers and friends who work at Sellafield. Often they work part-time at 
the nuclear plant. People are struggling to reconcile conflicting identities, fostered in 
different if overlapping social networks. Their ambivalence about responding to 
scientific assertion as to the source of the radioactive contamination reflected this 
multiplex social situation. (Wynne, 1996) Apparently, when people were questioned 
as part of the farmer community, attitudes linked with safety were strongly activated. 
Their judgements about Chernobyl, Sellafield and the sources of radioactive 
contamination were negative. When the same people were on the contrary questioned 
as a representative of the community that relies on the Sellafield employment, their 
proclaimed attitudes were activated by income arguments. 
 
4.1.3.2. Inter-attitudinal 
 
 Apart from this attitude strength that depends on the link with other attitudes 
and their strengths, there is another form of attitude strength according to social-
psychologists: inter-attitudinal strength. We consider here the commitment concept as 
one of the most important elaborations regarding the inter-attitudinal strength issue.  
  

Inter-attitudinal strength is also important for technoscientists because they 
always have a commitment towards a theory.  After all, they have invested most of 
their resources in 'their' theory, they financially depend on it, and have often made a 
public commitment to it. They are prone to the same consequences as non-
technoscientists are.  

Claudio Pescatore (2003), for example, concludes that the sample in his 
inquiry is committed to their theory. (see page 78) While the discordance in 
assessment of the elution of isotopes of a certain type is high, the percentage of the 
undecided respondents is relatively small. This indicates according to Pescatore that 
views are hard-formed. People have a high commitment towards their own theory or 
their own results and do refute the incertitudes of their results. 

 
How must we consider the commitment concept? Let us first start with some 

examples before we go into commitment theory.  
Cialdini and Trost (1998) describe how salesmen use commitment strategies to 

their advantage when they tout for customers. They do not give a definition. 
Berscheid and Reis (1998) refer to the commitment concept in close relationship 
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theory of H.H. Kelley. Kelly defines commitment as a weighing of pros and cons of a 
relation. The pros are the conditions responsible for the positive aspects of the 
relationship, as well as the costs that would be incurred upon leaving the relationship. 
The cons are the conditions that act to push or draw the individual out of the 
relationship. 

As such, commitment is a consequence of a weighing of pros and cons of a 
relation in particular or a set of attitudes in general. If the balance is positive, the 
commitment remains. However, the early cognitive dissonance inquiries showed that 
negative outcomes can be the reason for more instead of less commitment. We will 
show this with three classical inquiries: belief-disconfirmation, induced-compliance, 
and effort-justification. 

The most important dissonance reduction in technoscience will probably be 
the reduction of dissonance when something that is predicted does not occur. 
Festinger, Riechen en Schachter (1956) called this the belief-disconfirmation 
paradigm. The authors followed sect members when the time for a predicted flood 
came nearer. When it turns out the overflow does not occur, the sect members 
maintain their faith. They were even enforcing reduction mechanisms, for sect 
members engaged in substantial proselytizing. In persuading each other, they add 
consonant cognitions to their own belief system. The already mentioned paradigm 
shift of Tomas Kuhn (1959, 1962) shows how scientists stick to their proper paradigm 
and their proper knowledge. They show the same belief-disconfirmation mechanisms 
in sticking to their theory. 

Historically the first cognitive dissonance example is the so-called induced-
compliance paradigm. Festinger & Carlsmith (1959) had students perform a dull task 
and afterwards evaluate their acts. They were divided in two groups: those who were 
paid 1$ and those paid 20$. The at that time accepted behavioural theory predicted 
that the more people are paid, the more they will change their attitude. The opposite 
appeared to be true. The cognitive dissonance theory explained this by means of the 
following argumentation. Both group members felt dissonance because they voluntary 
performed a dull task. Those who got a 20$ compensation, however, reduced the 
dissonance because of the sufficient payment. (It was a dull task, but they earned a 
fair amount of money.) The 1$ group could not reduce their dissonance for this reason 
and therefore valued the task as less boring afterwards. In the mean time, a lot of 
research has been performed on this dissonance mechanism. (Harmon Jones, 1999, 
10; Wegner and Bargh, 1998, 446) In several experiments, people freely had to 
defend a position they did not like. They showed that public statements regarding an 
issue, no matter whether one really believes in it or not, are likely to change personal 
or privately held beliefs. Michael Leippe and Donna Eisenstadt (1994) coaxed white 
college students into writing essays in favour of new scholarship funds only for black 
students. Afterwards, these students reported more favourable attitudes in general 
toward African Americans. Their data suggest that it is sufficient to only encourage 'to 
write or talk about a mildly counter-attitudinal position in a highly public setting' 
(Ibid., 411) to receive the induced compliance results. 

The different inquiries show that a small reward can induce a significant 
commitment. It makes the attitudes so strong that it continues to have its influence 
later on. The situation of technoscientists and decision-makers can be a foundation for 
induced-compliance. They receive no or little additional salary when they have to 
defend in public counter-attitudinal safety statements. We do not state that this is 
necessarily an important contribution to technoscientists' beliefs. However, the 
situation technoscientists are in can contribute to more conformity in their beliefs. In 
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presentations, technoscientists might present their safety results as more certain than 
they really are. Whether this happens in order to persuade important customers, fellow 
technoscientists or laypeople, the initial doubt will have diminished after the 
presentation. 

A similar result was found by Aronson and Mill (1959). They demonstrated 
the effort-justification paradigm. They had (again) students undergo mild or severe 
group member initiations. Afterwards, Aronson and Mill had them evaluate the group. 
Contrary to expectations, those who received the severe group member initiation 
valued their group more positively. The cognitive dissonance explanation is that the 
latter group had to make more efforts, therefore went through more internal tensions, 
and justified it by evaluating it more valuable.  

This effort-justification mechanism can be applied to scientific operation as 
well. Spending lots of time on a scientific theory, burdens scientists with a 
commitment towards their work. Consequently, it can be expected that they will 
unconsciously 'overjustify' their own undertakings. We will come back to this in our 
discussion on overconfidence of risk framing (page 175) and on the influence of 
cognitive dissonance in technoscientific controversies (page 167). 

 
It must be clear that both positive and (certain) negative consequences induce 

commitment. With the commitment theory of M.P. Johnson84, we can see three 
important distinct subjective experiences of commitment: individuals feel that they (1) 
want to, (2) ought to, and (3) must continue the relationship. Again, the 'cons' of the 
current relation are important and depend on the assessment of the costs of 
terminating the relationship that will be posed by the environment, including 
irretrievable investments in the relationship, social reaction, the difficulty of 
termination procedures, and the availability of acceptable alternatives. This theory, 
however, considers the commitment consequences. 
  

In this commitment approach, we arrive at the core of the inter-attitudinal 
strength: what people consider they want to, ought to, and must continue. Intra-
attitudinal strength is important to link different attitudes. When these attitudes do not 
have inter-attitudinal strength, the cluster remains weak, for a strong link between 
weak attitudes does not make a strong cluster. 
 
4.1.3.3. Attitude strength in ethics 
  

We explained above that inter- and intra-attitudinal strength provide strong 
attitude clusters. As a matter of fact, this issue touches the core of many moral 
theories: the foundations that can be found for an ethical theory. Indeed, many 
philosophies have looked for core attitudes that have such an inter-attitudinal strength 
that they determine to a large extent the strength of the whole attitude cluster. 

Many answers have been given throughout history. One of the most influential 
approaches is Kant's categorical imperative. It expresses the moral law as ultimately 
enacted by reason and demanding obedience (that what ought to be done) from mere 
respect for reason. According to Kant, the necessity of the categorical imperative 
stems from pure reason alone instead of being contingent on sensible circumstances 

                                                           
84 Berscheid and Reis (1998, 240) refer to JOHNSON, M.P., "Commitment to personal relationships." 
In: W.H. Jones and D. Perlman (Eds.), Advances in personal relationships, Vol. 3, Jessica Kingsley, 
London, 1991, 117-143. 
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and it always carries overriding value.85 Kant makes a number of assumptions in his 
argument that there is a supreme principle of morality. 'These assumptions include: 
(1) that there are universal moral laws, (2) that there are principles of morality which 
exist independently of the situations in which moral decisions are made, (3) that 
necessary moral truths can be determined only by reason, and not by experience, (4) 
that moral philosophy must be based on pure reason, (5) that the moral content of an 
action is to be judged by the motives of the action rather than by its consequences, (6) 
that the motive for an action is more important than its consequences, and (7) that in 
order to be good, an action must be done for the sake of a moral law, rather than for 
the sake of some expected outcome. The moral relevance of Kant’s theory of a 
supreme law of morality may be related to whether these assumptions are accepted or 
rejected.' (Scott, 2004) 

 
Kant's view that moral truths can be determined only by reason has been 

opposed vehemently by philosophers that did not accept the strength of the categorical 
imperative and the linked belief in rationality. We will give some philosophers and 
the core values in their theory. 

In the first half of the twentieth century, analytical philosophy attacked the 
theory on the language level. Moore's intuitionism for example shows that notions as 
'good' are indefinable: 'It follows from the meaning of good and bad, that such 
propositions are all of them, in Kant's phrase, 'synthetic': they all must rest in the end 
upon some proposition which must be simply accepted or rejected, which cannot be 
logically deduced from any other proposition.'86 Leslie Stevenson critiqued with his 
emotivism Kant's viewpoint that moral philosophy must be based on pure reason. 
Emotive meaning, Stevenson said, expresses one's emotions. Although ethical terms 
have both an emotive and descriptive content, the response and stimulus of behaviour 
follow from the emotive meaning.87 

In the search for inter-attitudinal strength, philosophers have given many 
concrete interpretations throughout history. Utilitarianists as Bentham and Mill for 
example put forward the importance of utility in moral theories. Bentham laid the 
foundation that by 'utility is meant that property in any object, whereby it tends to 
produce benefit, advantage, pleasure, good or happiness [...] or  [..] to prevent the 
happening of mischief, pain, evil, or unhappiness to the party whose interest is 
considered.' (1965, 6). John Stuart Mill made the strivings for benefits instead of 
unhappiness even more explicit. '[...] I apprehend the sole evidence it is possible to 
produce that anything is desirable, is that people do actually desire it.' (1979, chapter 
II, 288)  

Many psychological theories also came up with inter-attitudinal strength 
answers. Freud's stated that the lust and reality principles and the tension between 
these two are important attitudes. Perls, Hefferline, and Goodman see excitement and 
growth as major drives for human behaviour. (See page 66) Antony Giddens 
formulated his ontological security concept as the fundament for the very roots of our 
coherent sense of 'being in the world'. (Giddens, 1996, 37) Jean-Paul Sartre saw 
people as condemned to be free (Sartre, 1883, 447) and at the same time haunted by 

                                                           
85 KANT, Immanuel, Groundwork of the Metaphysic of Morals, translated by H.J. Paton, Harper & 
Row, New York 1964. 
86 Mortier and Raes (1996, 42) refer to MOORE, G.E., Principia Ethica, Cambridge, 1959 (1903), 143. 
87 Mortier and Raes (1996, 58) refer to STEVENSON, C.L., Ethics and Language, New Haven, 1944, 
54. 
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the contingency of the situation (Ibid., 57) which creates an ethical fear with 
implications for a morality that is devised:  
 

It is a matter of being moral in ignorance. That is why an intellectual morality is right and 
wrong: obviously knowledge assists morality [...] however, it only defers the mystery: as an 
absolute knowledge is impossible, one has to devise a morality that occurs through the 
ignorance principle.88 

 
Yet another psychological ground in an ethical theory is brought forward by 

Hugo Van Den Enden. He uses the inter-attitudinal strength concept of centrality to 
make his claim:  
 

The "ought to" in question with respect to the phenomenon of pressure is a deliberately imposed 
behavioural alternative limitation on oneself in function of the ideological and world view vision 
that is the "ultimate reference system that gives meaning" for the individual, the group, the 
collectivity, the society in function of which the behaviour is oriented, established as the norm and 
controlled.89 

 
According to him, attitudes are central if a subject has to accept them under 

penalty of the denial of the essential aspects of his worldview for the preservation of 
his personality structure or his identity in the way it is inextricable bound up with that 
worldview. (Van Den Enden, 1997, 54-58) Van Den Enden makes a distinction 
between intrinsic values and means values. Means values are values we aim for in 
order to reach ends, which we value mainly intrinsically. Intrinsic values are values 
we aim for because of their own sake. More precisely, attitudes can, in respect of 
worldviews and ideology, be situated at a continuum from centrality to peripherality. 
Attitudes can, in the worldview of a society, a collectivity, a group, or an individual, 
take a central, existential and vital place –he talks of core values- or a more 
peripheral, marginal, secondary place, according to the preservation of the ideology.  

We want to give a remark concerning the centrality of attitudes. Often, some 
attitudes are considered as core, like honesty. Nuttin performed many experiments 
that question people's own assessment of the core of their attitudes compared to the 
centrality that appears from their behaviour. Let us reconsider the lost letter 
experiment we mentioned at page 160. One of the independent variables was the state 
of the stamps: one separate stamp in a file (approximately 0,5 €), four stamps in a file 
(2 €), or a stamp that was fixed on the envelope. 77% of the letters with a fixed stamp 
were posted in contrast with 34% in the unfixed added stamp or stamps case. (χ2(2, 
N=576)=12,6; p<.0001) There is no significant difference between the conditions of 
one and four unfixed stamps (respectively 34% and 35%). (Nuttin, 1999, 216) We can 
conclude here that a very small benefit results in a big response shift. It is clear that 
what people think of as a core value does not stand long if other aspects such as profit 
seeking are present. This research shows on the one hand that proclaimed core values 
often are not. On the other hand, it also shows that core values (such as for example 
                                                           
88 Own translation from: 'Il s'agit d'être moral dans l'ignorance. C'est pourquoi la morale intellectualiste 
a raison et tort: bien sûr le savoir aide la morale [...] mais il ne fait que reculer le mystère: comme le 
savoir absolu est impossible, il faut concevoir la morale comme s'accomplissant par principe dans 
l'ignorance.' (Sartre, 1983, 19) 
89 Translation from '[...] het moeten waarvan sprake bij het fenomeen druk is een door mensen 
vrijwillig aan zichzelf opgelegde beperking van hun gedragsalternatieven in funktie van 'iets'. [...] Dat 
iets is de levens- en wereldbeschouwelijke visie die voor het individu, de groep, de kollektivitieit, de 
maatschappij het "ultieme zingevende referentiesysteem" vormt, in funktie waarvan het gedrag moet 
worden georiënteerd, genormeerd en gekontroleerd.' (Van Den Enden, 1997, 46; 58) 
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benefit) have a huge effect if only a very limited entity is present in the actual 
situation. 
 
 We want to make two important remarks.  
  The first remark concerns the universalism of many ethical systems. All the 
above-mentioned ethics and many other interpretations not mentioned here give 
elements that are relevant in attitudinal dissonance reductions. Utility, growth, lust, 
fear are all important aspects that can be core to certain people. A philosopher can feel 
this attitude as core in many of the contexts he is in. However, this is different from 
the conclusion that this attitude is core to all or very many people. We react against 
the fact that many philosophers extrapolate their own contextual aspects to a universal 
ethics. We therefore plead for a contextual approach of ethics. Which attitude is 
considered as core in a specific debate depends on the particular situation. We will 
continue our ethics explanation at page 182. 
 Secondly, the above-mentioned ethics bring forward one or some attitudes as 
core to their ethical system. From a contextual model, this is a narrow approach, 
because other context elements will have their play in actual situations. This certainly 
goes for technoscientific contexts as we will show below. 
 
4.1.4. Technoscience 
 

At this point, we can wonder whether the cognitive dissonance theory is 
relevant for safety discussions. What are its strengths and weaknesses?  We are 
convinced it is a useful theory as inquiries of Freddy Verbruggen (1973) and Jenkins 
Smith and G.W. Bassett (1994) will show us. These examples however, will also give 
an indication about the limitations of the cognitive dissonance theory when it is 
applied to technoscientific situations. 

 
Freddy Verbruggen made an extensive study on the cognitive behaviour of 

scientists during the phlogiston controversy. (1973) The phlogiston theory is a now 
discredited hypothesis regarding combustion. It states that all flammable materials 
contain phlogiston, a substance without colour, odour, taste, or weight that is liberated 
in burning. Once burned, the "dephlogisticated" substance was now in its "true" form. 
The theory was elaborated by Georg Ernst Stahl, who declared the rusting of metal to 
be a combustion process. "Phlogisticated" substances are those that contain phlogiston 
and are "dephlogisticated" when burned. The ash of the burned material is supposed 
to be the true material. The theory received strong and wide support throughout a 
large part of the 18th century. Quantitative measurements revealed problems with the 
phlogiston theory: when a metal burned, it was supposed to lose phlogiston. However, 
the metal ash could be shown to weigh more than the metal did before it had lost 
phlogiston: this implied that the removed phlogiston must have weighed not zero, but 
less than zero. It was the work of Antoine Laurent Lavoisier, who revealed that 
combustion requires oxygen; this solved the weight problem, as the metal gained 
oxygen as it burned and so naturally gained mass. Joseph Priestley, however, 
defended the phlogiston theory throughout his lifetime. Henry Cavendish remained 
doubtful, but most other chemists of the period rejected the theory. (Wikipedia, 2004) 
One of them was Delaméthrie.  

In his historical research, Verbruggen looks for an operationalisation of 
cognitive dissonance theory. In order to do so, he defines three concepts: 
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commitment, dissonance size and time needed to get persuaded (overredingstijd).90 
He defines a positive and negative commitment as the respective time before and after 
publication compared to the publication of Lavoisier's theory. The dissonance size is 
measured in the number of years between the first publication and the experience of 
dissonance. The persuasion time is the time between the publication of Lavoisier's 
theory and the dissonance experience. (Verbruggen, 1973) 

From the more than 1600 pages document, we retain two important results 
here. The case study of Joseph Priestley shows that commitment and therefore inter-
attitudinal strength is the most important factor for his continued belief in the 
phlogiston theory. Secondly, cognitive dissonance hypotheses are tested with 
statistical analysis and commitment again is shown to be very important for the 
persuasion time. 

The role of Joseph Priestley is heavily debated. In his work, Verbruggen sums 
up ten explanations given by historians of why Priestley never accepted the theory of 
Lavoisier. He argues that eight out of the ten do not hold: the fact that Priestley was 
more interested in theology compared to chemistry, Priestley's theological education, 
his apparently limited knowledge of chemistry, his lack of rigidity in his research, his 
bad memory, his aversion to theorizing, the characteristics of his quantitative research 
or his experimental work. The only hypotheses that hold, according to Verbruggen, 
are the commitment to the phlogiston theory and the connected belief in the 
fruitfulness of this theory. (Ibid., 1246-1409) In our approach, we can more broadly 
say that the cognitive dissonance reduction direction remains oriented towards the 
phlogiston theory because of the strength of the attitudes related to this theory.  

The statistical analysis shows that a positive correlation exists between 
commitment and persuasion time (N= 65; p<0,001) on the one hand and age and 
persuasion time (N= 65; p<0,01) on the other hand. (Ibid., 1185-1233) This is an 
important result that indicates that the cognitive dissonance theory can be used in 
technoscientific circumstances as well. 

This makes Etienne Vermeersch (1976) conclude that paradigm change, 
commitment and interests are the main aspects in judging whether technoscientific 
statements are made with 'reliable scientific knowledge'91. Based on his inquiry into 
the 'commission of sages' that made a judgement on the role of nuclear energy in 
Belgium, he deduces some suggestions for commission compositions. First of all, the 
composition has to be as large as possible with respect to ideological factors. The 
commitments have to be announced explicitly. The same goes for occupational 
relations. And if fundamental differences exist, it is advisable to mention the opposing 
opinions each with their argumentation. In his application to the 'committee of the 
sages' that decided upon the Belgian nuclear energy production strategy, Vermeersch 
concludes that the role of commitments has weakened the commission’s statements 
because of the implicit and explicit deletions, restricted opinions, and the frame of 
reference's obstinacy. This result is in accordance with the conclusions of other 
authors. (see for example Eggermont and Thill, 1976; Eggermont and Philémon, 
1976) 

                                                           
90 In his definitions of cognitive dissonance, commitment and persuasive time, it becomes clear that 
Verbruggen is a convergent epistemological realist. He considers the birth of the fact at the exact 
moment that Lavoisier found his theory. Latourian interactionism will consider it a fact at the time 
more people are convinced. 
91 From a interactionism point of view, we find it regrettable that both authors take a convergent 
epistemological point of view.  We will come back to the consequences of this assumption for the 
application of cognitive dissonance theory. 
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 The research of Jenkins Smith and G.W. Bassett (1994) confirms the 
importance of cognitive dissonance in science (see page 62). They asked scientists the 
same risk perception questions of general nuclear waste issues as they asked laymen. 
The respondents were the AAAS group, members of the association of Commerce and 
Industry (ACI) and Sierra Club members. (N=4706, RR=59,1%). They found that 
those who are initially very certain are more likely to update their beliefs 
preferentially toward increased perceived risk. Greater initial uncertainty is associated 
with greater willingness to modify beliefs when there is new information from a 
neutral source. This is an empirical confirmation of the theoretical statement that 
attitude strength influences congenial effects in technoscience circumstances as well. 
 
4.1.5. Conclusion 
 

Cognitive dissonance theory in general and the application of technoscience in 
particular have shown their nuts and bolts. First of all, many core concepts are still 
questioned which makes an application of the theory somewhat delicate. Secondly, it 
is often applied as a convergent epistemological realism notion. As such, it says 
something about the irrational aspects and not about the rational, sound scientific 
methodologies. This is lamentable, because applying cognitive dissonance in a CER 
ontology denies one of the core aspects of cognitive dissonance reduction: attitude 
cluster rearrangement. 

 
All core cognitive dissonance concepts were criticized: cognition, dissonance, 

and reduction. Rigter mentions that the theory focuses too much on cognitions and 
that emotions are important as well. (1996, 219) Since we discussed the cognitive 
dissonance from an attitude point of view containing affects, behaviors and 
cognitions, this critique is not valid for our elaboration. Nuttin questions the attitude 
concept and proposes a theory of response contagion. (1999, 264) We will show in 
our extension of the cognitive dissonance theory that this argument can be taken into 
account. We mentioned earlier (at page 159) that the existence of dissonance itself 
was attacked by Daril Bem in his self-perception theory. (Dunning, 2003) This 
controversy was settled by Fazio et al. saying that both theories are right but in 
different situations.  

Apart from the existence of the concepts, also the further theorising faces 
problems. Both dissonance and dissonance reduction are difficultly measured. "It 
would take a tremendous amount of information about the cognitive world of a person 
to quantify this dissonance, including his cognitions before he arrives at the 
experiment (for each person), the importance of each of these cognitions, a little more 
information about what is and what is not a cognition, and, last, some ideas of the 
relevance of each of these cognitions for the experimental situation."92 Cognitive 
dissonance is too complex to make predictions. It seems then that cognitive 
dissonance can explain data, no matter what the outcome. At the same time, it is also 
said that cognitive dissonance theory is too simple to describe complex phenomena. 
(Verbruggen, 1973, 146) First of all, people are not always motivated to reduce 
dissonance. Often people seek tensions instead of avoiding them. (Pittman, 1998, 557)  

 

                                                           
92 Verbruggen (1973, 150) refers to KIESLER, Collins, and Miller, Attitude change, 1969, 232. 
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The application of cognitive dissonance theory to technoscientific situations 
remains difficult. This has to do with Latour's division between modern and non-
modern ontologies. Cognitive dissonance theory faces some drawbacks with respect 
to its application to technoscience because it is used in psychology to describe purely 
social situations. It has problems with the 'facts' of science. As such, it is a modern 
theory in the Latourian sense. It makes a distinction between objects and subjects. 
Cognitive dissonance applies only to subjects, not objects and the way they are treated 
in interactions. 

If cognitive dissonance theory is applied to technoscientific situations in a 
modern ontology, it looses one of the most important aspects: attitude cluster 
rearrangement. The rearrangement is only considered as good or bad if the attitude’s 
reduction happens in the direction of the facts. If this is the case, the reduction is 
rational. If this is not the case, the reduction is irrational.  

However, it is possible that an attitude that is used for a long time as firm 
cognition in technoscientific or other situations can be changed in a dissonance 
reduction if it seems useful. Attitudes in general and cognitions in particular can not 
be seen in a pyramid of foundations. As Batens puts it: our knowledge system has no 
levels. One context can justify a second one, a second a third one and the third one the 
first one. (Batens, 1992, 226) The idea that cognitive dissonance reduction does not 
use an ultimate ground to rearrange the attitude cluster must be preserved. 

We now face the challenge to elaborate an 'extended attitude dissonance 
theory' that is at the same time simple enough to make predictions; that is 
sophisticated enough to explain complex reality; that does not fall victim to the 
sociological temptation of the Edinburgh School or the psychological approach of 
classical psychology; and that preserves the context relativity of attitude cluster 
rearrangement. In order to do so, we will introduce the concept of contextual 
dissonance reduction. 
 

4.2. Contextual dissonance reduction 
 
4.2.0. Introduction 

 
 Up to now, we have discussed some important aspects of the cognitive 
dissonance theory. Attitudes and their changes were our main focal point in the 
previous section. We also said that the modern ontology which is often used in 
cognitive dissonance hampers the application of the theory without losing the 
relativity rearrangement concept, which is one of the most important aspects of the 
theory. 
 With our interactionism elaboration of the first chapter, we are armed to attack 
this issue. As interactionism stresses the role of both quasi-objects and quasi-subjects, 
we will have to give both entities the place they deserve. We will do so in our 
contextual dissonance reduction theory. We will first consider the five context 
elements: attitudes, personalities, group cultures, objects, and problem framings. We 
will show that all these elements can be mutually dissonant or consonant and that 
people are motivated to reduce this dissonance. 
 We will extend the cognitive dissonance step by step. We start with group 
aspects. We will also show that problem framing can be taken as a contextual 
dissonance mechanism before we tackle the role of personality in reduction 
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mechanisms. Our treatment of the role of objects will make it possible to tune our 
theory to Latour's interactionism.  

 
4.2.1. Group aspects and dynamics 

 
In chapter 2, we already treated group aspects of the context. We discussed 

small group or societal influences on assessments and concluded that the results can 
not be neglected. We came to these findings after our discussion on the conformity 
aspect as an existential feature of (technoscientific) groups. We concluded at page 86 
that facts are the results of private conformity to the group norms and that the strength 
of facts stems from the stressful normative pressure majorities display.   

It is clear that in every decision-making, the technoscientific group aspects are 
also very important. Social psychology and sociology have developed a very broad 
field of group relevant issues. It is evident that we can not treat them all in this 
section. We will mention a few that are important to our theory of contextual 
dissonance reduction.  

On the one hand, we will continue here with our focus on the conformity 
matter and the related compliance and obedience issues. We bring to mind that our 
group approach focuses mainly on small groups but does also include organisational 
and cultural factors. On the other hand, group aspects can be important in another way 
as well. Instead of changing the group culture, the group itself can be changed. 
Attitudes can change groups and groups can change attitudes. 
 
4.2.1.1. Groups influence attitudes 

 
The issue that group aspects influence attitudes is well studied in social 

psychology. Participation in group decision-making often affects members' cognitive 
activity (Levine and Moreland, 1998). The importance of group aspects became 
apparent with the extreme inquiries of Asch, Sherif and Milgram. These classical 
researches show the role of group structure for enhancing conformity of group 
members. We will mention them briefly93 and add some more recent findings which 
we can separate in three groups: attitude changes that happen before, during and after 
discussions. But let us first start with the classical inquiries on conformity and 
obedience. 

 
Stanly Milgram's obedience research showed that two thirds of all respondents 

could be brought to obey an authority to administer shocks of deadly intensity to a 
person. When a rebel confederate is present, this number drops to 10%. In addition to 
the above group aspect inquiries, Milgram's research shows the immense importance 
of the leader in group issues. Although this issue is very important, we will not go into 
it.94 

Salmon Asch's line judgement task is another early classic in this field. It 
showed that under group pressure, more than 25 % of individuals could be brought to 
always conform to a publicly stated, but blatantly wrong “group norm" and 75% 
conformed at least once. This effect occurred mainly when the other group members 
were unanimous and urged the experimental subject not to dissent from the group. 
                                                           
93 A more detailed description can be found in every handbook of social psychology, for example 
Brem, Kassin, and Fein, 1999; Gilbert, Fiske and Lindzey, 1998. 
94 More can be found in books on leadership, for example: HERSEY, P., Situationial Selling, 
Escondido, California, 1985. 
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However, when only one other group member broke the consensus, conformity was 
reduced by almost 80 %. Muzafer Sherif showed how norms develop in small groups. 
He used the autokinetic effect that in darkness a motionless point of light appears to 
move, occasionally randomly and in various directions. The individual assessments 
differed from 2 to 25 centimetres. In group situations, the inquiry showed a 
convergence to a common but group dependent perception. 

Although we believe the importance of conformity and obedience is very 
large, the roles of both group aspects must be put into perspective as is shown in the 
earlier mentioned research of Moscovici and Nemeth that pictures social influence as 
a reciprocal process in which both the minority target and the majority source are 
agents and receivers of influence. Obedience and conformity are not deterministic 
processes but interactions between group culture and the other contextual elements. It 
is therefore important that we also focus on the less extreme influences of group 
structure on attitude and attitude change.  

 
Burnstein and Sentis (1981) found that members during a discussion often 

mention more and better arguments in favour of the position they initially like than for 
positions they dislike. Because of this biased information distribution during 
discussions, members tend to shift their opinions further in the direction of their initial 
position. 

Common and group attitudes do not pop up out of nowhere. Tindale et al. 
(2001) give some ways in which these attitudes develop. Obviously, one of the most 
explicit ways is teaching new members. Many implicit ways exist. Socially shared 
meaning develops through interaction among social actors, and is continually 
modified by those same interactions. A simple exchange of information increases the 
perceived validity of the information95. This result indicates the importance of 
conferences of like-minded people. Often, the implicit purpose of gatherings of 
technoscientific decision-makers is a validation of the information. We can link this 
with the complexity of attitudes. Information exchange by technoscientists of the 
same mind increases non-orthogonal complexity and therefore the resistance to 
change, without the added value of new insights. 

 
The participation in group decision-making often affects the members' 

attitudinal activity. (Levine and Moreland, 1998, 440) As cognitive dissonance 
stresses the importance of pre-choice evaluation, small group decision-making 
theories mention that attitudinal changes occur before group discussions. When 
people want to enter a new group, they alter their understanding of the group culture 
and their perceptions of various categories of people like themselves and other group 
members. (Levine, Bogart and Zdaniuk, 1996) 

Zdaniuk and Levine (1996) questioned the relation between the subject's 
expected faction and the bias in thinking about their own position. They found several 
significant results (p<0,01) all with respect to the expected faction. (1) When the 
relative size of the subjects' faction increased, subjects anticipated less pressure from 
the other members of the group and saw the group as more likely to adopt their 
position. (2) A second result indicates that the smaller the subjects' faction is, the 
                                                           
95 Tindale et al. (2001) refer to HIGGINS, E.T., "Achieving shared reality in the communication game: 
A social action that creates meaning." In: Journal of Language and Social Psychology, 13, 1992, 141-
154 and HARDIN, C. and E.T. Higgins, "Shared reality: How social verification makes the subjective 
objective." In: R.M. Sorrentino and E.T. Higgins (Eds.), Handbook of motivation and cognition: 
Foundations of social behavior, Guilford Press, New York, 1996. 
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lower the ratio of supporting thoughts to total thoughts that subjects generated. (3) 
The smaller the subjects' faction, the more likely subjects were to generate at least one 
opposing thought. (4) The smaller the subject's faction, the lower the ratio of 
supporting categories to total categories they used when generating arguments. This 
means that the smaller the subject's faction, the lower the relative diversity of their 
supporting arguments. (5) Opinion strength decreases in the minority condition and 
increases in the even-split and majority conditions. (6) Subjects that are faced alone 
against an opposing rest of the group are least likely to adopt their position. The 
perceived likelihood of adoption increases as the relative size of the subjects' faction 
increases. This inquiry makes it clear that the group features and the idea of a member 
hereof are very important aspects in a problem solving context. 

 
Most research, however, looks at post group decisions. First of all, Laughlin 

and Ellis (1986) and Stasson et al. (1991) found that people who participate in a group 
decision-making will afterwards adopt this group's problem-solving when they are 
asked for their opinion as an individual. Laughlin and Ellis asked 246 college students 
to perform a group task and afterwards an individual task. The individuals who had 
been in groups showed a significant better performance afterwards compared to those 
who had not been in groups (F(1,80)=34,61; p<0,001). The same result was found by 
Stasson et al. They asked 374 psychology students to solve mathematical problems as 
well with comparable results between the two sets of questions (F(1,102)=55,92: 
p<0,01). 

A second post group decision influence was found by a meta-analysis of 
Daniel J. Isenberg. People who participate in a group decision-making will afterwards 
be influenced by the discussed topic. (Isenberg, 1986) Thirdly, people will be 
influenced with respect to their judgement on related issues (Stasson and Hawkes, 
1995). Allison and Messinck96 found that group members often interpret the different 
member's attitudes by means of the group's decision. This can lead to biased opinions 
on the group's decision support level.  

 
These results and the elaboration of Moscovici and Nemeth about minority 

and majority (see page 86) show the importance of group aspects in contextual 
dissonance reduction. Discrepancies between two subgroups or group beliefs and 
personal beliefs provoke dissonance and people will be motivated to solve it. One way 
to do so is to rearrange attitudes or group beliefs. Another dissonance reduction 
mechanism is changing groups. This is what we will treat in the next part. 
 
4.2.1.2. Attitudes influence groups 
 
 So far we have discussed the influences of group culture of an existing group. 
As we said, the contextual group aspects can be important in another way as well. The 
groups themselves can change. Levine and Thompson (1996, 752-3) concluded in a 
metastudy how change of position and redefinition of group boundaries result in 
problem solving: majorities and minorities can reject the other faction; they can 
voluntarily leave the group; and they also can add new members who agree with their 
position. 
                                                           
96 Levine and Moreland (1998, 440) refer to ALLISON S.T. and D.M. Messinck, "From individual 
inputs to group outputs, and back again: Group processes and inferences about members." In: C. 
Hendrick (Ed.), Review of personality and social psychology,  Vol. 8, Sage, Newbury Park, 1987, 111-
143. 
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 A nice technoscience example is given in Trevor Pinch and Wiebe Bijker's 
bicycle study. They documented various social influences in science and technology 
and in particular in their study on the development of the bicycle. (Pinch and Bijker, 
1987) They showed how sporting versus recreational cyclists, and women versus men 
cyclists as groups influenced the development of the bicycle as we know it today. The 
bike as we know it right now depends on the way people were addressed as group. 
The importance of the invention of new groups was also shown by Latour.  
 

In the mid-nineteenth century, rich and poor, capitalist and proletariat were some of the most 
solidly defined groups because of the class struggle. Health officers who wished to overhaul 
European and American cities to make them safe and hygienic were constantly stalled by class 
hostility between poor and rich. [...] When Pasteur and the hygienists introduced the notion of a 
microbe as the essential cause of infectious disease, they did not take the society to be made up 
of rich and poor, but of a rather different list of groups: sick contagious people, healthy but 
dangerous carriers of the microbes, immunised people, vaccinated people, and so on. (Latour, 
1987, 115-6) 

 
We can deduce a rather bizarre but rather important result for fact-building as 

well. Let us return to Verbruggen's phlogiston controversy research in which he 
described Priestley's dissonance reduction. (see page 167) It is clear that Latour's 
interactionism theory considers Lavoisier's theory as a whole of facts at the moment 
that the important resistance has died. Since Priestley never accepted Lavoisier's 
theory, Priestley's death makes the Lavoisier's theory more a fact than it was before... 
 

It is clear that in the examples of Latour and Verbruggen, the dissonance 
decreases if the groups are reshuffled or when Lavoisier dies. The change of groups 
decreases the contextual dissonance. 

 
4.2.2. Problem framing 

 
Extending the dissonance concept to group aspects appeared not that difficult. 

We will show in this section that the extension of cognitive dissonance reduction to 
problem framing is not that difficult either. We can take the pre-choice situation as a 
lead for further development of our contextual dissonance concept.  

We already discussed the pre-choice (Festinger, 1957, 126) situation in the 
previous section. It has yet another consequence. Problem framing is a very important 
issue in technoscientific discussions. People who are aware of their near future 
situation will restructure or change their attitudes to avoid substantial dissonances by 
means of problem solving. 

 
 Technoscientists will give evidence of these mechanisms as well. Pinch and 
Bijker (1987, 45-6) describe how bicycle engineers redefine the problem as it was 
framed at that moment. To convince the sporting cyclists that air tires are useful, they 
shifted the debate from the vibration problem to the issue of being the quickest. A 
nuclear scientist will have to speak to non-governmental environmental groups. She 
or he will prepare for a diversity of questions and will plausibly show a stronger 
attitude than she or he does in her or his own institution. However, the scientist will 
rearrange her or his attitudes before a research group discussion as well. When 
important decisions have to be taken, those involved will narrow and strengthen their 
opinions and attitudes to better persuade other participants. 
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Problem framing is a very important instrument in avoiding upcoming 
contextual dissonances. Slovic emphasised the importance of the problem definition 
for risk fact building. 'Whoever controls the definition of risk (i.e. determines the rules 
of the risk game) controls the rational solution to the problem at hand.' (Slovic, 1998, 
76) Adapting words in a report or document is not a problem as such. In a way, it is 
part of a continuous attempt to improve the scientific understanding. However, some 
words are deliberately changed because they cause contextual dissonance. Richard 
Rorty talks in this frame about idiosyncrasies, the personal oversensitivity for certain 
occasions or things. (1991) 

Let us give an example. Naturally Occurring Radioactive Material (NORM) 
can be compared with the notion 'Very Low Level Waste'. In the first frame, an open 
uranium mine will probably be seen more easily as unproblematic since it is a natural 
product. When the same material is described in the second frame, it will sooner be 
considered by some participants in a debate as problematic. It concerns materials that 
naturally occur in nature. But they are also a consequence of human action. As such, it 
can be considered as nuclear waste.97 The concept of waste is more closely related to 
danger and 'tampering with nature' (Sjöberg, 2002) compared to natural products. 
These are linked with 'gaya', 'life', etc.  
 

The Center for Informed Decision Making (CIDM, 2004) mentions four 
heuristics that influence risk judgment framing: availability, overconfidence, 
anchoring and adjustment, and representativeness. Although these four categories are 
mostly used to describe layman risk perception, we can transport these concepts to 
risk assessment. 

In a convergent epistemological realist view, this might seem an irrelevant 
aspect of technoscience since it can rely on a methodology that is 'rational'. This 
means that all existing results are in principle within reach, especially nowadays with 
the increased ease of finding information with ICT applications. In our theory, we 
state that contextual knowledge used in technoscientific decision-making is limited 
(see page 53). In a discussion, a limited number of people can explicitly mention only 
a limited number of facts. The availability heuristic is therefore also a part of 
technoscientific argumentation. This is mainly important in cases of low probability 
estimates where non-testability, non-falsifiability and the statistical power of the 
hidden flaw come into play. (Freudenburg, 1992)  

In making judgments, technoscientists have to rely on existing facts. Using 
these as anchor, scientists will adjust them. A well known example for anchoring and 
availability is the Rasmussen Report. Shrader-Frechette gives the difference between 
two assessments.  
 

A recent study by hazard assessors in the Netherlands used actual empirical frequencies 
obtained from a study done by Oak Ridge National Laboratories to calibrate some of the more 
testable subjective probabilities used in the famous Rasmussen Report, WASH-1400, probably 
one of the most famous and most extensive risk assessments ever accomplished. The Oak-Ridge 
frequencies were obtained as part of an evaluation of operating experience at nuclear 
installations. These frequencies were of various types of mishaps involving reactor subsystems 
whose failure probabilities were calculated in WASH-1400. The Oak-Ridge study used 
operating experience to determine the failure probability for seven such subsystems, and the 
Dutch researchers then compared these probabilities with the 90 percent confidence bounds for 
the same probabilities calculated in WASH-1400. The subsystem failures included loss-of-
coolant accidents, auxiliary feedwater-system failures, high-pressure injection failures, long-

                                                           
97 For an IAEA definition of waste see page 222. 
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term core-cooling failures, and automatic depressurization-system failures for both pressurized 
and boiling water reactors. Amazingly, all the values from operating experience fell outside the 
90 percent confidence bands in the WASH-1400 study. However, there is only a subjective 
probability of ten percent that the true value should fall outside these bands. (Shrader-Frechette, 
1998) 

 
The third influence of risk judgment framing is the technoscientists' 

overconfidence concerning their own risk judgments. We can refer here to Hynes and 
Vanmarcke's expert judgment research. This is sometimes encountered in expert 
judgement. Hynes and Vanmarcke (1976) compared seven judgements of 
internationally known geotechnical engineers of the height at which an embankment 
would fail. The results showed that the uncertainty intervals of different assessments 
did not contain the "true value" (or at that time constructed fact). All facts can be 
overruled when stronger facts are brought forward and accepted. Sometimes the new, 
stronger facts are out of the old uncertainty intervals. Other examples already 
discussed above can be found in 'Late lessons from early warnings' (Harremoës et al., 
2001), Paul Slovic, Baruch Fishhoff, and Sarah Lichtenstein (1979), and Kraus, 
Malmfors, and Slovic (1992). 
 
The consequence of technoscientists' overconfidence can be that the problem is 
framed in such a way certain tracks are overlooked. 

Representativeness is a last category of framing mechanisms.98 Pricilla 
Murphy (2001) illustrated this when she measured tobacco experts' assessment of 
nicotine addictiveness. She applied a semantic network analysis to a nicotine 
addictiveness discourse of a testimony about the health effects of nicotine presented to 
the House Subcommittee on Health and the Environment in March, April, and May 
1994. The thirty-seven speakers were divided as follows: eleven from tobacco 
companies, fourteen congresspersons, one layperson and eleven experts in various 
facets of the health effects of nicotine.  

Murphy found that the speakers had a common preoccupation with narrowly 
defined, lab-based evidence. At the same time industry, government, and independent 
researchers framed the issues differently to support their sponsor's strategies. Four out 
of five clusters (fixed number) in industry discourse dealt with research procedures. 
The only public health cluster dealt with the analogy between smoking and drug use. 
The analysis showed no cluster on the uncertainty of the information for the industry 
speakers. The government speakers had three clusters on research procedures and one 
on public health with as main topic whose choice it is to smoke. The analysis revealed 
one out of five clusters dealing with uncertainty of information asking for the need for 
reliable information. With respect to the independent research institute speakers, the 
analysis showed only two clusters on research procedures. The two clusters on public 
health effects dealt with alleged health effect and concerns about public health. One 
out of five clusters was a uncertainty of information for the documented evidence: 
asking who knew what. 

 
After this theoretical elaboration and the technoscientific examples, it must be 

clear that problem framing is a very important issue in contextual dissonance 
reduction. We even follow Slovic that it is crucial in risk and safety discussions. As 

                                                           
98 The importance of this last framing mechanism category is stressed by Daniel Kahneman and Amos 
Tverski. They state that 'statistical training alone does not change fundamental intuitions about 
uncertainty' (Kahneman and Tverski, 1983, 68) 



Waste depositionism                                                                                        Positioning Safety 
 
 

 177

such, we know that contextual dissonance reduction can happen between attitudes, 
group and problem framing.  
 
4.2.3. Personality 
 

Group aspects and problem framing appear to be important aspects in 
contextual dissonance reduction. Since we consider personality as a stable individual 
aspect and context as a problem solving situation that is limited in time, the role of a 
context to personality will not be very important. It is clear that a context, taking on 
average only a few minutes, will not influence personality. This is at least true for 
adults99 and since we study technoscientific decision-making here, we consider 
personality as sufficiently stable not to be influenced by a single context. The research 
of Srivastava et al. (2003) shows that adult personality changes over time are possible 
due to important changes in someone's life as work, marriage or partnership, and 
parenting. These slight adult personality changes require many years. Our context 
concept that is very time-limited cannot be influenced by this. 

 
Whereas one context has little or no effect on personality, the reverse is of 

course very important. Personality has a core influence on the other context 
constituents: differences in information processing, motivation to be part of certain 
groups, character in group discussions, etc. 

Personality research has found differences in cognitive styles. Suedfeld and 
Tetlock (2003, 286) give three important examples. The need for cognition is a 
tendency to engage in and enjoy effortful cognitive endeavors. Conceptual and 
integrative complexity are concepts that indicate the tendency to process information 
in differentiated and integrated ways. The need for closure is the tendency to make 
judgements and decisions confidently in ways that minimize ambiguity and subjective 
uncertainty. Besides these three examples, the openness factor we described in the 
NEO big five personality questionnaire (page 71) gives a cognitive style indication as 
well. People with a high O-score have an active imagination, an aesthetic sensitivity, 
attentiveness to inner feelings, a preference for variety, an intellectual curiosity, and 
an independence of judgement. All these different styles have of course their 
implication on problem solving. 

The choice of individuals for a certain context or the context for certain 
individuals is also an important aspect. In our description of the interaction theory we 
stated that personality traits and contexts influence each other. Individuals tend to 
look for situations that suit them (Swann, 1987) and people themselves also evoke 
certain situations. 

Last but not least, people's character has an influence on group dynamics. 
They can be dominating, silent, avoidant, etc. An example of the influence hereof is 
given in Latour and Woolgar's Laboratory Life: 

 
Shally's testimony is particularly suggestive of the importance of their initially peripheral 
position. For example, he made the following remarks about a third party: 'He is the 
Establishment ... he never had to do anything ... everything was given to him ... of course he 
missed the boat, he never dared putting in what was required: brute force. Guillemin and I, we 
are immigrants, obscure little doctors, we fought our way to the top. (Latour and Woolgar, 1986, 
119) 

 

                                                           
99 Exceptions might exist, but these are so rare and extreme that we can leave them aside. 
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 These elaborations show that personality is also important in contextual 
dissonance reduction. Especially personality aspects consonant with other contextual 
elements will be important. 
 
4.2.4. Objects 

 
The last context constituent we have to tackle is the influence of objects. We 

broaden our dissonance of attitudes, group cultures, problem framing and personality 
to objects as well. It might seem strange to talk about object dissonance and object 
dissonance reduction. This is certainly the case for modernists for whom objects are a 
different ontological entity compared to subjects.  

We will illustrate that in the non-modern ontology as developed by Latour in 
his 'We have never been modern', quasi-objects and quasi-subjects can easily be 
dissonant. Since objects receive least attention in classical 'modern' research, we will 
give many examples to illustrate their role in contextual dissonance reduction as well 
as possible.  

 
A first example explaining the contextual dissonance reduction between 

behaviour and objects can be drawn from the Milgram experiments described above. 
We saw that two third of the experimental subjects fully obeyed the authoritarian 
figure. In experiments looking for variables, the role of windows, electroshock 
instruments or the building in which the experiment was carried out was extensively 
questioned. (Nuttin, 1999, 305-312; Milgram, 1974) In the standard experiment, the 
experimental subject could only hear the person who got electroshocks by means of a 
microphone. As said above, two thirds of the experimental subjects gave deadly 
electroshocks.  

In the situation of visual contact and tactile proximity, the percentage of 
people who gave a maximum shock dropped to respectively 40 and 30%. When the 
experiment is performed in a 'three-room office suite in a somewhat rundown 
commercial building located in the Bridgeport downtown shopping area' by 'Research 
Associates of Bridgeport, an organization of unknown character (the title had been 
concocted exclusively for use in this study)' (Milgram, 1974, 68) the percentage of 
subjects that were fully obedient decreased from 65% in the Yale University situation 
to 48% in the Bridgeport situation. 

We say that the dissonance between the behaviour in the (extreme) context is  
such that it attempts to reduce the contextual dissonance as much as possible. The role 
of windows, electroshock instruments or the building in which the experiment was 
carried out cannot be neglected besides the role of the authority, his orders and 
peoples attitudes. 

 
The research mentioned at page 93 where people that are positioned at the 

head of a table are more motivated to take a leader role in a discussion can serve as a 
second example of the role of objects in context. The research of Foucault (2001) on 
discipline, power and surveillance by means of prisons and other objects for re-
education can be situated in the same field. 

Another example can be given with the O-ring's role in the Challenger launch 
role. During the launch in 1986, the O-ring and the belief of some NASA engineers 
were clearly dissonant. (see page 85) In our terminology we could say that the O-ring 
was consonant with normalisation of deviance, the cultural secrecy in the space 
shuttle industry and the NASA culture of production before the Challenger launch. 
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(Vaughan, 1996) The treatment of the O-ring, normalisation of deviance and culture 
of secrecy and production in the context whether or not to launch all together led to 
the accident. 

 
We can give a fourth example, one from the nuclear radiation protection field. 

Many measures and rules in radiation protection are an indication of this 
communicative willingness to pay. An article of Tammy Tengs et al. (1995) gathers 
information on the cost-effectiveness of life-saving interventions in the United States 
from publicly available economic analyses. Life-saving interventions were defined as 
any behavioural and/or technological strategy that reduces the probability of 
premature death among a specified target population. Cost-effectiveness is seen as the 
net resource costs of an intervention per year of life saved. Overall, the median 
intervention costs $42,000 per life-year saved. The best cost/life-year ratio in radiation 
control is the intervention by installing automatic collimators on X-ray equipment to 
reduce radiation exposure ($23,000), the highest value of this ratio is reached for 
radionuclide emission control at uranium fuel cycle facilities ($34,000,000,000). The 
median medical intervention cost is $19,000/life-year, a glaring contrast with median 
toxin control ($2,800,000/life-year). It reveals that there is an enormous variation in 
the cost of saving one year of life. These differences exist both within and between 
categories. 

The purpose of the article of Tengs et al. is to plead for a more 'rational' 
allocation of expenses. Rational then can only mean taking cost and number of lives 
saved into account. We will use his work to give an illustration of the correlation 
between quasi-objects and the feeling about radiation protection. As such, we will 
show that the large differences in costs per life-year saved for the different protection 
measures are not that 'irrational'. 

Risk perception studies have made several factor analyses. The different 
studies result in different numbers of risk dimensions. We will use here below the 
article of Vlek en Keren (1992) that mentions eleven dimensions. Table 63 shows 
these dimensions together with four radiation standards taken from Tengs et al. 
(1995): Firstly, the radiation standard "as low as reasonably achievable" for nuclear 
power plants (ALARA). This is a common practice in nuclear surroundings. The 
second life-saving interventions concern the radiation emission standard for nuclear 
power plants, RENPP in the table. A third intervention concerns the workplace 
practice standard for electric power generation operation (WPSPP). A last example 
we take from Tengs et al.'s list is mammography for women age 50 (MW50). Per 
intervention, the cost/life-year saved to meet these standards is mentioned: for 
ALARA this is 2,5 million $, for RENPP 180 million $, for WPSPP and MW50 
respectively 59.000 and 810 $. 

 
 different risk dimensions ALARA RENPP WPSPP MW50

1. Potential degree of harm or fatality 0 - + 0 

2. Physical extent of damage (area affected) 0 - 0 + 

3. Social extent of damage (number of people involved) 0 - 0 + 

4. Time distribution of damage (immediate / delayed effects) 0 - 0 + 

5. Probability of undesired consequence - - 0 - 

6. Controllability (by self or trusted expert) of consequences 0 - + 0 
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7. Familiarity, imaginability of consequences 0 - + 0 

8. Voluntariness of exposure (freedom of choice) 0 - + + 

9. Clarity, importance of expected benefits + 0 + + 

10. Social distribution of risks and benefits 0 - 0 + 

11. Harmful intentionality of agent involved + - + + 

 Total risk judgement + 10- 6+ 7+ 

 Cost/life-year saved (in 1993 $) 2,5 M 180 M 59.000 810 

Table 63: Eleven different risk dimensions and four life-saving interventions in radiation control. 
An imaginary example of a possible laymen judgement is given, whereas a '-' indicates that the 
concerned risk dimension contributes to risk perception increase, a '+' is a sign of the opposite, and 
a '0' points to the intermediate position, illustrating the relation between total perceived risk and the 
cost per life-year saved. (Vlek en Keren, 1992; Tengs et al.,1995)  

Table 63 additionally shows how someone could envision the various risk 
dimensions for the four above-mentioned radiation practices. Although these data are 
not based on actual questioning, it becomes plausible that there is a relation between 
risk perception and the willingness to pay for a life-year saved. This finding is already 
expressed by Bengtsson and Moberg: "Considering the spread, the preferences 
revealed are not very different from the preferences expressed when people are asked 
about their willingness to pay for prevention efforts." (1993) People's impressions are 
submitted to lots of external factors: public opinion, media attention, influence of 
pressure group, economic climate, and many others. 

We see that on the one hand nuclear power plants as objects and on the other 
hand the consonant risk judgment dimensions make it understandable why a 
considerable difference between life saving costs exists. Some objects are consonant 
with dread factors and people are willing to pay more than could be accepted from a 
heuristic that only takes cost and lives saved into account. Discussions on expenses 
for a certain life saving intervention are more easily reduced in a context where the 
objects are loaded with dread. It is easy for environmental groups like Greenpeace to 
make protests against nuclear power plants because these objects are loaded with 
dread. As we said earlier, these differences are quite rational. (Bombaerts, Hardeman, 
and Braeckman, 2001) 
 

We can also understand why objects often but not always have such a huge 
strength in the debate. Objects are strongly linked with the attitude of 'measured with 
a scientific method', the conformity on this, people's personality, and the problem 
framing in a scientific way that has the promise of being successful. The hard or soft 
fact notion of Latour does not only depend on the explicit arrangement (see page 26). 
This explicit arrangement gives the attitude 'measured with a scientific method' a large 
contextual strength. But the other context elements and their mutual dependence also 
play a role. The conformity with respect to specific groups that accept facts having 
contextual and network proximity with the fact in question can be important. If 
people's core attitudes are closely related to the explicitly arranged fact, this will 
probably make the fact a strong fact. If people have core values that are largely 
dissonant with the fact in question, even an explicitly arrayed fact will not be strong. 
It will be neglected in order to save the core value. 

Let us give an example. Two people are discussing alternative medicine. The 
first one is in favour of classical medicine. After all, this knowledge is based on 
empirical research. It is carried out with double blind methodologies. The control on 
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abuse is organised by the peer review mechanism whose merits have already been 
proved. The other one is in favour of alternative medicine. After all, it takes the 
human being as a whole and not as a machine with replaceable and unconnected parts. 
It treats the roots instead of the symptoms. It does not tamper with nature. These two 
attitude clusters are clearly dissonant and their elements are consonant. Although 
classical science has more explicitly arrayed facts, these facts will not be strong, that 
is convincing, for the second person. Indeed, his core attitudes are threatened if he 
accepts classical medicine. 
 
4.2.5. Conclusion 
 
 In this section, we have shown that cognitive dissonance theory can be 
extended to a contextual dissonance theory. We showed that all context elements can 
be dissonant with the other context elements. As such, we changed the modern 
cognitive dissonance theory to a non-modern contextual dissonance theory.  
 The contextual dissonance reduction theory we sketched above implies many 
consequences. In the next part we will mention them to illustrate the novelty of our 
contextual theory. 

4.3. Positionism 
 
4.3.0. Introduction 
  

In this section, we will go into the features of contextual dissonance reduction. 
It is important for the answer to our question of what it means when technoscientists 
consider something safe or not. We will explain that the rearrangement of different 
context elements is contextually relative. We will demonstrate that, even in 
technoscientific discussions, the different people, group aspects, values ánd beliefs 
will be rearranged with respect to each other and not with respect to an absolute and 
referring 'fact'. Every contextual dissonance reduction in a dispute action system will 
imply a rearrangement of the present contextual elements relative to each other. This 
is what we will call positionism. The result of these rearrangements is esteem or a 
state of greatness for all context elements.  

If succeeding contexts are well coordinated, fact builders will be able to 
develop contextual statements into facts by increasing the esteem from context to 
context. This will not only position a certain attitude as absolute. It can also make 
other context elements (people, groups, objects, problem framings) insurmountable. 
 
4.3.1. Contextual relativism 
 

We conclude from the examples in the section on contextual dissonance that 
objects can also be consonant, dissonant with other context elements. Their role is 
very important in contextual dissonance reduction. We can therefore extend the 
cognitive dissonance theory to a contextual dissonance theory. These elements can be 
mutually consonant or dissonant. As in the cognitive dissonance theory, people will 
be motivated to reduce the contextual dissonance as the balance theory's basic 
assumption states. Our elaboration so far showed that contextual dissonance reduction 
is a viable concept. The cognitive dissonance theory and its characteristics can be 
extrapolated to a contextual dissonance theory.  
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A first question that urges itself upon us is the relativity issue. According to 
Mortier and Raes "it is no exaggeration to state that transcending value relativism is 
every ethic's core issue."100 Above (page 167) we discussed that many moral theories 
mentioned specific core values such as utility, growth, lust, and fear. A morality can 
start from one of these attitudes and pretend that this is the basis for a (universal) 
morality. We do not believe in the universal usefulness of these attitudes but in their 
contextual ones. As Sartre pleads ardently for a non-universal morality: 
 

To whom does the moral requirement address itself? To the abstract universality? It loses all 
sense and becomes abstract and formal since the actual situation can change. If one says: behave 
in this or this manner [...] the requirement loses all sense because it refers to the eternal 
recurrence.101 

 
We plead for a contextual approach of ethics. Problems of what ought to be done are 
solved in a context and the problem solving equals an overall contextual dissonance 
reduction.102 
 We want to extend Mortier and Raes' statement and state that epistemological 
theories in general have to formulate an answer to the relativism dispute. This goes for 
technoscientific issues as well. If problems are solved, the contextual elements are 
rearranged. The rearrangement happens relative to the present contextual elements. 
Technoscientific statements can be influenced by other context elements in the 
contextual dissonance reduction as is the case for the other context aspects. They 
seem absolute because their strength in almost all is very large. This, however, is not 
the same as being absolute. Technoscientific statements are relative to the contexts. 

This is what we can call positionism. Context elements have certain positions 
relative to each other at the start of the context. A contextual dissonance reduction 
results in a rearrangement of context elements. After the reduction, the context 
elements will have other positions relative to each other. They are all positioned 
relative to each other. 

 
We saw that cognitive and contextual dissonance reduction can happen in 

many ways and many directions (page 170). Decisions are made on the basis of 
strengths of context elements and of elements of related networks. This is a very 
important difference between CER theories and our theory. CER theories need the 
referring thesis (see page 11) to attribute the quasi-absolute strength of facts. Our 
theory only states that facts are context dependent. The strength of statements depends 
on the context elements.  

Since we do not accept the referring thesis of CER theories, this means that the 
relativity of the attitude cluster rearrangement is kept in the development of our 
contextual dissonance. Absolute knowledge foundation is not necessary at all in order 
to keep 'faith' in technoscience. Indeed, our theory does not lead to unbridled 
relativism as in the Edinburgh school. The rules of contexts determined by the context 
elements take care of that. Not every reaction or solution can be accepted in problem 
solving in a context. Problem solving strategies and solutions cannot be too dissonant 
                                                           
100 Own translation from: 'Men kan zelfs zonder overdrijven zeggen dat het 'overstijgen' van het 
waardenrelativisme een centraal onderwerp is van iedere ethica.' (Mortier and Raes, 1996, 7) 
101 A qui s'adresse l'exigence morale? A l'universel abstrait? Mais elle perd tout sens et devient abstraite 
elle-même, et formelle; puisque la situation concrète peut changer. Si l'on dit: agis de telle ou telle 
façon [...] l'exigence perd tout sens car elle se réfère au retour éternel. (Sartre, 1983, 14) 
102 We could refer to Dewey, MacIntyre, Nowell-Smith, Wittgenstein, or Sartre in our development of 
contextual ethics. 



Waste depositionism                                                                                        Positioning Safety 
 
 

 183

from the initial context elements present. As we will discuss later, this gives decision-
making a certain momentum and therefore also robustness. One of the context 
elements Latour stressed in his interactionism are objects. Indeed, objects are actors in 
the decision-making process. 

 
 The relativity of the contextual dissonance reduction implies that there is no 
context element that is fixed before the context and that can be used to make 
judgments or problem solving. Nor the statements used in the problem solving 
judgement, nor the judgement criteria themselves are fixed in advance. They are 
positioned again and again in every context. If a choice is made according to certain 
criteria, these criteria themselves are positioned as well.  

This means that there is never a predefined ontology to solve problems. In 
case of technoscientific decision-making, this means for example that there is no 
predefined rationality which is used to solve a problem. This conclusion does not 
imply that disciplinary matrixes (page 19) do not exist. The disciplinary matrix 
contains certain expressions and ontological statements that will be accepted without 
difference of opinion. The disciplinary matrix concept in positionism means that a 
certain group of technoscientists uses during a certain period certain context elements 
without questioning them. The ontology is not predefined. It is at most a collection of 
context elements that is positioned implicitly in every context of a certain group of 
technoscientists during a certain period. As a fish does not know about the water, the 
ontology will seem so evident and omnipresent that it appears predefined. 
 

We want to finish this section with three remarks. The first regards Nuttin's 
critique on the attitude concept. He said that the existence of response contagion 
implies an important critique for the attitude concept (see page 158). (Nuttin, 1999, 
264) We can understand now that response contagion is a contextual aspect as 
attitudes are contextual aspects. Both can influence contextual behaviour via 
contextual dissonance reduction. Nuttin's critique for cognitive dissonance theory is 
not valid for our contextual dissonance theory. 

A second remark concerns our questionnaire results in chapter three. We used 
the results to say that there is a link between risk assessments on the one hand and 
other context elements on the other hand. Up to now we did not offer any opinion 
whether these correlations would mean that the assessments influence the other 
context aspects or vice versa. With our positionism theory, we cannot give a definite 
conclusion. However, our theory implies that the influence can happen in both 
directions. The assessments can influence the other context concepts and the other 
context elements can influence the assessment. 

For safety's sake we stress that our third positionism theory is not the same as 
the 'third positionism'. We can take a clarifying quote from Mark Salotte without 
further comment. 
 

Recently the growth of the political tendency known as the "third position" -- a fascist tradition 
with roots in the left-wing of the German Nazi Party under Otto and Gregor Strasser -- has been 
trumpeted loudly from all corners. A recent article in Playboy magazine authored by a leading 
member of the Southern Poverty Law Center uses the concept to attempt to tie together such 
diverse political tendencies as Islamic fundamentalism, anti-abortion terrorism, neo-Nazism, 
Earth First!, and other hinted-at-but-not-named anarchist tendencies. (Salotte, 2004) 

 
We showed in this section that contextual dissonance reduction does not lead 

to unbridled relativism but to a contextual relativism. This kind of relativism implies 
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on the one hand that there is no predefined ontology to solve problems and on the 
other hand that problem solving is contextually relative, which is different from 
nihilism. We call this mechanism positionism. It positions the context elements 
involved. 
 
4.3.2. Contextual strength 

4.3.2.0. Introduction 
 
 In this section, we will treat an important aspect of decision-making. We will 
show that solving problems means ranking all context elements relative to each other. 
We will call this aspect of contextual dissonance 'esteem'. We will show that it is 
closely linked with the cognitive dissonance notions inter- and intra-attitudinal 
strength. In order to be able to use these notions in our contextual theory, we will 
extend them. As such, we will come to an interpretation of 'ought to' in contextual 
dissonance theory. 

4.3.2.1. Esteem 
 

Although we know that contextual dissonance reduction protects us from 
nihilism and absolutism, we do not yet know how positionism can offer an alternative 
for fact building. In this section, we will describe an essential aspect to answer this 
issue with the aid of Boltanski's esteem concept. Before we do so, we must be sure 
that we can do so, for their justification concept refers to 'justice' instead of 'reason'.   
 

The work of Boltanski and Thévenot (1991) focuses on justification itself, 
which is in their theory closely related to 'justice'. They want to know how people in a 
justification discussion come to an agreement. In their analysis of justification, they 
separated the justice dispute from three other action systems: soundness peace, love 
peace, violence dispute. (see page 49) They consider the justification test (l’épreuve 
de justification) as a crucial characteristic for justification. It is the central problem in 
the justification process.  

Settling any agreement implies a judgement. Boltanski showed that all kinds 
of distribution of common goods are at the same time categorisations of people and 
things: "Defining a relation as legitimate or illegitimate [...] thus presumes, in higher 
appeal, a definition of what constitutes the value of things and people, a value scale 
that needs to be clarified in case of dispute."103 This point of view resembles closely 
our context dissonance reduction concept with regard to the role of objects. 

But there is more. This valuation that is incorporated in justification also 
entails esteem (la grandeur). It is the positioning of people relative to principles. A 
social esteem therefore is impossible without a classification of people. A justification 
dispute inevitably ends up with the big ones and the small ones. Friedrich Nietzsche 
already wrote about this esteem mechanism in 1887: 
 

The judgement 'good' does not stem from those to whom 'goodness' was extended! Rather it 
were the 'good ones' themselves, meaning the distinguished, the powerful, the noble, who 

                                                           
103 Translation from: "Définir une relation comme équitable ou inéquitable [...] suppose donc, en 
amont, une définition de ce qui fait la valeur des choses et des personnes, une échelle de valeurs qui 
demande à être clarifiée en cas de litige" (Boltanski, 1990, 79) 
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experienced themselves and their deeds as good, that is of first rank in contrast with all the low, 
vulgar and plebeian.104 

 
This esteem aspect is very important. We therefore want to keep the esteem 

concept from the theory of Boltanski and Thévenot. As we did with other theories so 
far, we will incorporate this theory in our positionism theory. In order to do so, we 
have to be aware that their concept of justification refers to 'justice', not to the broader 
concept of reason. As must be clear from the elaboration so far, our justification 
notion refers to a general 'problem solving', using reason, ethical argumentation, legal 
aspects, objects, personality aspects and so forth.  

If we compare the justification test with our problem solving concept, we do 
not find any insurmountable obstruction. Finding a solution for a problem is finding 
arguments that make a certain solution acceptable to the rest of the context. Whether 
people in a context refer to values (affective attitudes) or facts (cognitive values) does 
not matter for the mechanism itself. People are giving an argumentation, a 
justification for a certain problem. 

The model of Boltanski and Thévenot was applicable to the justice dispute. 
Our model is applicable to violence dispute as well. After all, our model includes 
behavioural attitudes. Non-verbal communication of any sort (from nodding 
understandingly to hitting someone on his face) co-determines the outcome of the 
dispute. We therefore state that our theory is applicable to both types of dispute. 

 
In our contextual dissonance approach, we can state that a judgement between 

two context elements implies the esteem of other context elements. The acceptance of 
a fact in a context means the positioning of those people, groups, objects, attitudes and 
problem framings that are linked with the justified or legitimised context element. The 
contextual elements that are linked consonantly will be positioned above the 
contextual elements that are linked dissonantly with the solved problem. This can be 
seen as one of the core aspects of our positionism theory. Problem solving does not 
solve a problem alone. It rearranges -it positions- the whole context in a way 
consonant with the problem solving. 
 We want to come back to our statement of page 84 that technoscientific 
knowledge is conformity. We showed that the result of contextual dissonance 
reduction is the positionism of contextual elements relative to each other. This 
positionism can, on the one hand, be the consequence of local and temporal factors. 
As such, the contextual positionism does not lead to private conformity. In one of the 
next contexts, the contextual dissonances will pop up again. If, on the other hand, the 
positionism leads to internalisation, we can say that people and groups conform 
privately to the context. Where we could not say in a modern ontology that 
technoscientific knowledge is group conformity, we now can state that 
technoscientific knowledge is indeed contextual conformity.  
 

Brian Wynne describes the positioning aspect of the word 'fingerprint' in his 
study on Sellafield inhabitants' Chernobyl accident reactions (see page 162). ‘Thus the 
deposits were said scientifically to show the so-called Chernobyl fingerprint [a 
caesium deposition characteristic], making an analogy with a form of evidence which 
                                                           
104 Own translation from: "Het oordeel 'goed' is niet afkomstig van degenen aan wie 'goedheid' betoond 
werd! Veeleer zijn het de 'goeden' zélf geweest, dat wil zeggen de voornamen, machtigen, hoger 
geplaatsten en edel gezinden, die zichzelf en hun handelingen als goed, namelijk als van de eerste rang, 
ondervonden, in tegenstelling tot al het lage, vulgaire en plebejische." (Nietzsche, 1994, 21) 
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is never questioned in law.’ (1996, 30) The positioning did not occur because of the 
strength of the technoscientific statements but because of the word fingerprint which 
is related to the strength of law evidence. It is this attitude in this particular context 
that positions scientists above farmers, the scientists' results above the farmers 
knowledge, radioactive decay counters above sheep.  

In the same study, Wynne refers to an inquiry that looked for the role of 
bentonite to chemically adsorb caesium in the soil and vegetation, in order to reduce 
recontamination of grazing sheep. The bentonite was spread at different 
concentrations on the ground in different plots. In order to control the different set-
ups, the sheep were fenced. Farmers pointed out that the sheep were used to roaming 
over open tracts of fell land. Fencing them would make them loose condition and ruin 
the experiment. This indeed happened. (Ibid., 26) Apparently, the sheep and the 
farmers were not strong enough to position themselves with respect to the scientists; 
their scientific attitudes, values and beliefs; and their experimental set-up of fences 
and decay counters. 

Diane Vaugan says the same about the positionism strength of the concept 
"management risk decision" within NASA. It 'formalises a very risky action. In this 
way, the risky decision is agreed upon and not further questioned. (1996, 81) The 
concept 'management risk decision' makes people who use it position themselves 
above others who doubt certain activities. 

Olivier Corten (1999, 1997) discussed the notion "reasonable" in international 
law. Whereas some think this word provides a value free method to talk about 
rationality, others believe that it hides divergent interpretations. The positioning 
capacity of the word 'reasonable' is also used in radiation protection. Radiation 
protection activities are justified with the statement that they are ALARA, as low as 
reasonably achievable (ICRP, 1990; Stokell et al., 1991). Whereas the technical 
radiation protection aspects are discussed and substantiated at length, the socio-
economic issues are positioned with 'rhetorical closure'. Corten illustrated this with a 
limitation to positive, international public, case law (Corten, 1997, 6-8) Also 
MacCormick demonstrated that the reasonable notion differs in many law branches 
such as public, criminal, private or statute law. (MacCormick, 1984) 

 
These examples and our theoretical elaboration show that esteem is always 

present in the dispute action systems (see Table 3). As we discussed above, the 
consequence of the esteem aspect in contextual dissonance reduction is that (1) the 
elements that are judged and (2) the criteria used to judge are ordered so as to come to 
a problem solution. We then can say that technoscientific problem solving comes 
down to contextual conformity. 

4.3.2.2. Strength between contextual elements 
 

We can now link the esteem concept with the concepts of intra- and inter- 
attitudinal strength. We said that commitment, attitude proximity, attitude 
accessibility, attitude selectivity, and attitude activation are maybe not the only, but at 
least very important aspects of intra-attitudinal strength. As we did in the foregoing, 
we will extend these attitude concepts to our context elaboration. Can the inter- and 
intra attitude strength concepts be extended to object, group, individual, attitude and 
problem framing? We think they can. The accessibility, proximity, selectivity, and 
activation are typical attitude aspects. However, it is not difficult to extend these 
notions to the other context elements.  
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Group norms will be the easiest extension of this notion. If certain group 
characteristics are better accessible, they can play a more important role in contextual 
processes. Norms that are close to other group characteristics will be more easily 
brought forward. In situations where certain group characteristics are activated, these 
features are more influential compared to other situations in which they are not 
activated. We see that accessibility, activation and proximity of group aspects 
determine their influence.  

This goes for personality traits as well. Personality traits can be activated in 
certain situations. People with high agreeableness personalities traits will only act 
altruistically and show their sympathetic feelings towards others if it is activated by 
the context. When people have the feeling they have to act in an altruistic way, the 
ease of the behaviour will depend on the accessibility of the personality trait. People 
with high agreeableness scores will more spontaneously answer the norm. 

The application of the accessibility, activation and proximity concepts on 
objects and problem framing will be less common. However, it will not surprise that 
in our positionism approach these links will be made as well. Certain problem 
framings will not be accepted in certain situations. Consider a very technical working 
group on the risk of a nuclear waste repository. If a participant in the discussion 
suddenly brings in Giddens' ontological security concept that we discussed at page 72, 
the problem framing will probably not be accepted. The proximity of the problem 
framing with respect to the rest of the context is not sufficient. It does not draw on 
accessible or activated context elements. 

The same extension can be made for objects. In a safety or risk discussion, the 
tension of concrete can be an important aspect. The different kinds of concrete 
available are objects that have high proximity in the discussion on the possibility of 
the bridging of the roof. If concrete experts are present, the objects and their features 
are highly accessible. The knowledge of experts present activates certain problem 
framings and attitude discussions.  

It must be clear that strength from a contextual element is an important notion. 
Positioning in a context happens according to strength of the contextual elements in 
itself. The solution of a framed question depends on the accessibility, proximity, 
selectivity, and activation of the contextual attitudes, personalities, group 
characteristics, and objects. And this will lead to a new problem framing that is 
consonant with the previous context.  

4.3.2.3. Strength from contextual elements 
 

In our treatment of cognitive dissonance, intra-attitudinal strength finally 
brought us to the inter-attitudinal strength. In the same way, strength between context 
elements will bring us to the strength of the contextual elements themselves. We used 
the inter-attitudinal strength description of Hugo Van Den Enden that says that 'ought 
to' refers to deliberately imposed behavioural alternative limitation on oneself in 
function of the ideological and world view vision for the individual, group, 
collectivity or the society as a whole (page 166). This does not need much extension 
in order to fit our positionism theory. However, some remarks must be made.  

First of all, the definition talks about 'behavioural alternative limitations'. It 
will be clear by now that we extend this to the whole context. People will deliberately 
limit their behaviour, but also their cognitive and affective attitudes. For example, 
people can refuse themselves to believe in UFO's or dislike a repository in their 
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community if the context they are in forces them to do so. But there is more. People 
will also deliberately limit the objects they bring in and their problem framing. 

The same goes for the reason of this limitation. Van Den Enden mentions the 
ideological and world view for any kind of system. It is clear that, in our terminology, 
attitudes and group aspects are important aspects of the origins of the deliberate 
limitations. It follows from our contextual approach that the whole context is 
important. Van Den Enden's definition neglects or at least does not explicitly mention 
the role of problem framing and objects. 
 We come to the following adaptation of Van Den Enden's definition: 
 

The "ought to" in question with respect to the phenomenon of pressure is a deliberately imposed 
contextual alternative limitation on oneself in function of all the context aspects that is at that 
moment the "ultimate reference system that gives meaning" for the individual, the group, the 
collectivity, the society in function of which the context is oriented, established as the norm and 
controlled. 

 
It is important to stress that the limitation is contextual. Each participant or 

group in a public (and of course also an interpersonal) debate will have its own 
limitation. This is understandable. All participants and subgroups will experience the 
context they are in differently. They will face a different contextual dissonance 
reduction process and result. 

In the adaptation of Van Den Enden's definition, we find an answer why 
people reconcile themselves to the contextual solution. In line with the cognitive 
dissonance theory, accepting a solution means deliberately imposing contextual 
alternative limitations on oneself in function of the contextual aspects. This can imply 
many things: giving in a certain belief because one was convinced or strengthening 
one’s belief because one was able to convince the others; giving in a personal position 
in the group or strengthening one's position; or making certain objects more or less 
important. 

 
Both the strengths from context elements and their connection will therefore 

determine the direction of the contextual dissonance reduction. The result of the 
problem solving is influenced by this direction. If we apply this insight to 
technoscientific decision-making, we understand that it is contextual strength that 
makes technoscientists decide to defend or attack a certain thesis. Neither the objects, 
nor the social psychological aspects make a scientist change from one opinion to 
another. It is their combination that makes them change opinion. The contextual 
dissonance theory can give an initial impetus to a specification how this combination 
happens. 

4.3.2.4. Conclusion 
 
We demonstrated that contextual dissonance reduction implies esteem. The 

way this esteem is put into place can be described with the strengths from context 
elements and their connection. Participants in the context will feel that they 'ought to' 
make that decision. The direction in which the contextual dissonance will be reduced 
depends on the strengths of the context elements themselves. It is this direction that 
determines the solution of the problem. 

A single context does not make a fact however. In order to build facts, several 
contexts must provide contextual dissonance reduction directions in the same 
direction. 
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4.3.3. Fact building 

4.3.3.0. Introduction 
 

In this section, we will make the step from discussions in a single context to 
decision-making processes. We will demonstrate that fact-building in the Latourian 
sense means aligning contextual elements in successive contexts. The alignment will 
imply that the positionisms in the subsequent context result in a fact, a statement with 
no modality or trace of authorship. It will also imply the insurmountability of certain 
groups, individuals, and objects that are linked with the fact throughout the decision-
making process.  

Processes will show a certain momentum if they succeed to transform a 
statement into a fact. We will outline in this section two important features for the 
momentum of decision-making processes: the different worlds in argumentation and 
the different levels in communication. 

4.3.3.1. Gradual positionism 
 

One contextual dissonance reduction does not yet make a fact. We described 
earlier that decision-making happens step by step. A fact does not come out of the 
blue but is built in a chain of contexts. 

 
One example of gradual positionism by means of objects is given by Latour. 

He describes how a Paris municipality wanted to prevent a private railroad company 
taking over the subway after the elections. 

 
How can the momentary balance of forces be rendered irreversible? One solution was to use 
narrower tracks for the subway than for the railways. [...] What was reversible in 1900 became 
less and less reversible as the subway network grew. (Latour, 1988, 36)   

 
It is obvious that this balance or forces is not absolutely irreversible. However, the 
positioning in the successive contexts on the width of the trails had also an impact on 
the strength of attitudes in favour of the –at that time- socialist control. 

We can use Callon's St. Brieuc Bay inquiry as a second illustration. Michel 
Callon describes a scientific and economic controversy about the causes for the 
decline in the population of scallops in St. Brieuc Bay and the attempts by three 
marine biologists to develop a conservation strategy for that population. One of the 
'moments' in his 'sociology of translation' is the 'interessement of the important actors, 
the group of actions by which an entity attempts to impose and stabilize the identity of 
the other actors it defines through its problematization. [...] A interests B by cutting or 
weakening all the links between B and the invisible group or other entities C, D, E, 
etc. who may want to link themselves to B.' (Callon, 1986, 207-8) Interesting B means 
systematically positioning oneself near (next to or above) B and positioning B far 
from C, D, etc. 
 Another example of gradual positionism is found in the phlogiston controversy 
study of Freddy Verbruggen (1973, 1069-1117). He describes how Delamétry's 
phlogiston concept and the differences between the phlogiston and antiphlogiston 
theory change in the period between 1781 and 1816. Confronted with the growing 
antiphlogiston theory, the phlogiston concept changes from 'element of fire' (1781), 
over 'hydrogen' (1784), 'basis of hydrogen' (1786), 'material of combined fire' (1787), 
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inflammable air (1804) to 'calorific (calorique)' (1816). Verbruggen describes how the 
notion of phlogiston changes in order to reduce a cognitive dissonance induced by the 
antiphlogiston inquiries. The same goes for the contradictions in both theories. 
Delamétry mentions six important differences in 1787. In 1788, only five restructured 
attitudes exist according to Delamétry. In January 1789, only four differences are 
mentioned. In April of the same year, only two differences remain. Although we will 
not discuss the context in detail for matters of brevity, we can state that Delamétry 
positions himself in the subsequent contexts with respect to attitudes, people, objects, 
and problem framings. 
 A last example we give here is Callon's (1987) description of the evolution of 
the EDF (Electricité de France) project to develop an electric car (VEL). The EDF 
engineers tried to convince CGE (Compagnie Générale d'Electricité), Renault, the 
government and many other companies to subscribe the proposal not only by referring 
to the precise characteristics of the vehicle it wished to promote but also by the social 
universe in which the vehicle would function. At the turning point of the process, 
Renault engineers left the project by referring to the problems with the zinc/air 
accumulators but also to sociologic analyses. They rebutted that the traditional motor 
car did not change the equilibrium of existing social forces, that pollution could easily 
be reduced, reorganisation of public transport in cities could be improved by using 
more comfortable and higher-performance buses, and that the current public debate 
was more about reindustrialisation than on the emerging post-industrial society! (Ibid, 
91) The Renault engineers decided to withdraw. This example clearly shows that the 
decision to abandon the process is a consequence of a successive positioning of 
context aspects relative to each other. 
 
 These examples demonstrate how facts are built or not built. We consider a 
decision-making process as a sequence of contextual dissonance reductions. The 
different contexts are not independent. The result of a preceding context will 
determine the subsequent context. The contextual dissonance reduction of the first 
context gives certain context elements more esteem. This will increase their 
contextual strength in the second context. As such, the importance of these elements 
that have been judged and the criteria that are judged has increased. This means that 
these context elements will steer more the direction of the next contextual dissonance 
reduction than when they would have been positioned below other context elements. 
But this does not mean that the context elements that are positioned in the previous 
context are the supreme determinants. In the subsequent context, they can loose their 
strength again. 

Here lies the task of fact-builders (see page 25). Fact-builders have to increase 
the number of people so that the claim spreads and to decrease the number of people 
so that the claim spreads as it is. Fact-builders will not succeed if the contextual 
dissonance reduction direction is diffuse or opposite to their goal. They will succeed if 
all contexts and their context elements are aligned in the direction of their fact. The 
individual increases in contextual strength will then be additive. The consequence is 
that the total strength is huge – huge enough to determine that dissonance reduction 
direction in subsequent contexts are 'away from' the fact. People in the subsequent 
contexts will not be motivated to doubt this statement because for the moment it does 
not hold any promise for a maximization of contextual dissonance reduction. 

Fact builders will have to apply a gradual positionism to build facts. Latour 
mentioned clearly that facts also need maintenance. Otherwise, facts will 
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disappear. Fact builders therefore also need gradual positionism to maintain or 
destroy facts.  

It might seem that this mechanism applies only to attitudes. After a fact-
building process, attitudes become facts. We want to stress here that this mechanism 
implies all context elements: group cultures become norms; people become rulers or 
responsible people of the fact-building process; objects become instruments; and 
problem framings become part of the disciplinary matrices. This 'status' remains until 
one of the context elements is severely questioned – and with it all related context 
elements. For example, if a responsible is questioned, her or his facts are necessarily 
at least implicitly questioned as well; if an object is questioned, this can have 
implications for the problem framing. 
 

During a successful fact-building process (and of course also during a 
successful fact maintenance process), the different contextual strengths add up to a 
final strong fact. These processes will have a certain 'momentum'. It moves in a 
certain direction. This momentum stems from a stabilising or stabilised interaction of 
different context elements of the subsequent contexts. In the beginning of a process, 
many things can be discussed and many directions can be taken. If the process has 
already gone a significant way, many context elements are already very strongly 
positioned. Their contextual strength will be very big already. It will be more and 
more difficult to counter them. They have gradually been positioned. 
 This momentum originates from many different aspects of human interaction. 
We will give two illustrations of features that assure the momentum and the 
consequent coherence in a decision-making process. The first is a characteristic 
intrinsic to argumentation 'at large'. Certain aspects of argumentation will determine 
partially the transition from one context to another. A second aspect of problem-
solving is the existence of different communication levels. The possibility to use 
communication in all its strengths is, as we will show, an important aspect of 
positionism in contextual problem solving. We focus on these two features. Other 
characteristics can certainly be given from social psychology, philosophy of science, 
or technoscientific experience. We limit ourselves to these two because we consider 
them as being very important. 

4.3.3.2. Momentum intrinsic to argumentation 
 

In this part, we discuss positionism aspects that are characteristic for specific 
forms of justification. We base ourselves again on the explanation of Boltanski and 
Thévenot. (1991) They profoundly elaborated a descriptive theory on rules underlying 
a justification discussion. We will discuss some of them that will appear to be 
important for our positionism theory.  

Fist of all, we consider different argumentation logics and worlds. The logics 
(cités) are “… legitimate forms of agreement that serve as ultimate resource to clarify 
and unravel disputes.”105 Such a ‘cité’ is a justification logic that is based on a 
superior principle, a conception of the common good. This logic is always applied in a 
certain actual situation. The confrontation of this justification logic with tangible 
people and things affects the impact of these logics. Boltanski and Thévenot call the 
concrete situation 'world'106 (le monde). 
                                                           
105 Translation form: “…les formes légitimes d’accord qui servent de recours ultime pour 
l’éclaircissement et le dénouement des démêlés.” (Boltanski and Thévenot, 1991, 56) 
106 It is clear that the world concept is completely different from the common use of the world.  
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The reference to qualified things brings about an extension of the coherence frame by which the 
logics are displayed in the common worlds. […] Neither the argumentation examination, nor the 
immediate context allow to understand complete judgement contradictions. They risk concluding an 
arbitrary or absolute subjective point of view. These determinations are inextricably bound up 
because the accounts can make an appeal to different worlds.107  

 
First of all, a world contains concrete things. It therefore is different from a 

purely social representation. The Edinburgh school received the critique that their 
theory dealt with pure representations and had lost all contact with the 'reality out 
there'. The inclusion of things within this theory – as Latour's and our use of objects - 
avoids this critique. 

Crucial to us in the inter-world justification is the tension between equality 
and difference. On the one hand, a logic has equality basics. It presupposes the dignity 
of human beings. (principe de commune humanité) People are not things and should 
be treated dignifiedly. Subsequently, people should have the same rights to look for 
the most valued state. (principe de commune dignité). On the other hand, justification 
will always imply differentiation. This difference principle (le principe de 
dissemblance) says that a justification will always lead to a more justified and a less 
justified or more accused, respectively the big (les grands) and the little (les petits).  
 Other features of the different worlds maintain both this equality and 
difference. First of all, there is a superior common principle (principe supérieur 
commun) in each world. This principle is both the driving force and the convention 
that establishes the equilibrium and stability between the different beings. By means 
of this convention, beings can obtain and maintain an important position. Those who 
are seen as important (state of esteem, état the grand) in a certain world are then also 
the guardians and the point of reference in the world by means of this superior 
principle. Both the superior principle and the big ones determine the behaviour of the 
others.  

Although people have the same rights to hunt for the state of esteem, people 
are often qualified in their state of esteem. A distinction is made between big people 
and the small ones. Things and equipment make this esteem of people more objective 
as it is seen in the particular world. There is also an implicit relation between the big 
and the small. This esteem connection (rapport de grandeur) specifies the relation 
between the big and the small. It makes a stable world possible. 

Many other features of the worlds reinforce this stability of the tension 
between equality and difference. Each world has a specific mode of justification  
(justification test model, épreuve modèle) and activities (natural relations between the 
beings, les relations naturelles entre les êtres) by which the state of esteem and the 
esteem connections are realised. 

 
Boltanski and Thévenot illustrate these world features with the six different 

worlds they differentiate. We will only briefly mention the different worlds and their 
superior principle. In Table 64 the different worlds and superior principles are given. 

                                                           
107 Translation from: “La référence à des choses qualifiées entraîne donc une extension du cadre de 
cohérence par lequel les cités se déploient dans des mondes communs. […] Ni L’examen de 
l’argumentation, ni son contexte immédiat, ne permettent de comprendre des oppositions de jugement 
aussi complètes que risquent de faire conclure à un arbitraire, à une absolue subjectivité des points de 
vue. Ces déterminations sont inébranlables parce que chacun des énoncés peut prendre appui sur un 
monde différent.” (Ibid., 165) 
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Let us start with the industrial world (le monde industrielle) in which technical 
objects and scientific methodologies are important. In this world, people strive for 
efficacy and performance in organisations. Those who perform well and are reliable 
and operational (professionals such as experts, specialists, and responsibles) are held 
in high regard. This is a classical technoscience image in applied technology. 

The civic world (le monde civique) is founded on the primacy of collectivity, 
which is the collective awareness and the common good. Those who are considered as 
being representative and living according to regulations are most respected in this 
logic. Politicians, officials, and others who have a collective mandate use this logic by 
relying on the fact that they speak on behalf of a collectivity. Technoscientific 
decision makers are in this logic when they consider themselves as representatives of 
‘their’ technology or when they consider the safety argumentation as a collective 
issue. Technoscientists then represent the whole population. 

The domestic world (le monde domestique) “appears every time the quest for 
the right focuses on the personal relations between people”108. The most important 
demand is respect for tradition and hierarchy. Those who are loyal to hierarchy’s 
superiority are considered as good people. Compared to feudal times, this kind of 
validation is robbed of its strength. However, it remains important. In ethical charters, 
for example, the loyalty of engineers is always a high-ranking value. Loyalty and 
fidelity always push themselves to the forefront in whistle-blower discussions.  

The merchant world (le monde marchande) applies interests or desires (la 
convoitise) as important justification principle. Concurrence is seen as the result of 
actions due to individual desires for the same scarce objects. Funding and crediting of 
technoscientific research will situate itself often in the merchant world.  

The world of opinion (le monde de l'opinion) uses celebrity (la renomée) as 
justification means. The reactions of the general public that stipulate for success can 
justify one’s deeds in this world.  Those who are penetrating, persuasive or 
informative command most respect. In technoscientific discussions, Nobel prize 
winners and honorary doctorates are scholarly examples of the role of this world.  

The inspired world (le monde inspirée) is very apparent in religions. Creative 
people are held in high esteem. Artists and mystics can free themselves from material 
aspects that bind to the material world in order to give their imagination free play. The 
discussion whether or not to steer sciences, uses inspired justification to settle the 
issue. It is discussed whether science needs enough freedom to develop more 
effectively.  

 
Logic and  world Superior principle 
Civic Representativeness 
Domestic Respect for tradition and hierarchy 
Industrial Effectiveness 
Opinion Celebrity 
Inspired Free play of creativity 
Merchant Desire 

Table 64: The six different logics/worlds and their respective superior principles according to 
Boltanski and Thévenot 

 
Boltanski and Thévenot state that people can belong to different worlds. (Ibid., 

266) In our positionism, this is evident. People can use different attitudes in different 
                                                           
108 Translation from: “… apparaît chaque fois que la recherche de ce qui est juste met l’accent sur les 
relations personnelles entre les gens.” (Ibid, 206) 
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situations. This is well illustrated in the example of Brian Wynne about the farmer's 
opinion on the role of the nuclear power plant in their village. They use the domestic 
world if they are interviewed as farmer opposing the nuclear power plant as a bad 
influence for their products. They use the industrial world if they talk as members of 
the community that needs the Sellafield nuclear power plant (see page 162). 

When two or more different worlds clash in a justification, people will use 
esteems of one world to justify things in another world (transport de grandeur, esteem 
transport). Or people start to discuss the superior common principle of a certain world 
itself. The purpose of the argumentation is not to re-justify the situation but to expose 
a situation. 
 

The difference of opinion does not solely concern the result of the justification test and the state 
of esteem, but also the principle that has to arrange its realisation and the world in which the 
justification test has to be positioned in order to be decisive.109 

 
We translated 'agencée' by positioned because this statement is a pure positionism 
statement. People or groups in a context often use that world that can be decisive in a 
certain argumentation. To make others accept a certain world for a justification is part 
of the problem framing and therefore also problem solving. 
 

Let us give an example of John Law. He described a discussion between a 
management team concerning the development of an archive system.  

 
[...] 
Terry: 'But it is worrying, if we're supposed to be keeping them.' 
Andrew: 'Listen, this is quite a lot of money they are asking for to start organising these files. 
What's to stop us drawing a line in history at 1990 and deciding on what we should be doing 
from now on, and doing that? Meanwhile we'll say "no" to their request for money for sorting 
out the archives that are already there. Okay?' (Law, 1991, 179) 

 
Andrew used an economic argument whereas Terry used a domestic argument. ”The 
two logics are thus juxtaposed: the arena of their juxtaposition is in part shaped by a 
workably shared sense of the 'size' of the stock of power; the discretionary 
possibilities are defined and valued, at least in part, by the two lines of discursive 
reasoning; and in the absence of a coup de grace from either of the two logics, an 
interdiscursive compromise is established." (Ibid., 181) 
 

Since it is very difficult to change from one world to another in a certain 
debate, those who can frame the problem in a certain world will probably position 
themselves above the others. The early bird catches the worm. This is only a specific 
case of problem framing that we have already treated above. Whereas rigidity is a 
disadvantage for those who want to change the debate, it is a necessary decision-
making aspect for the sequence of contexts. 

It is clear from this example that the strength that stems from the 
argumentation as explained by Boltanski and Thévenot happens largely in an implicit 
way for the ones who use it. Terry and Andrew will not be aware that they try to 
position themselves by means of the use of different worlds. 

 
                                                           
109 Translation from: "Le désaccord porte alors non seulement sur le résultat de l'épreuve et la 
distribution des états de grandeur, mais également sur le principe qui doit régler sa réalisation et sur le 
monde dans lequel l'épreuve doit être agencée pour être probante." (Ibid., 275) Own italics. 
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The same goes for communication. Communication also has characteristics 
that can be considered as 'convincing in an implicit way'. Communication aspects are 
also essential in human problem solving. That is what we will explain in more detail 
below. 

4.3.3.3. Momentum intrinsic to communication 
 

Thus far we have explained problem solving as contextual dissonance 
reduction which gets its strength from contextual elements, the relation between 
contextual elements. One aspect is the existence of different worlds in argumentation. 
Another aspect is the existence communication levels. 
 

Let us start with a social psychological example. Harvey L. Molotch and 
Deirdre Boden (1985) made an inquiry into how people invoke routine conversational 
procedures to accomplish power. Both the linkage between power as an attribute of 
social structural location and power as a contingent process are used. One of the faces 
of power is the ability to determine the very grounds of the interactions through which 
agendas are set and outcomes determined. Molotch and Boden start from 'the 
fundamental paradox observed by Garfinkel that people's ordinary discourse presumes 
an objective world of facts "out there", [and yet] that close analysis of the way 
individuals apprehend that world reveals their own collaborative social construction 
of those facts.' (Ibid., 273-274) 
 According to the authors, interaction can only yield the presupposed objectives 
if the speaker uses interpretative procedures and conversational rules which work out 
in the context. Referring to inquiries that look at different categories of people, the 
authors conclude that these grounds for talk are not equally available to all 
interactants. A low structural position carries into conversation a vulnerability to 
strategies which decrease access to the tacit procedures. One actor can manipulate the 
architecture of a conversation so as to deprive another of access to the interpretive 
procedures, selectively withholding the resources needed to participate in reality-
making. Moloch and Boden deduce that 
 

the original paradox thus takes on this crucial twist: if all accounts are potentially vulnerable to 
the challenge that they are not really objective, then any conversationalist is open –at all times- 
to the charge of interactive incompetence. (Ibid., 274) 

 
The 'manipulation of conversation architecture' happens by means of 

communication levels.  Communication is often seen as content transfer. A parent 
tells its child not to eat the chocolate sweet. A boss asks his employee to perform a 
task. A scientist informs a member of the public about a technological risk. 

Information is indeed a very important part of communication. However, 
considering communication as information transfer only is a very simplified way of 
looking at human interaction. Communication is far richer. A parent, a boss or a 
scientist can transfer the information in many different ways. This will influence the 
way the child, the employee and the member of the public will interpret this 
information. Watzlawick made the distinction between content and relation level. The 
relation level gives information about the way the content level should be interpreted. 
(Oomkes, 2000, 22) Remmerswaal (1996) elaborated this distinction and gives a 
typology of seven different communication levels.110 
                                                           
110 The elaboration that follows will be based on these two authors. 
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A first level next to the content level is the procedure level. It refers to the 

procedure with which a group makes its decisions. It contains the formal procedures 
such as bylaws, agenda settings, president and secretary appointments. But also the 
preparations of a group discussion such as location, furniture, frequency, media and 
even the biscuits on the table that could settle a certain atmosphere can be seen as 
procedural aspects. It is clear that they co-determine the course of a decision-making 
process. People who have most influence on the procedural level will have a lot of 
chances to convince others of their message's content level. 

The interaction level is important for the final outcome of a decision process 
too. This level is about relation patterns. Two overall interaction schemes are 
generally pictured in this level: vertical and horizontal communication. The vertical 
dimension describes the position of one communication participant above the other. 
This relation can be clear and stable if this is so at the procedural level. A boss can say 
to a subordinate: "Perform that task". In this case, the interaction level confirms the 
procedural level. If a group member says the same thing to another, equal group 
member, this little sentence has a totally different effect. It contradicts the procedural 
level that they are equals. The results can be diverse. If the second person accepts the 
task, it can be that he subordinates himself. Or he can react that the first one has not 
the right to impose that on him. It is more common for equal group members to 
perform horizontal communication. It follows that the horizontal dimension is not 
normatively preferable to the vertical one. A group always needs a leader (the vertical 
dimension). Between equal group members, the horizontal dimension is preferable. 
Some group members will struggle for power with the leader. They will have vertical 
communication with other group members. 

And there is more. Communication always has significance for people. At the 
existence level, communication gives group members recognition for their own 
identity. Individuals need groups to build their personality. The existence level is 
divided into three elements: significance, competence, and lovability. Significance 
refers to the acknowledgment that one counts as a group member, that one is taken 
serious. The competence constituent concerns the recognition that group members are 
able to realise what is really important for them. Lastly, lovability concerns the feeling 
of receiving esteem and not being rejected for any reason. These aspects also lay in 
small sentences as "Perform that task." Getting or giving a task can be a token of 
significance, competence and lovability. 
  A next level mentioned by Remmerswaal is the context level. 'Group members 
create the possibility to re-experience and work through existential conflicts in well 
developed groups. The group affords the possibility of trying a new life line that until 
then had not worked out in other situations.'111 It is obvious that this communication 
level is mainly important for well advanced groups and groups specially constituted 
for it. This communication level will not be very present in groups that have a focus 
on the content level. 
 
 According to Remmerswaal, the five previous levels are the most obvious 
ones. Three other levels are important as well but are latently present. As said by 
Remmerswaal, these levels have a slumbering existence and appear only in crisis 
                                                           
111 Translation from: "In ver ontwikkelde groepen scheppen groepsleden voor elkaar de mogelijkheid 
om kernconflicten vanhun bestaan opnieuw te beleven en door te werken, waarbij de groep tevens 
mogelijkheden biedt tot het proberen van een nieuw levensontwerp, dat tot dan toe nog niet gelukt was 
in andere situaties." (Remmerswaal, 1996, 71) 
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situations or well developed groups. We agree that these levels are not very visible. 
We want to stress that the fact that these levels are concealed does not detract from 
their importance. On the contrary, it makes the levels more important because they 
can spread their influence unseen.  
 Firstly, the level of ethics contains norms and values. These values can be 
typical for a particular group or more societal values such as commitment, trust, 
personal integrity, respect, authenticity, openness, loyalty and so forth. Closely related 
to the ethical level is the mythical level. Sometimes primal themes can occur in group 
processes such as death and rebirth, crime and punishment, or suffering and hope. 
Whereas the mythical level concerns a deep-seated collective theme, the level of sense 
giving refers to a personal theme. Topics such as incapacity, fundamental fear, 
emptiness, meaninglessness or uncertainty belong to this level. Especially in times of 
conflict, people clash with other people. These conflicts can turn out to be moments 
for growth. Finally, the last level is the level of giving meaning. 'It concerns 
existential or raison d'être of group members or of the group as a whole. Examples of 
such existential themes are fundamental fear and uncertainty, impotence, desolation, 
pointlessness, guilt, sorrow, etc.’? (Ibid., 71) 
  

We must mention a few aspects of this communication theory. First of all, all 
the levels we mention here are present in all communications. Whatever is said with 
whatever purpose, it contains a message on all levels. Of course, the stress on the 
different levels differs enormously with the purpose of the communication. An 
information transfer communication and a communication in a group therapy have a 
completely different ratio of the different levels.  

A second aspect of the typology is a common remark for typologies. The 
different levels in the typology overlap. Interaction level and existence level or 
mythical and existence level are not distinct. We do not see this as a problem. This 
typology's aim is to give an idea of the complexity of communication instead of 
putting everything in a certain compartment in order to classify communication acts.  

A third aspect is the personal interpretation. We already stressed the personal 
interpretation in the theory of Batens (see page 88). Communication models of 
Watzlawick, Remmerswaal (1996), and Oomkes (2000) stress the importance of 
interpretation as well. Deficits in communication can arise from selectivity in 
transmission, recognition, attention, perception, recollection, or acceptance of signals. 
From an attitude change point of view, we can say that persuasion depends on the way 
the message is sent and the way it is processed. 
  

Let us give some technoscientific examples of positionism in a context. 
A first example comes from Pinch and Bijker's bicycle study. They call 

rhetorical closure the contextual positioning when engineers simply state what they 
want to prove. The Illustrated London News mentions: 
 

Bicyclists! Why risk your limbs and lives on high Machines when for road work a 40 inch or 42 
inch "Facile" gives all the advantages of the other, together with almost absolute safety. (Pinch 
and Bijker, 1987, 44) 

 
The argumentation positions the engineers (group), the "Facile" (object), absolute 
safety (problem) above other engineering groups, bicycle sellers, other bicycles, and 
other problems. In a subsequent and with this context related situation, it will be more 
difficult to state that safety is not an issue, the mentioned engineers are not important, 
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the "Facile" is not a good (this is safe) bike. Also Latour stresses the importance of 
words such as ‘strictly logical’, ‘totally absurd’, ‘purely rational’, ‘completely 
inefficient’ in science. (Latour, 1987, 192) 
 

We consider the communication levels a very important aspect of our 
positionism theory. In the same way that the implicit link with network elements in a 
context makes positionism possible, the complexity of communication is a basis for 
positionism as well. Complexity and personal interpretation in every communication 
cause an inherent incertitude in problem solving. Every time people want to come to a 
decision, they will position themselves and the other context elements with respect to 
the communication levels. This means consciously and unconsciously preferring 
contextual elements above each other. 

4.3.3.4. Conclusion 
 
 In this section, we have made the step from discussions in a single context to 
decision-making processes. We demonstrated that fact-builders need to align 
contextual elements in successive contexts. It follows from our positionism theory 
that all context elements become contextually insurmountable: attitudes become facts; 
group cultures become norms; people become rulers or responsible people of the fact-
building process; objects become instruments; and problem framings become part of 
the disciplinary matrices. We outlined two important features for the momentum of 
decision-making processes: the different worlds in argumentation and the different 
levels in communication. 
 These elaborations brought forward the role of implicit elements. Thus far, we 
have only mentioned that contextual dissonance reduction happens implicitly as does 
cognitive dissonance. The different worlds in argumentation and the communication 
levels in the decision-making process make clear that we are still missing something 
in our elaboration. The pure context elements and their strengths seem not to cover the 
whole steering mechanism from context to context in a decision-making process. 
 
4.3.4. Network strength 

4.3.4.0. Introduction 
 
In this part, we will discuss the gap about strengths in our theory. We will find 

that the implicit role of network elements, external to the context, in decision-making 
is yet missing. We will label this strength 'network strength'. We will see how this 
strength makes it possible for decision-making processes to be robust. This notion 
will also imply that judgements about the process –like transparency or democracy- 
are context dependent. 

To end this section, we will compare our three strength notions with the power 
concept of John Law. We will see that his four notions of power –power to, power 
over, power storage and power discretion- can be explained or understood by our 
positionism model. We see this as a valorisation of our concept. 

4.3.4.1. Strength from network elements 
 
 In order to understand the particularity of this kind of strength, we introduce 
another concept of Boltanski and Thévenot, the general rise. According to the authors, 
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the main mechanism that settles a justification debate is that actors refer to principles 
as a form of the common good. People publicly appeal to general principles in front of 
the other actors. They do so because they think it is right to do so in these 
circumstances. The authors call this transition from the particular situation to a wide-
ranging principle the general rise (la montée en généralité). They will justify their 
specific situation with general principles. A manager will justify redundancy by 
referring to economic principles and the organisation's continued existence. The 
dismissed employees can refer to the loyalty they had towards the company or their 
role as head of the family. Both lift the specific case to a generality in order to win the 
justification test. 

 
This also enlarges the concept of 'general rise'. Whereas Boltanski and 

Thévenot consider people referring to principles when they talk about the general rise, 
we consider all sorts of attitudes prone to general rise. When people in a context bring 
forward facts from networks, they mention facts as generally valid. They generalise 
the contextual situation to a universal fact. This general rise is something we already 
encountered in the discussion between network and context (see page 53). In the 
problem solving, people refer to certain network elements and present the contextual 
facts as generally valid. We see that the general rise from context to alleged universal 
fact happens in two steps: from context to network and from network to universal fact. 

In the justification test or contextual problem solving, participants do so 
because they believe it is right to do so in these circumstances. Facts and values are 
said to be generally valid in order to persuade other context participants in the 
problem solving process. 

 
Although technoscientists refer to facts that are generally valid, these are in 

fact 'only' nth order network statements. They will refer to other texts, laboratory 
work, references that give a foundation for the laboratory work. Someone who doubts 
these references, can check their references, laboratories, etcetera. In using the general 
rise, technoscientists present nth order network statements as ∞th order statements. 
Claiming that facts are generally valid is a lie from a interactionism point of view, but 
(1) a lie that gives facts extra contextual strength and (2) that is accepted by many 
people.  
 

This other general rise step happens from context to network. Context 
elements gain a large part of their strength because of the connection with a huge 
amount of network related elements. Indeed, one context is not isolated from the rest 
of the decision-making process. People know other people. Groups have more or less 
prestige. Attitudes are linked with other very fundamental -or questionable- attitudes. 
This number of links is huge. It is not unlimited, nevertheless very huge compared to 
the information that can be treated in one limited context. 

This presence of a huge number of network elements is in contrast with the 
limited number of issues that can explicitly be treated in a context. The arguments that 
are brought forward and that concealed the discussion are limited. A context only 
consists of some people, some group cultures, some explicitly mentioned attitudes, 
one problem and some objects. The short context period makes it possible to discuss 
but a few aspects in a few ways. It is well possible that huge amounts of information 
exist with respect to the problem that is treated. At that time, in that context, however, 
little of this huge amount can be brought forward.  
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The contextual dissonance reduction as a mechanism in an in time limited 
context happens very quickly. It restructures some relations between some context 
elements, but also the related and implicitly treated network elements. Besides the 
limited number of explicitly mentioned context aspects, the implicitly present network 
aspects and relations are concerned as well. Therefore a lot is restructured in a very 
limited time. Few aspects are consciously dealt with. Most aspects are therefore 
treated unconsciously and implicitly. As such, direct contextual knowledge is limited 
to the context. It is at the same time linked with a much larger entity, one network or a 
collection of networks.112  

 
On the one hand, the 'general rise' provides the network arguments with an 

important strength. We can describe the link between context and other network 
elements with the attitude cluster concept from cognitive dissonance. Although many 
network elements are not treated explicitly, they are connected with the context 
elements by means of clusters. These clusters have also certain strengths. These 
strengths stem from the network elements themselves and the relation between the 
network elements. In a decision-making process, the direction of the contextual 
dissonance reduction therefore also depends on the implicit links of the context 
elements with other network elements. 

For our theory, it is not important whether the implicit links are already 
discussed in previous contexts or not. If they have been discussed, their strength will 
stem from both the discussed issues and the other linked network elements. If they 
have not been discussed, the network strength only depends on the implicitly present 
network links. 

This network strength implies that decision-making processes are more than 
the collection of uncorrelated contexts. It provides the momentum or robustness of the 
decision-making process.  

 
On the other hand, the consequence of the unconscious occurrence of 

contextual dissonance reduction is that facts are never fully under control of their 
makers. As such, we come via another way to the same conclusion as Latour about the 
control of the aspects of facts as we saw at page 22. The 'deliberately imposed 
contextual alternative limitation' happens very quickly and involves all context and 
many network aspects. It happens both consciously and unconsciously. The esteem as 
an inherent consequence is then the basis for the next contextual discussion with new 
or reaffirmed contextual strengths. 

This type of strength implies that important judgements of the process like 
transparency and democracy can never be absolute and will always remain context 
dependent. Human interactions are so complex that they will always contain 
important implicit items. If some say that they are 'transparent' or 'democratic', this is 
a statement that they consider it important to be or to appear to be so. One can say that 
one is democratic and one can accept this in a certain context. The statement therefore 
does not reach further than the context itself. 

 
This conclusion is very important for technoscientific decision-making. The 

insight that contexts are limited and largely implicitly linked with the rest of the 
network is not an argumentation of the technoscientific deficit, but an attempt to 

                                                           
112 The Kuhnian notion of disciplinary matrix with its ontological entities must be seen as an example 
of such a network cluster. 
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describe 'human knowledge' on the one hand and accept the strength of 
technoscientific decisions on the other hand. The insight also makes us fully 
understand the difference between strong and hard facts on the one hand and weak 
and soft fact on the other hand. It is important to notice that this result is not a 
drawback of technoscientific knowledge. As human beings, we are limited. This 
limitation is given and we cannot escape this contingency. In an attempt to make more 
and 'better'-founded decisions, we can try to improve our decision-making. 
Technoscientific decision-making is such a way that has proven during the last 
centuries more than its strength and importance. Our point, however, is that we can 
never escape our contextual limitations, although the modern ontology holds this 
promise. 

It is clear that the strength of objects in a discourse remains. "A plane flies" 
can be shown by showing a plane that flies. This is a strong and easy argumentation in 
some contexts. It can be a very difficult argumentation in other contexts. If a plane 
that can fly is not nearby and for people for whom flying planes are something 
unseen, the argument 'planes fly' is not a strong contextual argument. 'Planes fly' will 
not be a fact in that context. It will not be a threat for the strength of facts in other 
contexts.  
 

It is clear that a general rise is possible from context to network and from 
network to universal knowledge. CER adherents will accept the two steps. 
Positionism states that these two steps are only contextual statements with an 
important strength in technoscientific decision-making. This strength is very 
important. It implies for technoscientific decision-making both robustness and 
inescapable implicit treatment of statements and facts. 

4.3.4.2. Power 
 

So far, we have avoided the use of the word power in our discussion on what 
defines the direction of a technoscientific decision on safety. We analysed contextual 
strength and found that three aspects are relevant: the strength between context 
elements, the inherent strength of context elements and the strength due to the general 
rise from context over network to the statement that facts are generally valid. 

It is clear, however, that our positionism theory implicitly deals with the 
power notion. We will therefore go into the power concept. It is not our intention to 
give an elaborate point of view on power. We will clarify our ideas about the power 
concept. Let us start with an example to set the scene. 

John Law studied the long distance control for the Portuguese fleet (Law, 
1986), which is seen as one of the classical technoscientific power examples in actor 
network theory. He concluded that both people and objects are important in this 
attempt to master the situation. First of all, the control of people was important. The 
fleet needed 'drilled people'. 
 

The Portuguese mariner, on a vessel with a cannon, was indeed powerful. The same mariner, 
shipwrecked on a beach, was pathetically weak. This is why the commission [charged with the 
task of finding a method for navigating outside European waters] spent so much time designing 
an appropriate context for its fledgling navigators. The latter could not afford to be mystified by 
a stereographic projection of the heavens. This was removed from the astrolabe. They could not 
afford to be confused about how to sight the Pole Star. So they were told to aim at it like 
crossbowmen. They could not afford to misunderstand the tables of declination and draw their 
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data from the wrong section. So they were given a recipe which dealt with all the possible 
combinations of season and hemisphere. (Ibid., 251) 

 
Besides the drill of people, 'tests of all sorts, machines or other physical objects [...] 
seem to be the obvious raw materials for the actor who seeks to control others at a 
distance.' (Ibid., 255)  
 

Power often has a negative connotation. It is associated with injustice, 
dictators, and abuse. This idea can be found back with modern philosophers. The 
rationalistic approach of power considers the ‘ratio’ as the central aspect of a human 
being. Passions like power and violence, come into being by regression. Spinoza 
supposes that passion stops to be passion as soon as a person gets a clear idea of it. 
Comte asserts that, since human kind arrived at the positive, scientific stage, it has 
reached maturity. Power and violence, seen as imperfection, would soon vanish in the 
continuous rationalising process. (Rijk, 1981) Power is something that has to be 
avoided. The only way this is possible is by means of Rationality. 
 In essays on power, Max Weber’s elaboration is habitually seen as a new start 
on the issue. He writes: ‘Macht bedeutet jede Chance innerhalb einer sozialen 
Beziehung den eigenen Willen auch gegen Widerstreben durchzusetzen, gleichviel 
worauf dieze Chance beruht.’113.  
 This definition led some people such as Steven Lukes to consider power as a 
zero sum action. The power of the one with power was taken from the one without 
power. The sum is zero power. (Clegg, 1992) John Law uses authors such as Foucault 
and Parsons to react against this view and give five important approaches of power. 
(Law, 1991) The form of power Lukes discusses, Law says, is the 'power over' and 
'power to' or influence. They refer respectively to capacities and relations. 

A similar distinction can be found in many other works as well. John Kenneth 
Galbraith, for example, describes in his book ‘Anatomy of power’ (1984) the 
evolution of power wielding. He sees three different sorts of power (instruments) 
which are always present: condign power, compensatory power and conditioned 
power. Condign power finds its fundament in the possibility to punish, compensating 
power in the opportunity to reward. Conditioned power has a more unconscious effect 
and stems from the option of changing people’s beliefs and convictions. As we have 
already mentioned, the three power instruments are always present. Their respective 
share however can differ depending on the situation.  

 
Galbraith also sees three different power sources: personality, possession, and 

organisation. Although personality is more linked with condign power, possession 
with compensatory power, and organisation with conditioned power, all three sources 
can and have to be used to wield all three sorts of power. Galbraith’s point is that the 
conditioned power has become increasingly important compared to the two other 

                                                           
113 Rijk (1981) refers to WEBER, Max, Wirtschaft und Gesellschaft, Tübingen, 1956. We found an 
English translation at http://uregina.ca/~gingrich/250f2803.htm refering to GERTH, Hans and C. 
Wright Mills, From Max Weber: Essays in Sociology, New York, Oxford University Press, 1958, 180: 
'In general, we understand by ‘power’ the chance of a man or of a number of men to realize their own 
will in a communal action even against the resistance of others who are participating in the same 
action.'. 



Waste depositionism                                                                                        Positioning Safety 
 
 

 203

instruments. Explicitly this happens by persuasion, education, and publicity; 
implicitly by culture, societal rules, etc.114  

With Nuttin's lost letter inquiry at page 160, we already mentioned the crucial 
importance of financial aspects of the compensatory power. In the light of the 
compensatory and conditioned power, this means that both forms of power are 
strongly linked. We have not payed much attention to the economic factor in our 
questionnaire, although some authors stress that this is the most important factor, at 
least in risk perception. (Sjöberg, 2000) In the next chapter, we will pay extra 
attention to this variable.  

This division of different aspects of power makes the division in different 
action systems brought forward by Boltanski and Thévenot (see page 49) more 
relative. Although we also will focus on the justice dispute in technoscientific 
situations in this document, we want to stress that the positionism model can also be 
applied to the other action systems. The different action systems use different 
'problem solving' mechanisms, but the overall description can be described by 
positionism. 
 

In his list of power approaches, Law mentions the storage of power as a third 
important one. According to him, Foucault and Latour state that this is not possible. 
Latour for example stresses the teleological aspect of power. He makes a plea to look 
at power as a consequence of relations: 'Society is not what holds together, it is what 
is held together. Social scientists have mistaken the effect for the cause, the passive 
for the active, what is glued for the glue. Appealing to a reserve of energy, be it 
'capital' or 'power', to explain the obedient behaviour of the multitudes, is thus 
meaningless.' (Latour, 1986, 276) Law reacts that 'power to' and 'power over' might 
indeed be stored as long 'as we do not forget that they are also an effect, a product of a 
set of more or less precariously structured relations.' (Law, 1991, 170)  

A forth approach is power discretion. Law states that people can handle power 
discretely. People can decide not to use their power in certain situations. 

The last approach concerns power effects. It answers the question of the 
consequences of power. This is something Bruno Latour stresses in his interactionism. 
'When an actor simply has power nothing happens and s/he is powerless; when, on the 
other hand, an actor exerts power it is others who perform the action. It appears that 
power is not something one can possess – indeed it must be treated as a consequence 
rather tan as a cause of action.' (Latour, 1986, 264) 

This last power approach of looking at consequences gives us one of the main 
differences between Latour's interactionism and our positionism. Whereas Latour 
looks from a sociological and ethnological point of view to the consequences of 
power, we consider the contextual mechanisms that make context elements position 
themselves. Our approach is a philosophical way of looking at problem solving that 
includes epistemology and small group socio-psychological research.115 It is true that 
consequences of power are indeed very important. However, we follow Law when he 
pleads for a combination of all five main approaches. 
 

                                                           
114 The classification of Galbraith is not the only one. Fred Luthans has another classification of power 
(1998). He writes about reward power, coercive power, legitimate power, referent power and expert 
power. The three last ones are probably forms of Galbraith's conditioned power. 
115 A pure psychological overview of power can be found in Pfeffer, 1998. 
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 We do not face the problems of the power debate with our contextual strength 
concept. The contextual strength concept encloses the five power approaches 'power 
over', 'power to', power discretion', 'power storage' and 'power consequences'.  

'Power over' and 'power to' are two contextual positionism mechanisms which 
refer at first sight to Galbraith's condign and conditioned power: 'power over' seems 
connected with punishment; 'power to' refers to conditioned power and the option to 
change people’s beliefs and convictions. Foucault showed in his research on the 
subjectivation of human beings (Foucault, 1982) that both powers are clearly 
connected. On the one hand, 'power to' can be realised by condign power. 
Punishments in education can serve as an example here. (Foucault, 2001) On the other 
hand, 'power over', or pastoral power as Foucault calls it (Foucault, 1982) is also 
possible with conditioned power. We can mention aggressive publication strategies as 
an example here.  

We consider both forms of power as contextual strengths. Punishment and 
persuading imply the same esteem mechanism. Both 'power over' and 'power to' end 
up with the big ones and the small ones. The difference is the link of the contextual 
dissonance reduction with other contextual aspects. 'Power over' is seen as less 
legitimate compared to persuasion. Michael Walzer puts it in his justice elaboration as 
follows: "Force is power used in violation of its social meaning." (Walzer, 1983, 282) 
As such, 'power over' is less justified compared to 'power to' in most contexts. 
Contexts of apprehension or death penalty in some places in the world are a counter 
example. 'Power over' is in these cases more justified and less in violation of its social 
meaning. The link with other attitudes does not make 'power to' and 'power over' other 
mechanisms.116  
 Power discretion and power storage can be explained as well. Positioning in a 
context means using the strength of contextual elements. If people, groups, objects, 
problem framings and attitudes are positioned above other contextual elements in 
previous contexts, this gives them extra contextual strength in proceeding contexts. 
This contextual strength that remains in subsequent contexts can be seen as power 
storage. Power discretion can also be explained easily with the contextual strength 
concept. In the problem solving or justification situation, positionism can take place 
with the strength of some and not all contextual components. Using too many 
contextual elements to position oneself in a contextual decision-making can evoke 
resistance or an opposing contextual strength. Power discretion therefore is a 
economic use of contextual power. 
 The last approach in Law's article concerns power consequences. We saw that 
positioning implies a strength rearrangement of the contextual elements. The 
rearrangements are a result of the contextual starting point and the contextual 
dissonance reduction. Both the starting point and the esteem end point contain 
contextual elements with their respective strengths. The end point indeed says 
something about the attitudinal strengths of the starting point as Latour states. Latour 
has a point here, because contextual elements are never directly observable and will 
therefore be treated by a symptom. Cognitive and contextual dissonance researchers 

                                                           
116 We mention the difference between the theological power approach on the one hand and the 
experiential strength notion (page 160) on the other hand. It is indeed tempting to see the strength 
notion in social psychology as theological in the Latourian sense since the experiential strength is 
measured afterwards by the people's subjective feelings. However, the same goes for the structural 
strength variables. Their strength is also measured afterwards and can be considered in the Latourian 
sense. However, one can also consider the origin of the socio-psychological strength in an intrinsic 
matter as most social psychologists do.  
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will often examine the change of evaluation or approval in an actual experiment. 
Nevertheless, we discussed in our concept of the contextual element strength that 
context elements contain certain inherent strengths as well. The core value concept is 
probably the most striking example. 
 

We can now come back to the difference between hard and strong facts on the 
one hand and soft and weak facts on the other hand, which we first mentioned at page 
28. Hard facts are facts that are well arrayed. Strong facts are contextual attitudes that 
have an important and convincing strength. As we discussed earlier, it is possible that 
arrayed facts will have less decisive strength in a certain context compared to non-
arrayed facts. This means that soft facts can be stronger than hard facts. 
 
 In chapter 2 and 3, we saw that risk assessments are linked with other context 
aspects. We concluded that different context elements seem to constitute a kind of 
boundary for technoscientific behaviour as assessments. In this elaboration on power 
and different kinds of strengths in contexts, we have made clear what makes 
technoscientists decide on facts and what it means when technoscientists consider 
something safe or not. It is contextual power that determines the boundaries of 
technoscientific assessment. 

4.3.4.3. Conclusion 
 
 The elaborations of worlds in argumentation and communication levels 
brought forward that our elaboration so far was missing something. We analysed this 
gap as the implicit role of network elements in decision-making and labelled it 
'network strength'. The tension between huge networks on the one hand and limited 
contexts in which elements are explicitly treated, taught us that the network links are 
treated implicitly in a context. This implicit treatment implies that decision-making 
processes can be robust and that judgements about the process –like transparency or 
democracy- are context dependent. 
 We compared our three strength notions with the power notion. We saw that 
four ideas of power –power to, power over, power storage and power discretion- can 
be explained or understood by our positionism model. We see this as a valorisation of 
our strength concept. 
 
4.3.5. Conclusion 
  

We have discussed in this section that cluster rearrangement is context relative 
in both non-technoscientific and technoscientific contexts. Beliefs, values, group 
cultures, people and objects are restructured with respect to each other in a problem 
solving context. All aspects are positioned with respect to each other without falling 
victim to unbridled relativism. This is in contrast with CER theories where context 
elements other than beliefs are positioned relative to the facts. Contextual relativism 
implies on the one hand that there is no predefined ontology to solve problems and on 
the other hand that problem solving is contextually relative, which is different from 
nihilism.  

The restructuring implies that the different context elements get some esteem, 
a judgement in that context. This goes for the beliefs, as for the other attitudes and the 
other contexts as well. The esteem can gradually become stronger and stronger in 
subsequent contexts. If this is the case, statements can develop into facts. In order to 
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do so, fact-builders will have to orchestrate the succeeding contexts in such a way that 
the esteem of the cluster of context elements is linked with the statement. In order to 
succeed in the fact-building process, the decision-making process needs a certain 
momentum. Two important contributions to this decision-making momentum are the 
existence of different worlds in argumentation and the different levels in 
communication. Both aspects are very important in the fact-building process. 

In this part, we described the strengths in contexts that determine the direction 
of the contextual dissonance reduction: strength between context elements, strength of 
context elements itself and the strength coming from the implicit link with network 
elements. As such we gave an answer to our question what makes technoscientists 
decide to defend or attack a certain thesis: contextual power! 
 The implicit link provides our positionism theory with an important aspect. It 
shows that problem solving (or decision-making at large) must be seen as a human 
activity with its limitations. This implicit link is not only 'not bad', it is a necessary 
aspect of human problem-solving and decision-making. It assures the link between the 
different contexts in a process. 

4.4. Safety 
 
We are now ready to apply our positionism theory to security decision-

making. We are ready to understand what it means when technoscientists call 
something safe or not. 
 

In chapter one, we saw that decision-making always involves many different 
actors. This result goes for decision-making that is mainly non-technoscientific or that 
is mainly technoscientific. We demonstrated that technoscientific governmental 
organisations, different governments, media, NGO's, courts, and technoscientists 
together influence technoscientific decision-making. The first thing we have to keep 
in mind, if we answer the question what it means if technoscientists call something 
safe or not, is that these technoscientists will talk for the whole group of actors 
involved in the decision-making process. 

We can understand right now how this influence takes place. If a certain group 
makes a statement that something is safe, this is a result of a decision-making process 
or a sequence of contexts. Harremoës puts it bluntly: 'At the end, it becomes a 
question of confidence.' (2002) How close the convergent epistemologists think they 
are to reality, how hard the social constructivists think their facts are, how 
corroborated the popperians think their theory is, at the (ignorance) end, it all comes 
down to trust. The safety statement is a result of gradual positionism in many different 
contexts. In each context, the different context elements have been positioned relative 
to each other: attitudes, individuals, groups, objects, and the problem framing. Each 
context gave some elements more and others less esteem. The net result after a whole 
decision-making process is not only the safety statement. The result also implies the 
new positions of the different actors, their group culture, their objects and their 
problem framings. 

The (at a certain moment) final result of the safety evaluation is therefore the 
consequence of the individual contextual and network strengths. Both strengths 
deserve some attention when they are applied to safety evaluations. 
 
4.4.1. Security 
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 We can indicate an important contextual strength in safety discussions. Many 
approaches discussing safety start with the risk concept. Our positionism theory 
focuses on a much more fundamental concept that is core to safety discussions: 
security. It is very understandable that many people who try to determine a precise 
number for a risk assessment will not even think about this concept. It is difficult for 
policy makers to take these issues into account. They are very personal, difficult to 
measure, and the concept will soon lead to in-depth psychology of which many 
theories are not broadly acknowledged. This last fact is a problem for fact builders 
who try to spread their statements as widely as possible. 

We briefly want to mention two theories that carried out an –according to us 
good- attempt to give an idea of this notion. Antony Giddens talks about ontological 
security (1995, 53-70) as an answer to the chaos behind day-to-day life. 'The chaos 
that threatens on the other side of the ordinariness of everyday conventions can be 
seen psychologically as dread in Kierkegaard's sense: the prospect of being 
overwhelmed by anxieties that reach to the very roots of our coherent sense of 'being 
in the world'. (Ibid., 37) Following Donnald Woods Winnicot, Giddens states that 
trust is a kind of protection against future threats and dangers which allows the 
individual to sustain hope and courage in the face of whatever circumstances she or he 
might later confront. Basic trust is the main emotional support of a protective cocoon 
which all normal individuals carry around with them as the means whereby they are 
able to get on with the affairs of day-to-day life. 

Perls, Hefferline and Goodman stress that there is no such thing as a true 
security, for then the self would be fixity. When there is no irrational fear, the 
problem does not arise whether or not one is secure, but one attends to the problem 
confronting. 'Sense of security is a sign of weakness: the person who feels it is always 
waiting for its disproof. But where the self has power to draw on, it has precisely no 
sense of security. It has perhaps a sense of readiness: the acceptance of excitement, a 
certain foolish optimism about the alterability of reality, and a habitual memory that 
the organism regulates itself and does not in the end wear out or explode. This 
readiness is perhaps what the theologians call faith.' (1994, 193) 
 We think this is a very important domain to inquire, a domain that in itself has 
little to do with technoscience. Many answers risk perception analysts are looking for, 
will lie in this domain. However (and unfortunately), since it is not the aim of this 
PhD, we will leave this important concept as it is. We will maintain our focus on the 
safety and risk concepts. As a steppingstone to the safety debate in risk terms, we 
discuss the link between safety and security. 

We see safety as an individual or societal justification of the ontological 
security. As such, it is a linkage between risk and ontological security. We did not 
find a literal safety definition in terms of security. Although Ulrich Beck uses the term 
'risk', we think he comes close. 'Risk may be defined as a systematic way of dealing 
with hazards and insecurities induced and introduced by modernisation itself. Risks, 
as opposed to older dangers, are consequences which relate to the threatening force of 
modernisation and to its globalisation of doubt. They are politically reflexive.' (1998, 
21) Risk is a synonym for new dangers. Giddens developed at the same time and 
apparently independently from Beck (Lash and Wynne, 1998, 7) the concept risk 
culture, indicating a 'fundamental cultural aspect of modernity, in which awareness of 
risk forms a medium of colonising the future.' (Giddens, 1995, 244) Without denying 
the importance of Beck for philosophy of technology, we will not use the difference 
between pre-modern danger and modern risk. What is important in these passages is 
that they give a hint for a safety definition in terms of security. 



Waste depositionism                                                                                        Positioning Safety 
 
 

 208

We want to end this section with a precision on the security concept. Many 
people will automatically think about health issues when they try to make the security 
concept more concrete. This is not necessarily true. As we saw in the elaboration of 
Inglehart's materialist concept (see page 3), this security concept can be related with 
functionality or material certainty117. 
 
4.4.2. Network links 
 

If a certain group makes a statement that something is safe, this is a result of a 
gradual positionism in the different decision-making contexts. Different context 
elements will cumulate esteem during the whole process. At the same time, other 
network elements are also linked with the contextual positionism. As we said, this 
means that the net result after a whole decision-making process is not only the safety 
statement. The result also implies the new positions of the different actors, their group 
culture, their objects and their problem framings. 

We could demonstrate this partially with our questionnaire and our meta-
analysis on risk assessment research. Attitudes such as 'trust in science' and the 
personality trait 'neuroticism' show an important link with the risk and uncertainty 
assessments of a nuclear waste repository concept. We already demonstrated a 
philosophical and theoretical way at page 40 in which safety, risk, and uncertainty 
assessments are a function of nature and society. Our questionnaire results are the 
empirical confirmations of the statement that these assessments are results of a 
decision-making process in which the contextual dissonance reduction happens in a 
contextual relative way. 

The meta-analysis and the questionnaire showed many links. We claim that 
there are many more links as a consequence of safety statements made after a 
decision-making process: claims about the acceptability of the entire technology, 
claims about 'similar' technologies; claims about the technologies that are used to 
found the argumentation; etcetera. 

After all this, we can make the link to Latourian theory again. The safety 
statement will become a fact when all these network links vanish. If people will only 
remember the safety statement and if they believe it, it will be a safety fact. 

4.5. Conclusion 
 
 In the previous chapters, we demonstrated that various links exist between 
context elements and that these links are a consequence of the decision-making 
process. In itself, this is not enough to demonstrate what the meaning of safety 
assessments is. In addition, we need an elaboration how one person persuades another 
of the problem solution. We therefore focused ourselves more on the way in which 
small group discussions lead to facts. 
 We start in this chapter from the cognitive dissonance theory. It argues that 
cognitions can be mutually dissonant, that people are motivated to reduce these 
dissonances and that the dissonance reduction direction and size depends on the 
cognitions concerned and their relative strength. Unfortunately, this theory has some 
important drawbacks. First of all, it is applied in most researches in a convergent 
epistemological realism frame. The relativity of the dissonance reduction is lost 

                                                           
117 With this, we come close to Boltanski's worlds if we want to make a typology of different possible 
concretisations of security. 
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because of the assumption that facts absolutely refer to reality. Applied in this way, 
the cognitive dissonance theory states that cognitions are adapted to reality in stead of 
relative to each other. Another application of cognitive dissonance theory lapses into a 
psychologism. The role of objects is not recognised. Dissonance reductions are then 
only psychological, apart from objects. 
  In order to answer these limitations, we extended the cognitive dissonance 
theory to a contextual dissonance theory. In stead of considering cognitions as the 
only elements that can be dissonant, we regarded all context constituents as elements 
that can be contextually dissonant. The extension from cognition to attitude as a 
coherent whole of affects, behaviour and cognitions is described in some attitude 
approaches. With regard to the contextual group aspects, we used the conformity 
concept. Group norms can conflict and the final result will depend on the strength of 
the concerned group norms. The mutual repositioning of personalities is less 
important in the limited time of contextual positioning. The extension that bridges 
Latourian interactionism and social psychological concept of dissonance reduction is 
the positioning of objects. Indeed, objects can be mutually dissonant too and the 
positioning will depend on the strength of the objects in the particular context. Last 
but not least, the problem (re)framing is a mechanism for contextual positioning too. 
 Contextual positioning does not only happen between equal context aspects. It 
is the mutual interaction between all the aspects that determines what is considered as 
a safety fact in a particular context. Personality can have a strong influence on 
attitudes, group norms, objects and problem framing; objects can determine which 
group norms and problem framings are accepted; etc. If contextual dissonances arise, 
people will be motivated to reduce these dissonances. The dissonance reduction 
direction and size depend on the contextual aspects concerned and their relative 
strength. 

 
The contextual dissonance reduction will lead to 'esteem' of the different 

context elements. If we consider problem solving as contextual dissonance reduction, 
the final solution will have more esteem in comparison to the alternatives. The people 
who proposed the solution will receive more esteem. This goes as well for the 
attitudes, group cultures, and objects connected to the solution. Even the problem 
framing will get more esteem because it will be more promising in a next context. 
This means that one context element is considered 'higher' compared to another one 
according to likewise positioned judgment criteria. Not only the elements that have to 
be judged are involved; the evaluation criteria themselves are positioned as well. We 
assert that all context elements are positioned after a contextual dissonance reduction. 

An important difference with the cognitive dissonance theory is that the 
rearrangement of the cluster happens relative to the context elements without falling 
victim to psychologism. This aspect even goes for technoscientific discussions, for 
facts are not absolute but contextually relative. Facts can not be founded on an 
absolute ground. Facts will therefore be treated as other context elements.  
 The way in which context elements are rearranged is not defined in advance. It 
depends on the context elements present, including the judgement criteria. No 
predefined ontology exists to judge something above something else. The ontology 
itself has to be positioned in every context. Applied in a technoscientific context, this 
means that no predefined rationality exists with which decisions are taken, but that the 
rationality itself is positioned. Not in advance, but in the during the context discussion 
does one element become more important than another and does one rationality 
become more important than another. 
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 It is clear that contexts are not isolated from each other. A decision-making 
process is a sequence of many contexts. A positioning in a previous context will co-
determine the positioning of the subsequent context. A number of small positionings 
in subsequent contexts can cancel out each other and no facts will be constructed. 
Subsequent contexts in a decision-making process can also give elements such a 
contextual strength that nobody will attack them anymore. The decision-making 
process needs a certain momentum in order to realise contextual esteem to a fact. The 
actors need to be aligned. Attitudes are called facts; group cultures have become 
norms; people and objects are (contextually) sovereign. This is the case, of course, 
until one of the context elements is questioned.  
 In most contexts, technoscientific facts will have a very important contextual 
strength because they are contextually linked with belief in science and progress or 
with universal validity. Because of this, it might seem that facts are indeed absolute. 
In our theory, however, the strength of facts has to be positioned in contexts as well. 
Whether a statement is still considered as fact depends on the context. 
 The strength of contextual elements in the fact building process has three 
different roots: the inherent force of contextual elements, the power originating from 
the link between the different context elements, and –very important- the implicit link 
with elements that are not treated explicitly in the context. The implicit link implies 
that all decision-making –including the technoscientific one- happens in an explicit 
and implicit manner. The implicit component is very important. It guarantees 
continuity and robustness in the decision-making process despite the limitations of 
human knowledge. It also implies that absolute transparency or democracy is utopian. 
Implicit and therefore non-elucidated or non-discussed aspects will always be present 
in a decision-making process. 
 All this answers how we have to understand a technoscientific safety 
evaluation. A (safety) fact is a –by subsequent contexts built- attitude. It remains valid 
as long as it is not questioned in another context. The fact will always be linked with 
many implicit and explicit context elements. People will be motivated to question a 
fact if the contextual dissonance reduction between the fact on the one hand and the 
implicit and explicit facts and their connected cluster elements on the other hand 
raises too much in hopes that the tension becomes less.  



 

 

 
 

Chapter 5: Positioning waste and stakeholders 
 
 
 

In scientific trades, as in all others, we learn how to increase our force locally. 
Bruno Latour, 1988, 224 
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5.0. Introduction 
 

What do a Nagasaki atomic bomb survivor, the Flemish weather forecaster in 
the eighties, a geological layer, a 63Ni isotope, and a sociology professor have in 
common? They are, among many others, the actors in the safety debate on the 
disposal of nuclear waste that can be disposed at surface.  

In the previous chapters, we theoretically discussed positionism of the safety 
concept. We saw how the safety concept in a particular case is determined by group 
culture, personality aspects, communication culture, and argumentation. In this 
chapter, we test our positionism theory with regard to some aspects of the Belgian 
decision-making process concerning nuclear waste that can be disposed at surface 
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(NWDS118). The partnerships, people from the community that co-decide on the 
conditions of a possible waste repository in their community, are important in this 
process. We emphasize that it is not our aim to give a historical reconstruction of the 
process; neither to evaluate these processes at their intermediate stage. We will limit 
ourselves to our personal perception of some situations in the decision-making 
process. We choose four different situations.  

The first situation is a MONA (Mols Overleg Nuclear Afval; Mol Nuclear 
Waste Consultation) internal discussion on responsibility and task delineation. A 
second situation is a public discussion organised by STOLA (Studie- en Overleggroep 
Laagactief Afval – Dessel; Study and Consultation group Low level Waste) on the 
emergency response when something goes wrong with the surface repository 
(STOLA, Dessel). A third situation concerns a debate during the Nuclear Energy 
Agency (NEA) Forum for Stakeholder Confidence. A last situation concerns a 
MONA internal discussion, this time concerning the question why Mol, Dessel, and 
Fleurus-Farcienne were selected.119 

We will also illustrate the decision-making process as a sequence of well made 
positionings. We will do this in confronting the Belgian partnership model with the 
RISCOM (RISk COMmunication) model, a well elaborated decision-making model 
that finds its basis in the communicative approach of Jürgen Habermas and that has 
been developed for the Swedish decision-making process. 
 

We are aware of our precarious role here. A scientist commenting on a still 
existing process willy-nilly becomes part of the process. This goes for physicists and 
geologists just as it goes for sociologists and philosophers. The explanation you will 
find here below will not be a detached description or opinion. Since it is our opinion 
that no research is without ties, this role is not an argument not to elaborate our 
thoughts here. 

We consider it our task to contribute constructively to the process of 
technology participation. We are convinced that some critical remarks we make here 
follow from the models we use and that our interpretations do not distort the ongoing 
debate. On the contrary, we hope that they empower all actors to deepen the debate. In 
order to achieve this aim, we will try to formulate our findings as open as possible. 

5.1. The Belgian waste process 
 

5.1.1. Previous history 
 

Nuclear physics and its applications are said to have four classical challenges: 
the proliferation issue, radiation protection, reactor safety and waste management. In 
this work, we mainly discuss waste disposal and focus far less on waste treatment or 
transport. 

The waste treatment at the present time depends on several aspects of the 
waste. The two most important ones are radiotoxicity and half life (see page 276). The 
radiotoxicity is a measure for the harmfulness for human beings, animals, plants or 
                                                           
118 NWDS is a personal, non-official abbreviation. At page 234, it will become clear why we opt for 
this abbreviation. 
119 This means we do not treat fact building and contextual positionism of 'technoscientists among each 
other'. For us, this is not a problem since it does not only include the 'non-technoscientific do not need 
them to obtain technoscientific sociological acceptance criteria' but inextricably the hard fact as well. 
As such, our elaboration is a good illustration of technoscientific decision-making. 
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materials. A second aspect is its half life. However, there are other waste 
characteristics that are considered to determine the disposal concept such as heat 
generating aspects, volume, origin, etc. 

In Belgium, three different nuclear waste treatments exist. The first program 
concerns clearance. Waste that is considered safe enough is taken out of the nuclear 
circuit. From that moment on, it is not considered as nuclear waste any more. The 
second program treats waste that is considered to be safely disposable at surface 
because the presence of certain hazardous elements decreases enough after a few 
centuries. This waste can also be disposed in geological layers. The third program 
deals with the rest of the waste which requires geological disposal. We will 
concentrate in this chapter on the nuclear waste that can be disposed at surface. 
 

Three periods can be drawn for Belgian NWDS decision-making process. The 
first runs until 1984 and concerns sea dumping. The next phase is the surface disposal 
program without public involvement, whereas the third includes public involvement. 

In 1972 the Oslo Convention was the first regional treaty to regulate the 
dumping of wastes at sea by the countries bordering the North-East Atlantic. In the 
same year, the London Dumping Convention was negotiated. (IMO, 1972) This 
global treaty intended to regulate the dumping of wastes at sea worldwide. Until 1983, 
sea dumping rather increased. The London Convention contracting parties adopted a 
resolution calling for a moratorium on the dumping of radioactive wastes at sea120. 
(Stokke, 2003; Parmentier, 1997)  

Three years earlier, in 1980, ONDRAF/NIRAS, the Belgian Agency for 
Radioactive Waste and Enriched Fissile Materials, was erected. It is responsible for 
the safe management of all radioactive waste produced in Belgium. This comprises 
the decommissioning of closed down nuclear facilities and the management of 
enriched fissile materials. ONDRAF/NIRAS had to look for another solution when 
Belgium decided to adhere to the international moratorium. (NIRAS, 2004) Although 
'1983 saw a moratorium on the dumping of low-level waste till studies on wider 
political, legal and economic aspects of radioactive waste dumping were carried out.  
The studies were completed in 1993, and the ban was agreed upon by the contracting 
parties as a result of political consultation. The legally binding prohibition came into 
force in 1994'. (Laes and Chayapathi121, 2004) 
 
 ONDRAF/NIRAS took care of the conditioning and interim storage of short-
lived low-level wastes. All these activities are performed by Belgoprocess, the 
industrial subsidiary of ONDRAF/NIRAS, located in the region Dessel-Mol. It 
inquired into three disposal options: charcoal mines or quarries, shallow-land burial, 
and deep geological disposal. In 1990, ONDRAF/NIRAS concluded that the surface 
disposal option was most favourable from a technical feasibility, safety and cost point 
of view. (NIRAS, 1990, 40-1) Between 1990 and 1993, this last alternative was 
studied and developed in more detail. The NIROND 94-04 report acknowledged 98 
potential zones in Belgium for disposing at least 60% of the short-lived low-level 
radioactive waste. (NIRAS, 1994a) This report was badly received in public. The 
mayors of the concerned communities held a demonstration and refused the shallow-
                                                           
120 The resolution was adopted by 19 votes in favour, six against, and five abstentions. Japan, the 
Netherlands, South Africa, Switzerland, the UK and the USA voted against, while Brazil, the Federal 
Republic of Germany, France, Greece and the USSR abstained. 
121 At the moment of writing, this document was not published yet. We cite the document, but since it 
is not yet complete, we cannot refer to pages in our text. 
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land burial at their territories. ONDRAF/NIRAS was forced to look for another 
approach to dispose the low-level waste. 
 In order to overcome the deadlock in the process, the government assigned 
ONDRAF/NIRAS in 1995 to inquire into possible alternatives to surface disposal. 
This led to the NIROND 97-04 report in which the government was advised to base 
itself on ethical considerations. Current generations are responsible for ensuring that 
future generations will not have to actively take care of the management of the 
radioactive waste they will have inherited. (NIRAS, 1997, 174; Hooft et al., 2002) 
The Belgian federal government decided on a final or potentially final flexible and 
reversible solution for the long-term management of the concerned waste at the 
beginning of 1998. (Kabinet van de eerste minister, 1998) ONDRAF/NIRAS had to 
limit itself to the existing nuclear zones in Belgium, that is Doel, Fleurus-Farcienne, 
Mol-Dessel, and Tihange and to the local towns or villages that volunteered in 
preliminary field studies. ONDRAF/NIRAS established a network with the Antwerp 
University (UIA), the Socio-Economic Environment Development (SEED), and the 
Luxemburg University (FUL). They developed the idea of local partnerships122. The 
concept was developed to guarantee that every party that could be directly affected by 
a collective decision had an opportunity to express its opinions. (Hooft et al., 2002; 
NIRAS, 1998a) 
 
5.1.2. ONDRAF/NIRAS Partnerships 
 
 Since the ONDRAF/NIRAS question for volunteering communities, only the 
four communities with several nuclear facilities have responded: Mol, Dessel, 
Fleurus, and Farcienne. In the four communities, three ONDRAF/NIRAS partnerships 
were erected. In Dessel, STOLA (STudie- en Overleggroep Laagactief Afval – 
Dessel; STudy and Consultation group Low level waste - Dessel) started in September 
1999. In Mol, MONA (Mols Overleg Nucleair Afval; Mol's Nuclear Waste 
Consultation) started in February 2000. In the Walloon part, PaLoFF (Partenariat 
Local de Fleurus et Farcienne; Fleurus and Farcienne Local Partnership) was 
assembled and started in 2002. 

Before the partnerships were established, 200 people were contacted in Mol 
and Dessel. They were questioned about expectations and needs, and they were 
encouraged to participate in the partnership. According to Hooft, an 
ONDRAF/NIRAS representative, it was decided by ONDRAF/NIRAS that the 
partnerships should be established at most at the regional level. The Antwerp 
University researchers recommended a partnership at local level. ONDRAF/NIRAS 
and the majority of local stakeholders agreed. (Hooft et al., 2002) 
 The partnerships have a general assembly, uniting representatives of all 
interested organisations in the community. The general assembly represents all 
partaking organisations, decides on the main objectives and boundaries of the 
discussion, and appoints an executive committee. (MONA, 2000, Art. 9; STOLA, 
2002, 11; PaLoFF, 2003, 11) This executive committee is in charge of the day to day 
management of the organisation, budget spending, supervision of project co-
ordinators and co-ordination of the working group activities (i.e. MONA, 2000, Art. 
16; PaLoFF, 2003, 11-12) MONA, STOLA and PaLoFF also have two project co-
ordinators and four working groups. 

                                                           
122 For more information see Hooft et al., 2002; Meus et al., 2003. 
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 These four working groups all have their own topics. The implantation and 
design (I&D) working group is the most technical one and discusses the design of the 
repositories and the site location. The environment and health (E&H) working group 
looks at the implantation consequences for human beings and the environment. The 
safety (S) working group looks at safety and emergency issues. The local 
development (LD) working group debates about the possible added value of the 
repository. (Meus and Ceulemans, 2003; Hooft et al., 2002) PaLoFF has two technical 
working groups (technical concept and safety; and environment) and two local 
development groups, one for each community. (PaLoFF, 2003, 13-16) According to 
Hooft et al. "the only working group members that do not have a connection to the 
municipality, are the experts of ONDRAF/NIRAS and of the University of Antwerp. 
They only have an advisory role." (2002, 7) 
 When the local partnerships have decided whether and under which conditions 
they accept the waste repository on their territory, the community council will make a 
decision whether they want it or not. When all candidate communities –if any- have 
decided, it is the federal government that chooses between the different options and 
locations.  
 

ONDRAF/NIRAS develops, together with the partnerships, a concept for 
NWDS repository. Both surface and deep disposal options are considered.  

The waste disposal repository concept is mostly represented as a robust and 
multi-barrier system. The central part is the radioactive decay of the waste. This is 
strictly speaking no barrier. Due to this decay, however, the radiation will decrease 
exponentially. It is therefore an important component of the total safety of the 
repository concept. The first, chemical barrier is the waste containment. The second, 
physical barrier is the container with radioactive waste, the third, engineering barrier 
is a technical one. A fourth 'barrier' is the geological layer (especially important for 
geological disposal), whereas the last barrier is the aquifer123. 

The waste is put in canisters. The empty spaces are filled with concrete or 
bitumen. The second barrier contains the shell of the containers: the concrete casing, 
walls and floors. The main purpose is to isolate the waste from the rain water for 
surface disposal and from ground water for deep disposal. The third barrier is the 
geosphere. For deep disposal, this barrier is the most important one. For surface 
disposal, no function is assigned to this barrier. The last barrier is fulfilled by the 
aquifers because of the radioelement concentration dilution. The contribution of the 
last barrier compared to the whole safety is limited. However, it is not negligible.  
(Mallants and Volckaert, 2001, 6) 
 
 We know from the Mode 2 technoscience theory that many other actors take 
part in the safety debate on nuclear waste disposal apart from ONDRAF/NIRAS and 
the partnerships. The regulator FANC (Federal Agency for Nuclear Controle), the 
electricity producer Electrabel, Synatom (Belgian Society for Nuclear Fuel), the 
control organisation AVN (Association Vinçotte Nucleaire), the Belgian nuclear 
research centre SCK•CEN (StudieCentrum voor Kernenergie•Centre d'Étude de 
l'énergie Nucléaire), LIBOST (a project and consultancy office), CCEG (Control 
Committee for Electricity and Gas), Belgonucleaire (company specialised in 
processing uranium and plutonium oxide powder into Mixed-Oxide fuel rods), 

                                                           
123 Strictly speaking this is not a barrier but a component of the total system. 
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Belgoprocess (industrial ONDRAF/NIRAS branch dealing with dismantlement and 
waste containment), IRE (National Institute for RadioElements), etc. 
 It is important to know that these actors exist and that they have important 
contributions in the debate. However, since we do not perform an actor network 
theory study, the sociological process is not our major concern. We are interested in 
the sociopsychological processes that take place in certain situations as we have 
described in our positionism theory. Instead of giving a historical overview of the 
decision-making process124, we describe the four situations already mentioned where 
we can clearly illustrate different aspects of our positionism theory. Nevertheless, 
positionism depends on networks as well. We therefore will link contextual aspects 
with broader issues from time to time, including some of the actors mentioned above. 
 
5.1.3. Four situations which illustrate positionism 
 

We will illustrate our positionism theory with some discussions from the 
Belgian decision-making process on radioactive waste that can be disposed at surface. 
It follows from the Latourian interaction theory that the partnerships, the population 
that co-decides about the conditions of a possible waste repository site in their 
community, are involved because they are needed for the process of the fact builders. 
As such, we react against the idea that technoscientists discover the facts (the risk) 
and that the population co-decides which risk is acceptable or not (safety). 
 We state that both risk and its acceptance are positioned in contexts. These 
subsequent contexts lead to the fact of whether the repository is safe or not. As such, 
risk and its acceptance cannot be clearly separated. During the whole process, the 
technoscientific hard facts, values, behaviour, group cultures, problem framings, and 
objects are closely linked. We want to give some illustrations of these.  
 

How can we do so? We look for a methodology (1) that can explain the causal 
link in real-life interventions that are complex; (2) that describes real-life situations in 
which certain interventions have occurred; and (3) that can explore those situations in 
which the interventions being evaluated have no clear, single set of outcomes. This is 
typically the domain for case study research. (Stake, 1995) We shall therefore test our 
positionism theory in a case study research. A case study is an empirical inquiry that 
investigates a contemporary phenomenon within its real-life context; when the 
boundaries between phenomenon and context are not clearly evident; and in which 
multiple sources of evidence are used.125 (Yin, 1984, 23) 

The case we study will be limited to some aspects of the Belgian decision-
making process on NWDS repository safety. We select the four situations we already 
described above: A MONA internal discussion on responsibility and task delineation; 
a public discussion on emergency response organised by STOLA; a debate during the 
Nuclear Energy Agency (NEA) Forum for Stakeholder Confidence (FSC); and a 
MONA internal discussion concerning the question why Mol, Dessel, and Fleurus-
Farcienne were selected. 

We will show that these situations are much more than the exchange of 
information. In these different situations, we will show that the five context elements 
people, group cultures, objects, problem framing and attitudes are positioned relative 

                                                           
124 We refer the interested readers to Laes and Chayapathi (2004). 
125 More information on case study research in general and our case study in particular can be found in 
appendix C. 
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to each other. We can also use these situations to illustrate that the subsequent 
contexts have a momentum that depends on the contextual and network strength. 

 
Some remarks should be given. First of all, we want to say why we have 

chosen these four situations. As we said, they will permit us to illustrate the most 
important aspects of the positionism theory. However, some other situations could 
also have done the job. As the positionism theory states, the choice of these particular 
situations has to do with our own context: personality, the group culture and 
objectives of the PISA (Program of Integration of Social Aspects in nuclear 
research126), the objects we have to our disposition, etc. Fortunately, this context 
dependence does not lead to relativism, as we showed in our positionism theory (see 
page 182). 

Secondly, we want to mention why we only consider four situations. Latour 
mentioned that discussions in science become insurmountably technical. (Latour, 
1987) This does not differ when the public is involved. Issues will partially be 
discussed and decided upon on the technical level. In order to have some background, 
we have to study quite some technical details. This strongly limits the numbers of 
contexts we can treat. This is not a problem since case study research is based on 
qualitative discussion rather than a quantitative one. Most case study researches only 
treat one case study. The strength lies in the interdependence of the different aspects 
that are treated. A study treating one single case can give indication of its reliability 
and validity by means of its own elaboration. 

Our last point concerns the ethical aspects of human science research. In the 
description of the four situations, we will portray people in their natural surroundings 
with natural behaviour. This will also ask certain prudence in our treatment. We 
decided to mention the debates as factually as possible, without mentioning the name 
of the individuals involved. 

For these reasons, we are convinced that these examples can give a good 
illustration of the core aspects of the positionism theory we described in the previous 
chapter. 

5.2. Situation 1: Technical Working Groups, 17 March 2003 
 
 In this section we describe a first situation in which we portray two 
discussions –two contexts. It will allow us to already give a lot of illustrations of 
different aspects of our positionism theory. 
 
5.2.1. Description of the situation 
   
 The first situation we will describe is a meeting of the three technical MONA 
working groups. The meeting took place on 17 March 2003. 29 people were present, 
including myself as observer and 6 NIRAS-ONDRAF employees, 4 of which are 
members of the different working groups and 2 who were invited to make their 
presentation. The presentations that evening dealt with the nuclear waste volume 
inventory, drums, and radiological safety evaluations. With respect to the waste 
volume, ONDRAF/NIRAS reported that the decrease of waste volume is due to other 

                                                           
126 PISA is a a program that systematically involves people with nuclear and other expertise to study 
societal aspects of nuclear technoscientific development in a transdisciplinary manner in order to 
enlarge assessment in an integrated way. 
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storage techniques. The second issue dealt with drums at Belgoprocess at Dessel, the 
neighbouring community of Mol. The matrix material, betumen, did not function as 
was expected. The drums had burst open. Since there had been a lot of commotion in 
the press about it, the partnership devoted a discussion to this topic. The relation 
between category A waste inventory and radiological safety evaluations was the last 
topic of this meeting. (MONA, 2003b) 

We will not go into the two first issues at length but concentrate on the last 
one. The question about the radiological safety of the waste for which MONA looks 
for a repository concept is subdivided by ONDRAF/NIRAS in the presentation in 
some subproblems. First of all, the presentation given by an ONDRAF/NIRAS 
representative concerns the relation between A, B, and C waste on the one hand and 
the low, intermediate, high level waste and the short and long lived waste on the other 
hand. We will come back to this division in the next context description in which we 
consider a discussion on this. The presentation continues with the link between 
category A, B, and C waste and the X, Y, and Q criteria, concepts we will explain in 
some detail later on. It continues with an actual radionuclide inventory for A waste 
and the respective X and Y criteria. After that, the activity concentration criteria and 
total permitted activity for an installation are given. The presentation continues with 
the norms, legislation and safety evaluations of intrusion scenarios for category A 
inventory. The last part of the presentation is the results of radiological impact for 
normal evolution scenarios (NES) for a repository that remains intact during the 
whole period and one that has degraded barriers. The intrusion scenario gives a safety 
margin between 10 and 100 for the current inventory, the NES give a safety margin 
between 2000 and 40. (MONA, 2003b) 

 
We will portray two discussions –contexts- on the radiological safety issue. A 

first context that gives us the possibility to illustrate some aspects of our positionism 
theory is the presentation on the classification of A, B, and C waste. This presentation 
permits us to demonstrate how norms and their certitudes are positioned in a context. 
The same goes for the risk definition in this presentation. A certain risk notion is 
taken without too much debate in this context. We will also consider how certain 
attitudes are positioned in this context. 

The second context is a very short dialogue on the delineation of MONA's 
responsibility which took place after the presentation. This discussion allows us to 
focus on the importance of objects such as bylaws and slides, interaction level, group 
aspects and the esteem concept. 
 
5.2.2. Context 1: How do A, B, and C waste relate to X, Y, and Q criteria? 
 

Before we start with the actual illustration of our positionism theory, we will 
sketch the context by mentioning its different elements. First, we will briefly give the 
context elements of problem framing, relevant objects and group culture before we go 
into the people and attitude aspects. We will also give some definitions as they are 
used in texts that are often used as a reference. This will enable us to give some 
positionism aspects of this context. 

 
In a first context we describe the presentation of the classification of A, B, and 

C waste. The presentation gives a specification of A, B, and C waste by means of the 
X, Y, and Q criteria. (problem framing). This problem is treated in 5 slides in the 
presentation and deals with the category A waste that is already present in the Mol-
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Dessel region (objects). The group culture in this context will be more or less the 
same in comparison with the other joint meetings of the three technical working 
groups but different compared with the culture in the separated groups. The difference 
is of course that one particular person makes the presentation, which can have an 
influence on the group culture (group) of this specific context. 

The people present in this context are the same as in the whole situation as 
described above: these are people with a technical background and training or 
laypeople, who are concerned and technically interested. We could say that they have 
a MONA-technical background. They learned about the concept during the process 
(people). Now it only remains for us to treat the attitudes in this context. We will do 
this at length. More particularly, we will go into the delineation of the type A waste 
by means of definitions127.  

 
Especially the argument of Wittgenstein, that a definition only becomes clear 

in an actual situation, is important here. And as Latour says, meaning only becomes 
obvious afterwards (see page 21). All definitions have vague boundaries. Applying 
definitions means implicitly employing assumptions.  
 We will give here definitions of A, B, and C waste and the X, and Y criteria. 
We do not go into the Q-criteria because it is used to distinguish between B and C 
waste, which is nor the context issue nor to our interest in this section.  
 

Category A waste (1) is conditioned waste containing radioelements with activity 
concentrations and half-lives that are low enough to be disposed of at surface. This category 
contains low- and medium level waste with short half-lives (30 years or less). It can also contain 
small quantities of alpha emitters with long half-lives. This waste should be isolated from man 
and environment for 300 years. This is the period needed in order for the activity level to 
decrease with a factor 1000.128 
Category B waste contains LILW with too high concentrations of contaminated long half-life 
alpha emitters to be classified as A waste. Its heat-generating is too small to be part of the C 
waste.129 
Category C waste sorts all conditioned HLW, containing large quantities of short-living beta 
and gamma emitters and large quantities of long-living alpha emitters. Due to its high activity, 
the largest part has an important heat generation. (more than 20 W/m³).130 
The X-criterion is a measure for the activity concentration per collo. This criterion is important 
for intrusion scenarios during the period of institutional control. The volumetric activity 
concentrations of radionuclide i (Ci) at the moment of waste incineration are compared with the 

                                                           
127 We will encounter the same problems as we ourselves had with definitions (see page 33).  
128 Translation from: "Afval van categorie A (laag- of middelactief en kortlevend afval) Het afval van 
categorie A is geconditioneerd afval dat radio-elementen bevat in activiteitsconcentraties en met een 
halveringstijd die voldoende gering zijn opdat het afval in aanmerking zou komen voor 
oppervlakteberging. Deze categorie omvat laag- en middelactief afval met korte halveringstijd (30 jaar 
of minder), maar kan eveneens minieme hoeveelheden alfastralers met lange halveringstijd bevatten.  
Dit afval zal van mens en milieu geïsoleerd moeten worden tijdens 300 jaar, dit is de tijd die nodig is 
opdat zijn activiteitsniveau ten minste met een factor 1.000 zou afnemen." www.nirond.be  
129 Translation from: "Afval van categorie B (laag- of middelactief en langlevend afval) Het afval van 
categorie B omvat laag- en middelactief afval dat besmet is met alfastralers met lange halveringstijd in 
concentraties die te groot zijn om in categorie A ingedeeld te worden, maar geeft niettemin te weinig 
warmte af om deel uit te maken van categorie C. Het bevat ook wisselende hoeveelheden bèta- en 
gammastralers." www.nirond.be Whereas NIRAS mentions 20 W/m3, IAEA gives 2000 W/m3 as the 
distinction between intermediate and high level waste. 
130 Translation from: "Afval van categorie C (hoogactief kort- of langlevend afval) Het afval van 
categorie C groepeert al het geconditioneerd hoogactief afval, dat grote hoeveelheden bèta- en 
gammastralers bevat met korte halveringstijd alsook grote hoeveelheden alfastralers met lange 
halveringstijd. Door zijn hoge activiteit geeft het grootste deel van dit afval veel warmte af (meer dan 
20 Watt/m³)." www.nirond.be  
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maximum tolerable activity concentration (Ci,max) of twenty radionuclides that are relevant in the 
frame of safety studies for certain waste repositories. The sum of the relations Ci/ Ci,max over 
these twenty radionuclides gives the X value: X  = Σi Ci/ Ci,max  
The Y-criterion gives a measure of the total activity in a particular site. Whereas the X-criterion 
is a value relevant for intrusion scenarios, the Y-criterion is relevant for gradual release in a 
normal evolution scenario (NES). It is clear that this criterion is site dependent. The radiological 
capacity is compared with the maximum tolerable activity of the twenty radionuclides relevant 
for safety studies of specific sites. These maximum tolerable activities, divided by a reference 
volume (in 1998 this was 60000 m3, in 2004 72000 m3), give the mean activity consumption. 
The activity Ai per m³ or radionuclide i is divided by the maximum tolerable activity ACi,max. 
The sum of these fractions gives the Y values: Y  = Σi Ai/ACi,max 

 
The link between X and Y on the one hand and A, B and C on the other hand 

is as follows. If X<1, the collo is category A waste. If it is not, it belongs to the B or C 
category waste. If X<1 and Y<1, the waste is definitely useable for surface disposal. 
If Y>1, the waste can be disposed at surface if enough other colli are present under 
the average consumption.131 
 According to the ONDRAF/NIRAS representative, the X and Y can be used to 
give the A-waste definition. These criteria indeed give precise maxima for 20 
different isotopes. However, as we learn from Wittgenstein, people using the X and Y 
criteria also use implicit and explicit assumptions. Since the X and Y criteria are 
technical, these assumptions can be technical or technically embedded. As an 
illustration of our positionism theory, we mention some explicit and implicit 
assumptions of the X and Y criteria stemming from the network. 
 

The results of the criteria have to be compared with a norm. Comparing with a 
norm often means implicitly positioning the norm and its different dimensions. This 
norm is not absolute, but a result of fact building with its own hard or soft facts. We 
will look at the hardness of the norm used in our context. The norm used in the 
context is based on a particular risk concept that is also positioned and which will 
seem to be based on certain beliefs or other attitudes of the related network. 
 
5.2.2.1. Comparing results with a norm 

 
Let us start with one of the most important positionism mechanisms in safety 

discussion: positioning of the norm. Since our positionism theory is not a convergent 
epistemological realism, the norm is a socially constructed fact that must be accepted 
by a network that contains all relevant actors in the field, including objects.  

In this context, NIRAS/ONDRAF uses and explicitly mentions 0,1 mSv/y as 
radiological norm. The conclusion of the slide states:  

 
Whether category A waste is acceptable at surface without reservations is determined by long 
term release:  
- Principal contribution 94Nb 

                                                           
131 SCK•CEN and ONDRAF/NIRAS have yet another way to categorise the nuclear waste. It concerns 
dose at contact. A, B, and C wastes have dose rates respectively lower than 5 mSv/hour, between 5 
mSv/hour and 2 Sv/hour and higher than 2 Sv/uur. (NIRAS, 1997a) These limits are collo and site 
dependent as is the case for the X and Y criteria. If the containers used are big and protective enough, 
all the waste can in principle be categorised as type A waste. ONDRAF/NIRAS does not use this 
subdivision for long term management. It is mainly important for short term management as protection 
of workers. 
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- Is acceptable with a safety margin between 40 and 2000 if a dose limit of 0,1 mSv/y is taken 
which is a factor 10 below the dose limit of 1 mSv/y.132 

 
The argumentation to accept this is that it is 10 times lower compared to the dose limit 
of 1 mSv/y, the International Commission for Radiation Protection's (ICRP) 
recommendation.133 Apparently, this argumentation was enough to be accepted, for 
this dose limit was not further questioned.  

Three issues are important here. First of all, mentioning that one uses a norm 
that is ten times lower compared with the ICRP norm is a strong argument because it 
is implicitly linked with other attitudes. Secondly, it is equally important to mention 
the lower limit compared with the higher limit. Lastly, it is important as well which 
people are addressed. 

 
It is clear that voluntary use of a limit that is ten times less compared with the 

ICRP one is a precautionary measure. It is clearly linked with attitudes on the value of 
life and the uncertainty of scientific results. Accepting dose rates up to 0,99 mSv/y 
when the ICRP norm is 1 mSv/y is not a token of precaution. Voluntary taking one 
tenth of a norm shows that one considers health as an important aspect and that one 
tries in this way to give an answer to the inherent uncertainty of technoscientific 
development. (Bombaerts, 2003a; Commission of the European Communities, 2000; 
Sandin, 2002; O'Riordan, 1994) 

However, there are other attitudes that can be linked with this behaviour of 
making explicit that one uses only one tenth of the official norm. It inevitably gives 
the intention of generosity, trust, and goodwill. As such, it is a rhetorical argument as 
well. If an organisation knows in advance that it can reach a result that meets a limit 
lower than the one imposed by the national regulator with little or no extra efforts or –
more importantly- costs, this can easily be used in a deliberate, tactical way as a 
persuasive argument. That this 'technique' entails dangers as well is explained by 
Sandman. He describes how an organisation also declared very sharp safety measures 
because it could reach them without any effort, until they found out that they made a 
tremendous computational error. Their activities were still below the official norm but 
far above their voluntary lower norm. Since they had already made public the strict 
norm, the institute had huge problems in telling the public that their activities were 
above this first norm; that they now used another, higher norm; that their activities 
were below this second norm; and that their actions were therefore still safe... 
(Sandman, 1993) 
 

Secondly, we said that the lower limit is also important for the definition of 
waste. In the case of NWDS, the lower limit concerns clearance levels, the level of 
radioactivity that indicates when something can be defined as 'non-radioactive'. The 
environmental organisations add to the debate in saying that they consider the 
                                                           
132 Own translation of: "Of categorie A afval aanvaardbaar is aan oppervlakte zonder voorbehoud is 
bepaald door lange termijn uitloging:  
voornaamste bijdrage 94Nb  
is aanvaardbaar met een veiligheidsmarge tussen 40 en 2000 indien een dosisbeperking van 0,1 
mSv/jaar zou genomen worden wat een factor 10 onder de dosislimiet van 1 mSv/jaar ligt." (MONA, 
2003b, appendix) 
133 Confusion can arise between the 0,1 mSv/y of the source related norms and the 0,1 mSv/y 
mentioned by ONDRAF/NIRAS. As we understood the sentence above, ONDRAF/NIRAS refers to the 
total (output related) dose limit for the public (that is 1 mSv/y) that they deliberately lowered to 0,1 
mSv/y and not the source related norm of 0,1 mSv/y. 
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increase of clearance levels as an ethically unacceptable nuclear sector strategy in 
order to decrease the low level waste quantity and its corresponding cost. (Glorieux 
1998, 37-38) This becomes clear when we look at the definition of 'waste' and 
'radioactive waste'. 
 

Waste is defined as material in gaseous, liquid or solid form for which no further use is 
foreseen. (IAEA, 2003, 46)  
For legal and regulatory purposes, waste that contains or is contaminated with radionuclides at 
concentrations or activities greater than clearance levels as established by the regulatory body is 
considered as radioactive waste. It should be recognized that this definition is purely for 
regulatory purposes and that material with activity concentrations equal to or less than clearance 
levels is radioactive from a physical viewpoint – although the associated radiological hazards 
are considered negligible. (IAEA, 2003, 48)  

 
If the clearance level decreases, the entity of A waste will also change. The maximum 
concentrations per collo and per site will change as well.  
 This was briefly mentioned in the first presentation about waste inventory but 
not explicitly and extendedly considered in the above-mentioned context. As such, 
ONDRAF/NIRAS positioned a safety concept that gave a very detailed treatment of 
the upper limit and left open the clearance discussion at the lower limit.  

 
A third remark has to do with the people concerned in this context. If we recall 

the paradox of the fact-builders (page 29), we know that they have to increase the 
number of people taking part in the action so that the claim spreads. At the same time, 
they have to try to keep the claim as it is by decreasing and controlling the number of 
people taking part in the action. (Latour, 1987, 207) In a mode 2 or non-modern 
society, the public at large is admitted if not invited to join in and to have their say. 
The spread of technological facts is stimulated because of the larger number of people 
involved. The control of people, however, becomes more difficult. 

In our context, we find a good example. The standard interpretation of the 
category A definition is to compare the international and scientific limits with the site 
and concept specific safety assessment results. 

 
Category A waste (2) "is the waste in which the radionuclides have a sufficiently low specific 
activity and half-life to be able to be placed in surface disposal, this is maximally 400 to 4000 
Bq.g-1 alpha-activity according to the general recommendations of the IAEA and the European 
Union.134  

 
Since ONDRAF/NIRAS involved the local population in the process as well, the 
opinion of these people determines the safety level as well. Suppose a partnership 
does not accept an A-waste repository in its community. This means that they 
consider it not safe enough to be disposed off at surface. They consider it lacking 
"sufficiently low specific activity and half-life". In their eyes, it will therefore not be 
A-waste. The waste that is considered by a scientific group as A-waste is therefore not 
necessarily type A waste in a context of technoscientists and laymen.135  

                                                           
134 Translation from: "is het afval waarin de radionucliden een voldoende geringe soortelijke activiteit 
en halveringstijd hebben om in oppervlakteberging te kunnen worden geplaatst, namelijk maximaal 
400 tot 4000 Bq.g-1 alfa-activiteit volgens de algemene aanbevelingen van het IAEA en van de 
Europese Unie." (NIRAS, 2001, 31) The italic-markings are ours. 
135 Two remarks can be given here. First of all, we discussed the safety concept at page 34 and agreed 
on the definition 'freedom of intolerable risk'. This means that the risk is balanced with what one 
understands, what one gets in return as compensations, etc... The length and depth of the process and 



Waste depositionism                                                            Positioning Waste and Stakeholders 
 
 

 223

 We see that the positionism in this context implies that the network of people 
who accept the present objects that are considered as A waste increases. The claim of 
A waste definition and its safety spreads as it is.  
 
 The positioning of the norm in this context depends on explicitly present 
context elements and implicit network links. we think that deliberately lowering the 
output related norm and the implicit presence of the lower limit were crucial in the 
positionism of the norm in this context. 
 
5.2.2.2. Norm origins and (un)certainties 
 

In the previous chapter, we explained that contextual discussions are limited 
and that they are at the same time implicitly connected with broader networks of 
explicitly arrayed facts. We also saw that uncertainties136 attributed to facts or 
statements are also facts. In this section, we will show how uncertainty that is 
connected with facts is positioned.  

 
In the partnerships safety discussions, members of the partnerships are 

subjected to safety concepts that are widespread and at the same time still contested in 
scientific community. These norms come form the International Commission on 
Radiological Protection (ICRP) and the United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR). During the presentations, these norms 
were mentioned without questioning them. ICRP is seen as an authority and reference 
in radiation protection. This authority has no legal basis, but stems from a rich history 
of highly qualified recommendations in science. Almost all nation states adopt the 
ICRP recommendations in their regulations. The ICRP recommendations change 
quickly and considerably over time. And notwithstanding the fact that ICRP is seen as 
a reference, some challenging opinions exist. The European Committee on Radiation 
Risk (ECRR) has a much more alarming notion on radiation risk. Other scientists with 
yet other models voice their different opinion as well. 

We will briefly describe these changes and the challenging opinions before we 
explain their role in the contextual positioning. 
 

The main limits in the basic safety standards seem to halve regularly. We give 
a short overview here of the recommendations of the past century (Vanmarcke, 2004; 
Bombaerts, 1999b). As the beginning of our story, we can take the discovery of X-
rays by Conrad Roentgen in 1895, which was the start of more than a century of 
nuclear technological developments and regulations. (Eggermont, 2000a; Eggermont 
et al., 1998) Up to the 1930s, no quantitative radiation protection standards were 
applied in general. Hendee (1993, 1305) gives an example of the British X-Ray and 
Radium Protection Committee which we will copy for illustrative reasons.  
 
No more than seven working hours/day. 
Sundays and two half-days off per week. 
As much leisure time as possible spent out-of-doors. 

                                                                                                                                                                      
the amount of compensations given co-determine what A-waste is. A second remark can be given 
concerning the addition "this is maximally 400 to 4000 Bq.g-1 alpha-activity according to the general 
recommendations of the IAEA and the European Union". It seems a rather vague boundary, ranging 
from 400 to 4000 Bq.g-1. 
136 As we discussed at page 44, our notion of uncertainty covers all incertitude notions. 
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Annual holiday of one month or two fortnights. 
Sisters and nurses working full-time in x-ray and radium departments should not be expected to 
perform other hospital services. 

Table 65: Recommendations for radiation exposure control in 1921 from the British X-Ray and 
Radium Protection Committee. (Hendee, 1993137) 

In 1931, the Roentgen (R) was defined as a unit of radiation exposure. 1R is 
the exposure that produces an amount of ions corresponding to 2,58 10-4 coulomb per 
kilogram of air. (Vanmarcke et al., 1998) We can get an indication of the size of this 
unit if we use the ICRP 60 X-ray and gamma ray weighting factor wR=1. We find that 
1R equals 10 mSv138. In 1934, the ICRP precursor International X-Ray and Radium 
Protection Committee established an exposure rate limit of 0,2 R/day (equivalent of 2 
mSv/day), followed by a tolerance dose of 0,1 R/day by the National Council on 
Radiation Protection and Measurements (NCRP) in 1936. These limits were mainly 
based on the evidence of the many victims of the dial painting industry. Hundreds of 
women moistened their brushes with their tongues while using the fluorescent but 
radioactive paint. The concept of tolerance dose implied a threshold below which no 
radiation damage to the skin would occur. (Hendee, 1993, 1305) 

In the fifties, radiologists had a "much better sample", the more than 100.000 
Hiroshima-Nagasaki survivors. E. Lewis used this too and supposed a linear no 
threshold relation for low doses139. The model's implicit assumption is that any 
amount of radiation, no matter how small, produces an increased risk of leukaemia. 
(Ibid.) The NCRP came up with the concept of Maximum Permissible Dose (MPD) 
taking somatic and genetic cell mutations into account. A MPD of 0,3 R/week (3 
mSv/week) and 15 R/year (150 mSv/year) was established. In 1957, the US Nuclear 
Commission on Radiation Protection (NCRP) took the somatic factor into account by 
establishing a limit of 5(N-18) rem or 50(N-18) mSv for a life time for workers140, 
with N the age in years. ICRP copied this summation limit in 1959 and recommended 
a yearly limit of 12 rem/y. (Ibid.) In the 1977 ICRP report, a limit of 50 mSv/y for 
workers and 5 mSv/y for individuals. (ICRP, 1977). 
 

 
Figure 10: Evolution of radiation protection norms. (Vanmarcke, 2004, 12) 
 
                                                           
137 Originally taken from British X-Ray and Radium Protection Committee, "X-ray and radium 
protection", J. Roentgen Soc., 17, 100, 1921. 
138  1 R is the unit of exposure that produces an amount of ions corresponding to 2,58 10-4 coulomb per 
kilogram of air. (Vanmarcke et al., 1998, 225) 
139 Hendee refers to E. Lewis, "Leukaemia and ionizing radiation" In: Science, 43, 1951, 965-972. 
140 1 rem = 10 mSv 
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We see that the limits are anything but stable. In 60 years, the dose limits have 
decreased enormously. Some remarks must be made. First of all, this is a favourable 
evolution. It is a positive evolution that in the last century, precaution has increased 
enormously. For the future developments, this is less positive news. For the 300 years 
of the repository MONA discusses, this is important. The conservative assessments, 
however, could well be able to obviate the drawback of decreasing radiation limits141. 
Secondly, it must be mentioned that we only compared numbers. Of course, radiation 
protection management contains more than mentioning limits. These limits are 
embedded in an (also ever changing) radiation protection philosophy of justification 
principles, optimisation principles such as "as low as reasonably achievable" 
(ALARA). (Bombaerts, 2000; 2001; Shrader-Frechette, 1997; 1994) 
 
 That the limits are still questioned, follows from the ICRP-evolutions and 
beyond. But also outside ICRP, the radiation protection standards are questioned. In 
1996, the Basic Safety Standards Directive document was written. The Green Group 
in the European Parliament thought that this document had been passed by the 
Council of Ministers without significant amendment by the Parliament. One year 
later, the European Committee on Radiation Risk (ECRR) was erected. This 
committee wanted to examine conclusions of other risk assessment committees such 
as the ICRP and the UNSCEAR. One of its remits is to ‘develop its best scientific 
predictive model of detriment following exposure to radiation, presenting 
observations which appear to support or challenge this model, and highlighting areas 
of research which are needed to further complete the picture.’ (Busby, 2003, 1)  

One of their attainments is the calculation of the total number of deaths 
resulting from the nuclear project since 1945 applying their new model and that of the 
ICRP. Their calculation with the ICRP model, based on data up to 1989 provided by 
the United Nations, results in 1.173.600 deaths from cancer. Their own ECRR model 
predicts 61.600.000 deaths from cancer, 1.600.000 infant deaths and 1.900.000 foetal 
deaths. The total number of cancer deaths in the ICRP and ECRR model are 
respectively 2.350.000 and 123.239.024, whereas the loss of life quality is 
respectively 0% and 10%.  (Busby, 2003, 131-5) The above-mentioned research is not 
widely accepted. Latourian interactionism implies that this theory is not further away 
from 'reality'. It only says that the ECRR technoscientists do not find as much support 
as their ICRP colleagues do. 
 Other theories receive more widespread attention though. The uncertainty and 
ignorance of the present radiation protection comes into discussion again with the 
results of certain inquiries into the depleted uranium controversy in the Kosovo and 
Iraq war, the role of heavy metals such as Zn and Cd, and the new data on genetic 
radiation susceptibility.  
 

We can conclude from this illustration that the network strength of the 
radiation protection norms and its implicit certainty is important for gradual 
positionism. 

We described above the changes of radiation protection limits in every decade, 
the challenging opinions and the adaptation time for national regulations. These 
examples can serve as a good illustration of the important positionism mechanism due 
to the extension of networks and the limitation of contexts. (see page 52). A context is 

                                                           
141 Whether this is so for the long lived waste over a period of millions of years is less certain. But that 
is another transgenerational issue. 
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very limited in time and it contains few explicit elements such as attitudes, people, 
group cultures, or objects. A network will be much more extended in time and it will 
contain a huge number of attitudes, problem framings, people, and objects. 

It is impossible to mention all network links in a certain context. This is 
normal. Even more, this is human. In discussion issues, one implicitly makes choices 
as to what one treats explicitly and implicitly. This does not mean that the implicitly 
mentioned aspects do not change as well. Because of certain explicit discussions the 
linked issues will be positioned as well, which will have an impact on later 
discussions. 

The quick changes of radiation protection limits raise the question of the 
relativity of norms. What is the importance of norm changes over a period of 300 
years? The challenging opinions raise the question of uncertainty. How strong are the 
facts on which these norms are based? How much does the assessed (un)certainty tell 
us about the strength of the statements?  

Although these questions are not treated, they are indeed positioned in the 
context. In the apparent acceptation of the description of radiological safety with the 
X,Y criteria and A,B,C concepts, these questions are implicitly answered: "Indeed, the 
importance of norm changes over a period of 300 years is not important for the LLW 
repository."; and "Indeed, the facts on which these norms are based are strong." These 
answers are implicitly present; the contradictions are only present if they are explicitly 
mentioned. 

Since the questions are not implicitly asked, it will become more difficult to 
ask them anyhow, for the issues have already been treated. As in Latour's example of 
the Paris' subway, the issues become more and more irreversible. They become more 
and more a fact. It is clear that 'more and more a fact' is not the same as 'an absolute 
fact'.142 Other strong elements can still be brought forward. But it will have to be a 
stronger statement compared to the implicit link between the question and the safety 
explanation with the X and Y criteria and A, B, and C concepts. 

 
The X and Y criteria; the A, B, C concepts; the norms and their alleged 

certainty are positioned in this context, which will lead to a gradual positioning in the 
decision-making process on NWDS.  
 
5.2.2.3. Risk definition  
 

A third aspect we can mention about this concept is the risk definition that is 
given for the intrusion scenarios. Risk is literally given by the following formula: Risk 
= probability of occurrence × dose of 0,3 mSv/y × probability for cancer and genetic 
defect. It is said that this product should be smaller than 1,7 10-5 per year. 

As far as we can find out, this stems from the Publication 60 of ICRP. (Engels, 
Holmstock, and Van Mieghem, 1998, 158) In a table on the relative contribution of 
different organs and tissues to the global detriment according to the ICRP 60 
publication, the authors mention a detriment probability of 5,92% per Sv for the sub-
total of tissues and organs of the general population. For the 0,3 mSv, this gives a 
probability of 1,776 10-5. This could explain the number. 

In this context, nobody questioned this definition and this limit. we must say 
that we found this very remarkable. we can understand that everyone accepts this risk 
definition as a method to measure whether something is risky or not. After all, it has 

                                                           
142 In our non-modern constitution, facts are of course never absolute.  
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an intrinsic logic. But we have difficulties in understanding why people would accept 
the number '1,7 10-5 per year'. we can imagine two reasons why it was not questioned. 
A first reason is that this presentation went too quickly in order to question everything 
in detail. Another reason is that it was discussed in another context. In both cases, we 
have a nice example of positionism. In the first case, ONDRAF/NIRAS implicitly 
positioned the risk concept. In the other case, it is not the risk concept that is 
implicitly positioned but its importance. The risk concept is brought into the context 
in order to argue the safety of the NWDS repository. 

 
Safety as the freedom of intolerable risk was implicitly accepted, defined and 

made official in this context, not only because it was consciously justified and 
debated, but because it was also clenched in one single sentence on one slide and 
imbedded in a larger and convincing argumentation. 

We repeat that this is not a judgement. On the contrary, it is an example of 
human communication and justification. Indeed, it is important to mention that during 
that single evening, many things were discussed and severely questioned. And there is 
more. If one looks at the whole decision-making process, the partnerships succeeded 
in developing a broad risk frame, contrary to the small risk framing example Murphy 
gives in her nicotine addictiveness debate (page 176). We will discuss this broad risk 
framing at page 254. 
 
5.2.2.4. AHARA  

 
We can give yet another example within the same context. Safety decision-

making traditionally copes with a field of tension between the effectiveness of 
technology and the pricelessness of health. According to Paul Gimeno, this distinction 
can be axiological, methodological and policy-like. An axiological topic describes the 
reduction of a value to an appreciated preference measured by a market price. When 
values and market prices are confused, one veils the difference between appreciated 
preferences and preferences that – to our feeling – have to be justified. A 
methodological topic refers to the efficiency and the reliability of decision procedures 
to measure values. A policy and political topic concerns the efficiency of the market 
price principle in answering concrete problems. (Gimeno, 2000; 1998; Bombaerts, 
2000). 

We encounter this tension in the description of our X and Y criteria.  
 

That is why it is advisable to put colli aside when the values exceed the limits [the X criteria]. 
These colli can be put together with colli of which the values are far below the average.143 

 
The X and Y criteria position implicitly the effectiveness above the pricelessness of 
health. In radiation protection situations, however, one uses the ALARA principle. 
This means one tries to keep radiation 'As Low As Reasonably Achievable'. The 
pricelessness of health come first but is weighted against effectiveness144. As such, the 
X and Y criteria are much more linked with effectiveness than to the pricelessness 
compared with the ALARA principle. 
 In the discussion and acceptance of the X and Y criteria, the ALARA principle 
is positioned below the AHARA (As High As Reasonably Achievable) principle. It is 
                                                           
143 Daarom is het goed een paar colli met een te hoge waarde opzij te zetten, die nadien worden samen 
gezet met colli waarvan de waarde ver onder het gemiddelde liggen. (MONA, 2003b, 5) 
144 Or at least, that is what one tries to pretend. 
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the same mechanism we have already encountered before. In the explanation how the 
X and Y criteria relate to A, B and C waste, the context participants accept implicitly 
the AHARA principle. And yes, a context participant could have discussed this. As 
such, s/he had to find a balance between the ALARA and AHARA attitudes.145  

Together with the AHARA principle, many other aspects are positioned. The 
ONDRAF/NIRAS, SCK•CEN and the partnerships use in the repository concept the 
X and Y criteria which are the result of a performance assessment. These entities 
implicitly use ICRP conversion factors. The Ci,max and ACi,max in respectively X and Y 
are calculated to go from the annual effective dose of 0,3 mSv to the absorbed dose 
per isotope for the twenty radionuclides that are relevant in the frame of safety studies 
for certain waste repositories. This waste should be isolated from man and 
environment for 300 years. This is the period needed for the activity level to decrease 
with a factor 1000.  

For all the numbers in italic, a justification in a network can be given146. Some 
were indeed questioned in the situation we discuss here, others were not. These 
numbers are also positioned in the construction of the safety aspect of the surface 
repository for waste that can be disposed at surface.  

We hope to have shown that the explanation of A, B and C waste in terms of 
X and Y criteria positions the AHARA principle more strongly. 
 

5.2.2.5. Q, X, Y different from A,B,C 
 

It follows from the theory of Wittgenstein that a definition is never completely 
sound. Every definition has its drawbacks. Every definition faces objects that are 
intended to be included in the definition and others that are included and should 
preferably not be. 

The same goes for the A, B, and C waste typology in terms of X and Y 
criteria. The half-life issue is present in the X and Y criteria by the summation over 
the twenty radionuclides that are relevant in the frame of safety studies for certain 
waste repositories. The typologies however do not completely match. On the one 
hand, A waste with X>1 and Y>1 exist. Quantities depend on the selected site. On the 
other hand, a part of B waste satisfies the X,Y<1 criteria. According to the X and Y 
principles, it could be disposed at surface. In the three reference sites used in 1998 this 
concerned 4% to 14% of the B waste. (Cosemans, 1998, 13-14) This of course cuts 
across the definition that X and Y criteria define A and B waste. 

14% of the B-waste is not a mere trifle. Why did the representatives of 
ONDRAF/NIRAS refrain from mentioning this? Maybe because it really limits itself 
to the B waste. Maybe because they do not want to give way to the AHARA urge too 
much. Indeed, fully using the X and Y criteria means also being able to store 14% of 
the B waste at site C.  

Whatever the reason might be, the result of not mentioning this difference is 
that ONDRAF/NIRAS positions the A, B, and C waste as identically matched by the 

                                                           
145 We are aware that the ALARA attitude, which is an official radiation protection philosophy, and the 
AHARA principle of which we invented the name here are different entities for many people, not in the 
least for radiation protectionists. Indeed, ALARA focuses on doses, AHARA on activities. However, 
we state that both attitudes are relevant for the final outcome of the repository and as such are 
comparable. As such, we see that the attitudes of the radiation protection aspects of the X and Y criteria 
are different from the ALARA philosophy.  
146 See footnote 147. 
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X and Y criteria, whereas there is a difference. As such, they 'change' the objects the 
partnerships are responsible for. Time and again we repeat that this is not in itself a 
problem or an 'unethical' behaviour. It is well possible that all people concerned 
benefit in their way from the definition of A, B, and C waste in terms of X and Y.  
 
5.2.2.6. Interim conclusion 

 
We could already illustrate some positionism aspects with the description of 

this first context. We demonstrated how norms and their certitudes are positioned in a 
context. The same goes for the risk definition in this presentation. A certain risk 
notion is taken without too much debate in this context. We will also consider how 
certain attitudes are positioned in this context. We will now continue with a second 
context. 
 
5.2.3. Context 2: Dialogue on the delineation of MONA's responsibility 
 
 The second context of the situation in the Belgian waste management process 
deals with MONA's task delineation. The situation is the same as the previous 
context: the 17 March 2003 MONA meeting with the three technical working groups 
and dealing with the nuclear waste volume inventory, problem vessels at 
Belgoprocess, and the relation between category A waste inventory and radiological 
safety evaluations. (MONA, 2003b) The context we describe is situated after the 
presentation of the category A radiological safety evaluations. 
 

• P1, a member of MONA, asked (I interpreted the tone as rather indignant)  
"Are we responsible for the type A waste, containing low and medium level waste with mostly 
short lived but also amounts of high level waste? Or are we responsible for the low-level short 
lived waste only?" 
• P2, an ONDRAF-NIRAS representative and MONA-member, responded, in a tone I 
interpreted as closing:  
"Dear P1, I am surprised you still don't know MONA deals with the type A waste." 
• P3, another MONA and SCK•CEN representative gave support to this answer, in a 
corresponding closing tone:  
"It is even in our name: MONA, Mol Nuclear Waste Consultation type A." 
• P4, a second ONDRAF-NIRAS representative and MONA member, reacted, rather silent: 
"Our discussion deals with the waste group that is suitable for surface disposal." 

 
 The question referred to a slide another ONDRAF-NIRAS representative had 
presented to explain the difference between on the one hand the A-B-C categorisation 
and on the other hand the two dimensional typology of low (LLW), intermediate 
(ILW) and high (HLW) level waste and short lived (SL) and long lived (LL) waste. 
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Figure 11: Overview of correspondence between type A, B and C waste on the one hand and short 
versus long lived and low, medium, and high level waste on the other hand as depicted by 
ONDRAF/NIRAS (www.niras.be). 

 
MONA-members quite generally questioned this limitation. The disposal of 

the HLW was seen as the 'real' issue. Some participants expressed in the beginning 
their concern that the short-lived low level waste discussion could be an 
ONDRAF/NIRAS diversionary tactic not to tackle the HLW issue. Less generally 
shared was the opinion that also the release in the local Nete river and high level 
waste storage are equally important or even more important compared to the LLW-SL 
issue. 

The official responsibilities of the partnerships are described in the bylaws. 
The responsibilities as they settle in a group are not always the same as the official 
ones. They depend on the history of the group and the actual group culture. One of the 
most peculiar moments for group culture development is the moment at which 
responsibilities are officially and unofficially defined. This happens especially in the 
beginning of the group's existence. Later on, however, responsibility is still discussed. 
When they happen in a later period, they are mostly unofficial and of less importance. 
At least, it becomes more difficult to change things. 

The MONA group is no exception to this general rule. The bylaws mention the 
following paragraphs with respect to responsibility: 
 

Art 1: The association is established by the name of: Mols Overleg Nucleair Afval, catergorie A 
[Mol Nuclear Waste Consultation, category A] [...] 
Art 3: The association's aim is to carry out studies with regard to the low level and short lived 
waste disposal to come to an integrated project proposal that can be presented to the 
government. (MONA, 2000) 

 
Let us look at the type A, B, and C and IAEA definitions. We use the 

definitions of the radioactive waste management glossary of the International Atomic 
Energy Agency (IAEA147).  
. 

Short lived waste is radioactive waste that does not contain significant levels of radionuclides 
with half-lives greater than 30 years. Typical characteristics are restricted to long lived 

                                                           
147 In these definitions, many delineations exist: '30 years', '2 kW/m3', and '4000 Bq/g'. It is not clear 
whether, for example, the '30 years' comes from the '10' of the number of half-lives, the factor 1000 of 
reduction N0/210= N0/1024, or that institutional control can be realistically maintained for no more than 
300 years. 
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radionuclide concentrations (limitation of long lived radionuclides to 4000 Bq/g in individual 
waste packages and to an overall average of 400 Bq/g per waste package)148.  
Long lived waste is radioactive waste that contains significant levels of radionuclides with half-
lives greater than 30 years. Typical characteristics are long lived radionuclide concentrations 
exceeding limitations for short lived waste. 
Low and intermediate level waste (LILW) is radioactive waste with radiological characteristics 
between those of exempt waste and high level waste. These may be long lived (LILW-LL) 
waste or short lived (LILW-SL) waste. Typical characteristics of LILW are activity levels above 
clearance levels and thermal powers below about 2 kW/m3. Many states subdivide this class in 
other ways, for example into low level waste (LLW) and intermediate level waste (ILW) or 
medium level waste (MLW), often on the basis of waste acceptance requirements for near 
surface repositories. 
High level waste (HLW) is defined by IAEA in the following way. The radioactive liquid 
containing most of the fission products and actinides present in spent fuel – which forms the 
residue from the first solvent extraction cycle in reprocessing – and some of the associated 
waste streams; this material following solidification; spent fuel (if it is declared a waste); or any 
other waste with similar radiological characteristics. Typical characteristics of HLW are thermal 
powers above about 2 kW/m3 and long lived radionuclide concentrations exceeding the 
limitations for short lived waste. 

 
 After these definitions and the explanation of the slide, we have given enough 
background in order to consider some positionism issues of this context. We will 
mention the important role of the above-mentioned slide for the contextual discussion 
we discuss in this section. We will also tackle the huge importance of the 
communication interaction level in contextual discussions. As we said above, we will 
also treat the role of group aspects in the positionism theory. We will conclude the 
remarks on this context with an illustration of Boltanski and Thévenot's esteem 
concept. 
  
5.2.3.1. The role of objects 
 
 So far, we did not illustrate the role of objects in our positionism theory. In 
this context description, we can fill that gap. We will show here that the slide of 
Figure 11 plays an important positionism role in this context in two argumentations: 
(1) the difference between A and LLW-SL (low level and short lived) isotopes; and 
(2) the presence of high level and long lived isotopes in the A waste. 
 
 First of all, the slide gives a difference between A waste and LLW-SL. We see 
that figure is good as a general overview. According to this figure, all LLW-SL is A-
waste, but there is a substantial part MLW-SL waste that clearly is no LLW-SL waste 
but it remains A-waste! P1 has the proof down –even stronger, P1 has the proof in 
front of the three technical working groups- in black and white: type A is more than 
LLW-SL.149 This makes the argument of P1 strong. To put it bluntly: "Are we 
responsible for one or two squares on your slide?" 
 We see three different kinds of reactions in this context. In the next section we 
will treat them all and their difference. Here we want to look in particular at P3's 
reaction about the bylaws. As an answer to P1 he brought in another object, the 
MONA bylaws. He said MONA is responsible for A-waste. Where sometimes words 
                                                           
148 For more information, the glossary refers to IAEA, Classification of Radioactive Waste, Safety 
Series No. 111-G-1.1, IAEA, Vienna, 1994, §324-325. 
149 Implicitly, it could be important that both squares LLW-SL and MLW-SL are equally big, which 
could mean that type A contains the double of LLW-SL. We agree that it is only an hypothesis, but we 
think it is a viable one. 
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matter in a conviction, here even a letter did. In English this is not very clear. In 
Dutch, however, there can be confusion. The 'A' of Mona stands for 'Afval' [waste]. 
In his enunciation, P3 linked the 'A' with 'A-waste'. As we mentioned, the bylaws 
contradict themselves in article one and three. It was not the bylaws themselves that 
closed the context, it was the way the bylaws were brought in. In the limited context, 
one did not take the time to look at the bylaws. P3's link of the A with A-waste 
positioned paragraph 1 above paragraph 3; P3 above P1; and MONA's task as 
responsible for A waste instead of LLW-SL. 
 
 This slide also gives a message about the importance of isotopes that are long 
lived or high level: 'The isotopes are not important'.  

The ONDRAF/NIRAS representative clearly stated that these traces exist. As 
also the 'surface' definition mentions, A-waste can also contain small quantities of 
alpha emitters with long half-lives. If we compare the differences of the 'surface' 
definition of A-waste with the IAEA definitions in the actual ONDRAF/NIRAS 
inventory, we see that type A waste contains mainly LL-SL isotopes such as 90Sr, 
137Cs, 55Fe, 58Co, 60Co. It also contains traces of long lived isotopes 129I, 99Tc, 36Cl, 
and alpha-irradiators and isotopes with low radio-toxicity such as 63Ni. (Mallants and 
Volckaert, 2001, 60) 

This slide does not mention them. Again, this is of course an inherent problem 
of every presentation. A slide cannot contain everything. Even more, a simplified but 
limited figure often can tell more than a figure that is complete but too complex. As 
such, this is a 'good' slide. The issue remains, however, that this slide backs up the fact 
that the traces are not important for safety, whereas one of these traces, 63Ni becomes 
one of the main sources of contamination in case of human intrusion. (Volckaert, 
2004, 19) The slide positions that belief that the long lived or high level waste 
isotopes are not important for the safety concept above the belief that they are. 
Together with the belief, it positions the people who hold these beliefs. 

 
At page 180, we stated that objects are so strong in context because of the 

strong link with the strong attitude of 'measured with a scientific method', the 
conformity on this, people's personality, and the problem framing in a scientific way. 
The same happens here when P3 refers to an object (bylaws) that is linked with 
stronger attitudes compared to P1's object (a slide). Objects and their linked context 
components are positioned with respect to each other with respect to their strengths. 
As such, it is contextual strength that determines the direction of the contextual 
dissonance reduction. 
 
5.2.3.2. Interaction level 

 
This context is also a good example to illustrate that both the content and 

interaction level influence the safety concept in technoscience. In the discussion 
settlement, this level is often as important as the content level. Safety argumentations 
are no exception to this proposition. 

 
P Content Interaction 
1 Mona responsible for LLW-SL or A waste? "It is always the same", horizontal 
2 Surprise that P1 does not know. "Stupid question", closing, vertical 
3 Statutes mention Mona is responsible for A 

waste. 
"Indeed stupid question", closing, vertical 

4 Mona is responsible for waste that could be "Whatever is written, it is waste that qualifies 
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disposed at surface. surface disposal", closing, horizontal 

Table 66: Content and interaction level in a NWDS discussion. 

 
The indignant tone of P1 makes me postulate that P1 was more or less 

bothered by this slide and its message. In the light of the continued questions of 
MONA members on the responsibility delineation, the underlying message could be 
interpreted as: "Can ONDRAF/NIRAS finally settle this issue?" 

The three reactions that followed P1's question all tried to settle the question 
and were completely different. P2 did not answer his question on the content level and 
targeted the existence level. P3 did answer the content level, took a vertical position 
(see page 196) and brought in an object (intended to be) stronger compared to the one 
of P1. P3's tone was also closing. P4 reacted at the content level and more 
horizontally.  

P2, P3 and P4 all position themselves above P1. P2 tries to position himself by 
means of an attack on the dignity of the person. P3 tries it by referring to the bylaws. 
We recall here the fingerprint discussion of Brian Wynne in his Sellafield study 
during the Chernobyl crisis (page 185). Referring to law concepts gives extra strength. 
This is the same here. P4 positions himself by referring to his authority. This is the 
rhetorical closure Bijker and Callon described in their bicycle study (see page 197).  

 
The subsequent debate could have been completely different if P1 had 

formulated his question differently. The group may have had to reconsider the 
differences between A-waste and low-level short-lived waste. They could have found 
that their name was mentioned in article 1 of their by-laws, and that the bylaws 
mentioned too that their mission is to perform studies with regard to the disposal of 
low level and short lived waste. The debate could have continued with the importance 
of names and missions. Or with the assessed difference between the definition(s) of A 
and LL-SL waste for the safety of the community's population. Maybe the group 
would have concluded to take §3 to the letter and decided to allow only short lived 
isotopes in their concept. We will never know. And it is not important either, since it 
did not happen. The point we are trying to make in the previous paragraph with this 
thought experiment is that the safety concept could theoretically have been changed 
by three sentences in a certain tone.  

 
First of all, we write 'theoretically' in the previous sentence. The continuation 

of the debate depends of course largely upon the existing culture and links with 
networks. This would make the described hypothetical process rather unrealistic, 
since the process was already in its third year. The contingency of a three year process 
(and even many decennia more if we take the history into account) has positioned 
many people, groups, objects, attitudes and problem framings in strong positions. It is 
unrealistic that P1's statement would have changed the whole process. 

We consider this as a positive consequence. It indicates that positionism is not 
at all an unbridled relativism. Positionism is relative in that it is dependent on many 
contextual aspects. It is relative to a context. But it is not relative in a way the 
Edinburgh school was accused of (see page 20). 

 
Secondly, this discussion could have had an influence on the final outcome of 

the repository concept. The standard interpretation of the category A definition is to 
compare the international and scientific limits with the site and concept specific safety 
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assessment results. Since ONDRAF/NIRAS involved the local population in the 
process as well, the opinion of these people determines safety as well. If they decide 
that they do not want an A-waste repository in their community, it means that they 
consider it not safe enough to be disposed of at surface. The waste that is considered 
by a scientific group as A-waste is therefore not necessarily type A waste in a context 
of technoscientists and laymen. The A-waste definition is dependent on the local 
opinion of the waste and its safety.  

We therefore talk about 'nuclear waste that could be disposed at surface' 
(NWDS) as the waste we talk about. It is a hypothetical group of waste put together to 
be stored. Which isotopes and how much depends on the producers of the waste, 
ONDRAF/NIRAS as responsible agency, but also the partnerships. Although we state 
that this is the same as A-waste, we use a different definition to illustrate the influence 
of actors and the contextual links we discuss throughout this whole chapter. 

 
We conclude here that in this context, the interaction level was of huge 

importance in the positionism of the contextual elements. This is no exception. 
According to us, this is in almost all contexts one of the most important contributions 
with respect to positionism. 
 
5.2.3.3. Group beliefs 

 
The illustration about the content and relational level brings us to another 

positionism issue: group beliefs.  
We recall that our questionnaire data seem to show that the group component 

is less important compared to attitudes and personality. We doubted that the group 
factor is not important. On the contrary, we believe that this result can be attributed to 
the groupthink methodology used (page 150). We said that the groupthink 
questionnaire we used is limited in quality, that it is difficult to inquire into group 
cultures with a questionnaire, and that the snapshot in time cannot measure the group 
dynamic, one of the most important group aspects. 

In our case study methodology, we can see group culture influences. Although 
this issue is also in the observation methodology one of the most difficult issues, we 
can give some hints in this section. 

 
P1 was clearly overruled in this context by P2, P3, and P4. This gives an 

illustration of the theory of Moscovici and Nemeth we explained at page 86. 
Resistance to conformity seems indeed very difficult but not impossible. Majorities 
invoke public conformity on factual and attitudinal questions by normative pressure 
on the individual. Minorities have to be forceful, persistent and unwavering in support 
of their position. Their impact results mainly in private conformity on opinion 
questions. The result that majorities have more impact on factual issues gives a social 
psychological approval of the Latourian interactionist statement that building facts 
means 'numbers, more numbers' to believe in these facts and it implies that it is 
difficult for dissident scientists to go against the current. A network of people that 
considers a statement as a fact will put high pressure on dissidents. This is what 
happens in this context. P1 tries to position its opinion. The majority invokes 
conformity that it is a fact that MONA is responsible for A waste. 
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In this explanation, we have to mention the difference between the 'active 
majority' and the 'silent majority'. Indeed, in our situation, 28 people150 were present. 
Only four people said something. The other 24 people only participated in a non-
verbal way. Their role is of course important, for silence lends consent. Because the 
24 people did not react, the reaction of P2, P3, and P4 became an opinion of 27 
against 1. The inquiry of Asch (page 172) showed clearly the difference between 
standing alone and having one confederate. 

This context is therefore a good example for the importance of group aspects 
for decision-making. Although so far, we did not pay much attention to the group 
aspects, they are of crucial importance here and in many other contexts. 
 
5.2.3.4. Esteem and technoscientific participation 

 
The previous context example leads to Boltanski and Thévenot's esteem 

concept as well. We described how the theory of Boltanski and Thévenot (1991) 
states that any justification agreement implies a judgement about objects and people. 
A social esteem is impossible without a classification of people. A justification 
dispute inevitably ends up with the big ones and the small ones, whether it concerns 
objects or people. In these three sentences, P2 and P3 (re)stated their status of big 
ones. P1 became a small(er) one.  

The classification of P2, P3, and P4 above P1 classifies also the safety concept 
of the different participants. So far, we have explicitly used our theory to describe the 
positioning mechanisms in a technoscientific discussion. Here, we want to go a step 
further and make more implicit assumptions more explicit. 

 
As we saw, the X and Y criteria help to position the lower limit, the certainty 

of the norms used, a certain risk definition, the AHARA principle, and the task of the 
partnership. Positionism often happens by means of networks of strong facts. People 
will conform to statements that are experienced as contextually strong. This is a good 
reflex, a human reflex.  

However, in technoscientific participation, this also concerns a difficulty. A 
system such as the partnerships contains some technoscientists from 
ONDRAF/NIRAS, some form the neighbouring nuclear institutions, and some invited 
technoscientists. In the discussion about technoscientific issues, they will, as we have 
shown, position other technoscientific facts and related attitudes, their group culture, 
their problem solving, and themselves above other approaches. They have an 
important impact on the decision-making process because of this. We touch here upon 
the core of the difficulties of participation in technoscientific decision-making. Those 
who have expertise will position automatically and implicitly their cognitions and 
with them the other context elements. Whether they want it or not, it will be very 
difficult for them to avoid this mechanism. 

The esteem aspect of positioning is a basic mechanism of human 
communication. Some authors made a distinction between argumentation without 
esteem and argumentation with esteem. Jürgen Habermas for example talks about 
'orientation to success' and 'orientation to understanding' (Habermas, [1981] 1997, 
286) as strategic and communicative action. We say that it makes little sense to make 
this distinction. The technoscientific justification process will always face this 

                                                           
150 We exclude the presence of the observer. 
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positionism factor. Even if technoscientists try to 'understand' members of the 
population, in the technical discussions they will position their contextual certainties.  

Esteem can therefore not be used as an ultimate justification for deciding what 
is ethical and what is not. Since all behaviour has to do with positionism and esteem, 
there will be behaviour that has severe positionism consequences and is at the same 
time experienced as ethical. However, esteem is an important mechanism in the 
decision about what is ethical and what is not. If certain context elements are 
positioned above others and the first ones are strongly linked with elements that are 
experienced as ethical, the positionism will be experienced as ethical as well.  
 
5.2.4. Conclusion 
 
 So far, we have already shown quite a lot of positionism in contextual safety 
discussions.  

With respect to problem framing, we have already seen that norms, uncertainty 
and risk concepts are positioned in contextual discussions. In the first context, the 
lower limit is positioned by not mentioning it explicitly in the risk definition. A 
definition of risk gets settled because it is mentioned very quickly. Even numbers as 
1,7 10-5 are accepted without further questioning! Safety, as the absence of 
unacceptable risk, is positioned by means of the combination of the previous norm 
and risk issues and the positioning of certitude of the treated statements. Indeed, 
because the ONDRAF/NIRAS participants did not mention the uncertainties of the 
statements, they were automatically perceived as more acceptable. 

We also demonstrated that these problem framings are inextricably linked with 
attitudes, objects and group aspects. We found for example that the radiological safety 
evaluation by means of the X and Y criteria implies the effectiveness 'AHARA' 
principle. The fact that ONDRAF/NIRAS did not mention the volume B wastes that 
can also be stored at surface might contradict with this AHARA principle. However, 
not only attitudes are important in the decision-making process. The way context 
participants refer to objects is also very important. We saw a battle between objects 
resulting in a positioning of the people using objects in the strongest way. Besides 
objects and attitudes, also group aspects were important. In the second context, the 
presence of three people stating the same made a fourth one capitulate: the group 
pressure was too high. 

These issues –problem framing, group aspects, attitudes, and objects – were 
also positioned by using important aspects of communication. We mentioned the 
rhetoric aspect of the use of a fraction of the regular upper-limit as norm. The 
generosity linked with this statement makes it easier to position the above-mentioned 
context elements. A second and more important communication aspect is the presence 
of different levels in communication. We illustrated here the difference between 
content and relational level. We said that this is not a sign of unethical behaviour. 
Esteem is a natural aspect of justification in general and technoscientific decision-
making in particular. It cannot be used to decide what is ethical or not, but will have 
its consequences for what is ethical or not. 

This is already quite a lot. However, some things are missing. First of all, we 
did not discuss the personality aspect of our positionism theory. Secondly, the way in 
which our contextual discussion is linked with a decision-making process has not yet 
been treated in this chapter. A third important aspect that is still missing is the 
methodological limitations of our treatment. The first two gaps will be filled later on. 
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In the next situation, we will discuss this last aspect, together with more elaboration 
on attitude and group aspects. But before we do so, we will consider a new situation. 

5.3. Situation 2: A STOLA discussion evening 
 
5.3.1. Description of the situation 

 
Let us consider a second situation, the STOLA debate evening on 22 

September 2003 in Dessel. In total, 45 people were present. (STOLA, 2003, 3) of 
which approximately 5 people were not a member of STOLA, MONA or from 
nuclear institutions. The working group presidents presented the results of their 
groups. A film was shown about the STOLA surface and deep low level waste 
disposal projects. Afterwards, there was room for questions for a panel, containing the 
working group presidents, a ONDRAF/NIRAS representative, the university 
researcher for the partnership project, and a moderator from the community.  

According to the STOLA-newsletter, questions on safety, site selection, and 
compensation were treated. (Ibid.) More in detail, we retained the following subjects. 
The working groups did not find a clear-cut discussion for or against the deep or 
surface disposal – except for one president who spoke for his own. The question why 
Dessel, and not Germany or the coal mines, was depicted was also raised. The 
ONDRAF/NIRAS representative said this option fits in with the choice made by the 
government only to enter into dialogue in places with a broad enough social basis. 
The necessary trust in scientists and breaking out a knowledge monopoly was another 
topic. This question was answered by a discussion of the difference between site and 
long term safety. A next question was what would happen with the non-accepted 
waste. It was answered that this was not to the point right now. The question 
following this was if a link existed between LLW deep disposal and HLW disposal. 
The answer was no. It was questioned what guarantee people of the region have that 
one goes the right way about the matter if something happens. The last issues dealt 
with compensation. Someone from the public uttered that the community taxes for the 
nuclear institutions produce €110 per inhabitant and per year. 
 
5.3.2. Context: Response in case of malfunctioning of the NWDS repository 

 
In this situation, we consider one context in which one of the members of the 

public that was not a member of the STOLA or MONA raised a question about 
trust.151  
 

(1) P1, a participant of the general public (neither MONA, STOLA, nor nuclear institute) asked 
which guarantee the people of the region have that, if something happens, one goes the right 
way about the issue? He used two arguments: the lies of the wind direction during the 
Chernobyl crisis and the emergency plan that is still not operational. 
(2) P2, someone of the panel, president of a STOLA working group and community council 
member gave a first reaction. He answered that the guarantee was given by regulation. The 
notification levels indicate when and which actions have to be taken. 
(3) P1 "Is this control independent?" 
(4) P3, a member of a nuclear organisation in the community, contested that this question was 
out of context.  

                                                           
151 We cannot give exact reproductions for all reactions in this context. We will give a description 
where we lack the exact reproduction. 
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(5) P4, the moderator, answered: "This is exactly what we are doing, trying to put things in 
context152". 
(6) P3, who raised his voice, which I interpreted as a fiery reaction, stated that the arguments on 
the KMI issue and the nuclear emergency plan were beside the point. In his opinion, the type A 
waste disposal has nothing to do with nuclear power plant (NPP) issues. 
(7) P4: "I understand what you mean. However, I only report the questions and these can be 
asked." 
(8) P1: "I hope your working group presses hard for that"153 

 

5.3.2.1. Sources of disagreement 
 

P1 mentioned two facts that were according to him: the wind direction lie and 
the lack of regulator steadiness. Technoscientists will take it as stupid remark to link 
the Chernobyl accident with the control of low-level waste.  

Most scientists will not deny that the Chernobyl accident influence in Belgium 
is unimportant. Vandecasteele et al. state: 
 

The transfer of radioiodine and radiocaesium from grass to cow's milk is very rapid and milk is 
a good biological indicator of the intensity of the deposit. [...] The influence of the Chernobyl 
accident is clear for 137Cs, with a first peak immediately after the accident and another one in 
Autumn 1986 when the cows were stalled and fed contaminated hay collected at the end of May 
or in June. 90Sr was not present to an appreciable extent in the deposit (the Chernobyl deposit in 
the most contaminated zones in Belgium contributed only 2% of the 90Sr still present in soil 
from weapons testing fallout), and therefore did not contribute to the contamination of milk to 
any practical extent. Vandecasteele et al. (1997) 

 
P3's response is a very comprehensible argumentation from a scientist or a 

technology decision-maker point of view. First of all, it deals with completely 
different nuclear materials. The materials in the reactor, both the Chernobyl carbon 
reactor and Belgian Pressurised Water Reactor (PWR) are critical, highly radioactive, 
and heat generating. The type A waste is none of these and, compared to the previous 
materials, considered rather harmless by technoscientists. Secondly, the organisations 
and people that deal with it are different. FANC and SCK•CEN are mainly 
responsible for the emergency planning and radioactivity fall-out measurements. 
ONDRAF/NIRAS and Belgoprocess are mainly involved in the decision-making 
process of the type A waste. Thirdly, many things have changed since 1986. At that 
time, there was a weak regulatory body, whereas the FANC has taken over a lot of 
internal affaires. At the content level, this was a very relevant argument. 

Both in time, matter and organisation, these two issues can be seen as totally 
different. However, this remark found its decisive strength at the interaction and 
existence level. 

For P1, however, it was not a stupid remark at all. It was a question about 
trust. The first issue focused on the role of the authorities during the Chernobyl crisis 
in May 1986. The day the Chernobyl accident was made public, the Belgian Royal 
Meteorological Institute (KMI, Koninklijk Meteriologisch Instituut) gave a different 
wind direction compared to the neighbouring countries. The belief exists that the KMI 
deliberately changed the meteorological maps to cover the fall-out risks. The nuclear 

                                                           
152 It is clear that it is the every day sense of the word 'context' that is used here. 
153 (3) "Is de controle onafhankelijk?"; (5) "Dit is net wat we aan het doen zijn, de dingen in zijn 
context aan het plaatsen!"; (7) "Ik begrijp u. Maar ik rapporteer enkel de vragen. En die mogen gesteld 
worden."; (8) "Ik hoop dat jullie werkgroep daar harde eisen voor stelt!" 
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authorities (at that time, the ministry of home affairs) are blamed for having 
manipulated the KMI. Another belief is that the anchor man and the whether 
forecaster decided to change the direction of the wind in order not to start a scare. (De 
Bie, 1987)  

The second issue brought forward by P1 dealt with the existing emergency 
plan. He expressed the feeling that he and many others do not feel confident about the 
emergency plan. People in the environment of the nuclear installations in the Mol-
Dessel region often still do not know what to do. When some made the effort to 
contact the people responsible, they seldom got an answer. It is often said (by whom?) 
that this is due to the start up phase of the Belgian Federal Agency for Nuclear 
Control (FANC) and the co-operation with SCK•CEN. 

 
According to us, the question was not about Chernobyl or the emergency plan, 

but about trust. These two examples were apparently remarkable enough for P1 to 
doubt the independence of the people in charge. As a consequence, he doubted the 
independence of –probably for P1- the 'same nuclear sector'.  

A comparable example is given by Brian Wynne: 
 

It was striking that when we asked farmers sceptical about the scientists' exoneration of 
Sellafield to explain their reasoning, many of them talked about the 1957 fire and the secrecy 
surrounding it. At first we did not see this as an answer to the question, but then we realised that 
it was – they were explaining the lack of credibility of the present scientific claim about the 
Sellafield-Chernobyl distinction as due to the untrustworthy way in which the experts and 
authorities had treated them over the 1957 fire, and the longer history of perceived 
misinformation surrounding Sellafield. (Wynne, 1996, 31) 

 
Next to the history of the nuclear emergency debate, the distance also was 

important. This KMI story and the nuclear emergency plan's vagueness of FANC, of 
which both organisations are situated in the capital city Brussels, were brought 
forward in the discussion of the trust of the nuclear sector in the region concerning 
type A waste. The question was rather clear: "How can we [people from the region] 
trust them [the authorities in Brussels]?" 

 
An important part of this context's positioning can again be traced to the 

relational level's role. The message of P3's remark was quite clear at the interaction 
level. The speaker took an explicit vertical position. With his remark, he wanted to 
close the discussion. The moderator tried to counter this argument and did not succeed 
according to us. This context was ended. The positioning was not clear. We had the 
impression that P3's reaction was most persisting. P4's attempt was brave but did not 
reach P3. P1's last forcible language remark went lost. 

I experienced P1's questions not as an expression of mistrust. It occurred to me 
even as an attempt to gain trust. The message of P3's reaction at the existence level, 
however, can only have blocked the possible re-trust attempt. The significance and 
competence of the people's mistrust was denied completely.154 

In the contextual construction of safety, the trust in the scientists is a -if not, 
the- core issue in the decision-making process. Laypeople that participate only once in 
a discussion must rely on technoscientists to create their opinion, their reality. In the 
                                                           
154 First of all, there is the well-known mechanism that trust is built very slowly and destroyed very 
easily and quickly. We cannot measure the influence of the overall communication that was very good, 
nor of the one remark that was made, nor of the net effect. we guess that the single reaction at least 
nullified the overall good communication. 
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context of this discussion meeting, the speaker's attempt to close the discussion with 
his remark was also an attempt to position his truth. The counter arguments, 
questioning the control and therefore also P1's truth, were waved aside. It must be 
clear that trust is a crucial element in fact building and spreading the fact. If 
technoscientists want to enlarge their network seriously, the positioning of trust will 
become of the utmost importance. 

 
Many sources of the disagreement in this context have been mentioned. First 

of all, P1 and P3 are members of different networks. The meanings of Chernobyl, 
KMI, nuclear waste, etc. are very different. Secondly, the involved people of KMI and 
Chernobyl are for P1 very distant and therefore less trustworthy –which is a healthy 
and human reflex. The involved people are for P3 less distant and more familiar. They 
are more trusted as well. Thirdly, the relational levels are mixed. And lastly, the issue 
of trust is not recognised. 

5.3.2.2. Regulation 
 
Thus far, we have said nothing about P2's answer to P1's first question. P1 was 

not satisfied with P2's answer. This illustrates the power and weakness of 
argumentation on regulation and law issues. As we saw in the fingerprint example of 
Brian Wynne (185), arguments referring to law often have a high contextual strength. 
This is still the case if the link is only at the vocabulary level, as the fingerprint 
example shows.  

On the other hand, law and regulation arguments can be very weak. John 
Law's example of the archive system discussion (page 194) already showed this. Even 
if the law requires an archive system, the economic argument wins. P1's reaction to 
P2's law and regulation answer is from the same order. we interpret reaction (3) as: 
"Maybe it is the law, but I do not trust it if the regulator and the organisations are not 
independent enough". 

We will not discuss the issue of the interplay between law and ethics and 
contextual decision-making.155 The point we want to raise here is that law and 
regulation issues can be strong but also very weak. This strength is again context 
dependent and it can be used to position oneself in a context. In this case, it was 
obvious that P1 was not eager to accept the answer of P2. It made sense for him to 
interpret the law and regulation argument in the way he did. P2 used here a general 
rise in the sense of Boltanski and Thévenot in order to persuade P1. It clearly did not 
work out. The power linked with the general rise was in this context not enough to to 
result in a positioning. 

5.3.2.3. Context delineation 
  
A last point we want to make here is a methodological one. We argued in our context 
explanation that the problem is an important factor in the context. A problem is solved 
if the context reaches a contextual dissonance reduction. This can happen because an 
acceptable answer is found for a question or because the question is sufficiently 
divided in sub-questions. 
 The methodological problem we want to discuss here is the delineation of the 
problem solution. In the described discussion above, we defined one context: "Why 

                                                           
155 We refer the interested (Dutch speaking) reader to Raes (1997) for an elaboration on ethics and law.  
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should laypeople trust technoscientists?" We could do so because we considered the 
remarks of all the participants as arguments to answer the question with. The answers 
do not join in with each other because the answers are given at a different 
communication level. 
 It is also possible to consider this eight remarks dialogue in a few contexts. A 
first one considers 'trust in the light of the two examples' (reaction 1 and 2). A second 
context deals with 'independence' (3) which is related, for at least P1, with trust. But 
the question of trust and independence can be considered as different questions. A 
third context deals with 'relevant questions in the debate', a procedural and process 
remark. Again, the question 'what is a relevant question in a technoscientific debate 
on waste that can be disposed at surface' is different from the trust and independence 
question. 
 We found no answer for this methodological issue in Batens (1992a) or Goes 
(1984). We opt for the first solution; our context concerns the argumentations about 
malfunctioning response in the NWDS repository with all aspects that are concerned. 
It is clear that a further empirical use of the positionism theory will request an 
optimisation of the context delineation.  
 
5.3.3. Conclusion 
  

In the first situation of the MONA internal discussion evening, we mentioned 
the importance of problem framing; the link with attitudes, group aspects, and objects; 
and communication characteristics. In the description of the STOLA discussion 
evening, we discussed the methodological drawback of our research. We concluded 
that it is very difficult and context dependent to delineate a context. This is not a 
problem for the realisation of our research. However, in the long run, the delineation 
should be specified. 

We also found extra support for the role of attitudes and group aspects. The 
importance of attitudes became apparent when a participant disregarded the 
notification levels as a persuasive argument. Whereas legal arguments often have 
contextual strength, it was not the case this time. The strength of contextual elements 
is determined during positionism itself. A very important group aspect appeared in 
this context: trust. We argued that trust is what is debated for and that it is easily 
destroyed. As we saw in the explanation of Latour, trust building is core to a fact 
building process. It comes to persuade as many people as possible of a certain 
statement in order to make it a fact.  

We will now treat a third context in which we will also show the importance 
of personality in positionism. 

5.4. Situation 3: Representation discussion in an international forum 
 
5.4.1. Description of the situation 
  

In November 2003, NEA (Nuclear Energy Agency) held its fourth forum on 
stakeholder confidence (FSC). FSC was hosted by ONDRAF/NIRAS. The central 
theme of the workshop was "Dealing with interest, values and knowledge in 
managing risk". The workshop took four days. It contained a visit to PaLoFF 
(Parternariat Local de Fleurus-Farcienne, Fleurus-Farcienne Local Partnership). 119 
participants, representing 13 countries, attended the workshop. About two thirds of 
them were Belgian Stakeholders; the remainder came from FSC member 
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organisations. The participants included representatives of municipal governments, 
civil society organisations, government agencies, industrial companies, the media, and 
international organisations as well as private citizens, consultants and academics. 
(OECD, 2004, 4) 
 In the afternoon of the first forum day, the participants visited Fleurus and 
Farcienne. They visited the site of the planned disposal facility. Afterwards, the 
participants attended a series of short presentations held in an auditorium on the 
Institut National des Radioéléments (IRE) site. According to their website, IRE is a 
public utility company that operates as a private organisation with a board appointed 
by the Federal Government. Its primary mission is to promote the use of radioisotopes 
and to produce those required by the Nuclear Medicine for diagnosis and therapy, 
together with the development of activities devoted to the Protection of the 
Environment and the Health of the population. (IRE, 2004) In eight presentations, the 
partnership was presented in global and per working group. Afterwards, questions 
were asked. 
 
5.4.2. Context: Representativeness 
  

During the questions, someone asked what benefits are expected from the 
partnership's results and how they will influence a popular referendum.156 The official 
summarised answer is as follows: 'As far as benefits are concerned, they mean more 
than just money. The partnership would like to inject new life into the communities 
and encourage people to create something new. Participation is very important, 
because people outside the partnerships should know what they are saying "yes" or 
"no" to.'(OECD, 2004, 10) One of the answers that lead to this summary is the 
following from an IRE representative: 
 

If you want a 'no' [to the question whether the people want a type A repository in their 
community], organise a referendum. It is the least democratic thing you can do. 

 
 Since we know too little details of this context, we will not treat this context as 
an illustration of our positions as we did in the previous sections. However, we will 
use the context as a useful leg up for the important representativeness issue. 

 
All partnerships considered representativeness as an extremely important 

issue. They had considerable discussions on the question whether they spoke for the 
community at large. In formal meetings, they liked to stress their accomplishment on 
this matter. STOLA liked to stress that "60 out of the 8500 inhabitants of Dessel 
makes almost 1% of the people participate in the local partnership" (OECD, 2004). 
The general assembly is deliberately constituted in an attempt to mirror the local 
society. We mention the MONA General Assembly as an example. It contains 1 
ONDRAF/NIRAS representative and 16 governmental actors, of which 7 majority 
and 6 opposition actors and 2 council representatives. It also contains 8 economical 
actors and 12 social actors, mainly from councils, including environmental councils 
and members of anti-nuclear movements. (MONA, 2000; 2003) 

MONA and STOLA made considerable efforts to communicate to and with 
the people. They used rather classical ways such as a newsletter, the presence at the 
yearly Christmas market, a local counter and an internet site. However, they also used 

                                                           
156 I do not recall anymore who asked this question.  
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their creativity on this matter. MONA created a game for children developed by 
“Centrum Infomatieve Spelen”, a calendar, etc. STOLA organised "STOLA-days" to 
inform the community about their activities. They bought books related to nuclear 
issues.  

The partnerships received a €75.000 budget for human sciences research each. 
They did not use it completely. The part they used was spent on this 
representativeness question. STOLA had the Higher Labour Institute (HIVA) perform 
Focus Groups. They wanted to grasp the non-participating people's opinion. MONA 
performed an 800 people poll halfway into their existence. They will perform it again 
after their working period. 

 
 As you can see, the partnerships put up a good performance to realise their 
representativeness. However, we want to raise some comments concerning the 
societal safety construction. First of all, we want to pose some questions as to the 
democratic content of the partnerships in comparison with a referendum as was 
mentioned in our discussed context. Secondly, we put the representativeness in 
geographical perspective. Thirdly, we tackle the attitude representativeness.  

We agree with the first part of the IRE representative's statement. If a 
community is asked out of the blue whether they want a repository or not, the 
probability is quasi 1 that people will reject the plans. we fully disagree however with 
the second part of the representative's statement. We believe that the partnership 
methodology shifts safety concepts of participating people towards the more scientific 
one. Because of the process organisation by ONDRAF/NIRAS, this is very important 
for the final outcome.  

We can recall the discussion on type A and low level waste. We concluded 
that technoscientific participation such as the partnerships contains some 
technoscientists from ONDRAF/NIRAS, some from the neighbouring nuclear 
institutions, and some invited technoscientists. In the technoscientific discussion, they 
will position other context elements above other security approaches. As such, the 
attitudes can change smoothly over four years. 

Referendum and partnership are two different methods to include the 
population at large. The referendum asks one or a few questions which are debated in 
advance. The disadvantage is that people are not informed about all the details. The 
advantage is that people will answer spontaneously, basing themselves on their initial 
values. Partnerships have more or less the opposite nuts and bolts. After four years, 
people are well informed. On the contrary, the positionism mechanisms that have 
been taking place for four years might have led them to change their opinion. we have 
argued above that this change will happen in the direction of the technical statements 
and their related facts. People who have participated in a partnership group are 
therefore more informed, but also more steered as well: a referendum is therefore not 
more or less democratic. It is differently democratic. It is certainly not "the least 
democratic thing you can do". 
 
 The partnerships took good care of their representativeness. However, their 
responsibility was limited to the community boundaries. This limitation has two 
origins. First of all, the locality is a conscious choice in the methodology as elaborated 
by UIA, FUL, and ONDRAF/NIRAS. In the Flemish part, Mol and Dessel decided to 
form separate partnerships in order to maximise the social commitment. Especially 
STOLA bargained this separation. With their 8000 inhabitants, they were afraid to see 
their community-specificity washed away in a joint partnership with Mol's 33.000 
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inhabitants. In optimising the commitment, the involved actors maximised the locality 
as well. 
 The maximisation of the locality has three disadvantages. Firstly, the 
partnerships are considerably confronted with the relativity of the community 
boundaries. Secondly, the regional and national representation of the population was 
considerably lowered by the stress on the local level. 
 

The choice to maximise the commitment at the community level worked out 
well. The attendance rate was very high for a volunteer project for a four year 
period.157 Some odd aspects have to be mentioned. Especially for STOLA in the 
northern part, the option to maximise the locality turned out to be counter productive. 
The MONA and STOLA selected sites are next to each other, separated by a 
community boundary. (see  

Figure 12) The groundwater flow goes from south-east to north-west. STOLA 
maximised their say on their concept. In doing so, they minimised their say on the 
MONA concept which is situated directly next to the STOLA concept. The 
groundwater makes all the migrating radionuclides of the possible MONA repository 
flow into Dessel. 

It is possible that both partnerships agree on the conditions to site a repository, 
and the councils of both communities do so as well. The local politicians already flew 
a balloon about them probably merging the project afterwards. This will be an answer 
to the fact that both communities are concerned actors when a repository is actually 
built. It is of course a step backwards in the importance of the two times sixty people 
deciding with their own culture on the common community politics. 

It is also possible that one of the communities accepts a repository under 
certain conditions and that the other does not. In this case, a common project will be 
difficult to develop. 

 
 

 
 
Figure 12: Picture of the proposed NWDS site by MONA. The dotted line (−⋅−⋅−) is the community 
boundary between Dessel in the north and Mol in the south. The map shows the radiological impact 
from a hydrogeological study with a spot in grey. South of the installation is the canal. 
 

The involvement at a regional or national level is also reduced with the 
maximisation of the locality. As mentioned above, the partnership methodology was 
deliberately limited to the local level. During the process, some partnerships invited 
                                                           
157 Hooft et al. (2002) mention average attendance rates of 62% and 65% for respectively MONA and 
STOLA. 
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neighbouring communities to be part of the process as an observer. The 
representatives would not have a vote. It is not that strange that the neighbours did not 
delegate a representative under these conditions. Maybe the partnerships have their 
proper reason. However, from the outside, it seems a missed opportunity to give the 
concept a wider acceptance. 

What is the role of the national level in the repository site selection? Certainly, 
the partnership methodology seems quite good to 'escape the decision-making 
deadlock in nuclear waste management'. (Bergmans, 2003) The principal gridlock to 
counterbalance is the local Not in My BackYard (NIMBY) reaction. The waste has to 
be stored somewhere. If only a few communities are willing to accept the waste, an 
'added value' and a discussion on the magnitude are ethically considerable. However, 
since both the cost of the partnerships and the compensations they require are 
balanced with the price per kilowatt-hour (kWh) for the consumer, this is a national 
issue as well. 

In addition to the financial concern, the type A waste transport from Dessel to 
Fleurus-Farcienne (in case the waste will be deposed in the last communities) also 
asks to consider the national representativeness issue, or at least the question of 
involvement of the communities where the waste will pass. Some think that this will 
not be a problem at all. "Various methods have been investigated for the 
transportation of waste. Transport by water (using the extensive Belgian canal system) 
is considered the best way. Transit settlements are not expected to protest, since even 
today nuclear materials arrive here daily.' (OECD, 2004, 10) 

A last issue is the necessary commitment of the federal government. The 2003 
Belgian Energy minister, Fientje Moerman, explicitly expressed during the STOLA 
academic meeting that "government should take its responsibility". This is indeed 
true. A local debate can never reach federal maturity if it is not supported by the 
government. Many partnership members therefore find it most unfortunate that the 
Federal government does not give any stimulation or promises concerning 
commitments but this one. 
 

And although the partnerships put that much effort in representation, they 
encounter some difficulties. First of all, the unemployed are not a member of the 
PaLoFF group, whereas many people in Fleurus-Farcienne are unemployed and local 
development is such an important issue in PaLoFF that they have two working groups 
on local development. It seems very difficult to engage the unemployed. Secondly, at 
public meetings, the population is absent. The STOLA discussion reached about 5 
people out of 45 who were concerned, non-involved citizens. Other information 
evenings had comparable attendance rates. 

 
From an interactionist point of view, it is very comprehensible that 

representativeness is such an important issue. As we discussed at page 223 and 29, 
fact builders have to convince as many people as possible. The limitation of the 
partnership approach is the limited number of people involved. In order to increase 
this number, the partnerships need the representativeness in order to make their claims 
accepted. 

Bruno Latour refers to Yannick Barth when it comes to represent people: 
 

To reconsider the case of the radioactive wastes, nobody imagines any more to impose the 
implantation of a laboratory for studying the resistance of granite, salt or clay on the mayors of 
small villages. Fifty years ago, one could treat populations as simple means in the name of 
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national interest. These days are over. From now on, they have to be treated with politeness. 
One can read it in the thesis of Yannick Barthe about the wealth of patience ANDRA has to 
display in order to keep them in place and seduce them.158 

 
Latour gives here an explanation that representativeness is very important in the fact 
building process. But he uses this reference to Barthe only to stress that there are other 
actors (des actants) as well: objects or things. in the next section, we will consider 
their importance and how they are treated in our model. 
 
5.4.3. Conclusion 

 
In the two first contexts, we discussed the influence of almost all context 

elements: objects, group aspects, attitudes, and problem framing. We still missed the 
role of individuals. In this third context we discussed this influence. We saw that fact 
building in a network means persuading people to accept the fact as it is. In the 
representativeness discussion, we see that the partnerships put a lot of effort into 
reaching the public and persuading them of their views. 

In this and previous sections, we gave many examples of network strength. 
These implicit positionings imply, as we mentioned at page 200, that process 
judgements such as the democratic or transparency content of the decision-making 
process are context dependent as long as they are not a fact in a network. Talking 
about the nuts and bolts of referenda is in this case implicitly trying to position the 
partnerships. 
 With this discussion, we illustrated all contextual aspects. However, the link 
between a single context and the decision-making process is still missing. This and 
some more contextual illustrations will be given in the fourth situation. 

5.5. Situation 4: MONA Implantation and Design Working Group, 28 
August 2002 

 
5.5.1. Description of the situation 

 
On 28 August 2002, the MONA working group Implantation and Design 

(I&D) discussed part of the results of the technical specifications. The document 
'contains components of answer to the questions asked by MONA in the document 
"General and specific aspects to be elaborated by ONDRAF/NIRAS imposed by 
MONA for the concept of surface disposal of category A waste."'159 I&D discussed 
four sub-issues that evening. The first issue was the presentation of the three possible 
surface disposal implantations. The second topic was the module study. Thirdly, the 

                                                           
158 To reconsider the case of the radioactive wastes, nobody imagines any more to impose the 
implantation of a laboratory for studying the resistance of granite, salt or clay on the mayors of small 
villages. Fifty years ago, one could treat populations as simple means in the name of national interest. 
These days are over. From now on, they have to be treated with politeness. One can read it in the thesis 
of Yannick Barthe about the wealth of patience ANDRA has to display in order to keep them in place 
and seduce them. (Latour, 2000b) Latour refers to Latour refers to BARTHE Yannick, "La mise en 
politique des déchets nucléaires, l'action publique aux prises avec les irréversibilités techniques", 
ENSMP/CSI, 2000. 
159 Translation from: 'elementen van antwoord op de vragen gesteld door MONA in het document 
"Algemene en specifieke aspecten opgelegd door MONA, voor het concept van oppervlakteberging 
van categorie A afval uit te werken door NIRAS.' (Giovannini and Bel, 2002) 
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3D animation was mentioned. Lastly, the study of the available surface optimisation 
was considered. (MONA, 2002b) 

15 people were present, of which 2 ONDRAF/NIRAS representatives who are 
members of the working group, the vice-president of the environment and health 
working group, a representative of LIBOST (a project and consultancy office), and 
myself as observer. 
 
5.5.2. Context: Why Mol, Dessel and Fleurus-Farcienne? 

 
During the discussion of the three possible surface disposal implantations, the 

question was raised why Mol, Dessel and Fleurus-Farcienne were chosen. 
 

A member of the working group mentioned: "I still do not get why Mol, and also Dessel and 
Fleurus-Farcienne, are chosen if they were not present in the list of communities in the 1994 
research." 
The two NIRAS-representatives gave two answers. First of all, it is the government that decided 
to start a participation process in the communities with nuclear installations and other 
volunteering communities. Secondly, the 1994 survey used a general, overall methodology, 
whereas the 1997 and subsequent inquiries worked with much more precise approach.160 

 
This was not the only time that STOLA and MONA people expressed their 

surprise at why they and PaLoFF were depicted if the NIROND 94-04 did not 
consider their territory as safe. From these different reactions, we draw up another 
way of seeing things compared to the ONDRAF/NIRAS representatives' version.   
 

The NIROND 94-04 report gives 98 favourable sites in Belgium. Indeed, none 
of the four communities Mol, Dessel, Fleurus, and Farcienne was included in this list. 
The possibly favourable zones were also geographically remote (for a Belgian scale 
see NIRAS, 1994a, 69-70) One of the main principles for this selection was the 
presence of a small aquifer. This containment idea was that the smaller the aquifer, 
the smaller the risk of radionuclides spread. (Ibid., 18-23)  

The report induced fierce reactions from the selected communities. (Laes and 
Chayapathi, 2004; Hooft et al., 2002) The 98 zones on Belgian territory were rejected 
by the local councils involved. (Meus and Ceulemans, 2003) In 1997, 
ONDRAF/NIRAS explored the possibilities of a repository in an old military domain 
in Beauraing. Local action was in favour of a referendum. This was held with a 67% 
turnout in which a large majority of the people was against the nuclear waste. (Laes 
and Chayapathi, 2004) 

In order to solve the 1994 deadlock, the government commissioned a study on 
the possible alternatives to surface disposal in 1995. (Hooft et al., 2002) This resulted 
in the NIROND 97-04 report. Three differences are worth mentioning with respect to 
the NIROND-94-04 report. First of all, the report used a different methodology. The 
modelling happens in the 97-04 report in much more limited regions compared to the 
earlier studies. As such, more and more precise data can be used. Secondly, whereas 
the 1994 report focused solely on containment, the 1997 report started from a concept 
that made a combination of containment and dilution. The low level waste must be 
contained as long as possible. If dilution happens anyway, the concept relies on an 
aquifer that is as big as possible. The bigger the aquifer, the bigger the dilution. This 
                                                           
160 Translation from: "Ik snap nog steeds niet waarom Mol, en ook Dessel en Fleurus-Farcienne, 
uitgekozen zijn terwijl ze niet voorkwamen in de lijst van gemeenten in het onderzoek van 94." We 
cannot give an exact reproduction of the ONDRAF/NIRAS employees' reactions. 
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includes smaller radioisotope concentrations and smaller risks in turn. This principle 
took the Swedish repository designers to opt for a location at the seaside. The dilution 
at the shore is much bigger compared to the inland alternatives161. Thirdly, the report 
avoided to mention the name of the sites that were investigated in it. Illustrative is 
Etienne Vermeersch's judgement of the two NIROND-reports. 'NIROND-94-04 gave 
an interesting overview of these problems, but unfortunately gave evidence of some 
audacity by bringing forward a cut-and-dried answer. NIROND-97-04 meant a step 
backwards with respect to the previous publication because it conveyed the 
impression that one tries to solve problems by disguising them'162. In 1998, the 
government decided that ONDRAF/NIRAS had to limit itself to the existing nuclear 
zones in Belgium, that is Doel, Fleurus, Mol-Dessel, and Tihange and to the local 
towns or villages that are interested in preliminary filed studies. 

If the story is told this way, one can question whether the safety principle shift 
from containment to dilution had something to do with the shift from the 98 
communities in the NIROND 94-04 report and the classified sites of the NIROND 97-
04 report. We think that this link between the community reactions and the safety 
criteria is something that lives among some members of the population. 

 
This context can also serve as a good illustration for our positionism theory. In 

this short period, some safety aspects, objects and people were again positioned.  
If we reconsider our context, we can see that the safety principle of 

containment is repositioned above the one of dilution. We write 'repositioned', 
because all the choices made since the 97-04 report make the containment principle 
less and less 'reasonable'.163 This process is comparable with the construction of 
smaller railways in Paris, compared with the national net, that makes the taking-over 
of a private company less plausible (see page 189) Our context makes the dilution 
decision more widespread. In Latourian terms: it becomes more of a fact. 

 
With respect to the role of objects, we can also mention that the presence of 

the type A waste in the Dessel-Mol region, and the existence of nuclear industry in all 
four communities sets the burdens for the safety justifications. As we see it, the 
presence of the nuclear industry is mainly important for the societal habituation. 
People in Mol and Dessel have lived with nuclear facilities on their territory since the 
mid fifties. They are used to the presence of nuclear facilities. They also have a 
commitment to the industries because of the employment and community taxes it 
assures.164 The biggest commitment is of course the waste itself. It is interesting to 
notice that the MONA and STOLA members themselves mention the argument that 
they are accustomed to the waste165: "It is already stored in our community. The only 
thing that changes is the way it is stored, this is, permanently. But if no decision is 
                                                           
161 Some scientists see this as the least robust aspect of the Belgian type A surface repository concept. 
162 Translation from: 'NIROND-94-04 bood een interessant overzicht van deze problemen, maar gaf 
spijtig genoeg blijk van enige vermetelheid door nu reeds met een pasklare oplossing voor de dag te 
willen komen. NIROND-97-04 betekende een stap achteruit tegenover de vorige publicatie omdat de 
indruk gewekt werd dat men problemen wil oplossen door ze te verdoezelen.' (Vermeersch, 2001, 10) 
163 In the present studies, the containment principle is still present, but only with respect to the 
installation and not at the aquifer level. 
164 A STOLA member mentioned publicly in their above-mentioned STOLA discussion evening that 
the nuclear institutions in their community bring in €75 per inhabitant by means of community taxes.  
165 This in contradiction with the people of Fleurus and Farcienne, who apparently did not even know 
they had a nuclear facility (IRE, Institute for RadioElements) on their territory before the partnership 
started. 
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made at all, it is also permanently stored in their community." This phenomenon also 
occurs in other countries. Sweden discusses its HLW disposal in communities with 
nuclear facilities. To say it with a witticism: "Whether nuclear waste that can be 
disposed at surface can be disposed at surface depends on the fact whether is already 
stored at surface or not." 

 
Our context also positions the people who tell the ONDRAF/NIRAS story 

above the people who believe the other story. The presence of the nuclear waste and 
the nuclear installations also implies a presence of nuclear industry. Some of these 
people are present in the partnerships. During the discussions, they bring in their 
statements and facts and related attitudes. From a power point of view, these are 
'drilled people' ready to defend nuclear safety facts as John Law puts it (see page 201). 
We are sure that without the presence of these people the process would have been 
more difficult. 
 
5.5.3. Conclusion 
  

In the three previous situations, we discussed the importance of the relations 
between context elements in our positionism theory, the importance of 
communication aspects and some methodological aspects. Here we have strengthened 
our positionism argumentation with two observations. First of all, the presence of the 
waste creates a very strong argumentation in favour of a NWDS disposal in the 
environment where waste is already stored. These objects lead to a very categorical 
positionism. The same goes for the people linked with these wastes, the people of 
nuclear institutes, without whom a decision-making about waste would be much more 
difficult. We could use a witticism that re-interprets the IRE representative's 
statement: 'If you want a "yes" for a nuclear waste repository, implement a partnership 
in a region where there is enough nuclear personnel and where is enough nuclear 
waste already present, and the people will consider the waste as safe.' 

We said that the positionism of the dilution principle above the containment 
principle happened in the NIROND 97-04 report. The gradual positioning (first time 
mentioned) of these two principles is typical for decision-making that is always 
gradual, from context to context.  

The link between context and decision-making process will be elaborated in 
more detail in the next section, together with important methodological issues: the 
normative strength of our positionism theory; and the discussion between absolutism, 
relativism, and contextuality. 

5.6. Positionism and decision-making 
 
5.6.1. The RISCOM model 

 
We want to reflect on the RISCOM model as an alternative model compared 

with the partnership model of ONDRAF/NIRAS. Kjell Andersson, Raul Espejo, and 
Clas-Otto Wene try to give, in their "Building Channels for Transparent Risk 
Assessement, Final Report RISCOM Pilot Project" (Andersson, Espejo, and Wene, 
1998), an answer to the legitimacy crisis in science and technology developments. 
They emphasise the need for broad public consultation, including people other than 
scientific experts or political representatives. 
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Using Habermas (1997), the authors make a distinction between decisionistic, 
technocratic and pragmatic decision-making. In the first two models on the interaction 
between technology and society, the role of the experts was to explain the technical 
facts. According to the decisionistic model, the politicians had to provide both 
legitimacy and authenticity166, whereas the technocratic model declares that 
legitimacy and authenticity are settled in a technical way. A more recent model of 
interaction is the pragmatic one. It states that a strict separation between the different 
stakeholders is not possible anymore. Scientists and politicians alone cannot answer 
questions of legitimacy and authenticity anymore. When there is a lack of trust in 
technology, the public needs to be heavily involved. This is in line with Huyse's 
elaboration of the legitimacy crisis (2002) and the agora-concept of Gibbons et al. 
(1994) and Nowotny et al. (2001) we discussed in chapter one. 

An important premise of the RISCOM reasoning is the inherent weakness of 
the pragmatic model. According to the authors, the public can never fully grasp very 
complex technologies such as nuclear waste management167. Therefore, a guardian of 
the transparency process is needed. He restricts his role towards the public to 
initiating and facilitating. He can help bring up questions and insights in the 
complexity, but he had better not give answers to stay as neutral as possible. With 
regard to the implementer of a technology, the 'stretcher' has to assure that the 
capacities of the implementer are fully used, called ‘stretching’ in the RISCOM paper. 
This stretching is necessary to pass from the commercial ethics of a company (the 
implementer) to the guardian ethics, the ethics of responsibility for society. 

The key concept in this shift from commercial to guardian ethics is 
transparency. According to the authors, who base themselves on the work of Jurgen 
Habermas with this, this concept includes three independent and equally important 
aspects: factual matter, normative issues, and stakeholder's authenticity. Factual 
pronouncements give a verdict on questions of truth, the area that is typically reserved 
for science. Normative issues deal with the social world and judge norms and 
interpersonal relations. Authenticity refers to personal integrity or organisational 
identity.   
 

The outcome of an ongoing process which increases the stakeholders' appreciation of related 
issues and provides them with channels to stretch the implementer to meet their requirements for 
technical explanations, proof of authenticity and legitimacy of actions. Transparency requires a 
regulator to act as guardian of process integrity. (Andersson, Espejo, and Wene, 1998, 33) 

 
The decision-making process is very complex. In order to unfold the 

complexity, Andersson, Espejo, and Wene propose to divide the process in recursive 
levels. It is based on the viable system model (VSM) of Stafford Beer, a conceptual 
tool for understanding organisations. Two essential parts must be explained: recursion 
levels and team syntegrity meeting. 

The recursion levels are 'autonomous systems embedded within autonomous 
systems with tasks of their own contributing to the larger system.' (Ibid., 35) The 
recursion levels are parts of a larger system that can be separated in such a way that 
the parts still stand on their own, have their own rules. They can be studied as an 
                                                           
166 The difference between legitimacy and authenticity is illustrated by referring to 'monsieur 
Meursault' in Camus' 'L'étranger', which is authentic but completely illegitimate. 
167 The authors call this the transducing dilemma, in line with cybernetic literature. The notion denotes 
a mechanism on the boundaries between two systems capable of coding or decoding messages as they 
pass across the boundary. A transducer is not an ordinary translator but a "translator of meaning 
between two systems", in line with our notion of communication at page 88.  
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independent entity or in connection with the 'higher' level. In their example of the 
Swedish nuclear waste management system, they see four such systems: the Swedish 
Nuclear System (SNS), the Nuclear Waste Management System (NWMS) as an 
autonomous system in the SNS, siting of a repository in the NWMS, and expert 
investigations. 'Recursion provides a very powerful tool for managing the complexity 
of nuclear waste management. It makes apparent that there are four levels of 
discourse, one for each structural level, and therefore that is very important not to 
confuse actors with debates that do not fit within their recursive levels.' (Ibid., 37) 

After the separation in recursion levels, team syntegrity is applied. It is a 
workshop methodology that provides, according to the RISCOM authors a more 
transparent decision-making process. Before the meeting, the organisers ask for 
individual statements about the technology. During the meeting, these diverse 
statements are grouped into 12 items. These items were discussed in groups. Each 
member is a member of two teams and a critic of two teams. The role of the critics is 
to play the devil's advocate. This meeting can be iterated (Ibid., 20-21168).  
 

In what follows, we will give four remarks on the model. First of all, we will 
discuss the idea that the regulator cannot open the black box of technoscience for the 
public. Secondly, we will show that unfolding the nuclear waste management system 
complexity in recursion levels is not a viable approximation. Thirdly, we inquire 
which actor can take the stretcher and guardian role. Lastly, we look at the Belgian 
situation and wonder who can be the Belgian stretcher and guardian. 

As we said above, we have two objectives with this discussion. First of all, we 
discuss the issue because it is important in itself. Secondly, we want to show that our 
positionism theory is not only a descriptive tool, but that it is also able to pronounce 
upon normative issues.  
 
5.6.2. The regulating body and the black box 
 

The problem of lay people’s comprehension of a technology belongs to the 
core of the public participation on technologies. The RISCOM project states that 
‘explanation to a sufficient technical detail was not possible even with considerable 
efforts, nor would such explanation be enough to create transparency, even if it were 
possible’. (Andersson, Espejo, and Wene, 1998, 27) Using our positionism theory, we 
can agree with this statement, though only in a particular interpretation. 

Two aspects heavily influence the RISCOM black box conclusion. First of all, 
the kind of participation is very important. A team syntegrity workshop that takes one 
or a few days is different from the partnership methodology used in Belgium that 
takes four years with a monthly meeting. Secondly, people becoming members of a 
participation group that will take several years have an interest in technology. Some 
are themselves even engineers. In such participation groups, lay people can become 
very familiar with the discussed technologies. They can themselves stretch the 
implementer engineers with discussions about technical issues like the tension in a 
concrete roof or about surface corrosion phenomena. With the bentonite study of 
Brian Wynne (see page 186; Wynne, 1996; 26), we can state that local knowledge is 
sometimes even indispensable for scientists. In Belgium, it is especially PaLoFF that 

                                                           
168 More info can be found in BEER, S., Beyond Dispute: the invention of team syntegrity., Wiley, 
Chichester, 1994. 
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stresses this role in the low-level waste process. The location of old mine shafts is 
crucial for the stability of the ground and this is typical local knowledge.169 

All this seems to contradict the RISCOM black box thesis. Lay people can 
contribute important information and can get a reasonable oversight. However, we 
think that laypeople can reach a more than sufficient level with respect to a limited 
number of issues. With respect to the overall viewpoint, it will remain very difficult 
for them. It also remains difficult to follow all evolutions in detail for the 
technoscientists that develop nuclear waste repository concepts.  

 
Therefore, we take the RISCOM presumption for granted that opening the 

black box is not possible and that a guardian of the transparency process is very 
useful. 
 
 
5.6.3. The unfolding of the NWMS complexity in recursion levels is not a viable 
approximation 
 

Viable system modelling starts from existing and official organisational 
structures to unfold the different recursion levels. In the Swedish case study, the 
nuclear waste management system complexity is divided into sub-systems.  

ONDRAF/NIRAS and the universities of Antwerp (UIA) and Luxembourg 
(FUL) did the same in Belgium. The concept was discussed with local stakeholders  
'and adapted to meet local needs'. (Hooft et al., 2002) The partnerships focus on the 
siting of nuclear waste that can be disposed of at surface. This autonomous system is 
also embedded in different 'systems': management that can be disposed of at surface, 
general nuclear waste management, and the Belgian Nuclear System 

 
According to our positionism theory, it is very difficult to justify the division 

in formal recursion levels. Decision-making happens in a chain of contexts. These 
contexts contain several elements that do not limit themselves to recursion levels. This 
limitation of the decision-making process to the NWDS was also experienced as too 
limiting by some partnership participants. (page 230) We can give three strong 
arguments. First of all, attitudes are often strongly linked with happenings from other 
recursion levels. Secondly, the theory of mode 2 science indicates that many actors 
that are linked with many different fields comparable to the NWDS recursion level 
influence the discussion. Thirdly, the actual proposed solution will also depend on the 
limitation of the recursion level. Let's explain this in more detail. 

The first issue we want to raise is attitude selection. On the one hand, context 
components in a discussion that is strictly limited to a certain recursion level can be 
linked with attitudes of completely different levels. As our and Brian Wynne's 
research shows, the reaction of people to nuclear waste can largely depend on 
attitudes towards historical happenings of other recursion levels. The experienced 
secrecy after the 1957 Sellafield fire (page 239) and the KMI reaction after the 
Chernobyl accident (page 239) are often important anchors for laymen to judge how 
the speakers can be trusted. On the other hand, we recall that attitude selection in 
                                                           
169 'Ces personnes [the working group members] ne sont pas des experts en nucléaire, ni des experts en 
sécurité, ni des techniciens, ni des entrepreneurs en construction, MAIS elles ont toutes un avantage sur 
tous les experts: elles vivent sur le terrain, elles connaissent la région. [...] La connaissance du 
terrain, et pour certains membres, la connaissance du passé minier de la region [...] font que notre 
groupe travaille d'arrachepied depuis mars 2003.' (Nicaise, 2003, her own bold and capitals) 
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advance can heavily determine the outcome. The fact whether people are interviewed 
as farmer or civilian changes their attitudes toward certain technologies (page 162). 

It is quite understandable that people experience the limitation of decision-
making of NWDS as too limited.  Feelings of lack of security and threat do not stop at 
a certain recursion level decided upon by technoscientists. The feelings of high level 
waste storage or the drain of very low radioactive waste in a local river are an 
intangible part of the lay solution. 

Mode 2 research (Gibbons et al., 1994; Nowotny et al., 2001) is another 
argument against the apriori recursion level division. As we saw, the relations 
between implementer, regulator, government, media, environmental movements, 
public participation groups, ... form an intangible web that leads to the final decision. 
All these actors do not make a difference between the recursion levels, but have their 
important influence on the decision outcome. Applying these recursion levels too 
strictly can be a sign of agoraphobia (Cornelis, 2000, 59). Organisations can interpret 
the discussions in the agora too limitedly in an attempt to keep as much control as 
possible. 

In Belgium, for example, Greenpeace did not want to participate in the 
partnership decision-making process because they linked the discussion about a 
solution for the nuclear waste that can be stored at surface with the implicit approval 
of nuclear energy production as a whole. We think the same happened in Sweden 
during the COWAM170 seminar. Local green people reacted fiercely against the 
ongoing participation process. We interpret the Greenpeace decision as a rejection of 
the beforehand separation of recursion levels. 

The division in recursion levels is also important for the actual final 
repository. When the Belgian partnership MONA discussed the deep disposal of 
nuclear waste that can be disposed at surface, some members questioned what this 
could imply for the B waste treatment in the same period as the A waste could not be 
discussed.  The same goes for questions about the international treatment of waste. 
France and Belgium could, maybe or maybe not, find a common solution for their 
waste. Because of the recursion levels this cannot come up for discussion at all, 
whereas this economically more viable solution could be more socially accepted than 
some dare to hope.   

This recursion level discussion touches upon one of the core issue of the safety 
discussion as we explained it at page 35. Whereas all safety definitions will agree that 
it concerns the freedom of unacceptable risk, it is clear that it is crucial who judges 
whether the risk is unacceptable.  

 
We see that indeed the selectivity of contextual aspects, the presence of many 

different actors and the sensitivity of the final outcome influence permits us to 
conclude that unfolding the NWMS in autonomous systems is questionable. We agree 
with the RISCOM authors that simplification cannot be avoided in a discussion, no 
matter whether it is a technoscientific or laypeople discussion. In some situations or 
contexts, this will probably be accepted. In other contexts, however, the simplification 
by recursion level separation will not be sufficiently accepted. Positionism will then 
take place by contextual dissonance mechanisms that provoke more dissonance for 
some participants. It can be resurfaced in a later moment in a much more severe way. 

                                                           
170 COWAM (COmmunities WAste Management) is a European network that brings stakeholders 
(members of the public, regulators, implementers, social scientists, etc.) of the radioactive waste 
management together to discuss involvement issues. 
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The alternative solution looks quite obvious. The recursion levels can be taken 
as a point of departure for discussion about the problem framing. If people accept 
them, there is no problem. If people clearly mention issues that are more important, 
more urgent than or strongly linked with the proposed problem, this must be discussed 
first. 

At least one of the Belgian partnerships wants to establish a 'post-partnership' 
group that discusses the issues of nuclear in general at the regional level. To us, this is 
an answer to the people's feeling that the issues of waste that could be stored at 
surface are too narrow.  
 
5.6.4. Who should take which role?  

 
In the RISCOM text we discussed so far, "Building Channels for Transparent 

Risk Assessement. Final Report RISCOM Pilot Project. SKI report 98:6" (Andersson, 
Espejo, and Wene, 1998), the RISCOM model is applied to the actual Swedish 
decision-making process on high level waste repository siting. The authors mentioned 
that the Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation 
Protection Institute (SSI) should fulfil the stretcher role. (Ibid., 18-19; 45-46) There is 
no institute that is explicitly mentioned as having the role of guardian of the process. 
Although SKI and SSI are not explicitly mentioned any more in some subsequent 
texts171 (Espejo, 2000; 2004), we want to inquire here what the advantages and 
disadvantages are of this choice and whether other actors can be proposed. 

In this section we discuss on the one hand the broad risk framing of the 
Belgian partnerships and on the other hand how the same risk framing is influenced.  
 
5.6.4.1. Broad risk framing 

 
In the technocratic and decisionistic model, a need exists for public trust in the 

implementer telling scientific facts. In the pragmatic model, this shifts to trust in the 
regulator assessing the legitimacy and authenticity of the implementer in dialogue 
with a part of the public. In this, two DMP characteristics change: a part of the public 
gets involved and values -more than facts- are assessed. This is a very favourable 
evolution because both the implementers and the public are forced to review their 
opinions. Implementers are controlled by members of the public and discussions with 
responsibles on values force members of the public to include organisational context 
and responsibility into their worldviews. 
  
 The partnership model in Belgium, including ONDRAF/NIRAS, community 
representatives, and members of the partnerships, comes to a broad risk framing. We 
will discuss here some safety aspects brought forward by the partnerships on the basis 
of our participation in forums on the local and international level and our observations 
in the MONA working groups. We use the worlds-typology of Boltanski and 
Thévenot to schematise the different safety aspects.  

We already discussed the civic world issues representativeness and democracy 
at page 242. We said that the partnerships made tremendous efforts to reach the 
community population, but that this included that the autonomy about the system 
concept and the broader population were robbed of their importance. We encountered 
the industrial world in the discussion on the X and Y criteria. We saw that the criteria 

                                                           
171 Is it because SKI did not sponsor these texts in contrast with the previous one? 



Waste depositionism                                                            Positioning Waste and Stakeholders 
 
 

 255

contain an important effectiveness aspect, the AHARA-principle as we called it. Also 
the effectiveness of social research is an important issue.  

The domestic world is also present in the partnerships' discussions. They show 
respect for experts, as a chairman of the STOLA partnership board expresses: "After 
four years of STOLA functioning, I can conclude together with the members that trust 
in the experts on nuclear issues has grown strongly."172 In this category, we can also 
mention their respect for community boundaries we discussed at page 244. 
 Maybe least present is the world of opinion. The pride of being a partnership 
member could be mentioned as one of the opinion attitudes. The inspired world, on 
the other hand, is more present. Their autonomy, creativity and control of the process 
as a working group for example is very important. Although they know that the 
importance of the community boundary is not very sensible or reasonable, they 
always worked separate because they wanted to keep their autonomy. STOLA 
chooses its own concept. In doing so, they do not have a direct effect on the MONA 
concept that influences them as much as does their own concept (ref Figure 12).  
 Finally, there is the merchant world. It played a strange role in the discussions. 
On the one hand, it seems to be one of the driving principles of the working group's 
motivation. On the other hand, partnership members often said it was not their role to 
decide upon it. 
 

World Examples of principle 
Civic Representativeness, democracy 
Industrial Effectiveness 
Domestic Safety, respect for experts, respect for boundaries 
Opinion Pride to be partnership member 
Inspired Autonomy, creativity, control,  
Merchant "Added value" 

Table 67: Different worlds in partnership discussions. 
 

A last world we did not discuss much so far is the merchant one. This might 
seem strange because even €0,5 can change a lot about proclaimed attitudes. (see page 
160) An ambiguity attributes to its implicit presence. On the one hand, many 
partnership members say they make choices without taking into account the financial 
aspects. On the other hand, it seems to be one of the major incentives for their 
decision-making. 

We found three origins of how the partnerships succeed in not taking the 
financial aspects into account. Firstly, some partnership members do not consider it 
their responsibility to judge the financial aspects. They plainly state this, end of 
discussion.  A second clear indication of the sensitivity is the use of the word 
'compensation'. It is not a taboo for the working group members, but in official 
presentations the word that has to be used is 'added value'. The difference is not clear 
to us, for how should the life-plan be sponsored?  

 
Quite often local communities are compensated for accepting the burden of a repository with 
money. Such a strategy has a perverse effect. In order to qualify for a maximum of 
compensations a project should look as damaging, unsafe and obstructing as possible. [...] 
Acceptance should depend on the possibility for local stakeholders to insert a project into their 

                                                           
172 Own translation from: 'Na vier jaar STOLA werking mag ik samen met de leden vaststellen dat het 
vertrouwen in de deskundigen die zich bezig houden met de nuclearie materie sterk is gegroeid.' 
(Draulants, 2003) 
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own life-plan: their interests and enjoyment of life, their ambitions, dreams and expectations. 
(Van Hove, 2004) 

 
A third aspect of commitment sensitivity is that ONDRAF/NIRAS's financing 

is not explicitly mentioned on the MONA- and STOLA-website. We found nothing 
about ONDRAF/NIRAS financing at the STOLA website. The MONA website is 
quite implicit. The PaLoFF website does explicitly mention the financing. 
 

[...] 
Therefore, the waste transport and processing are also ONDRAF/NIRAS tasks. 
Who pays for all of this? ONDRAF/NIRAS operates at cost price and charges the waste 
producers the price that is necessary to assure the population's safety.173 

 
The partnerships’ activities are completely financed by ONDRAF/NIRAS with the following 
agreed amounts: 
An annual budget of €250.000 to cover the ordnance and functioning as well as the wages for 
the two collaborators. 
A unique budget of €75.000 for social-economic studies. 
A unique budget of €75.000 for the development of an integrated pre-project.174 

 
Although the financial issue is quite implicitly present, we think that the 

impact is large. The 'added value' or compensation is probably an important incentive. 
The amount is never precisely said because of sensitivity and negotiation aspects175. 
Although it is never explicitly mentioned176, it must be about €2.500.000 for the 
community or communities that accept the repository in their community. It is clear 
that this sum really induced a commitment. And the financial aspect has a federal 
touch. The financial distribution between regions in the federal state is a tricky 
problem. For some partnership members, having the 'perfectly safe' waste (and the 
compensations) in the other region would be unfair. We therefore argue that the 
NIMBY (Not In My Back Yard) has become PIMBY, Please In My Back Yard. 

 
The point we want to make here is that the partnership's risk framing was 

indeed broad. We cannot show this with a semantic network analysis as in Murphy's 
nicotine addictiveness discourse inquiry at page 176. It must be clear that the 
partnership's risk framing is very broad, containing civic, industrial, domestic, 

                                                           
173 Own translation of: "Dus ook het transport en de verwerking van het afval behoren tot de taken van 
NIRAS. [New paragraph] Wie betaalt dit echter allemaal? NIRAS werkt tegen kostprijs en rekent aan 
de producenten van radioactief afval de prijs aan die nodig is om de veiligheid van de bevolking te 
waarborgen." http://www.monavzw.be/frameset.htm 
174 Les travaux du Partenariat local sont entièrement financés par l'ONDRAF à concurrence des 
montants suivants : 
Les travaux du Partenariat local sont entièrement financés par l'ONDRAF à concurrence des montants 
suivants : 
- Un budget annuel de 250.000 € destiné à couvrir les coûts logistiques et de fonctionnement, ainsi que 
le salaire de deux collaborateurs à temps plein. 
- Un budget unique de 75.000 € pour les études socio-économiques (le coût des études techniques est 
directement supporté par l'ONDRAF). 
- Un budget unique de 75.000 € pour le développement de l'avant-projet de dépôt intégré.  
http://www.paloff.be/paloff.php  
175 This was admitted by one of the presidents of the working group of the STOLA group during the 
Forum for Stakeholder Confidence. 
176 A STOLA working-group president told the FSC public that they did not want to tell the amount of 
their compensations because of tactical reasons. We think that the same goes for PaLoFF and MONA. 
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opinion, inspired and merchant world. This is a very important realisation of the 
partnership project. However, we want to give some comments on the process as well. 

  
5.6.4.2. Influenced risk framing 
 
 We will show that the link between affective, behavioural and cognitive 
attitudes on the one hand and the link between implementer and regulator on the other 
hand make the regulator's role questionable. 
 

We discussed the connection between affects, behaviour and cognitions at 
page 57. As we consider truth, legitimacy and authenticity as attitudes, they are not 
independent either. An environmental protest movement that does not consider an 
implementer's deeds legitimate will not believe the implementer's statements. An 
implementer that (hopefully) believes its own statements will also consider it 
legitimate to persuade people of these statements. Habermas also admits this: 
'Stability and absence of ambiguity are rather the exception in the communicative 
practice of everyday life. A more realistic picture is that drawn by 
ethnomethodologists – of a diffuse, fragile, continuously revised and only 
momentarily successful communication in which participants rely on problematic and 
unclarified presuppositions and feel their way from one occasional commonality to 
the next.' (Habermas, [1981] 1997, 100-101) 

 
The second issue deals with the link between implementer, regulator and the 

public. The nuclear world is a small world. Although it is obvious that SKI is not 
SKB's straw man, it is not illogical to expect that the organisational cultures are closer 
to each other compared to attitudes that are present in the community. The reasons are 
manifold: people from SKI, SSI and SKB sometimes change between organisations; 
the institutions depend on each other for country specific know-how; the attitudes are 
linked with common individual and group beliefs. 
 We mentioned 'the public' in the previous paragraph. We think it is useful here 
to make a distinction between stakeholders and mere concerned. The stakeholders are 
'groups and individuals affected by decisions or a project who seek to influence 
decisions in keeping with their own interests, goals, priorities, and understandings' 
whereas the 'concerned are groups and individuals affected by decisions or a project'. 
(Harrison, 1994, 39) Since a decision-making process about a nuclear waste 
repository can take many years and only includes the small population part of 
stakeholders in an extensive way, the possibility exists that they take over the way of 
thinking, values, beliefs of the implementer and regulator.  
 

What changes occur with respect to trust for the public confronted with 
technoscientific issues? The trust of the public at large in the implementer telling 
scientific facts shifts to trust in the regulator assessing the legitimacy and authenticity 
of the implementer in dialogue with a part of the public. Since the organisational 
cultures of SKI and SKB are probably closer to each other compared to the general 
public, the core problem of democracy remains: the extra power due to extra 
knowledge of SKB will make it possible to convince people of the public also of 
SKB's values that are linked with their knowledge. 

As such, nothing changes fundamentally in the RISCOM model. There is only 
a gradual guarantee that the positionism mechanisms in pragmatic technoscientific 
decision-making are more 'transparent' compared to the technocratic or decisionistic 
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methods because the fundamental aspect of trust is still needed. All depends on the 
way the stretcher can illustrate or prove that he is a stretcher and therefore is to be 
trusted. The RISCOM methodology is no guarantee for early lessons from early 
warnings, because the stretching happens almost not on the content level but on the 
procedural level. It is no guarantee for a restriction of mix of interests since the 
implementer and the regulator are probably closely related. And at the procedural 
level, there is no guarantee either that environmental opposition movements will 
protest against the decisions made. As we saw in the recursion level discussion, it is 
rather to be expected. 
  
5.6.4.3. Who should be stretcher and guardian of the process? 
 

First of all, we believe that the commitment issues can be partially solved by a 
European counter institution. The team syntegrity meeting methodology uses the 
'devil's advocate’s' roles between stakeholders who are not necessarily expert in the 
technical area. The devil's advocate's role is more on the procedure and process level. 
There must be an institute that can play this role on the content level that does not fall 
victim to the inbred consequences of national institutions. Maybe a European counter 
expertise group could be useful to escape the conformity at national content level. 
Note that this is different from the existing peer review mechanisms. Devil's 
advocates are looking for a proactive way for weaknesses. The most important thing 
is that the institute must be able, in one way or another, to withdraw from the 
international and national influence. Whether a European counter institute will 
succeed is questionable. It has at least more chance for success of escaping local 
commitments.  
 A guardian of the process next to a European counter institute needs to be less 
prone to conformity at the content level. We think about non-nuclear organisations 
such as technology assessment institutes. (Bombaerts, 2003) If the participation 
groups do not at least take part in controlling the whole process, We are afraid the 
consultation groups might not be seen as the representation of the community, but as 
pretence of involvement. This is discussed in general decision-making models as 
described for example by Hofstee. (1999) Issues (T) or people (P) are judged by a 
judge (J). J will make the evaluation by the authority of an assessment authority (A). 
An appeal is lodged against A with a higher body (H) to question whether J complies 
with the rules of evaluation - including the common, unwritten rules. According to 
Hofstee, society has to keep an eye on H's appraisal. 
 

In the previous section, we said that no guarantee exists that environmental 
opposition movements' will not make protests after the decisions are made177. We 
have no solution for it. At least, we will not give an alternative. Our solution is that 
these protests are very valuable. The protest group's role is often experienced as 
negative and non-constructive. We do not agree with this. Habermas writes that the 
lifeworld is often pulled in by a system. (Habermas, 1995, 179-185) This protest 
canalisation mechanism happens very often. One example is graffiti as a signal of 
protest against the system. This graffiti and certainly its message is a threat for the 
system. The system's answer is a street work network that organises 'art projects' on 
                                                           
177 We could even go as far as to say that one of the basic RISCOM premises project is not ultimate: 
participation. Oscar Wilde once said: "The trouble with socialism is that it takes too many evenings." If 
technoscientists are trusted in the first place, why set up such an expensive and time-consuming 
process? 
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predefined walls with sponsored (expensive) paint. The result is a canalisation of the 
protest. (Janssens, 1999)  

Therefore, we want to make a 'plea in favour of intolerance'178 We think 
Greenpeace made the best choice not to participate in the process. If they do not feel 
represented, it is better to comment outside the process. The Swedish case can be 
taken as an example here. Their citizen participation process is, to my point of view, 
one of the best-meant, honest and in-depth processes of Europe. With our limited 
knowledge on the Swedish decision-making process, we think that the reaction of the 
NGOs on this process can be explained because this participation process focuses too 
much on the repository itself, and too little on the control function a society deserves. 
With this, we finish up again with Giddens' concept of ontological security at page 
207. 
 
5.6.5. Who is or can be the Belgian stretcher and guardian? 
 
5.6.5.0. Introduction 
 

So far, we have explained some general and 'Swedish' aspects of the RISCOM 
model. Can we apply the Swedish RISCOM model to the Belgian situation? After all, 
the Belgian situation is slightly different compared to the Swedish one. The 
implementers in the Nuclear Waste Management System, as SKB in Sweden, are the 
owners of the electricity installations SKI and SSI can be stretchers. The RISCOM 
model does not mention a guardian of the process. Who then can be the Belgian 
stretcher and guardian? 
 
5.6.5.1. Who should be stretcher of the process? 
 

We will discuss many potential stretchers: ONDRAF/NIRAS, FANC, the 
partnerships themselves, independent scientists, and a European counter institute. 

What about ONDRAF/NIRAS? ONDRAF/NIRAS is an autonomous 
governmental body. The government assigned ONDRAF/NIRAS to look for an 
ethical and acceptable solution. It often puts forward this role as a guardian of the 
process. However, its role might be questioned.  

A first, obvious and plain notice is that there is waste for which 
ONDRAF/NIRAS is made responsible. The waste exists as a result of decisions made 
in the past and the benefits that are taken advantage of. Doing nothing and leaving the 
burden to the future generations is said to be ethically reprehensible, as is mentioned 
by ONDRAF/NIRAS. (1997b, 169) As we saw in the discussion on framing, 
evaluation depends on the starting position as Tverski and Kahneman showed with 
their anchoring discussion at page 175.  

Secondly, nuclear matters, and certainly the waste, are politically sensitive 
issues. Many people will agree that nuclear decisions are NIMTOO (Not In My Term 
Of Office) issues. At least non-politicians such as SCK•CEN representatives 
(Cornelis, 2002,) and the general public (Carlé and Hardeman, 2003) will agree upon 
that. Political sensitivity implies institutional sensitivity as well. Every decision-
making aspect that is perceived as negative can have important consequences for 

                                                           
178 See Žižek, 1998. 
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institutions dealing with nuclear issues as well. ONDRAF/NIRAS179 are no exception 
to that. 

Another commitment within the nuclear sector stems from the interrelations 
between nuclear institutions. Webbink performed research in the Netherlands on 
interrelations in advisory committees. His conclusion was that the important nuclear 
advisory commissions in the Netherlands during the Dutch nuclear energy debate 
were all populated with people from nuclear companies. (1988) This goes for the 
ONDRAF/NIRAS technical committee as well. As Laes and Chayapathi put it: 
 

This implies that NIRAS-ONDRAF’s research plans, its investment policy, communication 
policy etc. (for waste disposal) have to be submitted to the ‘Vast Technisch Comité - Comité 
Technique Permanent’ made up of waste producers - i.e. the institutions that finance it, namely, 
Electrabel, Synatom, Belgonucleaire and SCK•CEN. While the management board is made up 
of public representatives and supervised by the Ministry of Energy, the board has to have the 
Technical Committee’s approval on decisions.  NIRAS-ONDRAF can therefore, in practice, 
strictly speaking not be a completely independent national agency but a new kind of 
governmental institution to take over private responsibilities in a participative way. (Laes and 
Chayapathi, 2004) 

 
In this light, we could almost consider ONDRAF/NIRAS as an implementer, not in 
the Belgian Nuclear System but in the NWMS. 

Closely related to the sensitivity of the process and the interrelations with the 
electricity producers is the financial and time cost. ONDRAF/NIRAS changed its type 
A waste approach twice already, in 1983 and 1994. (Hooft et al., 2002; NIRAS, 
1997b) If we consider the period from sea-dumping to the expected introduction of 
the type A repository, it takes 45 years for the type A waste decision-making. The 
current public involvement is an approximately €3.000.000 issue180. No guarantee 
exists in advance that this will lead to a societal accepted repository. It is expedient 
that ONDRAF/NIRAS takes good care of the decision-making process and that the 
paying polluters expect something in return.  

There is of course another origin of commitment. As the inquiry of 
Verbruggen showed, scientists have a commitment towards their own theories (see 
page 167). People will be prone to stick to their basic ideas.  

Because of these commitments181, it is difficult to allot ONDRAF/NIRAS fully 
the task of stretcher. Who then can contribute to the role of the Belgian stretcher?  
 
 Some partnership members said that it were the partnerships themselves that 
stretched ONDRAF/NIRAS. They summed up three main contributions to the 
stretching of the culture of ONDRAF/NIRAS. Firstly, the partnerships contain many 
nuclear members and therefore a lot of nuclear expertise. Secondly, the partnerships 
invited a considerable number of external experts as an assessment for the 
ONDRAF/NIRAS repository concept. Thirdly, the universities that elaborated the 
partnership concepts can intervene in the process as moderators. 

The first factor is the number of partnership members that work in the nuclear 
sector. These people can play the game. They consequently possess the ability to 
                                                           
179 and SCK•CEN. 
180 Based on the following numbers for each of the three partnerships: annual budget to spend freely 
during four years: €250.000; unique budget for human sciences, to spend in consultation with 
ONDRAF/NIRAS:€75.000; other costs as wages of ONDRAF/NIRAS participants, ... (see footnote 
174) 
181 For the same reason is Association Vinçotte Nucleaire, a private organisation with official 
recognition, not a good candidate. 
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respond to the ONDRAF/NIRAS culture and cognitive frame. The disadvantage of 
course is that it is well possible that their safety concept is more like the one of 
ONDRAF/NIRAS than that of the other community inhabitants. This factor in itself is 
not enough. 
 A second source for stretching was the consultancy of independent scientists. 
The partnerships often stressed both the usefulness and difficulty of this opportunity. 
It is very difficult to find Belgian counter expertise. As Belgium is a small country, 
the nuclear sector has a like knows like atmosphere. In spite of the difficulty in 
finding independent expertise, the partnerships expressed their satisfaction with 
regard to the invited experts. These counter experts, however, only focus on one 
technical aspect. This stretching contribution in itself is not enough either. 

Last but not least, the financial aspect also induces a commitment. The 
€2.500.000 cost and the federal touch of the discussion invoke a commitment as well. 

Although substantial stretching potential is present and performed, we find 
some drawbacks in the role of the partnerships. We will therefore continue our 
analysis. 
 

 A next possibility is the federal agency for nuclear control (FANC). From an 
official point of view, FANC is comparable with SKI as regulator. However, it did not 
take this role and kept itself more or less aloof from the process. It had a local antenna 
in the Dessel-Mol region, but their activities were limited. According to us, the reason 
for this attitude is twofold. First of all, FANC was only established in 1994, got 
operative in 2001 (FANC, 2004), and up till now has been experienced by many 
people as a weak regulator. The interdependence issue we discussed earlier is of 
course an important issue in this establishment period. The people that started in 
FANC are almost all people from nuclear institutions such as SCK•CEN, 
ONDRAF/NIRAS. In order to regulate ONDRAF/NIRAS it has to ask 
ONDRAF/NIRAS how it should do so. Secondly, the Belgian regulator, FANC, at the 
moment does not have the role of stretcher and seems to choose more for a 'neutral' 
role in order to be able to judge the final process impartially. FANC clearly plays 
another role compared with SKI or SSI. 

 
As last possibility, we could ask ourselves whether the Belgian nuclear research 

centre SCK•CEN is a good stretcher. SCK•CEN alone could not fulfil the role of 
stretcher in the nuclear waste field, for it produces too much nuclear waste to be 
independent of the process.  

 
At least one thing is certain. If there is a Belgian stretcher, it is not one 

institution in the current process about the repository siting of waste that can be 
disposed at surface: not ONDRAF/NIRAS; not FANC; not the communities; not the 
partnerships. The stretching of the process happens in combination. We recover our 
point of the previous section that a European counter institute could contribute to a 
better stretching of the process182.  

 
5.6.5.2. Who should be guardian of the process? 
 

                                                           
182 One MONA member repeatedly asked for international peer review. We can interpret this as a 
question for independent review. 
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We can apply the above-mentioned model of Hofstee to the Belgian decision-
making context. In the above-mentioned evaluation model, scientists and engineers 
from ONDRAF/NIRAS, SCK•CEN, ... are those (P) who are assessing the 
performance of a low level waste disposal (T). ONDRAF/NIRAS, being responsible 
for the waste, is the judge (J) of this work. Gradually, FANC will take the role of 
authority A in the process. There is no higher body in the Belgian waste management 
process. Society does not have to get itself involved in the assessment process too 
much. In periods of satisfaction, when nobody really worries, this is a perfect method; 
in periods of concerns, this is not. Society has to do more than keeping an eye open. It 
has to intervene. 

MONA and STOLA are means to do so. According to us, MONA and STOLA 
mainly play the role of co-judge J. They contribute to the technical performance 
assessment of the future repository. In their structural organisation they could partially 
control the judgement of the higher instance H and the authority A by means of the 
board and the general assembly. To my opinion, this control-function is not yet 
enough elaborated. Of course, STOLA and MONA do not necessarily have to perform 
this job of controlling the whole process. But since they are, in the meantime, well 
informed about nuclear energy, nuclear waste, ... it seems useful to us that they at 
least take part in controlling the whole process. This could be performed by the post-
partnership concept as proposed by some MONA-members (see page 254) 

The public in the involved communities has a commitment as well. The waste 
exists in their communities. Whether they find a solution or not, the waste is present. 
It is therefore better to find a solution for it. The partnership process is as time 
consuming for the volunteering members as it is for ONDRAF/NIRAS. We admire all 
the volunteers that have spent one evening or more per month for four years to a 
project that only has advising power to the community. This effort of course induces a 
commitment. The classical cognitive dissonance inquiries (page 163) show that a 
short work can already change attitudes significantly. This also has its consequences 
on the cognitive level. One of the most important issues at the moment is that it has 
committed itself to the NWDS only. 
 

Other alternatives are universities. The UIA, for example, was vigorous on a 
partnership process' behalf when a president of the working groups resigned. At that 
moment, it took on a guardian role. They have a commitment as well. On the one 
hand, UIA and FUL developed the partnership model. As contractors of 
ONDRAF/NIRAS, they have a contractual commitment. On the other hand, they 
cannot intervene too much in order to keep it a human science experiment. 

A completely different possibility would be a technology assessment institute. 
In Belgium this is a regional institute whereas nuclear matters are a federal issue. At 
present, the organisation has other objectives. 

 
We must conclude that the guardian of the Belgian process is not easy to find 

either. The public, the universities, and the technology assessment institute have 
important strengths but also important weaknesses. 

 
5.6.5.3. Conclusion 
 

It is clear that the process needs a strong actor that has weak links with nuclear 
institutions in order to limit the commitment of the stretcher and guardian of the 
process. ONDRAF/NIRAS should be involved as external expert instead of organiser 
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of the debate. Together with a counter-expertise group, it should focus on the content 
level. At the same time, the reactions of reactionary groups should not be neglected or 
treated as ignorant and peripherical. They should be considered as important voices 
raising important issues about ontological securities that do not fit in the organised 
discussion. 

 
5.6.6. Descriptive and normative use of positionism 

 
In this section, we want to take up the idea of page 233 that positionism in 

itself does not lead to unbridled relativism in ethical theory. Contextual dependence in 
our positionism theory leads to the (contextual) foundation of ethical systems. It does 
mean that the positionism theory implies that a predefined ontology in an ethical (and 
any other debate) is not possible. 

 
We made clear that we personally have the feeling that ONDRAF/NIRAS has 

been controlling the process too much. Although we chiefly mentioned issues in a 
mere descriptive manner, they contain also normative aspects as was explained in the 
attitude elaboration. Especially the choice of non-mentioned network elements gave 
away my personal ideas about the project. 

This does not at all make my theory relative. We discuss a context we are little 
or not involved in. In telling my opinion about this context (C1) based on my own 
context, my statements are not relative. They are linked with and determined by my 
own context (C2). If people from C1 are confronted with my ideas founded in C2 they 
will react upon it in a context C3. My argumentation or justification in C2 with all 
context elements (texts, other people, presentations, discussion days, attitudes, etc. 
will have an effect on C3. Which effect this will be depends on the other context 
elements of C3. 

 
It is clear that the statements of C2 are not universal. On no condition, someone 

will be able to position a context element –whether it is an attitude, object, personality 
aspect or whatever- universally. Someone can of course pretend that something is 
universal, as rationality, justice, desire, ... But this argument will be explicitly or 
implicitly be positioned in any context. It is an argument as any other argument, with 
this difference that some people are sensitive to the universality argument. Using 
universality as contextual argument can be a good choice in many debates. However, 
it has been refuted here. 

We want to give one more remark on the relativity-universality discussion. On 
can ask oneself: "Is 'all argumentation happens by positionism in contexts' not a 
universal issue necessary to justify my positionism theory?" The answer is clearly no. 
As any other theory, our positionism theory in itself is also the result of a chain of 
contextual positionism mechanisms. Instead of a refutation of our theory, the 
contextual dependence of the theory itself is an argument in favour for the theory. 
 
5.6.7. Conclusion 

 
In the treatment of the four situations, we discussed the importance of the 

contextual aspects and some methodological aspects. We also briefly mentioned the 
link between contextual positionism and decision-making. Here we elaborated this 
link further. As we said in our introduction, we have two objectives with this section: 
giving an illustration of our positionism theory in discussing the RISCOM decision-
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making model; and discussing the descriptive and normative strength of our 
positionism theory. 

Let us first discuss the descriptive level at which we made some important 
conclusions. We took the RISCOM presumption for granted that opening the black 
box is not possible and that a guardian of the transparency process is therefore very 
useful. Although the role is useful, it also has drawbacks. We saw that indeed the 
selectivity of contextual aspects, the presence of many different actors and the 
sensitivity of the final outcome influence permits us to conclude that unfolding the 
NWMS in autonomous systems is questionable. At least one of the Belgian 
partnerships wants to establish a 'post-partnership' group that discusses the issues of 
nuclear in general at the regional level. To us, this is an answer to the people's feeling 
that the issues of waste that could be stored at surface are too narrow. 

We also said that the RISCOM model is a better answer to the commitment 
issue in the technoscientific discussions compared to the partnership models. 
However, the link between contextual elements and hard facts that are brought in 
remains a difficult issue. The ones who have the knowledge can still position their 
attitudes, group cultures, problem framing and objects as well. Therefore, we plead 
for a non-nuclear guardian or a guardian with a low commitment for the procedural 
and process level. At the content level, we supposed that ONDRAF/NIRAS should be 
involved as external expert together with a counter-expertise group. At the same time, 
the reactions of reactionary groups should be considered as important voices. 
 With respect to the normative level, we showed that the positionism theory 
does not need universal values and at the same time is not relative. Normative as well 
as descriptive statements are context dependent. Our theory is no exception to that and 
as such this is a proof of the theory itself. 

5.7. Conclusion 
 
 We can now conclude this chapter and the illustration of our positionism 
theory. We gave some empirical descriptions of our research question: "What does it 
mean when a repository of nuclear waste that can be disposed at surface is considered 
safe or not?" We gave some actors in the decision-making process of nuclear waste 
that can be disposed at surface, both quasi-subjects and quasi-objects: MONA-
members, the weather forecaster, a slide, a drum of which the lid has come loose, 
etcetera. At the time of writing, the partnerships did not come to a final decision on 
the safety evaluation. We therefore cannot say how the different contexts contributed 
to a gradual positionism. We can give examples in some contexts of esteem, 
contextual strength, and network strength. 
 

We illustrated the importance of all context elements in the positioning of 
NWDS and the participants of the NWDS decision-making process. All context 
elements are indispensable in positioning. Whereas classical behavioural research 
mainly looks for attitude influence, we showed that all context elements are 
important. Group aspects can create a large pressure to reduce contextual dissonance, 
for example in convincing one individual in a safety discussion. As the theory shows, 
personality is also important in positionism, both in the aspects of the people as in the 
presence of the individuals. We saw that the presence of drilled people is an important 
aspect of the contextual safety discussions of the Belgian partnerships. But the 
presence of individuals is also important as we illustrated with the representativeness 
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debate. Nuclear waste that can be disposed at surface can only be stored at surface if a 
large majority is taken into a network in one way or another. 
 Besides these classical aspects of social psychology, we also illustrated that 
problem framing and objects are important aspects in positionism. The specific use of 
certain slides and bylaws and the presence of waste are very strong positionism 
incentives. Besides the role of objects, the positionism of the concepts of safety, risk, 
uncertainty is also of tremendous importance. 
 
 In our positionism theory, the role of rhetoric and communication levels is also 
very important. We illustrated their roles as well. We discussed the use of a 
deliberately lowered upper norm as a sign of generosity and therefore an important 
positionism aspect in our discussed context. Whereas the rhetorical aspect cannot be 
neglected, the role of communication levels seems of the utmost importance to us. In 
every communication, also the technoscientific safety justifications, they play a 
tremendous role in positioning. We illustrated this in two different contexts. 
 The mutual influence of contextual positionism and the decision-making 
process also became apparent here. A decision-making process can be seen as an 
intangible web of contextual positionings. A decision-making process that leads to a 
certain final solution will be a sequence of ever stronger context elements as we 
showed with the re-positioning of the dilution principle. As such, we arrive where we 
started: the social construction of facts. In order to come to a fact, the sequence of 
contexts must be meticulously orchestrated. Contextual elements must be made 
stronger context by context in order to arrive at a fact. 
 
 As such, we also illustrated one of the most important aspects of our position 
theory: a justification has no predefined ontology, it is positioned in the context itself. 
Rationality, efficiency, democracy, justice are but some contextual aspects that are 
positioned in the debate as a slide or a participant is positioned. Every context has its 
own rationality, efficiency, democracy, and justice aspects. Looking for a universal 
notion of one of these notions is vain. Fortunately, we do not need them to obtain 
technoscientific developments and ethical systems. Contextual foundations meet our 
needs.



 

 

An impulse to further empowerment 
 
 

We have to abandon the intermediary beliefs: belief in the existence 
of the modern world, in the existence of logic, in the power of 

reason, even in belief itself and in its distinction from knowledge. 
Bruno Latour, 1988, 150 

 
 

In the introduction, we sketch how the research question in this PhD was 
specified. During my licentiate studies, I was perplexed to see that such large 
investments were done on nuclear research. I was also greatly astonished by the 
impact of group cultures that is very huge and hidden at the same time. We wanted to 
render people able to bring in their core values in small group discussions. In this 
way, my research question changed. 'How can people be empowered in 
technoscientific issues like nuclear research investments in spite of and thanks to 
group and personality aspects?' I focused on the use of technology images in decision-
making of nuclear energy supply as a means to look for empowerment, this is 
rendering people able to bring in their core values in a debate. 

The PhD is funded by the Belgian nuclear research centre (SCK•CEN), an 
institute that is oriented towards the backend of the nuclear energy cycle. In such a 
technoscientific environment, the empowerment question got more specified. 'What 
makes people in small groups agree on the (un)safety of a nuclear waste disposal?' We 
analyse how technoscientists and laymen together pronounce upon a technology, all 
bringing in their own safety notion and related issues. 

In our PhD, we wish to empower the actors of technoscientific decision-
making process. After the analysis of the legitimacy crisis, we know that this is not an 
easy task. First of all, we saw that responsibilities are spread and that people often do 
not know whom they can rely on. Our theory has to give an answer how people can 
rely to whom in our contemporary society. Secondly, we saw that technoscience often 
claims that certain developments are safe whereas they are judged unsafe afterwards. 
We want to give an interpretation of safety facts and the way they come into 
existence. In this way, we can explain that it is no problem per se that facts change. 
The way they change or are maintained is what matters. 

We believe that the empowerment of people needs more than discussing a 
technology and the compensations only: explaining people the subtleties of 
positionism and its consequences; and putting forward some normative issues for 
discussion. In order to contribute in an actual way to the empowerment of people in 
technoscientific decision-making, we miss a theory-dynamical part in Latourian 
interactionism. We therefore introduced our positionism theory. It started with the 
context concept. 

 
Latourian interactionism theory serves as a fruitful starting point for our 

explanation. Latour and others assert that technoscientific facts are not fundamentally 
different from 'general', 'day to day', 'laymen' facts. Both fact types do not refer to 
'reality' but rely on a network. Although no elementary difference exists, Latour 
explains a qualitative distinction. Technoscientific facts are explicitly arrayed. In this 
way, the interaction between technoscientists and the objects they are talking about 
makes the fact 'hard'. It will be more difficult to counter these facts. The fundamental 
interaction between objects and subjects, however, is the same as in non-
technoscientific cases.  
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This means that technoscientists have a particular and dual role in society. On 
the one hand, they have to be a coequal actor among the other actors in a 
technoscientific decision-making. They will have their proper needs, desires, wishes, 
and duties from their characteristic role in society. But since technoscientists do not 
refer to  reality in our theory, they will have to renounce a part of the power in 
comparison with times of rampant belief in science and its fundamental difference 
compared to laymen knowledge. On the other hand, they are expected to deliver 
harder facts than the 'day to day' statements. They have to build technological 
installations and bear responsibility for it. 

In order to provide the theory-dynamical approach of interactionism, we 
consider a context as a basic entity of decision-making. It is the description of a 
problem solving situation. It entails the problem framing; the people who solve the 
context; their attitudes; their group culture; and the objects they use to solve the 
problem. Important for our conclusion is that this notion stresses that human 
knowledge is limited. In an average context, it only takes a few minutes before 
another problem is framed and the people enter another context. The number of 
explicitly present context elements is limited. This is probably one of the most 
difficult parts of our theory to accept. Technoscientist provide hard facts that are nth 
order claims. In actual situations, only a limited number of explicit aspects can and 
will be treated. The 1th to (n-1)th order claims that are linked with the discussed issue 
are implicitly considered as true. 

The context elements are also local, as we retained from our mode 2 
elaborations. People can claim universality in a context, but these claims are only in 
an explicit way contextually valid. Outside the context, we cannot say in advance 
whether they will be considered a (strong) fact.    
 

Further in our positionism theory, we consider the problem solving issue as a 
contextual dissonance reduction. We extend the 'classical' cognitive dissonance theory 
that provides us with some useful insights. We argue that not only cognitions can be 
consonant of dissonant. Behaviour and affects can be dissonant as well. The same 
goes for other context elements. Group cultures, individuality traits, objects or 
problem framings can all be consonant or dissonant with other context elements in a 
decision-making process. Many important conclusions follow from this point of view 
for empowerment of people. 

First of all, it is this contextual dissonance reduction that makes people change 
ideas or persevere with what they believed in before the contextual dissonance 
reduction. If it is, consciously or unconsciously, felt that contextual dissonance 
reduction is more reduced after a change of ideas, this might happen. If this is not felt, 
no change will occur. The combination of interactionism, contextual theory and 
cognitive dissonance allows us to describe why technoscientists change opinion. In 
this way, the most important critique with respect to interactionism (and social 
constructivism) according André Kukla is answered. Our theory allows us to preserve 
Latour's non-modern ontology and use the theory-dynamical strength of cognitive 
dissonance theory. We obtain a non-modern ontology that contains a theory-
dynamical elaboration of Latour's interaction theory. 

Contextual dissonance reduction can happen in an explicit or an implicit way. 
During a discussion, some issues are discussed consciously. However, many other 
aspects are linked in context element clusters with the consciously debated issues. For 
cognitions, this means that 1th to (n-1)th order claims are implicitly accepted. But a 
technoscientific discussion is also inevitably ethical, political, economic, and so forth. 
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The concept of waste for example is –for many people- more closely related to danger 
and 'tampering with nature' compared to natural products which are linked with 'gaya', 
'life', etc. Waste can be linked with a well known politician and the judgement of him 
or her. In a technoscientific debate on waste, these implicit cluster elements play their 
role. Persuading someone means make her or him accept not only the explicitly 
mentioned issue, but also the cluster with which it is linked. 

From this, we can conclude that ethics and technoscience are clearly 
interwoven. It is impossible to give the technoscientific facts and independently 
determine the ethical consequences afterwards. Context elements (including objects 
and attitudes) are interwoven during the entire decision-making process. Final 
statements about values, compensation, safety are therefore inextricably bound up 
with each other. 

The RISCOM model states that 'opening the black box' of technoscience for 
laymen is not possible. We can now conclude more. In fact, opening the black box of 
technoscientific facts means 'attributing other meaning'. We saw that the meaning 
attributed to an issue depends on the way it is used. Those technoscientists closely 
involved attribute another meaning to statements compared to those technoscientists 
who are only partially connected with a certain theory. The same goes for laymen who 
have less or other connections with a theory. We believe that laymen can grasp in the 
end the same meaning to facts compared to the small group of technoscientists that 
are closely related to it. This can (and probably will) change the view of laymen with 
respect to a theory by explaining it. By the time these few laymen master the same 
techniques and clusters of meaning, they are part of the small group of people that 
attributes a different meaning to the issue compared to laymen. In this way, they are 
no laymen anymore. It is therefore necessary to start from the people's needs and 
increase people's awareness concerning the technology in question. In this way, the 
technological facts will more adapt to people's values than vice versa. 
 

Cognitive dissonance states that cognitions are discussed relative to each 
other. The reduction direction depends on all attitudes present. If two attitudes are 
dissonant, someone can ignore or change the importance of attitude A, attitude B, or 
the relation between these two attitudes. The contextual dissonance reduction states 
that this goes for all context elements and that contextual dissonance does not depend 
on an absolute ground. It implies that technoscientific facts are not an absolute ground 
for decision-making. In layman participation on safety for example, it is often 
acknowledged that the application is socially dependent, but the facts on which the 
decision is built have a universal and absolute foundation. From our contextual 
dissonance reduction theory, it follows that technoscientific facts too are contextually 
relative. The same goes for other context elements. They are all rearranged relative to 
each other. 

We could even measure the interaction between waste and technoscientists in 
our questionnaire. We were able to reveal that technoscientific facts also show the 
interaction between objects and subjects as perception issues do. Personality 
(neuroticism) and attitudes (trust in science) showed important correlations with 
technoscientific risk and uncertainty assessments. We can draw many conclusions 
from these results. First of all, the result gives an empirical foundation for our 
philosophical starting point that assessment and perception could be treated in an 
equal manner. Secondly, we could deduce rules to compose technoscientific safety 
assessment teams. We could make a plea for a team that is mixed in 'neuroticism' and 
'trust in science'. We could recommend decision-makers who talk about robust and 
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conservative decision-making to choose for technoscientists that are more neurotic 
than average. We could advise to measure 'neuroticism' and 'trust in science' in order 
to determine the ranges in which the safety assessment could have been if it were 
another group of technoscientists that had performed the research. These measures are 
probably too delicate for technoscientific groups. The most realistic proposition 
doubtlessly is to increase the awareness of all participants of the decision-making 
process that technoscientific facts are context depended.  

These links demonstrate that context elements are rearranged according to 
rules that are determined in the context. The contextual decision-making follows strict 
–contextually determined- rules. These rules allow technoscience to build missiles, 
bridges, nuclear power plants, transplants appliances, and so much more. Their 
validity remains relative to the context in which they are claimed. In this way, it 
becomes clear that our positionism theory does not lead to unbridled relativism or 
nihilism. 
 

The criteria to judge the different alternatives of the solution are also 
contextual. This means that there is no predefined ontology for problem solving. Both 
the context elements that are judged and the evaluation criteria are determined 
contextually. This supports the teleological approach of Latour. People will not be 
convinced if something is safe; something will be considered (contextually) safe is 
people are convinced it is. This implies that (safety) fact builders have to make the 
people involved part of their decision-making context. They can do so in the 'classical 
representative' way: technoscientists convince politicians who are said to represent the 
general population. If this link is questioned in a society, fact builders have to look for 
other contexts.  

The ONDRAF/NIRAS partnerships are an example hereof. ONDRAF/NIRAS 
is responsible for the waste repository by Royal decree. It is therefore committed to 
build a safety fact of the repository. It is committed to build a network in which the 
safety fact can exist for hundreds of years. ONDRAF/NIRAS noticed in 1994, people 
are no simple means any more. People have to be treated with kindness and patience 
in order to be seduced and kept in place. The partnerships are a good step towards 
empowerment but we believe however that it is only a step in the right direction. 

 
The insights that facts do not refer sustained other aspects of Latourian 

interactionism. Appraisals of technoscientific assessments are expressed in 
uncertainty and many other incertitude judgements as uncertainty, ignorance, 
inexactness and so forth. It follows from interactionism that all these appraisals are 
ontologically speaking similar approaches to magnitude and probability assessments. 
Technoscientists build facts in all these cases by convincing a certain network. 

Communication in a context theory is considered 'good enough' if it is judged 
that way by the context participants. It is possible that different participants have 
different ideas in mind. However, as long as this does not concern them, we can 
consider the communication to be as good enough. This implies that technoscientific 
decision-making without involvement can only succeed if the people do not care. In 
that case, the communication is good enough. If people are more worrisome, however, 
they will need to be actively involved. 

 
We further conclude that the contextual dissonance reduction in decision-

making will always imply esteem. This means that context elements are positioned 
relative to each other. A solution makes certain attitudes more important compared to 
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the alternatives. People who brought in important pieces of the solution will be more 
important. The group cultures of the important people and the objects related to the 
solution will be more present in the subsequent context. The same goes for the criteria 
used to come to a conclusion.  

Making decisions therefore means giving context elements esteem. Decision-
making means positioning all context elements. Fact building in the way Latour 
described it is no more than gradual positionism. If context after context, the same 
context elements are positioned above others, facts are slowly built. In the end, it is 
possible that the statement has no modality and no trace of authorship any more. This 
is what Latour referring to when he talks about facts. This applies to all context 
elements: group cultures become norms; people become rulers or responsible people 
of the fact-building process; objects become things; and problem framings become 
part of the disciplinary matrices. 
 

In this way, the concept of power is introduced in our theory. Making 
decisions implies that people will have to wield power. Those who have esteem at the 
beginning of the process will start with favoured positions. This esteem can be due to 
the authority that is assigned to solve a problem; the knowledge someone has 
compared to someone else; negotiating experience; and so forth. When these people 
make a statement, they will use these strengths to convince the other participants 
according to their convictions.  

In this way, concepts such as 'veil of ignorance' or 'communicative action' can 
never be obtained. To put it stronger, these are ideal cases not worth striving for, since 
they avoid the quintessence of human communication: positionism. This does not 
mean that specific values are not worth striving for. On the contrary, we claim in our 
discussion on the 'ought to' concept that the intra-attitudinal strength is very 
important. But this does mean that the status of a philosopher is precarious. A 
philosopher can talk about values in a certain context in a book or in a discussion. 
Inside another context, however, the actual impact of these values can be very 
different from the philosopher's point of view. Contextual elements can determine a 
lot. We remind the huge impact of €0,5 on people's behaviour in the lost letter inquiry. 
We therefore plead for more positionism in ethics and philosophy. 

The concept of power has a negative connotation for many people. Decision-
makers therefore like to smuggle away their power. Some institutions will ignore that 
they wield power by saying for example that the participation they organise is 
transparent or ethical. In this way, these institutions smooth over their power, a crucial 
aspect of decision-making. In saying this, we do not contend that it cannot be a 
contextually good tactic in order to solve a problem. Especially in the short term, this 
might work very well. We believe that in the long term, it will not work out very well 
because they will decrease trust in this manner. And another thing is that people have 
enough common sense to deal with power of an institute. 
 

Technoscientists often pretend that certain developments are safe whereas they 
judge the same technologies unsafe afterwards. This does not have to be a problem 
from the positionism theory point of view. We recall Latour's statement that a fact 
needs maintenance or else it will disappear. Not only the construction should happen 
in accordance with attitudes, objects, group cultures as we said in the previous 
paragraph. Maintenance and deconstruction have to happen in accordance with 
gradual positionism as well. This means that the public should be involved in the 
maintenance of an installation; and certainly when technoscientists are developing 
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possible refutations. Technoscientific institutes therefore have to be open and 
transparent if they are sure of their grounds but also when they are not. 

 
In order to respond to the legitimacy crisis as Huyse described it, we consider 

it useful to give an answer at the normative level by giving some guidelines. It must 
be clear that our normative rules have contextual limitations: personalities of people 
in our groups, the group cultures, the objects we have to our disposition, our attitudes, 
and our problem framing.  

We are convinced of the importance of the guardians of the decision-making 
process. Those who steer the debate determine a lot about its outcome. All guardians 
will have their commitment and position things in their own way. We tried to 
illustrate this in our example of the Belgian nuclear waste that can be disposed at 
surface. We gave some examples in which the influence of ONDRAF/NIRAS is clear. 
These examples are not mentioned to conclude that it is a bad process. The examples 
are given merely to illustrate how subtle positionism takes place. If SCK•CEN, FANC 
or the Flemish technology institute had been the guardian, other positionings would 
have taken place. Since ONDRAF/NIRAS is strongly involved, we would recommend 
another guardian of the process, a guardian that is less involved and therefore has less 
commitment with the outcome of the process. Another guardian would make it 
possible to discuss issues as the recursion levels in a completely different way. Some 
issues could have been less of a taboo: international waste repositories; combination 
of A, B and C waste; and so forth. 

It goes without saying that a strong and trusted guardian is a blessing. A strong 
and trusted guardian can give the participants of the process the place they 'deserve'. It 
could be the answer to the legitimacy crisis, as this guardian could represent all people 
involved. Unfortunately, such a strong and trusted guardian often does not exist which 
is in fact one of the origins of the legitimacy crisis. The only thing that remains is to 
reconcile oneself to the lack of a strong and trusted guardian. This does not mean 
reconciling oneself to the situation. 

We believe that insight in our positionism theory can give power to people 
who participate in a decision-making process. Our theory increases awareness about 
how people persuade each other; how statements are transformed into facts, and that 
persuasion of hard facts means an implicit acceptance of other context elements as 
well. People can discover which context elements have positioning importance in 
their own (technoscientific) discussions. We hope that these understandings will 
render people able to arm themselves against explicit and implicit elements they do 
not want to accept, which can be an unintended aspect of institution's responsibility to 
built safety facts. In other words, we hope that people can bring in their core values 
and other important context elements in technoscientific discussions. 
 

We gradually arrive at the boundaries of our theory. We are convinced that it 
contains certain important strengths to empower people in technoscientific decision-
making processes. However, we have to acknowledge that our work is only partial 
and some gaps remain. 

Probably the most important thing that needs further development is a concept 
that we labelled 'ontological security' and 'existential communication level'. It is core 
to our positionism theory since it is the drive of the contextual dissonance reduction 
direction. What precisely is it? What is its influence in technoscientific decision-
making? And how important is this influence? These are all questions that could make 
our positionism theory much more actual and strong. We could say more: 'If one thing 



Waste depositionism                                                            An impuls to further empowerment                                  
 

 272

is important to inquire in philosophy of science on technoscientific decision-making, 
it is the concept of ontological security or existence level'! 

The ontological security concept needs more attention and elaboration. The 
indistinctness of transgenerational ethics reflects this lack of elaboration. Positionism 
does not imply many positive issues about transgenerational ethics. It is possible that 
people decide that future generations are not important. In that case, positionism does 
not pose problems. If people do talk about transgenerational ethics, it means that they 
talk about the maintenance of safety facts for hundreds up to millions of years in 
accordance with the people's contextual elements. Considering the rapid change of 
technology and its regulation, this is an impossible thing to do for million years. We 
consider it very difficult to apply transgenerational ethics in an honest way from our 
positionism theory starting point. 
 
 We can mention other boundaries of our research: the link with some other 
important theories, the empirical part in the PhD, the complications of persuasion 
about persuasion, and the double use of the safety notion in our PhD are all limited in 
some respect. 
 First of all, we wanted to treat other philosophical theories that could 
contribute to our positionism theory. On the one hand, some theories would be worth 
treating because they are close to ours. We mention John Dewey's pragmatism, 
Simon's theory on bounded rationality, and various reflexivity theories that certainly 
could give our theory extra strength. On the other hand, it would have been nice to see 
how our theory interacts with more opposing 'rational' theories as those of Kant, 
Habermas and Rawls. 

Secondly, we tried to give our theory an empirical basis. We are aware that we 
try to derive a lot from our data. In our questionnaire, we faced many challenges: the 
zero value issue, the low response rate, operationalisation of philosophical concepts, 
etc. In our case study, we also faced complications: the delineation of the context 
concept showed to be difficult and the treatment of implicitly present aspects was 
delicate. For lack of time, we couldn't make observations in 'technoscientists only' 
groups. This is unfortunate because we could have compared the positionism 
mechanisms of 'technoscientists only' groups and 'mixed' groups. We also would have 
had a stronger argument that our positionism theory goes for technoscientific 
assessment discussions as well. 
 A third limit of our research came rather unexpectedly. Our PhD deals with 
fact building and the mechanisms of persuasion. At the same time, making a PhD 
means building facts and persuading people. Giving a critical elaboration on the subtle 
aspects of persuasion means that the subtle aspects of persuasion cannot be used in 
their normal way. Together with a style that is not easy accessible, this document will 
not be very persuasive for laypeople. We therefore hope to make a popularisation of 
this work that will fill these needs. 

Connected with this last point of persuasion is our treatment of safety and risk. 
We are well aware that these notions in our PhD have a double function. As 
philosophers, we mainly use the safety notions as an illustration for our positionism 
theory. The safety concepts we applied are those used by the London Society and 
ONDRAF/NIRAS. On the other hand, we could not resist using the safety notion in 
order to give my own ideas in the safety debate. It is probably my background as 
physicist that makes me do so. 

We do not consider this to be a problem. It gives this PhD a descriptive 
philosophical part and a normative safety discussion part. In a transdisciplinary 
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environment as the PISA (Program of Integration of Social Aspects in nuclear 
research, SCK•CEN) group, this is more of an opportunity then a weakness 

 
In this way, we come to conclusions for philosophy and decision-making. We 

say that the status of philosophers is precarious, for they have to take into account the 
positionism mechanisms and contextual determination of different context elements. 
With respect to decision making, we express the hope that this PhD will raise a dust at 
both the descriptive and normative level in order to be an impulse to the 
empowerment of an independent guardian and to a further empowerment of all actors 
involved in a decision-making process. 
 
 
 



 

 

Appendix A: Technical background 
 

One cannot understand a physics theory. One can only get accustomed to it. 
Pauli 

 
 

A.0. Introduction 
 
In our PhD research, we describe our positionism theory. We carry out some 

empirical work in the nuclear waste field. In discussions, adherents and opponents 
discuss about the advantages and disadvantages of nuclear technology. Among the 
advantages or opportunities, one mentions medical purposes, smoke detectors, and the 
assurance at the national level to have an energy source. The disadvantages or 
challenges are waste nuclear power plant safety, proliferation, radiation protection, 
and nuclear waste. If we focus on waste –as we do- we cannot exclude proliferation 
and radiation protection. 

We will give a textbook description to provide some background. Of course 
this 'truth' is also contextually determined during gradual positioning. In the 
explanation of positionism, we have to start somewhere. We will use the issues that 
are mentioned here as facts. We start with elementary nuclear physics, before we 
tackle the radiation issues. 

A.1. Introduction nuclear physics 
 

In this part, we want to describe some essential aspects of nuclear physics in 
general and the waste treatment in particular. We limit ourselves to these technical 
details that will be helpful for our philosophical reasoning.  
 
A.1.1. The atom's structure 

 
Greek Nature Philosophers called the 'atom' the smallest part in nature that 

was indivisible. Nowadays, researchers have pervaded deeply in the structure of 
atoms. An atom is build up by a nucleus and surrounded by electrons, negatively 
loaded particles. The nucleus itself contains nucleons, positive and neutral particles. 
These nucleons are called respectively protons and neutrons. The number of protons 
determines the chemical element. This number is called the atomic number. 
 

 
Figure 13: Schematic view of the atom. (Culot, 1998, 20) 
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Atoms of the same element with a fixed number of protons can contain a 

different number of neutrons. These different isotopes have the same atomic number, 
but they differ in their mass number. The mass number is put behind the element's 
symbol. The uranium element can for example be the isotope 238U with 92 protons 
and 146 neutrons (238 nucleons), whereas the isotope 235U contains 92 protons and 
143 neutrons (235 nucleons in total). Most elements in nature occur in different 
isotopes. 
 
A.1.2. Fission and fusion 

 
In his special relativity theory, Einstein expressed the relation between energy 

and mass. He found out that approximately we can state that E=mc2. The energy is 
expressed in electron volt (eV) or million electron volt (MeV). One electron volt is the 
energy obtained by a particle with the electric charge of an electron that has gone 
though a potential difference of 1 volt. Knowing this, we can express the proton and 
neutron mass in MeV. A proton weighs 1,6734 10-27 kg or 938,7 MeV. The neutron 
mass measures 939,6 MeV. 

An important characteristic of nucleons is their mass defect. The mass of the 
compound nucleus is generally lower then the sum of the individual nucleons. This 
mass (or energy) is called nuclear binding energy. It is the energy that should be given 
to the individual nucleons before the compound nucleus can be generated. 

This binding energy is different for all isotopes. When we plot the average 
binding energy per nucleon, we see a strong increase up to 12C, after that a slow 
increase up to 56Fe and after that a slow decrease. 

 

 

Figure 14: Average binding energy per nucleon in function of the mass number. (Krane, 1988, 67) 

 
We can now understand how energy can be extracted from nuclear fission or 

fusion. 235U nucleons have an average binding energy of 7,6 MeV. When the nucleus 
is separated in two nucleons of about 110 nucleons, we see at that the average binding 
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energy will measure 8,5 MeV. The binding energy of the 235 nucleons will be 
increased with by the fission. The released energy will equal 235 (8,5 -7,6) MeV = 
235 . 0,9 MeV = 211 MeV. To give an idea of this number, Gillon measured that 1 
gram pure 235U can theoretically provide 22700 kWh, a measure for an average 
electricity use for a western European family. (1986, 80-1) The same goes for light 
isotopes that merge together. Two 1H that are brought together can produce up to 23.8 
MeV, according to the reaction. (Krane, 1988, 529) 

In a nuclear power plant, these fission reactions happen controlled. But they 
can also happen in nature. The sun is an example of very large scale nuclear fusion. 

A.2. Radiation protection 
 
A.2.1. Decay 
 

Radiation in nature can be divided in three main categories. The first one is 
alpha radiation. It concerns an emitted helium nucleus. Negative beta emission 
happens when a neutron transforms into a proton and an electron is emitted. This is a 
typical mechanism for nuclei having an excess of neutrons. Alpha or beta emission 
leaves the nucleus in an excited state. An electromagnetic radiation often follows. 
This is called gamma radiation. In order to be complete, we mention the positive beta 
emission, neutron, and auger electron emission. 

 
 The decay is an important factor in the radiation protection of the nuclear 
materials. A chemical element can only be radioactive if its nucleus transforms183. 
This process will continue until it is transformed into a stable, non-radioactive 
nucleus. This process is called radioactive decay. 

Isotopes have a fixed average decaying speed. This implies that a fixed time 
exists to halve the original concentration of the isotopes spontaneously. This time is 
called half-life (t1/2). If at start N0 nuclei are present in a certain sample, this number 
will be reduced to N0/2 after one half-life, N0/4 after 2 half-lives and N0/2n after n 
half-lives. After 10 half-lives only /210= N0/1024 of the original amount remains.  
 

 

Figure 15: Decrease of isotopes as a function of time. (Culot, 1998, 25) 
                                                           
183 This and the next paragraphs are based on Vanmarcke et al., 1998. 



Waste depositionism                                                                                  Technical background 
 
 

 277

For a given type of nucleus, the number of disintegrations per second is 
proportional to the number of radioactive atoms present. This can be expressed as  

 
λ = - (dN/dt)/N ; or integrated N(t) = N0  e -λt 

 
λ can be seen as the probability per unit time for the decay of an atom. That 

this probability is constant, regardless of the age of the atom is the basic assumption 
of the statistical theory of radioactive decay. The relation between λ and t1/2 is given 
by t1/2 = ln e / λ = 0,693 / λ. Most half-lives are well known. Sometimes, however, the 
numbers of these constants are adapted. An example is the 79Se. The official half-live 
value of 79Se was recently changed from 6,5 104 year to 1,1 106 year. (Vieno and 
Nordman, 1999, 20)  
 
A.2.2. Harm 
 

The harm radiation might induce depends on the source term, the energy that 
is absorbed and this energy induced. 
 

The source term is described in terms of activity. The activity is the number of 
spontaneous disintegrations per unit time. The unit of activity is the Becquerel (Bq). 
 
 The importance of an irradiation is defined by the energy that is locally 
deposited. The radiation dose or absorbed dose at a pint is defined by the energy 
deposited at this point per unit mass. The transferred energy is that which is involved 
in the ionisations, excitations and thermal transfers produced in the concerned 
medium. The unit of absorbed dose is the "gray" (Gy) which corresponds to the 
transfer of an energy of 1 joule per kilogram. (Culot, 1998, 37) 
 A direct relationship between activity and absorbed dose does not exist. It 
depends on the radiation type and energy of the different isotopes. This makes it 
rather difficult to make the link between the radioisotopes present and the possible 
consequences. 
 
 The absorbed dose indicates the number of deposited energy. It is still not 
directly applicable in radiation protection since it does not imply the different 
radiosensitivities of the different organs and the different effect of the organs. The 
equivalent dose is the first concept that meet these objections. Radiation weighting 
factors (ωR) are linked to the nature of the radiation and take in to account the effect 
differences which may be induced in a tissue by various radiations at low dose. It is 
important to mention that these weighting factors are macroscopic quantities that are 
defined for each organ. In a formal way, the equivalent dose (HT) will be represented 
by a summation that includes all the components of the radiation field. 
 

HT  = ΣR ωR
. DTR 

with DTR the absorbed dose in tissue T due to radiation R. Equivalent dose is 
expressed in Sievert (Sv).  
 
Type of radiation Energy ωR (ICRP 26) ωR (ICRP 60) 
Photons All energies 1 1 
Electrons All energies 1 1 
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Neutrons < 10 keV 10 5 
 10 keV to 100 keV 10 10 
 100 keV to 2 Mev 10 20 
 > 2 MeV 10 5 
Protons > 2 MeV 1,4 – 2,2 5 
Alpha particles All energies 20 20 
Fission fragments All energies 20 20 
Heavy nuclei All energies 20 20 

Table 68: Radiation weighting factors as mentioned in ICRP 26 and ICRP 60. (Culot, 1998, 44) 

 
 When we want to incorporate the radiosensitivities of the tissues, we use the 
effective dose. It is calculated by multiplying the equivalent dose of each organ by a 
weighting factor that expresses its radiosensitivity. This gives the following formula 
(Ibid., 45) 
 

E  = ΣT ωT
. HT 

Cullot states that: "In fact, this effective dose is a "fictitious" equivalent dose, which if 
it would be received by an individual in a uniform way at the level of the whole body, 
would result in the same long-term effects (cancers and hereditary effects) as the real 
non-uniform doses, which are received by a same individual at the level of one or 
several organs." (Ibid.) 
 

 
Figure 16: Weighting factors ωT expressing organ sensitivity. (Culot, 1998, 45) 
  

These weighting factors ωT and ωR come from radiobiological insights. The 
main contribution to cancers and hereditary effects due to radiation come from the 
radiosensitivities of the different stages in the DNA replication cycle. Explanation of 
this mechanism is beyond the scope of this PhD. A profound and comprehensive 
explanation can be found in Baugnet-Mahieu and de Saint-Georges (1998). 

The authors' conclusions, however, are important for our PhD. The authors 
state that 'available epidemiological data do not allow to directly substantiate the 
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existence of an adaptive response to low doses of ionising radiation in humans. 
However, it is clear that human cells, as those of other mammals, dispose of 
molecular mechanisms allowing them to defend themselves against situations likely to 
damage their genotype, or upset their metabolic balance.' (Ibid., 79) 
 The low dose area is therefore still a point of heavy discussion. Several 
opinions on dose-effect relations exist. Firstly, a discussion is going on between three 
models: the linear model, the threshold model, and the hormesis model. The linear 
model states that all radiation has a detrimental effect at any dose above zero. The 
threshold model asserts that detrimental radiation effects exist, but only starting from 
some threshold dose. The hormesis model depicts a dose-response relation where low 
doses of ionising radiation have a beneficial effect. 
 

 
Figure 17: Dose-response relations in the linear (A), threshold (B) and hormesis (C) model relative 
to the zero equivalent point (ZEP), the point at which radiation would have no effect. (Baugnet-
Mahieu and de Saint-Georges, 1998, 73) 

Within the linear model, discussion exist whether the relation is linear, 
quadratic, linear-quadratic or even curvilinear.  
 

 
Figure 18: Stochastic effects of radiation and the problem of the extrapolation area in the field of 
low dose range.  B: Different possiblities ... (Baugnet-Mahieu and de Saint-Georges, 1998, 75) 

 



 

 

 
Appendix B: Questionnaire 

 
  

Statistics is as a miniskirt: 
It shows a lot, but it covers the essential! 

 

B.1. Questionnaire as respondents received it 
 
Part 1: Background characteristics 
 
1.  You can give your name here. Your privacy will be dealt with as described in the introduction.  
   
2.  What is your education?  
 Biology  
 Chemistry  
 Earth science  
 Engineering  
 Environmental science   
 Physics  
 Management  
 Material sciences  
 Other, that is ..   
  
3.  What is your working field?  
 Biology  
 Chemistry  
 Earth science  
 Engineering   
 Environmental sciences  
 Human reliability analysis, safety culture  
 Management  
 Material sciences  
 Radiation Protection  
 Performance Assessment  
 Physics   
 Software enfineering  
 Other, that is ...   
  
4.  Which description mostly fits your job?  
 Engineering  
 Management   
 Quality Assurance or Quality Control  
 Research and Development   
 Technical support  
 Consultant: specify to whom   
 Performance assessment: specify (modelling, scenario analysis, calculation, etc)   
 Other, that is ...   
  
5.  Which country do you work in?  
  Australia Belgium Canada China Czech Republic Finland France Germany Hungary Japan The 
Netherlands Russian Federation Slovakia Slovenia Spain Sweden Switzerland United Kingdom United 
States of America   
6.  What is the name of your organisation, institute or company?  
   
7.  Can you please give the organisational line of the group you belong to? Example: division 
radioactive waste-department waste&disposal-section R&D geological disposal.  
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8.  What is your organisation, institute or company like?  
 Action Group   
 Business consultant   
 Governmental agency  
 Local agency  
 Non-governmental organisation  
 Private non�rofit organisation  
 Private research   
 Public participation group  
 University  
 Other, that is ...   
  
9.  How many years have you been a member of your organisation?  
 Less than 1 year  
 1-4 years  
 5-9 years  
 10-14 years  
 15 years or more  
  
10.  How many years have you been active in the radioactive waste management field?  
 Less than 1 year  
 1 - 4 years  
 5 - 9 years  
 10 - 14 years  
 More than 15 years  
  
11.  What is your age?  
 Younger than 30  
 Between 30 and 40  
 Between 40 and 50  
 Between 50 and 60  
 60 and older 
  
12.  What is your gender?  
 Female  
 Male  
 
Part 2: Risk assessment questions 
13.  Mention here the research facility site for high level waste you are most familiar with. Note that 
some of the following questions will be site specific and that they will deal with this site.  
   
14.  I consider myself ... to answer questions about repository safety assessment  
 Very competent  
 Competent  
 Average competent  
 Not very competent  
 Not competent at all  
  
15.  Appropriate use of safety assessment methods and sufficient information from proposed disposal 
sites can provide the technical basis to decide whether specific disposal systems would offer to society 
a satisfactory level of safety for both current and future generations.  
 I fully agree  
 I agree  
 I doubt  
 I disagree  
 I fully disagree  
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16.  At what time do you expect that the dose rate due to nuclide migration from the HLW repository 
will exceed for the first time a dose rate of 0,3 mSv/y, taken all possibilities (normal and altered 
evolution scenarios) into account?  
 In less than 100 y  
 In 1.000 y  
 In 10.000 y  
 Later than 100.000 y, but it can happen  
 It will never happen  
  
17.  What do you think is the uncertainty on the time period you have chosen?  
 uncertainty of 1 %  
 uncertainty of 10 %  
 uncertainty of 50 %  
 uncertainty of 1 order of magnitude  
 uncertainty of 2 orders of magnitude  
  
18.  What will be the maximum dose rate at a certain time due to nuclide migration of the HLW 
repository, taken all possibilities (normal and altered evolution scenarios) into account?  
 more than 100 mSv/y (or more than 100 times the current international dose rate limit)  
 10 mSv/y (or 10 times the current international dose rate limit)  
 1 mSv/y (or 1 time the current international dose rate limit)  
 0.1 mSv/y (or 0.1 times the current international dose rate limit)  
 less than 0.01 mSv/y (or less than 0,01 times the current international dose rate limit)  
  
19.  What do you think is the uncertainty on the number you have chosen?  
 uncertainty of 1 %  
 uncertainty of 10 %  
 uncertainty of 50 %  
 uncertainty of one order of magnitude  
 uncertainty of two orders of magnitude  
  
20.  Suppose that the high level waste repository will be closed in 2100 according to the best available 
techniques of that time. 
What will be the probability that something happens as a consequence of isolation problem due to 
system failure within 500 years after closure?  
 0  
 10E-6 (or 1 possibility in 1.000.000)  
 10E-4 (or 1 possibility in 10.000)  
 10E-2 (or 1 possibility in 100)  
 1  
  
21.  What do you think is the uncertainty on the number you have chosen?  
 uncertainty of 1%  
 uncertainty of 10%  
 uncertainty of 50%  
 uncertainty of one order of magnitude  
 uncertainty of two orders of magnitude  
  
22.  Suppose that the high level waste repository will be closed in 2100 according to the best available 
techniques of that time. 
Suppose an isolation problem due to closure failure does occur 500 years after closure. What is a 
realistic number of deadly injured persons a closure failure can cause in total?  
 0  
 1  
 10  
 100  
 1000  
  
23.  What do you think is the uncertainty on the number you have chosen?  
 uncertainty of 1%  
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 uncertainty of 10%  
 uncertainty of 50%  
 uncertainty of one order of magnitude  
 uncertainty of two orders of magnitude  
  
24.  How long after closure will the location of the HLW repository be known?  
 50 y  
 100 y  
 500 y  
 1000 y  
 10.000 y  
  
25.  What do you think is the uncertainty on this number?  
 uncertainty of 1%  
 uncertainty of 10%  
 uncertainty of 50%  
 uncertainty of 1 order of magnitude  
 unceratiny of 2 orders of magnitude  
  
26.  At what time do you expect that human intrusion in the repository by means of drilling activities, 
mining, etc will occur for the first time?  
 Within 100 y after closure.  
 1.000 y after closure.  
 10.000 y after closure.  
 100.000 y after closure.  
 Never  
  
27.  What do you think is the uncertainty on this number?  
 uncertainty of 1%  
 uncertainty of 10%  
 uncertainty of 50%  
 uncertainty of 1 order of magnitude  
 uncertainty of 2 orders of magnitude  
  
28.  Suppose the human intrusion does take place 1000 y after closure. What is a realistic number of 
deadly injured persons an intrusion can cause in total?  
 0  
 1  
 10  
 100  
 1000  
  
29.  What do you think is the uncertainty on this number?  
 uncertainty of 1%  
 uncertainty of 10%  
 uncertainty of 50%  
 uncertainty of one order of magnitude  
 uncertainty of two orders of magnitude  
  



Waste depositionism                                                                                               Questionnaire 
 
 

 284

 
30.   
What do you think is scientifically the right dose-response relationship for low doses (see figure 
above)?  
 Very low doses have a positive effect on carcinogenic effects (hormesis).   
 No carcinogenic effects occur below the threshold of 10 mSv.  
 Quadratic no-threshold: Small amounts of radiation exposure have little effect; there is a level at which 
the incidence of cancer increases rapidly as dosage increases.  
 Linear no-threshold: Incremental additions of radiation dosage have the same effects at low dosage 
levels as at high levels  
 Low dose, high response or curvilinear relationship: Even small amounts of radiation dose are likely to 
have serious carcinogenic effects.  
  
31.  How certain are you about your assessment?  
 I am absolutely certain  
 I am certain  
 I have my doubts  
 I am not certain  
 I am not at all certain  
  
32.  What do you consider an acceptable assumption concerning the dose-response relationship (see 
figure above) for repository regulation?  
 Very low doses have a positive effect on carcinogenic effects (hormesis).  
 No carcinogenic effects occur below the threshold of 10 mSv.  
 Quadratic no-threshold: Small amounts of radiation exposure have little carcinogenic effect; there is a 
level at which the incidence of cancer increases rapidly as dosage increases.  
 Linear no-threshold: Incremental additions of radiation dosage have the same effects at low dosage 
levels as at high levels  
 Low dose, high response or curvilinear relationship: Even small amounts of radiation dose are likely to 
have serious carcinogenic effects.  
  
33.  What do you think scientists or decision-makers know about the final waste forms that have to be 
disposed?  
I think they ...  
 ... are completely certain about the definite waste types   
 ... are certain about the definite waste types  
 ... have their doubts about the definite waste types  
 ... are ignorant about the definite waste types  
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 ... are completely ignorant about the definite waste types  
  
34.  What is the half life of 79Se?  
 6,5 10E8 year  
 1,1 10E6 year  
 6,5 10E4 year  
 1,1 10E2 year  
 6,5 year  
 don't know at all  
  
35.  What is the half life of 129I?  
 6,32 10E9 year  
 1,57 10E7 year  
 6,32 10E5 year  
 1,57 10E3 year  
 6,32 year  
 don't know at all  
  
36.  Which fraction of 129I will diffuse out of a waste container which begins to leak after 2000 y?  
 100 %  
 50 %  
 10 %  
 1 %  
 0 %  
 don't know at all  
  
37.  I found the questions in this part  
 Very easy to answer   
 Easy to answer  
 Quite ok  
 Difficult to answer  
 Far too difficult to answer 
 
Part 3: Individuals in groups 
38.  We now want to ask you some questions about the team in which you discuss about or make 
inquiries on the performance assessment of a radioactive waste repository. ´Your group´ refers to the 
research group or unit that you primarily consider yourself being part of, that is, the group (or team) 
that you normally work or co-operate with when doing research. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
(a) Suggestions about how we should do our job never influence our work.       
(b) To develop the work of our team we sometimes have to go against the flow, use unconventional 
methods and maybe also take risks.       
(c) We can see many signs of inferior teamwork in our team compared to other teams.       
(d) There is no need to interfere with the leadership, because it wouldn't make any difference.       
(e) The development of our team is proceeding at its best in relative isolation from other teams and 
groups.       
(f) It is no use trying to establish contact with other teams and groups because it is not going to make 
any difference, e.g. to help boost our inspiration or creativity.       
(g) Negative judgements from outside the team make us feel worthless and pessimistic.       
(h) Other teams have inferior team spirit compared to us.       
(i) There is not much you can do in our team to change your own work situation towards something 
better.       
(j) When our leadership is working at its best it is often because we give him/her our support and 
feedback.       
(k) We develop our teamwork without much need of any contact with other teams or other outsiders.       
(l) Negative judgement from outside the team about the work in our team is unwarranted most of the 
time.       
(m) As a member of our team, you are expected to do what you are told to. Members with individual 
competence do not get adequate respect.       
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39.  Same question, continued: We now want to ask you some questions about the team in which you 
discuss about or make inquiries on the performance assessment of a radioactive waste repository. ´Your 
group´ refers to the research group or unit that you primarily consider yourself being part of, that is, the 
group (or team) that you normally work or co-operate with when doing research. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
 (a) Our team leader decides most things by him/herself and leaves the rest of us without a say.       
(b) New ideas and suggestions about the work in our team cannot be used or acted on due to, e.g. lack 
of resources and/or leadership.       
(c) Optimism and belief in the future are expressions that don't really belong to our vocabulary.       
(d) Most of the time we deserve the criticism aimed at our team from other people.       
(e) Even if our team is not developing in the right direction, more contact with other teams and groups 
would not change anything.       
(f) We evaluate our teamwork, and change it so it will work in the best possible way, without any 
regard to suggestions from outside the team.       
(g) Our teamwork is superior to most other teams in our field of work.       
(h) I talk up our team to my friends as a great team to work in.       
(i) I find that my values and the team’s values are very similar.       
(j) I am proud to tell others that I am part of this team. 
 
 
Part 4: Personality Assessement 
40.  Please answer the following questions. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
I am not a worrier.       
I like to have a lot of people around me.       
I don't like to waste my time daydreaming.       
I try to be courteous to everyone I meet.       
I keep my belongings neat and clean.       
I often feel inferior to others.       
I laugh easily.       
Once I find the right way to do something, I stick to it.       
I often get into arguments with my family and co-workers.       
I'm pretty good about pacing myself so as to get things done on time.       
When I'm under a great deal of stress, sometimes I feel like I'm going to pieces.       
I don't consider myself especially "light-hearted".       
I am intrigued by the patterns I find n art and nature.       
Some people think I'm selfish and egotistical.       
I am not a very methodical person.       
 
41.  Please answer the following questions. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
I rarely feel lonely or blue.       
I really enjoy talking to people.       
I believe letting students hear controversial speakers can only confuse and mislead them.       
I would rather co-operate with others than compete with them.       
I try to perform all the tasks assigned to me conscientiously.       
I often feel tense and jittery .       
I like to be where the action is.       
Poetry has little or no effect on me.       
I tend to be cynical and sceptical of others' intentions.       
I have a clear set of goals and work toward them in an orderly fashion.       
Sometimes I feel completely worthless.       
I usually prefer to do things alone.       
I often try new and foreign foods.       
I believe that most people will take advantage of you if you let them.       
I waste a lot of time before settling down to work.       
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42.  Please answer the following questions. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
I rarely feel fearful or anxious.       
I often feel as if I'm bursting with energy.       
I seldom notice the moods or feelings that different environments produce.       
Most people I know like me.       
I work hard to accomplish my goals.       
I often get angry at the way people treat me.       
I am a cheerful, high-spirited person.       
I believe we should look to our religious authorities.        
Some people think of me as cold and calculating.       
When I make a commitment, I can always be counted on to follow through.       
Too often, when things go wrong, I get discouraged and feel like giving up.       
I am not a cheerful optimist.       
Sometimes when I am reading poetry or looking at a work of art, I feel a chill or wave of excitement.       
I'm hard-headed and tough-minded in my attitudes.       
Sometimes I'm not as dependable or reliable as I should be.       
 
43.  Please answer the following questions. 
1= strongly disagree; 2= disagree; 3= neutral; 4= agree; 5= strongly agree  
 1 2 3 4 5  
I am seldom sad or depressed.       
My life is fast-paced .       
I have little interest in speculating on the nature of the universe or the human condition.       
I generally try to be thoughtful and considerate .       
I am a productive person who always gets the job done.       
I often feel helpless and want someone else to solve my problems.       
I am a very active person.       
I have a wide range or intellectual interests.       
If I don't like people, I let them know it.       
I never seem to be able to get organised.       
At times I have been so ashamed I just wanted to hide.       
I would rather go my own way than be a leader of others.       
I often enjoy playing with theories or abstract ideas.       
If necessary, I am willing to manipulate people to get what I want.       
I strive for excellence in everything I do.       
 

B.2. Subjects 
 
B.2.1. List of institutes 
 
International 
The Acronym Institute; Bellona Foundation; Bulletin of the Atomic Scientists; Earth 
Systems; Ell - Earth Island Institute; Ecologia EnviroLink EFN - Environmentalists 
for Nuclear Energy; For Mother Earth International; The GAIA Project; GANA - 
Global Anti Nuclear Alliance Global Network Against Weapons & Nuclear Power 
in Space; Greenpeace International; ICLEI - International Council for Local 
Enrionmental Intitatives; IEN - Indigenous Environmental Network; NAPF - 
Nuclear Age Peace Foundation; NIRS - Nuclear Information & Resource Service; 
NNI - No Nukes Inforesource; Nuclear Control Institute; Nuclear Free Future 
Award; Plutonium Investigation; PSR - Physicians for Social Responsibility; REC - 
Regional Environmental Center for Central & Eastern Europe; South Asians Against 
Nukes; TNC - The Nature Conservancy; UCS - Union of Concerned Scientists; 
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Virtual Foundation; WCMC - UNEP World Conservation Montitoring Centre; 
WEDO - Women's Environment & Development Organization; WISE - World 
Information Service on Energy; World Resources Institute; Worldwatch Institute 
Online; ENEA; EC Joint Research Centre; EU; International Science and 
Technology Center; NEA; IAEA; International Nuclear Forum; Institute of Nuclear 
Materials Management; International Solid Waste Association; Natural Analogue 
Working Group; Pacific Basin Consortion for Hazerdous Waste Research 
International Union of Producers & Distributors of Electrical Energy; ALTRAN 
Europe; National Repository Program MLW 
Argentina 
FUNAM - Fundacion para la defensa del ambiente 
Australia 
ANSTO; Australian High Commission; Pangea; ALGNFZ - Australian Local 
Government Nuclear Free Zones; National Repository Program LLW; Anti-Nuclear 
Alliance of Western Australia; ASEN - Australian Student Environment Network; 
CANNWA - Community Anti Nuclear Network of WA; CCSA - Conservation 
Council of  SA; Chain Reaction; Environment Centre N.T.; FANG - Fremantle Anti-
Nuclear Group; Friends of the Earth Australia; GreenNet Australia; Greenpeace 
Australia; iratiwanti.org; JAG - Jabiluka Action Group; Lavoisier Group; Pangea's 
proposal for Australia; SA Nuclear Free Future; SEA-US - Sustainable Energy and 
Anti-Uranium Service; STAND - Scientists & Technologists Against Nuclear 
Dumping; Stop Jabiluka; Sutherland Shire Environment Centre; URG - Uranium 
Research Group 
Austria 
AAI - Atnit Atom International; EVA - Die Energieverwertungsagentur; Klage 
gegen Mochovce; Stop Temelin 
Belgium 
SCK•CEN; NIRAS; FANC; Electrabel; Synatom; Belgatom; Belgonucleaire; 
Tractebel; Mitsubishi Belgium; FEDICHEM; Ecotopie; UIA; KULeuven; ULB; 
FUL; ULg (MSM); AIB Vinçotte 
Brazil 
CONTREN - Comissao Nacional dos Trabalhadores em Energia Nuclear 
Bulgaria 
CUAEPP, Committee on the Use of Atomic Energy for Peaceful Purposes; Za 
Zemiata - For the Earth 
Canada 
Énergy Atomice du Canada limitée; AECB (Managing Nuclear Fuel Waste); OHPG; 
Canadian Nuclear Association; Canadian Nuclear Fuel Waste Management 
Program; Canadian Environmental Assessment Agency; Federal Governement 
Response to EA Panel Report; Ontario Power Generation - Nuclear Waste 
Management; Ontario Power Generation - Used Fuel Disposal; Securad; CCNR - 
Canadian Coalition for Nuclear Responsibility; CCRC - Concerned Citizens for 
Refrew County; CELA - Canadian Environmental Law Association; CEN - 
Canadian Environmental Network; CFRE - Citizens for Renewable Energy; CNP - 
Campaing for Nuclear Phase-out; Deep River Project; Friends of the Earth Canada; 
Greenpeace Canada; Ishgooda; NBEN/ RENB - New Brunswick Environment 
Network; OEN - Ontario Environment Network; PGS - Physicians for Global 
Survival; Pollution Probe; University of Alberta 
China 
CNNC; CIAE; China Committee of Nuclear Data; China Institute for Radiation 
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Protection; Embassy of the People's Republic of China in Belgium; CAEA, Bureau 
of Safety, Protection and Health; Beijing Institute of Nuclear Engineering (BINE); 
East China Geological Institute; TA Institute 
Czech Republic: 
Nuclear Research Institute; RAWRA; CEZ; TU Prague; Ministry of Environment of 
the Czech Repbulic; Czech Technical University; Czech Nuclear Forum; K2R4; No 
More Chernobyls; NRI 
Denmark 
Greenpeace Denmark; OOA - Organisationen til Oplysning om Atomkraft; REO - 
Reel Energi Oplysning; Risö 
Finland 
STUK; POSIVA; SAFRAM (Safety Research and Management); Municipality of 
Eurajoki; Handels- och Industriministreriet; TVO; Friends of the earth Finland; 
Geopros oy; Energiaikkunat; Finnish Association of Consulting Firms; VTT 
France 
CNE; ANDRA; CEA; CEA-Cadarache; CEA-Valrhô; ANTEA; IPSN; DSIN; CLIS; 
Local Liaisaon Commitee of La Hague; LLC of Bure; LLC of Cadarache; Meuse 
Département Council; CEPN; WISE France; CRIRAT; EDF; Symlog; Subatech; 
Cogéma; Hemispheres; French Atomic Energy Commission; SCN ReseayEurisys; 
Framatone Owners Group; Comune de Houdelaincourt; G.S.I.E.N. La Gazette 
Nucleaire ACRO - Association pour le Contrôle de la Radioactivité; Antinucléaire; 
ARDAN; ASSOSAMI - Assn Solidarié Au Massif d'Izé; Atome; CADRA - Collectif 
Anti Déchets Radio-Actifs CIDRA - Collectif Vosgien Indépendant d'Information sur 
les Radioactifs; Collectif Citoyen Normand; Collectif contre l'Enfouissement des 
Déchets Nucléaires; Comité Sop Nogent-sur-Seine Coordination Nationale contre 
l'enfouissement des déchets radioactifs;  coveden - collectif vendéen contre 
l'enfouissement des Déchets… CRII-RAD ; Mayenne Nucleaire; Sérènes Sereines; 
Sortir du Nucleaire; Stop Civaux; TchernoBlaye; CREGU, Centre de la Recherche 
sur la Geologie des Matieres Premieres minerales et Energiques; CERMES, Centre 
d'enseignement et de recherche en mecanique des sols; Ecole nationale des ponts et 
chaussées; Laboratoire Central des Ponts et Chaussées; Université de Nancy; 
Géostock; PPGEO; Ecole de mines de nancy; GRAM; Claude Louis Construction; 
EEG SIMECSOL; BRGM; Dechanels Consultants; Amsatec; Congrès Scientifiques 
Services; Ecole de mines de paris; Greenpeace France; Societé de France de 
l'Énergie Nucleaire; Infonucleaire;Socodei; ministère de l'environnement, 
concertation Granite; Autorité de sûreté nucléaire, DSIN; agence de l'environnement 
et de la maîtrise de l'énergie; institut national de l'environnement et des risques; 
Germany 
GRS; BGR; KFA; DeutscheMontanTechnologie (DMT); BfS, Institut für 
Tieflagerung; GRS; Gruppe Ökologie; Öko-Institut; Ministry of Environment etc. 
(BMU); BDE, Deutsche Gesellschatf zum Bau und Betrieb von Endlagern für 
Abfallstoffe; C&E; Forschungszentrum Karlsruhe; Projekt Konrad; Jülich; 
Umweltrat; DPG Deutsche Physikalische Gesellschaft ; Roche Diagnostics GmbH; 
DAtF; WKK; Endlagerung in Deutschland; Akte-niX Anti-Atom Infostelle Bonn; 
Aktionsbündnis CASTOR-Widerstand Neckarwestheim; Akw-Nee; AKW Temelin; 
Amberger Bürgerinitiative für eine Zukunft ohne Atomkraft; ANCANO - Anti 
Castorgruppe Norderstedt; anti atom aktuell; Anti-Atom-Netzwerkes Sachsen; Anti-
Atom-Plenum Berlin; Arbeitsgemeinschaft Schacht KONRAD; Arbeitskreis gegen 
das AKW Philippsburg; Atomopfer; BI Kernenergie; Bürger gegen Atomreaktor 
Garching; Bürgerinitiative Kein Atommüll in Ahaus; CASTOR Nix Da Kampagne; 
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Dachverband der Kritischen Aktionärinnen und Aktionäre; The first Light - journey 
for a nuclear free planet; Greenpeace Germany; Haftpflichtversicherung für die 
deutchen Atomkraftwerke Münsteraner Bündnis für den Ausstieg aus der 
Atomenergie; Umweltschutzforum Schacht Konrad Salzgitter; X-1000mal-quer; 
Universität Karlsruhe, Angewandte Geologie Karlsruhe; Geotechnbisches Institut; 
Bundesanstalt für Geowissenschaften und Rohstoffe; Consulting and Engineering; 
Stoller Ingenieurtechnik; Arbeitskreis Endlagerung AkEnd; PTE, 
Forschungszentrum Karlsruhe; Technology Assessment 
Hungary 
PURAM; Public Agency for Radioactive Waste Management; Mecsek Ore Mining; 
Mecsek Ore Environment; Eroterf; Hungarian Power Companies; Technical 
University of Budapest; Geopard; Hungarian Academy of Sciences 
Indonesia 
GIAT - Energy of the People 
Italy 
ENEA; Amici della Terra; Greenpeace Italy; ismes, mathematical modelling 
department 
Japan  
RWMC; Mitsubishi; Japan Atomic Energy Research Institute; NUMO; JGC; JNC; 
CRIEPI; Keio Research Institute; Quintessa Japan; Nagoya Univ Museum; Office of 
nuclear power siting promotion; Shimizu Corporation; Tokyo Electrric power 
company; Obayashi Corporation; Somitomo Meal Mining Co.; Office of Nuclear 
Safety Policy Research; Institute of Research and Inovation; Engineering 
Consulting Firms Association; Federation of Electric Power Companies; Iron & 
Steel Institute of Japan; Nuclear Safety Network; Japan Nuclear Fuel Ltd (JNFL) 
CASA - Citizens' Alliance for saving the atmosphere & the Earth; CNIC - Citizens 
nuclear information center; Kyushu University; Kyoto University; Oyo corporation; 
Hyogo University; Kawan Sign; KIKO Network 
Kazakhstan 
Phoenix 
Korea 
KAERI; KFEM - Korean Federation for Enrionmental Movement 
Netherlands 
NRG; RIVM; TNO; MEZ (CORA); WISE Nederland; TU Delft; ECN (Netherlands 
Energy Research Foundation); EPZ (Elektricitiets-Produktiemaatscahppij Zuid-
Nederland); CORA; KMW Kombinatie Middelplaat Westerschelde; Milieu 
Defensie; COVRA 
Norway 
Greenpeace Norway 
Philippines 
NFPC - Nuclear Free Philippines Coalition 
Poland 
Institute of Atomic Energy 
Romania 
Institute for Nuclear Research; Social-Ecological Union; Tantal 
Russian Federation 
VG Klopin Radium Institute; Joint-Stock Research Industrial Company; Russian 
Federation Ministry of Atomic Energy; Federal Nuclear and Radiation Safety 
Authority of Russia; Kola Science Centre; Geological Survey; Kazan State 
University; St. Petersburg University; CCI Ecoline; Socio-Ecological Union 
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Slovakia 
Decom Slovakia; Geological Survey of Slovak Republic; Slovenské Elektrárne; 
VUJE; Greenpeace na Slovensku; ZMZ - Zam Matku Zem (for mother earth) 
Slovenia 
ARAO; ZAG; IRGO; Velenje Coal Mine; Ministry of Environment and Physical 
Planning; Slovenian Nattional Building and Civil Engineering Institute 
South Africa 
EarthLife Africa; SAEP -Southern Africa Environment Project 
Spain 
ENRESA; CSIC; CIEMAT; NUSIM; MOPU (Centro de Estudios y 
Experimentación de Obras Públicas; AMAC – GMF; INITEC; UNESA; UPC, 
Universitat Politècnica de Catalunya; Universidad de la coruna; ADENEX 
AGADEN - Asociacion Gaditana para la Defensa y Estudio de la Naturalazena; 
CEPA - Centre d'Ecologia I Projectes Alternatius; Greenpeace Spain PANC - 
Plataforma Anticementerio de Residuos Radioactivos 
Sweden 
SKB; SKI; SSI; KASAM; Ministry of Environment; Municipality of Oskarsham; 
Municipality of Hultsfred; Municipality of Tierp; Folkkampanjen mot kärnkraft; 
SOS Tierp; Afvallskedjan; Royal Institute of Technology; Swedish Power 
Association; Svensk Energiförsörjnings; Swedish Cement and Concrete Research 
Institute; Clay Technology; F4 - Föreningen för Forsmark 4; Greenpeace Sweden; 
MFK - Miljövänner för Kärnkraft; MJV - MiljÖförbundet Jordens Vänner; OSS - 
Opinionsgruppen för säker slutförvaring; Swedish Antinuclear Movement 
Switzerland 
NAGRA; HSK; PSI (Paul Scherrer Institut); KSA (Fed. Nucl. Safety Commission); 
ETH/Kantonale Fachgruppe Wellenberg/KSA; GNW; OFEG (Office of Public 
Health?); Energiefroum Schweiz; Schweizerische Vereinigung für Atomenergie; 
Swiss National Hydrological and Geological Survey; Contratom; Greenpeace 
Switzerland; Aktion Mühleberg stillegen AMüs; Forum VERA; Pro Natura 
Taiwan 
EQPF - Environmental Quality Protection Foundation; TEAN - Taiwan 
Environmental Action Network 
United Kingdom 
AESR - Architects & Engineers for Social Responsibility; CANSAR - Campaign 
against nuclear storage & radiation; CIRIA; Crich & District Environmental Action 
Group; Greenpeace UK; KARE - Kent Against a Radioactive Environment KIMO - 
Local authorities International Environmental Organisation; NFLA - Nuclear Free 
Local Authorities; SGR - Scientists for Global Responsibilities; Shutdown Sizewell; 
Stop Hinkley; WANA - Welsh Anti Nuclear Alliance; Department of Energy; 
HMIP; NIREX; UKAEA; QUINTESSA; NRPB; Ministry of Defence; Scottish 
Environmental Protection Agency; Copeland Borough Council; Shetland Islands 
Council; Local Liaison Committee of Sellafield; Local Liaison Committee of 
Harwell; Scotland Against Nuclear Dumping; UK Nuclear Free Local Authorities; 
BNFL; Enviros QuantiSci; IRSS; AEAT; Galson Sciences; British Nuclear Industry 
Forum; Engineering Employers Federation; British Geological Survey; AMEC 
Tunneling; Cardiff School of Engineering; Intera Sciences; University of Aberdeen; 
Building Research Establishment; ARUP & Electrowatt; HALCROW; CIGAR Lake 
Mining Corporation; CORE; Friends of the Earth; RWMAC;  
United States:  
US Nuclear Waste Technical Review Board; SNL; USDOE/WIPP Carlsbad; 
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USDOE/Yucca Mountain Project; NRC; Environmental Evaluation Group; EPA; 
Yucca Mountain; NWTRB; Nuclear waste Technical Review Board; Lawrence 
Berkeley Laboratory; Lawrence Livermore National Laboratory; NAS; WIPP-
project; NAS BRWM; MIT; PNL; Univ of Arizona (Tucson); Texas A&M 
university; University of California; Westinghouse Savannah River Co; Los Alamos 
National Laboratory; GRAM, Inc.; American Council of Independent Laboratories; 
Appalachian Compact Users of Radioactive Isotopes; Tassociation of Radioactive 
Metal Recyclers; Professional Firms Practicing in the Geosciences; Council of the 
National Seismic System; Energy Communities Allience; Energy Facilities 
Contractors Group; Environmental Industry Interactive; Electric Power Supply 
Association; Hazardous Waste Action Coalition; Mid-Atlantic Nuclear Training 
Group; Metal Powder Industries Federation; Nuclear Energy Institute; National 
Solid Waste Management Association; Solid Waste Association of North America; 
SwitchOnAmerica; Utility Industry Group; Vessel Operators Hazardous Materials 
Association; Waste Equipment Technology Association; American Ecology 
Corporation (AEC); Chem-Nuclear Systems (CNSI); Envirocare Utah; 
Westinghouse TRU Solutions Atlantic Interstate Low-Level Radioactive Waste 
Management Compact; California Radioactive Materials Management Forum; 
Central Interstate LLRW Commission; Clark County Nuclear Waste Division; 
Hanford Spent Nuclear Fuel Program; Hydrodynamics Group LLC; Nuclear Waste 
Project Office (State of Nevada); LLW Dispoal Facility Federal Review Group; 
Maine Advisory Committee on Radwaste; Midwest Compact Commission; 
Massechusetts LLRW Management Board; New Jersey LLRW Dispoal Facility 
Siting Board; New Mexico Environmental Evaluation Group; National Spent 
Nuclear Fuel Program; Nye County Nuclear Waste Repository Project Office; 
Office of Civilian Radioactive Waste Management; ORNL Waste Management 
Operations Div.; Pennsylvania LLRW Dispoal Facility; Southeast Compact 
Commission; Texas LLRW Disposal Authority; Texas Natural Resource 
Conservation Commission Washington State Dept of Ecology Nuclear Waste 
Program; West Valley Demonstration Project International Profiles of Radioactive 
Waste Disposal Programs; International Waste Management Factbook; Vanderbilt 
University; University of Arizona; Centrer for international security and arms 
control; CNWRA; Alternative Energy Institute; ANA - Alliance for Nuclear 
Accountability; ARDT - Advocates for Responsible Disposal in Texas; BAN Waste; 
CAN - Citizens Awareness Network; CCNS - Concerned Citizens for Nuclear 
Safety; CEDDA - Ciudadanos en Defensa del Ambiente; CETOS - Center for Ethics 
& Toxics; Citizens Action Coalition of Indiana; Citizens Alert; CMEP - Critical 
Mass Energy Project CNIE - Committee for the National Institute for the 
Environment; ComRad - Community Radiological Monitoring Program; CPEO - 
Center for Public Environmental Oversight; CRU - Columbia River United; CSE - 
Center for Safe Energy; Dawn Watch; DCISC - Diablo Canyon Independent Safety 
Committee; Dine CARE - Citizens Against Ruining our Environment; Eco-Action's 
Nuclear Wasre & Energy Committee; EDF - Environmental Defense Fund; EDI - 
Environmental Defense Institute; EFMR Monitoring Group; EnviroWatch; EWG - 
Environmental Working Group; Forces of Nature; Friends of the Earth US GMIED - 
Green Mountain Institute for Environmental Democracy; Greenaction Ward Valley 
Campaign; Greenpeace USA; HAB - Hanford Advisory Board; Hanford 
Downwinders; Heart of America Northwest; HEC - Hoosier Environmental Council; 
Honor the Earth; ICL - Idaho Conservation League; IGC - Institute for Global 
Communications IIRM - International Institute for Indigenous Resource 
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Management; INEEL Citizen's Advisory Board; INFORM; INP - DOE Indian 
Nations Program; IPP - Indian Point Project; ISR - Informed Scientists for 
Radiation; Keep Yellowstone Nuclear Free; LLRC - Low Level Radiation 
Campaign; LOC - Oak Ridge REservtion Local Oversight Committee; Los Alamos 
Study Group; ME3 - Minnesotans for and Energy-Efficient Economy; Minnesota 
Environmental Fund; MTA - Managing the Atom NCAI - National Congress of 
American Indians; NCSE - National Council for Science and the Environment; 
Natural Resources Defence Council; NECNP - New England Coalition on Nuclear 
Pollution NECONA - National Environmental Coalition of Native Americans; NEIS 
- Nuclear Energy Information Service NNMCAB - Northern New Mexico Citizens' 
Advisory Board; No Escape; NRTC - Hanford Natural Resource Trustee Council; 
NTS CAB - Nevada Test Site Community Advisory Board; Nuclear Waste Citizens 
Coalition; NW Energy Coalition; Ohio Citizen Action; ORSSAB - Oak Ridge Site 
Specific Advisory Board; PEN - Pennsylvania Environmental Network; PIC - 
Prairie Island Coalition; PIRG - Public Interest Research Groups; PSR - Physicians 
for Social Responsibilitties - Los Angeles; Redwood  Alliance; RFCAB - Rocky 
Flats Citizens Advisory Board 
Table 69: List of contacted institutes per country. 
 
B.2.2. Frequencies 
 

COMPSE

31 20,8 22,3 22,3
83 55,7 59,7 82,0
25 16,8 18,0 100,0

139 93,3 100,0
10 6,7

149 100,0

1
4
5
Total

Valid

SystemMissing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 
 

COMPI

36 24,2 25,5 25,5
105 70,5 74,5 100,0
141 94,6 100,0

8 5,4
149 100,0

1
5
Total

Valid

SystemMissing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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COMPID

68 45,6 48,6 48,6
72 48,3 51,4 100,0

140 94,0 100,0
9 6,0

149 100,0

1
5
Total

Valid

SystemMissing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 
COMPOBJ

9 6,0 6,7 6,7
6 4,0 4,5 11,2
6 4,0 4,5 15,7
8 5,4 6,0 21,6
3 2,0 2,2 23,9
1 ,7 ,7 24,6

28 18,8 20,9 45,5
16 10,7 11,9 57,5

1 ,7 ,7 58,2
1 ,7 ,7 59,0

43 28,9 32,1 91,0
12 8,1 9,0 100,0

134 89,9 100,0
15 10,1

149 100,0

,99
1,65
1,98
2,31
2,64
2,97
3,30
3,63
3,96
4,22
4,62
4,95
Total

Valid

SystemMissing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 
 

Table 70: Competence frequencies for question 34, 35, 36, and compsum. 

 

Descriptive Statistics

132 19,2045 4,8892
132 13,9394 3,1833

78 10,7308 2,4689
78

GTMORSUM
GTVULSUM
OCACCSUM
Valid N (listwise)

N Mean Std. Deviation

 
Descriptive Statistics

133 29,2030 6,0961
133 39,8045 5,6360
133 42,3609 4,8326
133 42,4511 4,7712
133 44,3083 5,8532
133

NEO_N
NEO_E
NEO_O
NEO_A
NEO_C
Valid N (listwise)

N Mean Std. Deviation

 

Table 71: Means and standard deviation of NEO and groupfactors. 
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Report

30,9048 39,6667 42,2857 43,6190 44,8571
21 21 21 21 21

8,1848 7,5653 5,5420 3,6671 6,4984
28,8839 39,8304 42,3750 42,2321 44,2054

112 112 112 112 112
5,6101 5,2400 4,7156 4,9338 5,7503

29,2030 39,8045 42,3609 42,4511 44,3083
133 133 133 133 133

6,0961 5,6360 4,8326 4,7712 5,8532

Mean
N
Std. Deviation
Mean
N
Std. Deviation
Mean
N
Std. Deviation

GENDER
Women

Men

Total

NEO_N NEO_E NEO_O NEO_A NEO_C

 
Table 72: NEO averages for men and women. 

 
Factor Mown Morig σorig Morig - σorig/2 Morig + σorig/2 
Neo_n 30,9 32,2 8,2 28,1 36,3 
Neo_e 39,7 40,3 6,6 37, 0 43,6 
Neo_o 42,3 36,3 6,3 33,1 39,4 
Neo_a 43,6 45,1 5,0 42,6 47,6 
Neo_c 44,9 45,3 5,6 42,5 48,1 

Table 73: NEO averages for women in our own research (N=21) and the NEO-manual.  

 
Factor Mown Morig σorig Morig - σorig/2 Morig + σorig/2 
Neo_n 28,9 29,6 7,8 25,7 33,5 
Neo_e 39,8 39,8 6,5 36,5 43,0 
Neo_o 42,4 35,4 6,6 32,1 38,7 
Neo_a 42,2 42,5 5,1 39,9 45,0 
Neo_c 44,2 45,3 5,7 42,4 48,1 

Table 74: NEO averages for men in our own research (N=122) and the NEO-manual. 

Report

29,9444 40,0000 43,0000 42,4556 44,6222
90 90 90 90 90

6,3677 5,8579 4,9333 5,3109 6,2971
27,6512 39,3953 41,0233 42,4419 43,6512

43 43 43 43 43
5,2185 5,1830 4,3725 3,4317 4,7953

29,2030 39,8045 42,3609 42,4511 44,3083
133 133 133 133 133

6,0961 5,6360 4,8326 4,7712 5,8532

Mean
N
Std. Deviation
Mean
N
Std. Deviation
Mean
N
Std. Deviation

AGE_NEO
Younger than 50

50 or older

Total

NEO_N NEO_E NEO_O NEO_A NEO_C

 
Table 75: NEO avarages for resondents younger than 50 and respondents of 50 and older. 

 
Factor Mown Morig σorig Morig - σorig/2 Morig + σorig/2 
Neo_n 29,9 31,3 8,5 27,05 35,5 
Neo_e 40,0 41,1 6,6 37,8 44,4 
Neo_o 43,0 37,1 6,6 33,8 40,4 
Neo_a 42,5 44,4 5,2 41,8 47,0 
Neo_c 44,6 45,6 5,5 42,85 48,3 
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Table 76: NEO avarages for resondents younger than 50 in our own research (N=90) and the NEO-
manual. 

 
Factor Mown Morig σorig Morig - σorig/2 Morig + σorig/2 
Neo_n 27,6 30,7 7,8 26,8 34,6 
Neo_e 39,4 38,0 6,1 34,9 41,0 
Neo_o 39,4 33,9 5,7 31,0 36,7 
Neo_a 42,4 43,8 5,1 41,2 46,3 
Neo_c 43,7 45,0 5,6 42,2 47,8 

Table 77: NEO avarages for resondents older than 50 in our own research (N=43) and the NEO-
manual. 

B.3. Data treatment 
 

Rotated Component Matrixa

,81 ,05 ,09
,80 -,08 ,29
,78 ,00 ,40
,77 -,11 ,04
,74 ,31 ,17
,74 ,01 ,42
,72 ,31 -,15

-,41 -,28 ,16
,24 ,84 ,01
,11 ,80 ,27
,15 -,60 -,19

-,12 -,31 -,75
,13 ,01 ,74

-,08 -,14 -,58

UPINTR
UPISOL
UDDOSRAT
ULOCP
UDISOL
UPDOSRAT
UDINTR
UDRPWET
MINTR
MISOL
PLOC
PDOSRAT
MDOSRAT
PINTR

1 2 3
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 7 iterations.a. 
 

Table 78: Factor analysis of the assessment items. 
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Rotated Component Matrix a

,74 -,20 ,10 ,11 -,12 ,17
,71 ,26 -,01 ,12 ,23 -,13
,62 ,17 ,16 ,28 ,21 ,09
,51 ,13 ,18 ,04 -,02 ,40
,12 ,73 ,25 ,12 -,02 -,07

-,03 ,60 -,33 -,14 ,01 ,41
,42 ,60 ,38 -,09 -,04 -,13

-,17 ,53 ,34 ,32 ,03 ,22
,45 ,46 -,16 ,36 ,13 -,10
,25 ,38 ,19 ,37 -,14 ,30
,15 ,00 ,78 ,02 -,08 ,00

-,07 ,17 ,69 ,20 ,30 ,29
,20 ,35 ,62 -,05 -,11 -,26
,13 ,09 ,04 -,64 ,37 -,16
,32 ,15 ,05 ,59 ,09 -,04
,12 ,20 ,07 ,56 ,21 -,14
,28 -,13 ,04 ,56 ,30 -,13
,13 ,03 ,01 ,11 ,78 ,30
,03 -,07 -,03 ,06 ,73 -,27

-,09 ,01 ,02 ,08 ,02 -,69

GTMOR1
GTVUL1
GTMOR3
GTMOR2
GTMOR8
GTAUT5
GTMOR7
GTMOR9
GTVUL4
GTMOR5
GTAUT2
GTMOR4
GTMOR6
GTAUT1
GTVUL5
GTVUL3
GTAUT4
GTVUL2
GTVUL6
GTAUT3

1 2 3 4 5 6
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 25 iterations.a. 
 

Table 79: Factor analysis of groupthink items without fixed factor number and with factor number 
fixed at three. 
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Rotated Component Matrix a

-,08 ,05 ,53 ,20 -,11
-,02 -,35 ,54 -,32 -,06
,08 -,08 ,62 -,12 ,06

-,09 ,11 ,51 ,14 -,06
-,07 -,04 ,64 ,00 -,06
,03 -,12 ,44 -,23 -,18
,06 ,02 ,52 -,12 -,01
,06 ,01 ,44 -,23 -,25
,10 -,33 ,41 -,44 ,04

-,24 ,10 ,48 ,04 -,14
,04 -,22 ,29 -,31 ,05
,02 -,20 ,50 -,11 ,13
,59 -,11 -,08 -,21 -,06
,51 ,04 -,13 -,09 -,13

-,05 -,06 -,34 -,07 ,31
,67 -,08 -,08 -,05 -,10
,59 ,02 ,04 ,16 ,03
,25 ,11 ,02 ,11 ,07
,49 ,20 -,25 ,30 -,22
,72 ,18 -,22 -,03 -,08
,26 -,06 -,46 ,01 ,26
,41 ,15 ,07 -,04 -,06
,64 ,20 -,09 ,11 ,02
,22 ,42 -,35 -,02 ,16

-,21 -,33 ,18 ,23 -,14
,00 -,15 -,10 ,09 -,23
,06 ,10 ,14 ,52 ,14
,02 -,02 -,08 ,60 ,07
,10 ,03 -,05 ,47 ,19
,44 -,13 -,02 ,12 -,06
,00 ,19 ,02 ,33 ,11

-,20 -,28 -,04 ,32 -,10
,38 -,09 ,08 ,46 -,03

-,12 -,01 -,09 ,50 -,13
,52 ,07 ,01 ,42 -,14
,07 -,09 -,08 ,45 -,07
,13 ,27 ,22 ,22 ,44

-,05 ,21 -,31 ,10 ,55
-,01 ,25 ,11 -,16 ,44
-,20 -,03 ,32 ,11 ,09
,08 ,09 -,14 ,01 ,54

-,08 -,05 -,21 ,14 ,35
,60 -,02 -,06 -,16 ,20
,31 -,03 ,03 -,01 ,47

-,04 ,03 -,22 -,01 ,60
,49 ,37 ,12 ,09 ,25

-,18 ,01 ,03 ,04 ,47
-,13 ,08 -,08 ,14 ,45
,08 ,70 ,01 -,15 ,04
,13 ,62 -,23 -,31 -,14

-,02 ,68 -,04 ,34 ,07
-,06 ,48 ,07 -,01 ,18
,24 ,69 -,01 ,20 ,09
,10 ,60 -,36 ,16 ,13
,40 ,47 ,11 ,25 ,14
,18 ,26 ,01 ,44 ,09
,12 ,31 -,39 ,01 -,06
,30 ,44 -,42 -,07 -,02

-,12 ,71 -,03 ,21 ,07
,49 ,35 -,11 ,13 ,05

NEO_N01
NEO_N02
NEO_N03
NEO_N04
NEO_N05
NEO_N06
NEO_N07
NEO_N08
NEO_N09
NEO_N10
NEO_N11
NEO_N12
NEO_E01
NEO_E02
NEO_E03
NEO_E04
NEO_E05
NEO_E06
NEO_E07
NEO_E08
NEO_E09
NEO_E10
NEO_E11
NEO_E12
NEO_O01
NEO_O02
NEO_O03
NEO_O04
NEO_O05
NEO_O06
NEO_O07
NEO_O08
NEO_O09
NEO_O10
NEO_O11
NEO_O12
NEO_A01
NEO_A02
NEO_A03
NEO_A04
NEO_A05
NEO_A06
NEO_A07
NEO_A08
NEO_A09
NEO_A10
NEO_A11
NEO_A12
NEO_C01
NEO_C02
NEO_C03
NEO_C04
NEO_C05
NEO_C06
NEO_C07
NEO_C08
NEO_C09
NEO_C10
NEO_C11
NEO_C12

1 2 3 4 5
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 8 iterations.a. 
 

Table 80: NEO item factor analysis sorted by factor. 



Waste depositionism                                                                                               Questionnaire 
 
 

 299

 

Rotated Component Matrixa

,89 -,11 -,13 -,04 -,04
,88 -,01 -,14 ,11 -,02
,76 -,30 -,13 -,24 -,10
,03 ,83 ,25 ,03 ,03

-,17 ,82 ,03 -,12 ,06
-,27 ,70 ,01 ,08 ,21
-,28 ,08 ,85 -,05 ,03
-,22 -,06 ,84 ,03 ,19
,00 ,25 ,71 -,07 -,16

-,05 ,25 ,07 ,81 -,11
-,03 -,35 -,15 ,75 ,05
-,16 ,12 -,02 -,09 ,90
,19 ,38 ,51 ,07 ,54

neo_e3 activity
neo_n1 negative affect
neo_n2 self-reproach
neo_c2 goal-striving
neo_c1 orderliness
neo_c3 dependability
neo_e1 positive affect
neo_o1 aesthetic interests
neo_e2 sociability
neo_o2 intellectual interests
neo_o3 unconventionality
neo_a1 nonantagonistic orientation
neo_a2 porsocial orientation

1 2 3 4 5
Component

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 6 iterations.a. 
 

Table 81: factor analysis of the NEO-FFI facets. 

B.4. Inter-factor analysis 
 

Variable   MTIMESP MSUM PSUM USUM 
EDUCAT2 Pearson Correlation -,055 -,039 -,055 ,150 
  Sig. (2-tailed) ,550 ,670 ,528 ,125 
  N 121 122 132 106 
WORKFIE2 Pearson Correlation -,023 -,002 ,001 -,063 
  Sig. (2-tailed) ,801 ,979 ,987 ,526 
  N 118 119 128 103 
JOB2 Pearson Correlation ,158 ,133 ,171 -,169 
  Sig. (2-tailed) ,101 ,167 ,063 ,097 
  N 109 110 119 97 
INSTIT2 Pearson Correlation ,126 -,003 ,228 ,094 
  Sig. (2-tailed) ,426 ,987 ,127 ,579 
  N 42 42 46 37 
INSTPRO Pearson Correlation -,229* -,170 -,166 -,073 
  Sig. (2-tailed) ,012 ,062 ,059 ,461 
  N 120 121 130 105 
INSTNEUT Pearson Correlation ,117 ,117 ,011 ,067 
  Sig. (2-tailed) ,202 ,201 ,900 ,499 
  N 120 121 130 105 
YORG Pearson Correlation -,087 -,053 -,103 -,060 
  Sig. (2-tailed) ,343 ,559 ,239 ,544 
  N 121 122 132 106 
YFIELD Pearson Correlation -,222* -,195* -,125 ,030 
  Sig. (2-tailed) ,015 ,032 ,160 ,764 
  N 120 120 129 105 
AGE Pearson Correlation -,202* -,151 -,231** ,023 
  Sig. (2-tailed) ,026 ,096 ,008 ,817 
  N 121 122 132 106 
GENDER Pearson Correlation -,026 -,028 ,026 ,246* 
  Sig. (2-tailed) ,781 ,760 ,767 ,011 
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  N 121 122 132 106 
COMPSUB Pearson Correlation -,257** -,233* -,217* -,023 
  Sig. (2-tailed) ,005 ,010 ,013 ,815 
  N 119 120 130 105 
COMPOBJ Pearson Correlation -,088 -,143 -,039 -,057 
  Sig. (2-tailed) ,354 ,130 ,667 ,571 
  N 113 114 121 101 
COMPA Pearson Correlation -,166 -,202* -,114 -,064 
  Sig. (2-tailed) ,078 ,031 ,213 ,523 
  N 113 114 121 101 
CHUMIL Pearson Correlation ,066 -,004 ,096 -,028 
  Sig. (2-tailed) ,487 ,967 ,296 ,780 
  N 113 114 121 101 
TUSEFPA Pearson Correlation -,201* -,077 -,250** -,128 
  Sig. (2-tailed) ,027 ,400 ,004 ,191 
  N 121 122 132 106 
TWSTDET Pearson Correlation -,427*** -,360*** -,299** -,168 
  Sig. (2-tailed) ,000 ,000 ,001 ,090 
  N 118 119 128 103 
NEO_N Pearson Correlation ,299** ,334*** ,212* -,011 
  Sig. (2-tailed) ,002 ,000 ,022 ,914 
  N 110 111 117 97 
NEO_E Pearson Correlation -,089 -,098 ,013 ,026 
  Sig. (2-tailed) ,353 ,304 ,892 ,797 
  N 110 111 117 97 
NEO_O Pearson Correlation ,067 ,038 ,093 ,128 
  Sig. (2-tailed) ,488 ,696 ,316 ,213 
  N 110 111 117 97 
NEO_A Pearson Correlation ,020 ,091 -,097 ,021 
  Sig. (2-tailed) ,837 ,342 ,298 ,838 
  N 110 111 117 97 
NEO_C Pearson Correlation -,105 -,083 -,078 -,159 
  Sig. (2-tailed) ,275 ,385 ,405 ,120 
  N 110 111 117 97 
GTMORSUM Pearson Correlation -,092 -,065 -,104 ,012 
  Sig. (2-tailed) ,345 ,500 ,262 ,905 
  N 108 109 117 95 
GTVULSUM Pearson Correlation -,226* -,080 -,173 -,039 
  Sig. (2-tailed) ,019 ,410 ,061 ,704 
  N 108 109 117 95 
OCACCSUM Pearson Correlation -,009 ,000 ,156 -,014 
  Sig. (2-tailed) ,943 ,998 ,199 ,920 
  N 66 67 69 54 

***  Correlation is significant at the 0.001 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 82: Correlations of M*p, M, p, and U with background characteristics, NEO factors and 
group factors. 

 
  MTIMESP MSUM PSUM USUM 
gtvul2 reg Pearson Correlation -,118 -,015 -,090 -,001 
  Sig. (2-tailed) ,223 ,877 ,337 ,993 
  N 108 109 117 95 
gtmor2 67 Pearson Correlation ,044 ,012 ,039 ,115 
  Sig. (2-tailed) ,650 ,903 ,680 ,266 
  N 108 109 117 95 
gtmor2 4589 Pearson Correlation ,028 ,000 -,058 ,029 
  Sig. (2-tailed) ,776 ,996 ,535 ,778 
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  N 108 109 117 95 
gtmor2 123 Pearson Correlation -,212 -,139 -,154 -,144 
  Sig. (2-tailed) ,028 ,151 ,096 ,164 
  N 108 109 117 95 
neo_n1 negative affect Pearson Correlation ,242* ,302** ,161 -,073 
  Sig. (2-tailed) ,011 ,001 ,083 ,475 
  N 110 111 117 97 
neo_n2 self-reproach Pearson Correlation ,275** ,282** ,207* ,044 
  Sig. (2-tailed) ,004 ,003 ,025 ,668 
  N 110 111 117 97 
neo_e1 positive affect Pearson Correlation -,052 -,084 ,051 ,044 
  Sig. (2-tailed) ,592 ,378 ,583 ,667 
  N 110 111 117 97 
neo_e2 sociability Pearson Correlation -,056 ,000 -,017 ,103 
  Sig. (2-tailed) ,565 1,000 ,855 ,315 
  N 110 111 117 97 
neo_e3 activity Pearson Correlation ,256** ,311** ,158 -,001 
  Sig. (2-tailed) ,007 ,001 ,090 ,989 
  N 110 111 117 97 
neo_o1 aesthetic interests Pearson Correlation ,000 -,068 ,086 ,061 
  Sig. (2-tailed) ,999 ,481 ,355 ,555 
  N 110 111 117 97 
neo_o2 intellectual interests Pearson Correlation -,022 -,007 ,060 ,028 
  Sig. (2-tailed) ,820 ,939 ,519 ,787 
  N 110 111 117 97 
neo_o3 unconventionality Pearson Correlation ,120 ,087 ,114 ,147 
  Sig. (2-tailed) ,210 ,365 ,222 ,149 
  N 110 111 117 97 
neo_a1 nonantagonistic orientation Pearson Correlation -,037 ,018 -,149 ,039 
  Sig. (2-tailed) ,701 ,854 ,110 ,702 
  N 110 111 117 97 
neo_a2 porsocial orientation Pearson Correlation ,115 ,183 ,043 -,021 
  Sig. (2-tailed) ,233 ,054 ,646 ,835 
  N 110 111 117 97 
neo_c1 orderliness Pearson Correlation -,130 -,103 -,077 -,232* 
  Sig. (2-tailed) ,175 ,280 ,408 ,022 
  N 110 111 117 97 
neo_c2 goal-striving Pearson Correlation -,110 -,091 -,118 -,089 
  Sig. (2-tailed) ,255 ,341 ,205 ,385 
  N 110 111 117 97 
neo_c3 dependability Pearson Correlation ,046 ,046 ,030 ,057 
  Sig. (2-tailed) ,632 ,635 ,744 ,581 
  N 110 111 117 97 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 83: Correlations of M*p, M, p, and U with background characteristics, NEO facets and group 
facets. 

 
DV Predictors R2 Adj R2 F Sig. t Sig. 
R TWSTDET 0,17 0,16 20,96 .000 9,22 .000 
 TWSTDET, AGE 0,26 0,25 17,93 .000 10,31 .001 
 TWSTDET, AGE, COMPSUB 0,30 0,29 14,09 .000 9,82 .023 
M TWSTDET 0,14 0,13 15,65 .000 10,33 .000 
 TWSTDET, NEO_E3 0,20 0,19 12,41 .000 4,78 .003 
p AGE 0,13 0,12 16,27 .000 17,65 .000 
 AGE, TWSTDET 0,19 0,17 12,57 .000 13,33 .006 
U NEO_C1 0,05 0,04 5,42 .022 9,37 .022 
 NEO_C1, GENDER 0,11 0,09 5,56 .005 5,57 .022 
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Table 84: Stepwise regression analysis at facet level. 

 
 

   MEXT PEXT UEXT 
YORG Pearson Correlation -,218* ,133 -,064 
  Sig. (2-tailed) ,016 ,127 ,513 
  N 122 132 106 
YFIELD Pearson Correlation -,157 -,030 -,044 
  Sig. (2-tailed) ,086 ,739 ,657 
  N 120 129 105 
GTMORSUM Pearson Correlation ,105 ,183* ,262* 
  Sig. (2-tailed) ,276 ,048 ,010 
  N 109 117 95 
GTVULSU4 Pearson Correlation ,049 ,002 ,036 
  Sig. (2-tailed) ,613 ,987 ,732 
  N 109 117 95 
GTVULSUM Pearson Correlation -,013 -,005 -,017 
  Sig. (2-tailed) ,896 ,961 ,868 
  N 109 117 95 
OCACCSUM Pearson Correlation -,105 -,209 -,018 
  Sig. (2-tailed) ,398 ,085 ,898 
  N 67 69 54 
NEO_N Pearson Correlation ,080 ,032 ,123 
  Sig. (2-tailed) ,404 ,733 ,232 
  N 111 117 97 
NEO_E Pearson Correlation -,054 -,007 -,084 
  Sig. (2-tailed) ,570 ,938 ,412 
  N 111 117 97 
NEO_O Pearson Correlation ,021 -,077 -,178 
  Sig. (2-tailed) ,824 ,408 ,081 
  N 111 117 97 
NEO_A Pearson Correlation -,166 -,134 -,158 
  Sig. (2-tailed) ,082 ,150 ,123 
  N 111 117 97 
NEO_C Pearson Correlation -,136 ,023 -,228 
  Sig. (2-tailed) ,156 ,802 ,025 
  N 111 117 97 

*  Correlation is significant at the 0.05 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 

Table 85: Correlations rp items with group and neo facets. 
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Correlations

1,000 -,277** -,118 -,190* -,369** ,168 ,002 ,176

, ,001 ,174 ,029 ,000 ,062 ,984 ,133
133 133 133 133 133 124 124 74

-,277** 1,000 ,154 ,174* ,402** ,045 ,329** ,010

,001 , ,076 ,045 ,000 ,624 ,000 ,930
133 133 133 133 133 124 124 74

-,118 ,154 1,000 ,036 ,073 -,117 -,135 ,056

,174 ,076 , ,684 ,406 ,195 ,135 ,637
133 133 133 133 133 124 124 74

-,190* ,174* ,036 1,000 ,331** ,008 ,023 -,253*

,029 ,045 ,684 , ,000 ,929 ,801 ,030
133 133 133 133 133 124 124 74

-,369** ,402** ,073 ,331** 1,000 ,029 ,142 -,112

,000 ,000 ,406 ,000 , ,751 ,116 ,342
133 133 133 133 133 124 124 74

,168 ,045 -,117 ,008 ,029 1,000 ,460** -,150

,062 ,624 ,195 ,929 ,751 , ,000 ,189
124 124 124 124 124 132 132 78

,002 ,329** -,135 ,023 ,142 ,460** 1,000 ,126

,984 ,000 ,135 ,801 ,116 ,000 , ,270
124 124 124 124 124 132 132 78

,176 ,010 ,056 -,253* -,112 -,150 ,126 1,000

,133 ,930 ,637 ,030 ,342 ,189 ,270 ,
74 74 74 74 74 78 78 78

Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N

NEO_N

NEO_E

NEO_O

NEO_A

NEO_C

GTMORSUM

GTVULSUM

OCACCSUM

NEO_N NEO_E NEO_O NEO_A NEO_C GTMORSUM GTVULSUM OCACCSUM

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 
 

Table 86: Correlations between groupthink and personality varialbles. 

 
Variable  MTIMESP MSUM PSUM USUM 
YORG Pearson Correlation -,1811 ,0847 -,4102** ,0532 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,213 P= ,563 P= ,003 P= ,717 
YFIELD Pearson Correlation -,2007 -,0716 -,2387 ,0067 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,167 P= ,625 P= ,099 P= ,963 
NEO_N Pearson Correlation ,0193 ,0407 -,0455 -,0290 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,895 P= ,781 P= ,756 P= ,843 
NEO_E Pearson Correlation ,1591 ,1032 ,2464 ,1110 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,275 P= ,480 P= ,088 P= ,448 
NEO_O Pearson Correlation ,2941* ,0803 ,3894** -,0355 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,040 P= ,584 P= ,006 P= ,808 
NEO_A Pearson Correlation ,0251 ,2049 -,1092 ,0810 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,864 P= ,158 P= ,455 P= ,580 
NEO_C Pearson Correlation -,0176 -,0528 ,1059 -,0630 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,904 P= ,719 P= ,469 P= ,667 
GTMORSUM Pearson Correlation -,0110 -,0930 -,0257 ,1144 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,940 P= ,525 P= ,861 P= ,434 
GTVULSUM Pearson Correlation -,0249 ,0377 -,0508 ,1472 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,865 P= ,797 P= ,729 P= ,313 
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OCACCSUM Pearson Correlation -,0737 -,0914 ,0824 -,0381 
 N (   47) (   47) (   47) (   47) 
 Sig. (2-tailed) P= ,615 P= ,532 P= ,574 P= ,795 

Table 87: Partial correlation controlling for TWSTDET. 
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Variable  MTIMESP MSUM PSUM USUM 
EDUCAT2   Pearson Correlation -,0638 -,1193 ,0251 ,1216 
 N 38 38 38 38 
 Sig. (2-tailed) ,696 ,463 ,878 ,455 
WORKFIEL  Pearson Correlation -,0753 -,1006 -,0331 ,0425 
 N 38 38 38 38 
 Sig. (2-tailed) ,644 ,537 ,839 ,795 
JOB    Pearson Correlation ,0787 ,1502 -,0644 -,1143 
 N 38 38 38 38 
 Sig. (2-tailed) ,629 ,355 ,693 ,483 
YORG Pearson Correlation -,2142 ,0467 -,4498** ,0088 
 N 38 38 38 38 
 Sig. (2-tailed) ,184 ,775 ,004 ,957 
GENDER Pearson Correlation ,1693 ,1591 ,0870 ,3062 
 N 38 38 38 38 
 Sig. (2-tailed) ,296 ,327 ,593 ,055 
COMPOBJ Pearson Correlation -,3384 -,2499 -,2540 -,2395 
 N 38 38 38 38 
 Sig. (2-tailed) ,033 ,120 ,114 ,137 
COMPA Pearson Correlation -,3133 -,2185 -,2771 -,1749 
 N 38 38 38 38 
 Sig. (2-tailed) ,049 ,176 ,083 ,280 
NEO_N          Pearson Correlation ,0173 ,0989 -,1396 -,0334 
 N 38 38 38 38 
 Sig. (2-tailed) ,915 ,544 ,390 ,838 
NEO_E          Pearson Correlation ,1478 ,1150 ,2074 ,1490 
 N 38 38 38 38 
 Sig. (2-tailed) ,363 ,480 ,199 ,359 
NEO_O          Pearson Correlation ,2513 ,0610 ,3833* -,1005 
 N 38 38 38 38 
 Sig. (2-tailed) ,118 ,709 ,015 ,537 
NEO_A        Pearson Correlation ,0069 ,2132 -,1466 ,0863 
 N 38 38 38 38 
 Sig. (2-tailed) ,966 ,187 ,367 ,596 
NEO_C          Pearson Correlation -,0641 -,0956 ,1076 -,1145 
 N 38 38 38 38 
 Sig. (2-tailed) ,694 ,558 ,509 ,482 
GTMORSUM Pearson Correlation -,0873 -,1291 -,1072 ,0523 
 N 38 38 38 38 
 Sig. (2-tailed) ,592 ,427 ,510 ,749 
GTVULSUM Pearson Correlation -,0579 ,0104 -,0858 ,1401 
 N 38 38 38 38 
 Sig. (2-tailed) ,722 ,949 ,598 ,388 
OCACCSUM Pearson Correlation -,0890 -,1159 ,0958 -,0220 
 N 38 38 38 38 
 Sig. (2-tailed) ,585 ,476 ,556 ,893 
Table 88: Partial correlation controlling for INSTPRO,  TUSEFPA, and TWSTDET. 
 
 

Variable  RPPREC RPWET RPREG 
EDUCAT2 Pearson Correlation -,098 ,172 ,089 
  Sig. (2-tailed) ,252 ,043 ,296 
  N 138 140 140 
WORKFIE2 Pearson Correlation ,100 -,005 ,093 
  Sig. (2-tailed) ,250 ,955 ,283 
  N 134 136 136 
JOB2 Pearson Correlation ,111 -,061 ,053 
  Sig. (2-tailed) ,221 ,500 ,559 
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  N 123 125 125 
INSTIT2 Pearson Correlation -,207 ,180 -,066 
  Sig. (2-tailed) ,159 ,216 ,650 
  N 48 49 49 
INSTPRO Pearson Correlation -,143 ,186 ,066 
  Sig. (2-tailed) ,096 ,028 ,442 
  N 137 139 139 
INSTNEUT Pearson Correlation ,050 ,032 ,085 
  Sig. (2-tailed) ,564 ,710 ,319 
  N 137 139 139 
YORG Pearson Correlation ,034 ,071 ,120 
  Sig. (2-tailed) ,689 ,401 ,155 
  N 139 141 141 
YFIELD Pearson Correlation ,041 ,125 ,159 
  Sig. (2-tailed) ,639 ,145 ,063 
  N 136 137 138 
AGE Pearson Correlation -,011 ,152 ,147 
  Sig. (2-tailed) ,895 ,072 ,081 
  N 139 141 141 
GENDER Pearson Correlation ,048 ,067 ,092 
  Sig. (2-tailed) ,575 ,430 ,277 
  N 139 141 141 
TUSEFPA Pearson Correlation -,015 ,193 ,195 
  Sig. (2-tailed) ,864 ,022 ,021 
  N 139 141 141 
TWSTDET Pearson Correlation ,118 ,062 ,175 
  Sig. (2-tailed) ,170 ,473 ,039 
  N 137 138 139 
NEO_N Pearson Correlation -,090 -,130 -,228 
  Sig. (2-tailed) ,319 ,147 ,010 
  N 125 126 126 
NEO_E Pearson Correlation ,016 ,072 ,099 
  Sig. (2-tailed) ,856 ,422 ,271 
  N 125 126 126 
NEO_O Pearson Correlation -,140 ,011 -,130 
  Sig. (2-tailed) ,118 ,902 ,148 
  N 125 126 126 
NEO_A Pearson Correlation -,011 ,030 ,024 
  Sig. (2-tailed) ,905 ,738 ,794 
  N 125 126 126 
NEO_C Pearson Correlation ,103 -,005 ,091 
  Sig. (2-tailed) ,251 ,958 ,310 
  N 125 126 126 
GTMORSUM Pearson Correlation -,057 -,017 -,072 
  Sig. (2-tailed) ,529 ,852 ,418 
  N 126 127 127 
GTVULSUM Pearson Correlation -,067 ,015 -,060 
  Sig. (2-tailed) ,457 ,871 ,505 
  N 126 127 127 
OCACCSUM Pearson Correlation -,187 ,040 -,157 
  Sig. (2-tailed) ,111 ,736 ,181 
  N 74 75 74 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 89: Correlations with RPPREC, RPWET, RPREG at factor level. 

 
Variable   RPPREC RPWET RPREG 
neo_n1 negative affect Pearson Correlation -,112 -,141 -,268** 
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  Sig. (2-tailed) ,212 ,114 ,002 
  N 125 126 126 
neo_n2 self-reproach Pearson Correlation -,050 -,090 -,143 
  Sig. (2-tailed) ,577 ,314 ,111 
  N 125 126 126 
neo_e1 positive affect Pearson Correlation ,067 ,113 ,187* 
  Sig. (2-tailed) ,456 ,208 ,036 
  N 125 126 126 
neo_e2 sociability Pearson Correlation ,032 ,045 ,075 
  Sig. (2-tailed) ,725 ,615 ,406 
  N 125 126 126 
neo_e3 activity Pearson Correlation -,056 -,134 -,200* 
  Sig. (2-tailed) ,533 ,136 ,025 
  N 125 126 126 
neo_o1 aesthetic interests Pearson Correlation -,060 ,099 ,049 
  Sig. (2-tailed) ,505 ,269 ,588 
  N 125 126 126 
neo_o2 intellectual interests Pearson Correlation -,080 -,030 -,114 
  Sig. (2-tailed) ,374 ,738 ,202 
  N 125 126 126 
neo_o3 unconventionality Pearson Correlation -,207 ,062 -,128 
  Sig. (2-tailed) ,020 ,489 ,153 
  N 125 126 126 
neo_a1 nonantagonistic orientation Pearson Correlation -,004 ,011 ,009 
  Sig. (2-tailed) ,963 ,902 ,919 
  N 125 126 126 
neo_a2 porsocial orientation Pearson Correlation -,018 ,051 ,039 
  Sig. (2-tailed) ,842 ,572 ,667 
  N 125 126 126 
neo_c1 orderliness Pearson Correlation ,101 -,009 ,079 
  Sig. (2-tailed) ,262 ,921 ,379 
  N 125 126 126 
neo_c2 goal-striving Pearson Correlation ,053 -,003 ,057 
  Sig. (2-tailed) ,557 ,972 ,525 
  N 125 126 126 
neo_c3 dependability Pearson Correlation ,111 -,005 ,088 
  Sig. (2-tailed) ,218 ,954 ,326 
  N 125 126 126 
gtvul2 reg Pearson Correlation ,008 -,015 -,021 
  Sig. (2-tailed) ,926 ,869 ,814 
  N 126 127 127 
gtmor2 67 Pearson Correlation ,082 -,082 -,015 
  Sig. (2-tailed) ,360 ,361 ,866 
  N 126 127 127 
gtmor2 4589 Pearson Correlation -,041 ,029 ,006 
  Sig. (2-tailed) ,651 ,747 ,946 
  N 126 127 127 
gtmor2 123 Pearson Correlation -,144 ,046 -,091 
  Sig. (2-tailed) ,108 ,607 ,310 
  N 126 127 127 
OCACCSUM Pearson Correlation -,187 ,040 -,157 
  Sig. (2-tailed) ,111 ,736 ,181 
  N 74 75 74 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 90: Correlations with RPPREC, RPWET, RPREG at facet level. 
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 Variable   NEO_N NEO_E NEO_O NEO_A NEO_C 
GTMORSUM Pearson Correlation ,168 ,045 -,117 ,008 ,029 
  Sig. (2-tailed) ,062 ,624 ,195 ,929 ,751 
  N 124 124 124 124 124 
GTVULSUM Pearson Correlation ,002 ,329*** -,135 ,023 ,142 
  Sig. (2-tailed) ,984 ,000 ,135 ,801 ,116 
  N 124 124 124 124 124 
OCACCSUM Pearson Correlation ,176 ,010 ,056 -,253* -,112 
  Sig. (2-tailed) ,133 ,930 ,637 ,030 ,342 
  N 74 74 74 74 74 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 91: Correlations between group and NEO factors. 

 
Variable   gtvul2  gtmor2 

67 
gtmor2 
4589 

gtmor2 
123 

OCACC 
SUM 

neo_n1 
negative affect 

Correlation -,016 ,025 ,123 ,007 ,103 

  Sig. (2-tailed) ,863 ,787 ,173 ,938 ,384 
  N 124 124 124 124 74 
neo_n2 self-
reproach 

Correlation ,061 ,128 ,236** -,078 ,186 

  Sig. (2-tailed) ,501 ,157 ,008 ,388 ,112 
  N 124 124 124 124 74 
neo_e1 positive 
affect 

Correlation ,262** -,121 -,003 ,067 -,098 

  Sig. (2-tailed) ,003 ,180 ,975 ,456 ,407 
  N 124 124 124 124 74 
neo_e2 
sociability 

Correlation ,276** -,105 -,058 -,015 ,006 

  Sig. (2-tailed) ,002 ,246 ,520 ,866 ,958 
  N 124 124 124 124 74 
neo_e3 activity Correlation ,027 -,004 ,167 -,043 ,210 
  Sig. (2-tailed) ,769 ,964 ,063 ,635 ,072 
  N 124 124 124 124 74 
neo_o1 
aesthetic 
interests 

Correlation ,162 -,167 ,022 ,076 -,121 

  Sig. (2-tailed) ,072 ,064 ,810 ,401 ,304 
  N 124 124 124 124 74 
neo_o2 
intellectual 
interests 

Correlation -,059 -,043 -,115 ,036 ,028 

  Sig. (2-tailed) ,516 ,638 ,204 ,692 ,813 
  N 124 124 124 124 74 
neo_o3 
unconventionali
ty 

Correlation -,244** -,114 -,001 -,086 ,038 

  Sig. (2-tailed) ,006 ,206 ,987 ,345 ,748 
  N 124 124 124 124 74 
neo_a1 
nonantagonistic 
orientation 

Correlation -,009 -,099 ,096 -,050 -,335** 

  Sig. (2-tailed) ,924 ,274 ,288 ,581 ,004 
  N 124 124 124 124 74 
neo_a2 
porsocial 
orientation 

Correlation ,198* -,052 ,014 ,075 ,013 
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  Sig. (2-tailed) ,028 ,568 ,874 ,409 ,914 
  N 124 124 124 124 74 
neo_c1 
orderliness 

Correlation ,110 -,025 -,109 ,154 -,089 

  Sig. (2-tailed) ,223 ,784 ,228 ,087 ,453 
  N 124 124 124 124 74 
neo_c2 goal-
striving 

Correlation ,096 ,073 ,050 ,153 -,150 

  Sig. (2-tailed) ,288 ,418 ,584 ,091 ,201 
  N 124 124 124 124 74 
neo_c3 
dependability 

Correlation ,017 -,049 -,078 ,064 -,111 

  Sig. (2-tailed) ,854 ,589 ,390 ,482 ,347 
  N 124 124 124 124 74 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 92: Correlations NEO and groupfacets. 

 
 Variable   NEO_N NEO_E NEO_O NEO_A NEO_C 
EDUCAT2 Pearson Correlation -,091 ,094 ,027 -,064 -,048 
  Sig. (2-tailed) ,298 ,285 ,755 ,467 ,584 
  N 132 132 132 132 132 
WORKFIE2 Pearson Correlation ,124 ,107 -,176* -,093 ,007 
  Sig. (2-tailed) ,163 ,226 ,047 ,294 ,937 
  N 129 129 129 129 129 
JOB2 Pearson Correlation ,084 -,140 ,042 ,042 -,027 
  Sig. (2-tailed) ,370 ,132 ,651 ,652 ,775 
  N 117 117 117 117 117 
INSTIT2 Pearson Correlation -,046 ,185 ,172 ,323* -,020 
  Sig. (2-tailed) ,773 ,246 ,282 ,039 ,899 
  N 41 41 41 41 41 
INSTPRO Pearson Correlation -,155 ,094 -,001 -,022 ,101 
  Sig. (2-tailed) ,078 ,283 ,995 ,800 ,250 
  N 131 131 131 131 131 
INSTNEUT Pearson Correlation ,190* -,128 -,046 ,150 -,191* 
  Sig. (2-tailed) ,030 ,146 ,599 ,087 ,029 
  N 131 131 131 131 131 
YORG Pearson Correlation -,065 ,056 -,171* -,079 ,088 
  Sig. (2-tailed) ,458 ,521 ,049 ,365 ,314 
  N 133 133 133 133 133 
YFIELD Pearson Correlation -,160 ,096 -,039 -,075 ,104 
  Sig. (2-tailed) ,070 ,279 ,663 ,400 ,241 
  N 129 129 129 129 129 
AGE Pearson Correlation -,217* -,030 -,213* -,006 -,034 
  Sig. (2-tailed) ,012 ,734 ,014 ,946 ,695 
  N 133 133 133 133 133 
GENDER Pearson Correlation -,121 ,011 ,007 -,106 -,041 
  Sig. (2-tailed) ,164 ,903 ,938 ,223 ,641 
  N 133 133 133 133 133 
COMPA Pearson Correlation -,163 ,118 -,053 -,017 ,024 
  Sig. (2-tailed) ,073 ,197 ,564 ,853 ,797 
  N 121 121 121 121 121 
CHUMIL Pearson Correlation ,058 ,024 -,022 ,116 -,005 
  Sig. (2-tailed) ,529 ,797 ,814 ,206 ,957 
  N 121 121 121 121 121 
TUSEFPA Pearson Correlation ,009 -,019 -,057 -,058 -,020 
  Sig. (2-tailed) ,918 ,832 ,517 ,509 ,818 
  N 131 131 131 131 131 
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TWSTDET Pearson Correlation -,258* ,121 -,166 ,116 ,207* 
  Sig. (2-tailed) ,003 ,175 ,060 ,193 ,019 
  N 128 128 128 128 128 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 93: Correlations between background characteristics and NEO-factors. 

 
Variable   neo_n1 neo_n2 neo_e1 neo_e2 neo_e3 neo_o1 neo_o2 
EDUCAT2 R -,130 -,037 ,166 -,005 -,100 ,176* ,109 
  Sig. ,138 ,671 ,056 ,954 ,255 ,044 ,212 
  N 132 132 132 132 132 132 132 
WORKFIE2 R ,073 ,139 ,135 -,006 ,082 ,078 -,051 
  Sig. ,410 ,117 ,126 ,942 ,358 ,382 ,566 
  N 129 129 129 129 129 129 129 
JOB2 R ,044 ,095 -,125 -,160 ,087 -,117 ,077 
  Sig. ,636 ,310 ,181 ,084 ,350 ,209 ,407 
  N 117 117 117 117 117 117 117 
INSTIT2 R ,143 -,196 -,030 ,220 -,115 ,193 ,132 
  Sig. ,374 ,219 ,853 ,168 ,474 ,226 ,410 
  N 41 41 41 41 41 41 41 
INSTPRO R -,181* -,096 ,075 ,158 -,153 -,057 ,009 
  Sig. ,038 ,277 ,392 ,071 ,081 ,515 ,919 
  N 131 131 131 131 131 131 131 
INSTNEUT R ,171 ,162 -,087 -,129 ,134 ,073 -,079 
  Sig. ,051 ,065 ,321 ,142 ,128 ,408 ,368 
  N 131 131 131 131 131 131 131 
YORG R -,079 -,038 ,031 ,057 -,087 -,010 -,090 
  Sig. ,367 ,665 ,725 ,515 ,322 ,910 ,304 
  N 133 133 133 133 133 133 133 
YFIELD R -,242** -,052 ,062 ,086 -,172 -,023 -,058 
  Sig. ,006 ,558 ,483 ,334 ,052 ,796 ,516 
  N 129 129 129 129 129 129 129 
AGE R -,311*** -,087 ,037 -,037 -,293** -,105 -,155 
  Sig. ,000 ,322 ,670 ,675 ,001 ,229 ,075 
  N 133 133 133 133 133 133 133 
GENDER R -,107 -,105 -,062 ,106 -,066 -,053 ,169 
  Sig. ,219 ,229 ,476 ,224 ,448 ,545 ,052 
  N 133 133 133 133 133 133 133 
TUSEFPA R -,073 ,077 -,031 -,001 -,035 -,125 ,027 
  Sig. ,407 ,383 ,724 ,993 ,693 ,154 ,760 
  N 131 131 131 131 131 131 131 
TWSTDET R -,191* -,255** ,159 ,040 -,148 ,037 -,040 
  Sig. ,031 ,004 ,073 ,652 ,095 ,678 ,654 
  N 128 128 128 128 128 128 128 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
 

Variable   neo_o3 neo_a1 neo_a2 neo_c1 neo_c2 neo_c3 
EDUCAT2 Correlation -,059 -,073 -,019 -,057 ,063 -,116 
  Sig. (2-tailed) ,499 ,408 ,832 ,516 ,471 ,184 
  N 132 132 132 132 132 132 
WORKFIE2 Correlation -,159 -,165 ,079 ,007 ,074 -,087 
  Sig. (2-tailed) ,072 ,062 ,375 ,937 ,405 ,326 
  N 129 129 129 129 129 129 
JOB2 Correlation ,126 ,065 -,021 -,012 -,021 -,038 
  Sig. (2-tailed) ,176 ,483 ,818 ,897 ,821 ,687 
  N 117 117 117 117 117 117 
INSTIT2 Correlation ,247 ,211 ,359* ,007 -,150 -,128 
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  Sig. (2-tailed) ,119 ,186 ,021 ,966 ,349 ,426 
  N 41 41 41 41 41 41 
INSTPRO Correlation -,037 -,014 -,028 ,063 ,097 ,105 
  Sig. (2-tailed) ,677 ,874 ,755 ,475 ,268 ,234 
  N 131 131 131 131 131 131 
INSTNEUT Correlation ,010 ,155 ,072 -,142 -,168 -,166 
  Sig. (2-tailed) ,907 ,078 ,411 ,106 ,055 ,058 
  N 131 131 131 131 131 131 
YORG Correlation -,102 -,117 ,027 ,080 ,086 -,012 
  Sig. (2-tailed) ,242 ,181 ,762 ,359 ,327 ,887 
  N 133 133 133 133 133 133 
YFIELD Correlation -,093 -,086 -,023 ,059 ,122 ,114 
  Sig. (2-tailed) ,296 ,335 ,793 ,510 ,168 ,198 
  N 129 129 129 129 129 129 
AGE Correlation -,181* -,003 -,009 -,063 ,020 ,023 
  Sig. (2-tailed) ,037 ,974 ,919 ,473 ,822 ,792 
  N 133 133 133 133 133 133 
GENDER Correlation ,024 -,126 -,022 -,027 ,052 -,073 
  Sig. (2-tailed) ,781 ,150 ,804 ,757 ,556 ,401 
  N 133 133 133 133 133 133 
TUSEFPA Correlation -,114 -,059 -,030 -,031 ,021 -,016 
  Sig. (2-tailed) ,195 ,506 ,730 ,724 ,813 ,852 
  N 131 131 131 131 131 131 
TWSTDET Correlation -,309*** ,136 ,026 ,187* ,257** ,027 
  Sig. (2-tailed) ,000 ,126 ,769 ,035 ,003 ,761 
  N 128 128 128 128 128 128 

***  Correlation is significant at the 0.001 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

Table 94: Correlation between background characteristics and NEO-facets. 

 
 Variable   GTMORSUM GTVULSUM OCACCSUM 
EDUCAT2 Pearson Correlation ,108 ,105 -,012 
  Sig. (2-tailed) ,221 ,233 ,916 
  N 131 131 77 
WORKFIELD Pearson Correlation -,016 -,042 ,130 
  Sig. (2-tailed) ,861 ,640 ,259 
  N 127 127 77 
JOB Pearson Correlation ,031 -,225* -,029 
  Sig. (2-tailed) ,743 ,015 ,815 
  N 116 116 66 
INSTITE Pearson Correlation -,281 -,047 ,281 
  Sig. (2-tailed) ,065 ,764 ,245 
  N 44 44 19 
INSTPRO Pearson Correlation ,044 ,105 -,207 
  Sig. (2-tailed) ,623 ,233 ,071 
  N 130 130 77 
INSTNEUT Pearson Correlation -,041 -,129 ,207 
  Sig. (2-tailed) ,645 ,143 ,071 
  N 130 130 77 
YORG Pearson Correlation ,038 ,047 -,153 
  Sig. (2-tailed) ,661 ,590 ,181 
  N 132 132 78 
YFIELD Pearson Correlation -,117 -,042 -,050 
  Sig. (2-tailed) ,190 ,635 ,670 
  N 128 128 76 
AGE Pearson Correlation ,029 ,076 -,098 
  Sig. (2-tailed) ,740 ,387 ,395 
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  N 132 132 78 
GENDER Pearson Correlation -,040 ,011 ,026 
  Sig. (2-tailed) ,652 ,903 ,821 
  N 132 132 78 
COMPA Pearson Correlation ,055 ,044 -,122 
  Sig. (2-tailed) ,552 ,630 ,306 
  N 121 121 72 
CHUMIL Pearson Correlation ,061 -,107 -,076 
  Sig. (2-tailed) ,507 ,242 ,525 
  N 121 121 72 
TUSEFPA Pearson Correlation ,007 ,015 ,266* 
  Sig. (2-tailed) ,936 ,862 ,019 
  N 131 131 77 
TWSTDET Pearson Correlation ,187* ,113 -,023 
  Sig. (2-tailed) ,034 ,201 ,846 
  N 129 129 76 

* Correlation is significant at the 0.05 level (2-tailed). 

Table 95: Correlations between background characteristics and group factors. 

 
  INST_SCK N Mean Std. Deviation Std. Error Mean 
MTIMESP 1 Other 98 35,87 19,23 1,94 
  2 SCKCEN 23 50,65 25,46 5,31 
MSUM 1 Other 99 4,7172 1,8241 ,1833 
  2 SCKCEN 23 5,6087 1,9711 ,4110 
PSUM 1 Other 109 7,5505 2,2131 ,2120 
  2 SCKCEN 23 8,6957 2,3439 ,4887 
USUM 1 Other 83 22,8193 6,1667 ,6769 
  2 SCKCEN 23 25,8261 6,0276 1,2568 

 
 
  Levene's Test for 

Equality of 
Variances 

 

t-test for Equality of Means 

  F Sig. t df Sig.  
MTIMESP Equal variances assumed 3,684 ,057 -3,108 119 ,002 
  Equal variances not assumed   -2,615 28,173 ,014 
MSUM Equal variances assumed ,089 ,766 -2,080 120 ,040 
  Equal variances not assumed   -1,981 31,346 ,056 
PSUM Equal variances assumed ,105 ,746 -2,232 130 ,027 
  Equal variances not assumed   -2,150 30,833 ,040 
USUM Equal variances assumed ,084 ,772 -2,079 104 ,040 
  Equal variances not assumed   -2,106 35,805 ,042 

Table 96: T-test HLW group differences SCK-rest. 

 
 INSTSCK N Mean Std. 

Deviati
on 

Std. 
Error 
Mean 

NEO_N 1 rest 110 28,44 5,28 ,50 
  2 SCKCEN 23 32,87 8,24 1,72 
NEO_E 1 rest 110 40,19 5,79 ,55 
  2 SCKCEN 23 37,96 4,51 ,94 
NEO_O 1 rest 110 42,18 4,61 ,44 
  2 SCKCEN 23 43,22 5,84 1,22 
NEO_A 1 rest 110 42,45 4,93 ,47 
  2 SCKCEN 23 42,43 4,00 ,83 
NEO_C 1 rest 110 44,89 5,84 ,56 
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  2 SCKCEN 23 41,52 5,19 1,08 
GTMORSUM 1 rest 108 19,35 5,15 ,50 
  2 SCKCEN 24 18,54 3,49 ,71 
GTVULSUM 1 rest 108 14,30 3,30 ,32 
  2 SCKCEN 24 12,33 1,90 ,39 
OCACCSUM 1 rest 77 10,74 2,48 ,28 
  2 SCKCEN 1 10,00 , , 
neo_n1 negative affect 1 rest 110 12,94 2,92 ,28 
  2 SCKCEN 23 14,78 4,10 ,86 
neo_n2 self-reproach 1 rest 110 15,50 3,41 ,32 
  2 SCKCEN 23 18,09 4,66 ,97 
neo_e1 positive affect 1 rest 110 13,34 2,09 ,20 
  2 SCKCEN 23 12,39 2,13 ,44 
neo_e2 sociability 1 rest 110 13,22 2,56 ,24 
  2 SCKCEN 23 12,48 2,21 ,46 
neo_e3 activity 1 rest 110 9,41 2,21 ,21 
  2 SCKCEN 23 11,26 2,68 ,56 
neo_o1 aesthetic interests 1 rest 110 9,71 1,73 ,16 
  2 SCKCEN 23 9,65 1,53 ,32 
neo_o2 intellectual interests 1 rest 110 11,45 1,79 ,17 
  2 SCKCEN 23 11,22 1,88 ,39 
neo_o3 unconventionality 1 rest 110 13,01 2,01 ,19 
  2 SCKCEN 23 14,17 2,08 ,43 
neo_a1 nonantagonistic orientation 1 rest 110 27,34 3,82 ,36 
  2 SCKCEN 23 27,48 3,12 ,65 
neo_a2 porsocial orientation 1 rest 110 15,12 2,07 ,20 
  2 SCKCEN 23 14,96 1,66 ,35 
neo_c1 orderliness 1 rest 110 18,17 3,20 ,31 
  2 SCKCEN 23 16,83 3,38 ,70 
neo_c2 goal-striving 1 rest 110 11,48 1,82 ,17 
  2 SCKCEN 23 10,48 1,47 ,31 
neo_c3 dependability 1 rest 110 11,87 1,46 ,14 
  2 SCKCEN 23 11,17 1,40 ,29 
TUSEFPA 1 rest 122 4,17 ,81 ,07 
  2 SCKCEN 25 3,92 ,81 ,16 
TWSTDET 1 rest 118 3,68 ,77 ,07 
  2 SCKCEN 25 2,92 ,91 ,18 
RPWET 1 rest 118 3,16 1,21 ,11 
  2 SCKCEN 23 3,22 1,04 ,22 
RPREG 1 rest 117 2,76 1,12 ,10 
  2 SCKCEN 24 2,79 1,06 ,22 
RPPREC 1 rest 116 2,80 ,50 ,05 
  2 SCKCEN 23 2,80 ,49 ,10 
 
  Levene's Test for 

Equality of 
Variances 

t-test for Equality of Means 

  F Sig. t df Sig. 
NEO_N Equal variances assumed 8,723 ,004 -3,287 131 ,001 
  Equal variances not assumed   -2,476 25,897 ,020 
NEO_E Equal variances assumed 3,260 ,073 1,742 131 ,084 
  Equal variances not assumed   2,050 38,851 ,047 
NEO_O Equal variances assumed ,775 ,380 -,934 131 ,352 
  Equal variances not assumed   -,800 28,003 ,430 
NEO_A Equal variances assumed 1,492 ,224 ,018 131 ,986 
  Equal variances not assumed   ,021 37,474 ,984 
NEO_C Equal variances assumed ,096 ,757 2,563 131 ,012 
  Equal variances not assumed   2,770 34,709 ,009 
GTMORSU Equal variances assumed 1,598 ,208 ,733 130 ,465 
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M 
  Equal variances not assumed   ,934 48,242 ,355 
GTVULSU
M 

Equal variances assumed 3,361 ,069 2,803 130 ,006 

  Equal variances not assumed   3,910 58,489 ,000 
OCACCSU
M 

Equal variances assumed , , ,296 76 ,768 

  Equal variances not assumed   , , , 
neo_n1  Equal variances assumed 4,532 ,035 -2,560 131 ,012 
  Equal variances not assumed   -2,054 26,836 ,050 
neo_n2  Equal variances assumed 5,067 ,026 -3,093 131 ,002 
  Equal variances not assumed   -2,525 27,124 ,018 
neo_e1  Equal variances assumed ,004 ,952 1,969 131 ,051 
  Equal variances not assumed   1,945 31,492 ,061 
neo_e2  Equal variances assumed ,071 ,790 1,286 131 ,201 
  Equal variances not assumed   1,417 35,522 ,165 
neo_e3  Equal variances assumed 1,631 ,204 -3,511 131 ,001 
  Equal variances not assumed   -3,096 28,595 ,004 
neo_o1  Equal variances assumed ,408 ,524 ,147 131 ,884 
  Equal variances not assumed   ,159 34,843 ,875 
neo_o2  Equal variances assumed ,000 ,996 ,573 131 ,568 
  Equal variances not assumed   ,554 30,888 ,583 
neo_o3  Equal variances assumed ,000 ,996 -2,511 131 ,013 
  Equal variances not assumed   -2,455 31,191 ,020 
neo_a1  Equal variances assumed 1,509 ,222 -,167 131 ,868 
  Equal variances not assumed   -,191 37,205 ,850 
neo_a2  Equal variances assumed 1,476 ,227 ,351 131 ,726 
  Equal variances not assumed   ,405 37,746 ,688 
neo_c1  Equal variances assumed ,716 ,399 1,818 131 ,071 
  Equal variances not assumed   1,754 30,798 ,089 
neo_c2  Equal variances assumed ,207 ,650 2,483 131 ,014 
  Equal variances not assumed   2,846 37,440 ,007 
neo_c3  Equal variances assumed ,045 ,833 2,102 131 ,038 
  Equal variances not assumed   2,157 32,746 ,038 
TUSEFPA Equal variances assumed 1,317 ,253 1,417 145 ,159 
  Equal variances not assumed   1,414 34,490 ,166 
TWSTDET Equal variances assumed ,050 ,823 4,319 141 ,000 
  Equal variances not assumed   3,882 31,744 ,000 
RPWET Equal variances assumed 2,139 ,146 -,208 139 ,835 
  Equal variances not assumed   -,231 34,670 ,819 
RPREG Equal variances assumed ,737 ,392 -,125 139 ,901 
  Equal variances not assumed   -,129 34,312 ,898 
RPPREC Equal variances assumed ,000 ,995 -,023 137 ,982 
  Equal variances not assumed   -,023 31,661 ,982 

Table 97: T-test differences SCK-rest. 



 

 

 

Appendix C: Case Study Methodology 
 

C.1. Introduction 
 

Case study research has many classical prejudices. First of all, it is said to lack 
rigor and provide little basis for scientific generalisation. This is largely because of 
the subjectivity that is said to be inherent of case study methodology. It takes long to 
do case study research and its results in a massive, unreadable document. In the end, 
more questions are raised than answers given. This way, the results pay off little in the 
advancement of social practice. And another thing is that the ethical risks are 
substantial (Stake, 1995) 
 I will not claim that these judgements are neither here or there. There is an 
important element of truth in it. However, one should not throw out the baby with the 
bathwater. If a quantitative methodology like a questionnaire is not done properly, it 
will not merit. The same goes for qualitative research. A rigorous case study 
methodology can offer us results with their nuts and bolts as a questionnaire does. In 
order to do so, it is important to take all steps of a research methodology into account.  
(1) Case study design worked out in the case study protocol 
(2) Training for the case study investigator to get desired skills 
(3) Pilot case study 
(4) Data collection 
(5) Data analysis 
(6) Validation 
(7) Reporting 
 

C.2. Different steps in case study research 
 
C.2.1. Case study design 
 

A research design guides the investigator in the process of collecting, 
analysing, and interpreting observations. It is a logical model of proof that allows the 
researcher to draw inferences concerning causal relations among the variables under 
investigation. The research design also defines the domain of generalisability, that is, 
whether the obtained interpretations can be generalised to a larger population or to 
different situations. 

A lot can be said about case study design and case study protocol. We want to 
focus on the objectives and the demarcation of the research and the questions the case 
study investigator must keep in mind in collecting data. 

 
The demarcation of the different cases follows from our context notion. We 

consider a context as a problem solving situation that contains five context elements; 
that contains a limited number of explicit elements; and that is limited in time. We can 
use this as a demarcation of a single case. It seems a very small case for a case study. 
However, explaining a single technoscientific context in some detail already asks a 
substantial effort. This especially applies when an attempt is made to make implicit 
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links with other network elements visible. We discuss the problems of context 
delineation at page 240. 

We mentioned in chapter 4 many concepts of our positionism theory and their 
connections: contextual dissonance reduction, contextual relativism, contextual 
strength, gradual positionism, momentum intrinsic to argumentation, momentum 
intrinsic to communication, and network strength. In our case study, we want to give a 
real-life situation in which these concepts become clear. 

 
C.2.2. Training for the case study investigator to get desired skills 

 
As every researcher in every domain, a case study investigator needs some 

skills. She or he has to ask good questions; listen with the least ideologies or 
preconceptions as possible and be as unbiased by preconceived notions as possible; be 
adaptive and flexible; and have a firm grasp of the issues being studied.  

In order to get acquainted with the desired skills, I followed two specific 
courses. The first one focused on group dynamics in general at the Institute for 
Communication (IVC, Instituut voor Communicatie). It dealt with group dynamics, 
system theory, and the role of leaders in this dynamics. In a second course, I learned 
carrying out observation at the Centre for Group Dynamics and Institutional Analysis 
(CDGAI, Centre de Dynamique des Groupes et d'Ananlyse Institutionnelle). 
 
C.2.3. Pilot case study 
  

We did not perform a pilot case study.  
 
C.2.4. Data collection 

 
Data collection in case study research can (and has to) happen in many 

different ways. A case study researcher has to use multiple sources of evidence. The 
researcher has to create a case study database. In order to take care that the derivation 
of the conclusions from the data seems logic for the reader, she or he has to maintain a 
chain of evidence. The strength of case study methodology lies in its rigorous 
argumentation. An important aspect herein is the limitation of the case study. 
Selection is important because there is always too little time. 

 
The case study researcher needs to look for documentation or public 

information on the case. She or he can also look at archival records or internal 
information. Besides the use of these files, she or he can also attain the data from 
other sources. Interviews can be a good complement to direct observations. Whereas 
the case study researcher can ask questions that are more in depth, observations give 
more real-life information. A possible alternative to direct observation is participant 
observation in which participants themselves study their own group. In line with our 
positionism theory, it is important to look at the physical artefacts it next to the other 
data. 

As documentation, we used the websites of ONDRAF/NIRAS, FANC, 
MONA, STOLA, and PaLoFF. We also relied on the partnerships newsletters, 
newspapers, and academic articles. For the archival records, we mainly based 
ourselves at reports of the partnerships and ONDRAF/NIRAS and the technical 
specifications of the MONA concept. 
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We did not carry out an organised set of interviews. We nevertheless had 
several informal discussions on the decision-making process of the nuclear waste that 
can be disposed at surface that provided us with additional information. We also had 
attention for physical artefacts as slides, reports and bylaws. 

 
The most important part of our data collection bases itself on direct 

observation. I observed the discussions in 25 MONA working group meetings.184 
Since studying an existing group is rather sensitive, we decided not to make 
recordings of our observations.  

 I was also present at some public debates dealing with the Belgian NWDS. 
There were public debates organised by STOLA for the community in the beginning 
and at the mere end of their process. Mol held a series of lectures with debates on 
'dealing with nuclear energy'. I also participated in European networks on 
involvement and nuclear waste. A first network is COWAM (COmmunities WAste 
Management) that tried put the participating laymen in a central position. COWAM2 
went on stressing less the role of the laymen and giving more room for social 
scientists. Other network in which we participated are FSC (Forum for Stakeholder 
Confidence) and RISCOM (RISk COMmunication). They gave us the opportunity to 
discuss the NWDS issue with people of the partnerships or ONDRAF/NIRAS. 
 

Date Name Date Name Date Name 
2000/11/20 I&D 2002/08/28 I&D 2003/04/16 I&D 
2000/12/06 S 2002/09/05 TWG 2003/06/26 I&D 
2001/01/10 I&D 2002/09/23 I&D 2003/10/30 I&D 
2001/01/30 I&D 2002/10/02 I&D 2003/12/03 All 
2001/02/07 E&H 2003/01/16 TWG 2004/03/24 I&D 
2001/04/19 LD 2003/02/20 S 2004/04/04 I&D 
2001/06/19 TWG 2003/03/17 TWG 2004/04/20 All 
2002/01/21 All 2003/04/02 I&D 2004/05/25 All 
2002/06/19 I&D     

Table 98: Overview of MONA observations at the working groups safety (S), Environment & Health 
(E&H), Local Development (LD), Implantation & Design (I&D), and the gathering meetings of the 
technical working groups (TWG), including S, E&H, and I&D. 

 
C.2.5. Data collection 

 
The most favourable general strategy for analysing data in case study research 

is relying on theoretical propositions. This can be done in different ways. A researcher 
can try to develop a pattern and compare this prediction with an empirically based 
pattern. She or he can also carry out explanation building, time series analysis or 
making repeated observations.   
 We combined the explanation building and repeated observations analysis. 
The recurring observations helped us to refine our positionism explanation building. 
 
C.2.6. Quality of research design 
  
Quantitative researchers often make a remark on qualitative research that it lacks 
criteria for judging the quality of a research design.  Case study research however has 
a profound way to show its validity. Construct validity can be shown by using 
                                                           
184 We also asked to make observations in the STOLA partnership. They did not allow me to do so with 
the argumentation that they did not consider it appropriate for their activities. 
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multiple sources of evidence, establishing chains of evidence, and having key 
informants review draft case study report. Internal validity can be shown in doing 
pattern matching, in doing explanation-building, and doing time-series analysis. 
External validity can be realised when the case-study researcher uses replication logic 
in multiple-case studies. Reliability can be improved when a case study protocol is 
used and when a case study data base is developed. 
 As we explained above, we used multiple sources of evidence in our case 
study. Due to time pressure, we postponed the review of key informants until after the 
submission of the PhD. We did explanation-building and some pattern matching 
across contexts.  
 
C.2.7. Reporting 

 
A case-study report can have different audiences. The most commons are (1) 

fellow researchers, (2) policymakers and practitioners, (3) special groups as students 
or thesis committee, and (4) funders of research. With respect to the reporting of our 
case study, a lot still needs to be done. We consider this PhD mainly as a report to 
fellow researchers. The other groups can use this PhD as a starting point, but we are 
well aware that the style, length, and jargon will not encourage them to read it. 



 

 

 

Limited vocabulary list 
 
Adverse event  Occurrence that produces harm. (Royal Society London, 1992) 
Attitude An internal (cognitive, affective or conative) disposition acquired by an 

experience –mostly external, especially social, influencing- that is a (very) 
important and relatively enduring, pre-situational, directive and/or dynamic 
determinant of the evaluative aspects of (open) behaviour towards a –mainly 
social- object that lends itself, and as far as it lends itself, to favourable or 
unfavourable appreciation. (Nuttin, 1999) 

Benefit   Gain to a human population. (Royal Society London, 1992) 
Case study A case study is an empirical inquiry that investigates a contemporary 

phenomenon within its real-life context; when the boundaries between 
phenomenon and context are not clearly evident; and in which multiple 
sources of evidence are used. (Yin, 1984, 23) 

Cité Legitimate forms of agreement that serve as ultimate resource to clarify and 
unravel disputes. (Boltanski and Thévenot, 1991, 56) 

Cognitive dissonance theory  Theory that states that inconsistent cognitions arouse psychological 
tensions that people become motivated to reduce. 

Cohesiveness The output of a group's socioemotional dimension; essentially, the degree to 
which members are attracted to one another and are personally committed to 
the group. (Ellis and Fisher, 1994, 306) 

Compliance Changes in behaviour that are elicited by direct requests. 
Conceptual chiasmus Rhetorical technique that reverses different expectations surrounding 

conceptual categories. (Ceccarelli, 2001, 5) 
Concerened Groups and individuals affected by decisions or a project. (Harrison, 1994, 

39) 
Conformity Uniform behaviours exhibited by members of a social system resulting from 

the members choosing, from among conflicting alternatives of behaviour, 
that alternative least subject to negative social influences. (Ellis and Fisher, 
1994, 306) 

Context A problem solving situation that contains (1) the problem one tries to solve; 
(2) individuals; (3) group characteristics; (4) attitudes; and (5) objects. 

Contextual dissonance  Inconsistent context elements arouse tensions that people bcome motivated 
to reduce.  

Damage   Loss of inherent quality by an entity. (Royal Society London, 1992) 
Decision-making As a group task, the process of choosing among alternatives for which no 

'best' or 'correct' answer can be validated by any means other than group 
consensus. (Ellis and Fisher, 1994, 306) 

Deficit Model Distrust of laymen in science originates from their lack of knowledge. If 
scientists increase their knowledge, the laymen’s trust will be repaired. 

Detriment Numerical measure of expected harm by an adverse event. (Royal Society 
London, 1992) 

Disciplinary matrix A constellation of convictions, values and techniques shared by members of 
a certain scientific community, and that are handed down in an inextricable 
whole.’ (Kuhn, 1970) 

Effectiveness Is a measure for the question “Am I doing things right?” Objectives for 
these actions are given. 

Efficiency Is a measure for the question “Am I doing the right thing?” The objectives 
for these actions are reconsidered. 

Fact A statement with no modality and no trace of authorship. (Latour and 
Woolgar, 1986, 82) 

Group Two or more persons perceived as related because of their interactions with 
each other over time, membership in the same social category, or common 
fate. (Brehm, Kassin, and Fein, 1999, 129) 

Groupthink A mode of thinking that people engage in when they are deeply involved in 
a cohesive in-group, when the members' strivings for unanimity override 
their motivation to realistically appraise alternative courses of action.' (Janis, 
1982, 9) 
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Hazard   Situation that could lead to harm. (Royal Society London, 1992) 
Harm Loss to a human being consequent to damage. (Royal Society London, 

1992) 
Network  Structure of technoscience, where resources are concentrated in a few places 

– the knots and the nodes – which are connected with one another – the links 
and the mesh: these connections transform the scattered resources into a net 
that may seem to extend everywhere.” (Latour, 1987, 180) 

Norm More or less direct behaviour precepts in command or prohibition form, in 
action incentive form, or in persuasive or dissuasive communicative form. 

Obedience Behaviour change produced by the commands of authority. (Brem, Kassin, 
and Fein, 1999, 232) 

Objectivity Objectivity does not refer to a special quality of the mind, an inner state of 
justice and fairness, but to the presence of objects which have been rendered 
'able' to object to what is told about them. 

Persuasion The process by which attitudes are changed. (Brem, Kassin, and Fein, 1999, 
180) 

Polysemous textual constructions Rhetorical technique in which one states consciously a concept of 
which one expects that it will be understood differently by a mixed 
audience, but everyone will agree with its own concept and therefore with 
the message of the speaker . 

Operational Population Population segments that are actually inquired. (Swanborn, 1994, 269) 
Positionism Theory that states that problem solving is a consequence of contextual 

dissonance reduction. 
Principle 
--- superior common  Co-ordination principle working as a convention that establishes the 

equilibrium and stability between the different beings in a certain world. 
(Boltanski & Thévenot).   

Rationalism  
- weak --- Position that reason has precedence over other ways of acquiring 

knowledge. (Audi, 1996, 673) 
- stong ---  Position that reason is the unique path to knowledge. (Audi, 1996, 673) 
Rhetorical closure Rhetorical technique in which someone simply states what they want to 

prove. (Pinch and Bijker, 1987, 44)   
Stakeholders  groups and individuals affected by decisions or a project who seek to 

influence decisions in keeping with their own interests, goals, priorities, and 
understandings. (Harrison, 1994, 39) 

Value  Values are qualities (states, structures, or processes) of humans, society, or 
world which existence is appreciated as desirable or undesirable. Values are 
no qualities of human beings or the world as such. 
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