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Summary
The sociotechnical challenge of storing nuclear waste is affecting many nations worldwide.
Besides the technical aspect, social factors are crucial for the acceptance and success of such a
complex long-term process. In democratic nations such as Switzerland, where the policymaking
process is participatory, the population is directly involved in discussions and confronted with
information from governments, policymakers, researchers, and experts. Understanding the
structures and dynamics of people’s viewpoints on this issue means being able to conduct
decades-long discussions efficiently and preventing major oppositions from the public.
Many studies have investigated how people respond to such complex issues that can have major
impacts on their lives and those of future generations. However, the findings of such studies are
mainly based on cross-sectional qualitative data, where specific methods embedded in a
particular discipline are used.
This dissertation aims at scientifically supporting the understanding of people’s opinions on
contested infrastructures (i.e., nuclear waste repositories). This work investigates people’s
opinions on this topic, how they change over time, and how they can become important
elements in the policymaking process. To extend the existing research that is mainly based on
risk and benefit perception, attitudes and attitude change, and values and personality factors,
this paper aims at combining theories, assumptions, and methods from different disciplines
(e.g., psychology, political science, computer science, etc.).
The result is the focus on disaggregation of opinions into different arguments representing
different scales or categories. A multi-method approach with an exploratory descriptive
character allows a dynamic investigation on the specific topic of nuclear waste repositories in
Switzerland. These methods consist of a longitudinal online questionnaire with two
measurement points (one in January 2014 and another in January 2015) and the implementation
of a social simulation model. The questionnaire has been developed to provide empirical data
that could either be analyzed statistically (quantitatively and qualitatively) or implemented in
the simulation model. The model itself has been implemented to permit a dynamic investigation
of opinions.
The empirical study’s (i.e., longitudinal online questionnaire) main results show that people in
Switzerland generally accept the construction of a deep geological repository and that they
mainly focus on arguments related to justice and responsibility, as well as safety and protection.
The social simulation based on a socio-psychological theory has modeled the dynamics of the
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arguments over time. The simulation results emphasize the importance of disaggregating
opinions into arguments and contribute to extending prior opinion dynamics models by using
real empirical data and arguments as the core elements of opinion dynamics.
This work offers the insight that various methods can provide a more differentiated view of a
researched topic and can help overcome method-specific limitations. On one hand, this
dissertation discusses the reported results based on empirical and simulation data regarding
opinions about deep geological repositories in Switzerland. On the other hand, it describes the
advantages and disadvantages of a multi-method approach applied to a specific topic.
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Zusammenfassung
Die soziotechnische Herausforderung, radioaktiven Abfall zu entsorgen, betrifft viele Nationen
weltweit. Ausser dem technischen Aspekt sind soziale Faktoren für die Annahme und den
Erfolg solch eines komplizierten langfristigen Prozesses wichtig. In demokratischen Nationen
wie der Schweiz, wo der politische Prozess partizipativ ist, wird die Bevölkerung an
Diskussionen direkt beteiligt und wird mit Informationen von Seite der Regierung,
Entscheidungsträgern, Forschern und Experten konfrontiert. Das Verstehen der Strukturen und
Dynamik der Meinungen von Leuten zu diesem Thema bedeutet unter anderem, Jahrzehnt
lange Diskussionen effizient zu führen, und Oppositionen aus der Öffentlichkeit verhindern zu
können.
Viele Studien haben nachgeforscht, wie Leute auf solche komplizierten Probleme antworten,
die bedeutende Einflüsse auf ihre Leben und diejenigen von zukünftigen Generationen haben
können. Jedoch basieren die Ergebnisse solcher Studien hauptsächlich auf qualitativen
Querschnittdaten, wo spezifische, in einer besonderen Disziplin eingebettete Methoden,
verwendet werden.
Diese Doktorarbeit dient dazu, das Verständnis der Meinungen von Leuten auf umstrittene
Infrastrukturen (d. h., nukleare Tiefenlager) zu verbessern. Diese Arbeit untersucht die
Meinungen von Leuten zu diesem Thema, wie sie sich mit der Zeit ändern, und wie sie wichtige
Elemente im politischen Prozess werden können. Um die vorhandene Forschung zu erweitern,
die hauptsächlich auf Risiko- und Nutzenwahrnehmung, Einstellungen und
Einstellungsänderung, und Werten und Persönlichkeitsfaktoren basiert, zielt diese Arbeit
darauf, Theorien, Annahmen und Methoden von verschiedenen Disziplinen (z.B., Psychologie,
Staatswissenschaft, Informatik, usw.) zu verbinden.
Das Ergebnis ist der Fokus auf die Disaggregation von Meinungen in verschiedene Argumente,
die unterschiedliche Skalen oder Kategorien repräsentieren. Ein Multimethodenansatz mit
einem beschreibenden Forschungscharakter erlaubt eine dynamische Untersuchung zum
spezifischen Thema von nuklearen Tiefenlagern in der Schweiz. Dieser Multimethodenansatz
beinhalten eine online-basierte Längsschnittstudie mit zwei Messzeitpunkten (im Januar 2014
und im Januar 2015) und die Implementierung eines sozialen Simulationsmodells. Der
Fragebogen ist entwickelt worden, um empirische Daten zur Verfügung zu stellen, die entweder
statistisch (quantitativ und qualitativ) analysiert oder im Simulationsmodell durchgeführt
werden konnten. Das Simulationsmodell wurde implementiert, um die dynamische
Untersuchung von Meinungen zu ermöglichen.
X

Die Ergebnisse der empirischen Studie (online-basierte Längsschnittstudie) zeigen, dass Leute
in der Schweiz allgemein den Bau eines geologischen Tiefenlagers akzeptieren, und dass sie
sich hauptsächlich auf Argumente konzentrieren, die mit Gerechtigkeit und Verantwortung,
sowie Sicherheit und Schutz verbunden sind. Die auf einer sozialpsychologischen Theorie
gestützte Simulation, hat die Dynamik der Argumente über die Zeit modelliert. Die
Simulationsergebnisse betonen die Wichtigkeit der Disaggregation von Meinungen in
Argumente und tragen, durch das Verwenden empirischer Daten und Argumente als
Kernelemente der Meinungsdynamik, zur Erweiterung vorheriger Meinungsdynamikmodelle
bei.
Diese Arbeit bietet die Erkenntnis an, dass ein Multimethodenansatz helfen kann,
methodenspezifische Beschränkungen zu überwinden. Einerseits werden in dieser Doktorarbeit
die berichteten Ergebnisse, die auf den empirischen Daten und den Simulationsdate bezüglich
Meinungen über geologische Tiefenlager in der Schweiz diskutiert. Andererseits beschreibt
diese die Vorteile und Nachteile eines, auf ein spezifisches Thema angewandtes,
Multimethodenansatzes.
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Remarks
This is a cumulative thesis, which comprises three main chapters derived from originally
independent publications. An overall introduction highlights the commonalities and mutual
interconnections of the chapters. It introduces the reader to a broader overview of the context in
which the contributions are embedded, focusing at the same time on the individual aspects of
each of them. A final discussion wraps up the main findings and connects them coherently.
The original publications have been included in the dissertation without changes in their
content. As they were aimed at reaching out different audiences in different research
communities, the writing style may vary accordingly. Also, due to this fact, the main chapters
can have some limited degree of repetitiveness. Adaptation of the publications occurred in their
formatting to allow consistency in the pages, sections, tables, and figures (subsequent
numeration) throughout the dissertation.
Acknowledgments and references of the original publications have been combined into a
general acknowledgment section and a general reference section.
The author rights are with the main author, as long as not contradicted by other regulations and
agreements.
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1 Introduction
In modern societies, people carry out their daily routines with the help of various facilities.
They have heated houses, running water, enough food to eat of any type at any time of the year,
cars and public transportation, and energy in any form wherever they go. These societies seem
to live in material prosperity. And to some extent, they do. However, these technological
commodities are not free. Besides monetary expenses, many technologies bring considerable
costs in terms of risks to the environment and the population. For instance, two of the most
salient topics currently are climate change and energy transformation pathways.
Pollution, CO2 emissions, the depletion of resources, and irresponsible environmental damages
provoked a sensible imbalance to our planet. Climate change has already brought some
consequences on the surface, such as the melting ice in the Arctic regions, cumulative natural
calamities, and global warming. Governments and researchers throughout the world are facing
the same problem and are trying to literally save the world from major, irreversible harm1.
Many studies in the social sciences focus on risk perceptions and public opinions regarding the
consequences of climate change and are constantly informing policy makers for developing
successful strategies on climate mitigation and adaptation (e.g., Capstick, Whitmarsh,
Poortinga, Pidgeon, & Upham, 2014; Fisher, Waggle & Leifeld, 2012).
Obviously, this dissertation has more modest goals than saving the world. Focusing on the
second salient topic, energy infrastructures, it is aimed at meeting the objective of proposing
new research approaches and providing some useful insights that can help policy makers and
governments in their political and decisional processes.
A significant change in how people live their lives and acquire energy occurred as a result of
the introduction of nuclear power. This form of clean, almost CO2 free, energy production
experienced a boom (figuratively speaking) in the early 1970s (IAEA, 1997). Power plants in
various countries accelerated technological progress and could provide relatively cheap energy
with negligible consequences in terms of climate pollution (IPCC, 2014). However, this energy
revolution has been widely questioned in scientific and public domains since the 1970s,
resulting in a dramatic reduction of acceptance during the first decades of nuclear power (see
Pidgeon, Lorenzoni & Poortinga, 2008, for an overview). Despite the defiance towards this
technology, nuclear power would have been a nice solution for a crowded and constantly
growing planet were it not for those pesky radionuclides…
1
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The potential risks (and their consequences) of nuclear processing are substantial (Wheatley,
Sovacool, & Sornette, 2016). Only thoughts of Chernobyl in the late 1980s and the more recent
accident in Fukushima in 2011 elicit fear and doubts about the safety of nuclear power plants.
Radioactive contamination could provoke long-term damages to the environment as well as to
humans and animals. Many researchers in different fields have contributed toward explaining
how people perceive the risks related to nuclear power and the extent to which these
perceptions influence their attitudes toward nuclear issues (see, e.g., Boholm, 1998; de Groot,
Steg, & Poortinga, 2013; Renn, 1998; Sjöberg & Drottz-Sjöberg, 2009; Visschers & Siegrist,
2013).
Nonetheless, in the general discourse on nuclear issues, one must face another problem that is
directly related to nuclear processing: nuclear waste. This waste derived from nuclear power
plants, but also from wide ranges of applications in medicine, industry and research, has a halflife of hundreds of thousands of years. Nuclear waste is currently stored above the surface in
interim repositories. However, safely storing this waste over a long period of time is an open
challenge that affects many countries across the world.
The challenge in question refers not only to the technical part. In fact, for the technical
realization, there is general consensus that deep geological repositories (DGRs) represent the
best solution for the storage of nuclear waste (e.g., Filbert et al., 2008; NEA, 2008; Rempe,
2007). Clearly, scientists and experts are constantly evaluating the many factors relating to the
chosen technology, geology, long-term risk predictions, the storage itself, and control of the
repositories, among many other factors.
However, there is another challenge for the realization of DGRs. The processes that should lead
to a DGR construction are complicated, take several decades to complete, and are aimed at
including the different views of different actors. In the best case, participatory processes are
pursued for national decisions on this issue (Pescatore & Vari, 2006; Stern & Fineberg, 1996).
This means that the process includes the public and, ideally, is aimed at representing all their
interests, concerns, and struggles, in the interest of achieving policy consensus in favor of the
building of DGRs.
Sweden and Finland are currently the most advanced nations regarding DGR construction
(Posiva, 2015; SKB, 2014). Other countries, such as France (Barny, Bonnefous, & Brenot,
1992), Germany (Hocke & Renn, 2009), Canada (Hine, Summers, Prystupa, & McKenzieRicher, 1997), and the United States (Johnson et al., 2016), have encountered strong opposition
from the public that forced the suspension of the process. Switzerland is also facing this
2

repository problem. With five nuclear reactors and almost 40% of national electricity coming
from nuclear sources, the amount of waste (together with medicine, industry, and research) has
tasked the government with searching for the best site in Switzerland to build a DGR: either one
for all levels of nuclear waste or two different repositories, with one devoted to high-level
nuclear waste and the other to low- and intermediate-level nuclear waste (Swiss Federal Office
of Energy, 2008).
Also in Switzerland, the process is participatory and includes the public in the majority of its
steps. At the end of the process, after the Parliament approves the proposal for the construction
on a selected site, the public will still be able to oppose this decision via a referendum (Nagra,
2015, Swiss Federal Office of Energy, 2008). Therefore, to forge consensus with the public on
the building of DGRs, it is necessary to be aware of the opinions held by the public, keep track
of them, and understand how they have been built and how they might change over time.
The aim of the research at hand was to address this specific issue, highlighting the structures of
peoples’ opinions, analyzing them, putting them in relation to other relevant variables, and
attempting to conduct a dynamic investigation. To do this, several methodological approaches
were considered in combination to investigate the opinion structures and dynamics relating to
the issue of nuclear waste repositories in Switzerland.

1.1 Multi-method approach
Real-world problems are handled differently in different disciplines. For instance, research in
psychology investigates the structures and individual characteristics related to a determined
issue. Moreover, these approaches involve cognitive mechanisms, and the data collection
methods are usually empirical, such as questionnaires or controlled experiments.
Sociological and political studies are concerned with more general issues, such as public
opinion and how it is shaped. These approaches allow for insights into the general tendency of a
population, how societal groups interact, and how the group mechanism can be explained.
Studies on elections and social mechanisms are examples of how these disciplines provide
empirical data that can be analyzed in accordance with the research questions at hand.
Similarly, computer scientists are concerned with questions regarding human cognition and
behavior. In particular, the field of social simulation is devoted to explaining societal systems,
interactions, and human cognition and behavior on the basis of algorithms and computer
simulations. Usually, such research works with large populations simulated for this purpose.
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Therefore, the parameters are conveyed to the agents in the population from computed
distributions and represent abstractions of the real world.
For what concerns opinion dynamics of a population on a complex controversial topic, sticking
on one single discipline might face scientist with overcoming certain limits that specific
approaches have, such as limited dynamical perspective in empirical research, or lacking of
realistic representations in computer simulations (for more details, see chapter two). For this
reason, the focus of this research was on attempting to combine different research approaches to
deploy multiple methods from various disciplines in order to capture the structures and
mechanisms in relation to opinions on DGRs in Switzerland.
A multi-method approach can shed light on commonalities (e.g., matching results) and
differences that can emerge when investigating a topic using different perspectives.
Commonalities can provide validations (e.g., empirical validation of computer simulations),
whereas differences would rise pertinent questions to be addressed in future research. Thus, the
pillars of this project were the exercise of combination itself, the processes needed during the
research, the advantages and disadvantages of this multi-method approach, and of course, the
results gained from the exercise.
In this work, two methodological approaches complementing each other to gain more complete
insight into the structures and mechanisms of opinion dynamics are used. On the one hand we
have an empirical study, which was longitudinally designed and applied on an online
questionnaire (two measurements, one year apart). The questionnaire included the
operationalization of a sociopsychological theory (social judgment theory [SJT]; Sherif &
Hovland, 1961, see below) and the disaggregation of opinions into arguments. These arguments
were surveyed both quantitatively and qualitatively through open-ended questions.
On the other hand we use a social simulation approach performed by an agent-based model
(ABM), in which agents represent individuals interacting with one another and shaping their
own attributes according to some algorithms defined beforehand (Railsback & Grimm, 2012).
For this model, the agents represented the participants in the online study; the attributes were
the arguments collected in the online questionnaire; the algorithms were based on
sociopsychological assumptions (i.e., SJT). This permitted a direct representation of a real
sample in the model, by using empirical data as input data for the parameters. Through the
simulation runs, changes over time can be detected. In fact, this is one of the main advantages
of this method: it allows for dynamics and projections of how these mechanisms work.

4

Why bother to have both methodological approaches for a common research purpose? As
follows, a brief overview of the selected methods and their advantages and limitations help to
clarify this question and introduce to the following three contributions (chapters two to four).
1.1.1 Empirics and social simulation
In the social sciences, and especially in psychology, scholars are familiar with the empirical
investigation. This type of investigation is often designed as cross sectional studies, which
explain the effects of different variables in a steady system.
For what concerns the measurements and variables in empirical investigations on contested
topics, classical research about controversial technologies relies mostly on evaluations about
risks and benefits (e.g., Poortinga & Pidgeon, 2006; Visschers & Wallquist, 2013). The focus is
on a cognitive and evaluative component of attitudes and opinion formation about a specific
topic. In several studies, risk and benefit perceptions have been postulated to be influenced by
social trust (Flynn, Burns, Mertz & Slovic, 1992, Siegrist, Cvetkovich & Roth, 2000). The
results, mostly based on quantitative methods (i.e, questionnaires and national surveys)
confirmed that trust was a relevant predictive factor of perceived risks and benefits of contested
technologies.
De Groot, Steg, and Poortinga (2013) examined the relationship between personal values and
risk and benefit perceptions with the acceptability of nuclear energy. They also assumed a
mediation effect of risk and benefit beliefs and tested this assumption with a theoretical model
rooted in the theory of planned behavior (Ajzen, 1985) and the value-belief-norm theory (Stern,
2000). Acceptability has been regarded as an attitude towards nuclear energy that can be
expressed through a degree of favor or disfavor and which weights the risks and benefits of this
specific. In their findings based on a quantitative study they could show a positive relationship
between altruistic and biospheric values and perceived risks of nuclear energy (and a weaker
tendency to accept this form of energy), whereas egoistic values were positively related to
benefit perceptions and acceptability of nuclear energy. The mediation effect of risk and benefit
beliefs was partly confirmed.
For our purposes, the inclusion of values-scales, trust or acceptance is omitted. The reason lies
in the combination of the two methods, nearly described in chapter two. For such approach,
compromises had to be made because of issues of complexity mostly related to the social
simulation part (see below and sections 2.2.1.1., 2.5., and 3.5.2.).
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Indeed, the risk-benefit approach is a valid method of investigation, however it needs to be
extended. The exchange of information between people and the impacts of media and
governmental instances occur on a more differentiated level than barely on objective (or even
subjective) evaluations of known or assumed risks and benefits.
In this dissertation, the risk-benefit approach is replaced by an argumentative approach. The
exchange of information between people and the impacts of media and governmental instances
is a dynamic process occurring on differentiated levels of evaluations. Imagine the exchange of
information between two individuals about an issue: They probably will not exchange means of
risk and benefit evaluations and suddenly build their solid opinion on the discussed topic. What
is more common is the use of arguments in favor or against it, address a certain importance to
the arguments used, and continuously choose to adapt or not the own point of view (see
Hegselmann & Krause, 2002).
Arguments can be defined by their valence and their importance. The valence dimension
defines if the argument is regarded as being positive or negative or, in our case, “in favor” or
“against”. The importance dimension weights the argument depending on how important the
argument for the given person is. Moreover, arguments are like bricks that build the own
opinion structure. Polarized opinions are characterized by arguments mostly against or in favor
of an issue. If the arguments are mixed (i.e., against and in favor) these people are said to hold
moderate opinions, which are often related to ambivalence (see, Jonas, Broemer & Diehl, 2000
for an overview).
In our investigation we focus on arguments that on the one hand refer to risks and benefits of
nuclear waste repositories, and on the other hand on the ongoing political process about the site
selection for a potential DGR in Switzerland. These different arguments can continuously be
adapted depending on external influences (e.g., media, government, significant others, broad
public).
For topics that imply longer periods of time (e.g., DGR in Switzerland), or more generally
when dynamical mechanisms of the variables are core elements of the investigation,
longitudinal designs are the way to go.
Reviews and analysis on this design type emphasize the advantages of conducting longitudinal
studies in psychological domains (e.g., Siegrist 2013), as well as in environmental domains
with contested topics, such as climate change (e.g., Capstick, Withmarsh, Poortinga, Pidgeon &
Upham, 2014). Nonetheless, one has to be aware that despite the potential of capturing
dynamical mechanisms, conducting and interpreting results of longitudinal data is still an open
6

challenge because what may happen between the time slots of the investigation remains
unknown. Therefore, advanced techniques and interdisciplinary methodologies are necessary to
overcome these shortcuts.
For this purpose, the use of computer simulations to help understand and implement theories
and hypotheses that might be difficult to investigate in an empirical study represents a possible
solution. A first step for social scientists (as for instance a psychologist) is nonetheless to
understand clearly what a simulation model is and how this methodological approach might be
helpful in the social sciences and especially in psychology.
Models are used to represent purposefully a real system, in order to answer questions and to be
able to solve problems that are related to this system. Of course real systems (e.g., cities,
landscapes, populations) are very complex and can include dozens of factors that influence their
structures and dynamics. This complexity forces modelers to formulate algorithms and
assumptions that best represent the real system by keeping the model simple enough to
understand it and to be able to experiment on it (Railsback & Grimm, 2012; Starfield, Smith &
Bleloch, 1990). The core question that serves as a filter to include some factors and exclude
others is: what is the purpose of the model? This means that each model focuses on determined
aspects that are related to its own purpose. One cannot build a model that explains everything,
but we are able to build models that simplify some real system enough to help answering our
specific questions.
To investigate the topics of nuclear waste repositories in Switzerland and to be able to combine
the model with gathered empirical data, an agent-based model (ABM) has been built. In this
type of models, the agents are unique and autonomous entities (i.e., act independently of each
other), possess individual characteristics (e.g., size, location, demographic information, history)
and pursue specific goals. An agent in the model can represent different entities, for instance
humans, organisms, institutions, etc. The agents are located in networks in which they interact
with their environment and with each other. In the simulation, agents can show adaptive
behavior and thus get influenced by their environment, by other agents, or even by themselves.
The topic of opinion dynamics addresses the question of how opinions change over time based
on social interaction.
The theory connecting psychological processes to ABM and opinion dynamics is called social
judgment theory (SJT) and has been postulated by Sherif and Howland (1961). According to
this theory, new information (i.e., attitudes, beliefs, cognitions) is compared with the own point
of view (anchor) at the instant of perception. The persuasion of the message depends on the
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way that the receiver evaluates the position that the message puts forth (O’Keefe, 1990; Sherif,
Sherif & Nebergall, 1965). This comparison evaluates the new information being located on
one of three possible latitudes: (a) latitude of rejection, (b) latitude of acceptance, and (c)
latitude of non-commitment (for more details see section 2.2.2.1.).
This process of judgment of new information describes the cognitive structure of a persons’
attitude or opinion. SJT describes two effects that explain perceptual errors that may occur in
this judgment process, the contrast effect and the assimilation effect (see section 2.2.2.1.).
Following the theory, a person then adjusts of the own point of view toward or away from the
new message that has been judged. This is the step in which changes in attitudes and opinions
may occur. In which direction the change occurs depends on whether the new information has
been previously judged as to be in the latitude of acceptance, in the latitude of noncommitment, or in the latitude of rejection. All these mental processes (i.e., the judgment of the
new information and the change of the own attitude or opinion) occur below the level of
consciousness and are therefore automatic.
This dissertation combines the two methods described above. The following sections give an
overview on the three contributions where this combination is implemented.

1.2 Contributions and research questions
In chapter two, the topic of opinions on nuclear waste in Switzerland is investigated using a
combination of empirical data and social simulation. On the one hand, the issue is surveyed
through a longitudinally designed online questionnaire. On the other hand, an agent-based
model is built for investigating this topic from a dynamic perspective.
The research question was explorative in nature, asking how these different methods could be
combined and the advantages and limitations recognized. Undoubtedly, the investigation itself
into people’s opinions on nuclear waste repositories was a crucial part of the study, exploring
their views on, and dynamic interactions with, this topic.
The quantitative data were analyzed over two time measurements and SJT was operationalized
in the questionnaire. Then the theory and the resulting data were implemented in the model.
This approach showed that combining empirical methods and computer simulation provides
advantages in the comprehension of complex systems, such as citizens and their opinions. The
chapter highlights the benefits and limitations of the methodological combination and proposes
an adapted research cycle. The iteration on parallel steps in different methods (cf. figure 7) can
help researchers to elaborate real-world problems from different angles, permitting a more
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differentiated view on the topic. This, again, can elicit new questions and pose new challenges,
as was the case in this research.
Chapter three goes deeper into the simulation and focuses on the structure of opinions
implemented in the simulation. As a direct consequence of the first contribution made in
chapter two and its prior model, the theoretical assumptions had to be adapted. This adaptation
and the model algorithm are described. Furthermore, the disaggregation of opinions into
arguments is discussed.
The aim here is to underline the relevance of having more empirical data implemented in
simulation models and to gain more information from these data. Furthermore, the
disaggregation per se is a focus of this contribution, as common models (i.e., opinion dynamics)
define opinion as one general dimension. Instead, this contribution shows that dividing the
opinions into arguments (rated on valence and importance dimensions) is preferable.
Furthermore, it allows a more realistic representation of opinion dynamics in social interactions.
Chapter four adopts a more policy-oriented perspective. The issue of nuclear waste is
thoroughly described and the case of Switzerland is highlighted. Prior research on nuclear
issues established the focus on quantitative investigations into risk and benefit perceptions,
values, and attitudes toward nuclear power and/or nuclear waste. The aim of this contribution
was to complement this research by analyzing peoples’ free reported arguments on nuclear
waste in Switzerland and to provide some insights for successful policy acceptance.
Thus, the qualitative data (i.e., the arguments freely reported by the participants) were
categorized and analyzed for this purpose over the two time measurements in 2014 and 2015.
The results showed that the type of arguments mounted by Swiss people were related to their
general opinions about nuclear waste repositories. Moreover, the content was closely related to
responsibility issues as well as justice, safety, and protection in both time measurements.
Arguments related to potential risks or benefits were rarely mentioned.
This study adopted the assumption that people are concerned with topics that are not usually
part of quantitative investigations and that quantitative data, therefore, might overlook a
relevant part of people’s opinions on a specific topic. This supports the assumption that
qualitative data can provide relevant information for policy-making processes. Furthermore, for
the case of nuclear waste, this type of information could improve the communication among
actors in the participatory process.
Finally, in chapter five, the main messages from the prior chapters are summarized and put in
relation to one another. The implications of the results gained from these contributions are
9

discussed in a broader perspective. Additionally, propositions for future research are advanced
in order to put forward the insights gained from this work. A final discussion then sums up the
most relevant points of the dissertation.
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2 Opinions on contested energy infrastructures: An empirically
based simulation approach
Original publication: Stefanelli, A. & Seidl, R. (2016). Opinions on contested energy
infrastructures: An empirically based simulation approach. Journal of Environmental
Psychology. http://dx.doi.org/10.1016/j.jenvp.2016.06.003
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2.1 Abstract
The dynamics of opinions are seldom investigated in detail in public opinion research because
of the difficulty in capturing long-term changes with classical empirical methods. Agent-based
modeling (ABM) promises a solution for combining (structural) theories and temporally
explicit models while also considering social interaction. In this paper we operationalize and
formalize the theoretical assumptions of the social judgment theory concerning opinion
changes. Moreover, to link the ABM to a real case, we investigated opinions on the contested
infrastructure of deep geological repositories in Switzerland with a longitudinal online
questionnaire. The questionnaire results serve as initialization data for the model. The
simulation results show the agents’ opinions in a disaggregated way and reveal their
heterogeneous development over time. The implications for a successful research cycle
comprising theorizing, modeling, and empirical data acquisition are discussed.

Keywords: agent-based model; social judgment theory; empirically based; nuclear waste;
arguments
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2.2 Introduction
“Our technological powers increase, but the side effects and potential hazards also escalate.”
Alvin Toffler
As this quote suggests, the continuous progress in technology and science brings both new
opportunities and novel challenges. Although such progress brings many benefits, we also need
to be aware of the “side effects” that can emerge. This is true for environmental, social, and
individual aspects. People are concerned about the rapid changes in our industrialized world
and how such changes may affect the environment. Because policymakers must take public
concerns into account, it is highly relevant to investigate how people perceive environmental
topics, communicate with one another, and form their own opinions2 (Venables, Pidgeon,
Parkhill, Henwood, & Simmons, 2012; Visschers & Siegrist, 2014).
However, it is difficult to capture the dynamics of changes and adaptations in opinions over
time. Generally, empirical research is often cross-sectional and therefore has major limitations
when trying to explain the dynamic mechanisms of change in its dependent variables. Although
longitudinal designs are helpful in overcoming this gap and generally should be applied more
frequently (Siegrist, 2013), it is still a challenge to capture the development that may occur
between the times of measurement. What may happen to opinions or specific arguments during
these time intervals often remains unknown because tracking variables over long time periods
(e.g., one year) is challenging. A recent review of longitudinal studies related to the public
perception of climate change (Capstick, Whitmarsh, Poortinga, Pidgeon, & Upham, 2014) also
pointed out that the time dynamics in the perception of environmental issues are crucial. How
individual perceptions change and affect public opinion is an important issue for investigation.
However, there is a lack of valid “before-and-after” measures on the basis of which hypotheses
about this complex system can be formulated. Advanced techniques and interdisciplinary
methodologies are required that allow for representative and satisfactory results. Theories about
opinion changes can be applied to help with assumptions about the dynamics during the time
intervals between empirical measurements.
Additionally, if we refer to complex environmental issues (e.g., climate change, biodiversity,
and nuclear energy and waste), experimental designs are difficult to implement due to restricted
external interventions. The influence of media information, political scandals, and even

2

Since the terms “opinion” and “attitude” are often interchangeably used, we prefer the term “opinion” and define
it as an overt evaluation—comprised by affective and cognitive elements—of a target or an object (for an
overview, see Maio & Haddock, 2010).
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dramatic events, such as a nuclear incident, are relevant for changes in opinions; however, their
operationalization in an experiment is very challenging. Another limitation is the lack of
investigation regarding the potential of the mutual influence of individual and public opinions.
It is still a challenge to investigate how public opinion arises, the extent to which it is subject to
change, and how precisely it influences opinions at an individual level. Including social
simulations is a way to at least partly overcome these drawbacks (see e.g., Ernst, 2010;
Squazzoni, Jager, & Edmonds, 2014).
Our study aimed to combine sociopsychological theory and empirical research with social
simulation to improve the methods of investigation of opinion dynamics related to a specific
issue.
2.2.1 Social simulation models
2.2.1.1 Why should we use social simulation?
Models are used to purposefully represent a real system in order to answer questions and solve
problems related to this system. Because of the high complexity of such systems (e.g., cities,
landscapes, populations), modelers assume the challenge of formulating algorithms and
assumptions that best represent the real system by keeping the model simple enough to
understand and experiment with (Railsback & Grimm, 2012; Starfield, Smith, & Bleloch,
1990). Each model focuses on determined aspects that are related to the own purpose. It is
therefore important to determine the utility and goal of each and every model.
Epstein (2008) pointed out the relevance of simulation models and argued against considering
them solely a prediction tool. In response to the question “Why model?”, Epstein (2008) listed
16 reasons for using models, including the following: guidance of data collection, illumination
of core dynamics and uncertainties, discovering new questions, and revealing the apparently
simple (complex) to be complex (simple). Simulation is a powerful methodological tool that can
be utilized to explore phenomena and answer various questions. However, it is essential to
integrate the simulation approach appropriately into the scientific domain of interest. For
instance, if we want to investigate social phenomena, we should keep in mind that social
theories and their contents are core elements that need to be integrated into social simulations.
This allows for models that can help to investigate complex social dynamics and identify some
of the factors that lead to specific social phenomena (Squazzoni, Jager, & Edmonds, 2014).
Social simulation is a useful tool of investigation for exploring questions about social
interaction, the interaction between humans and their environment, behavioral and cognitive
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processes over time, and emergent social phenomena at the macro-level (Ernst, 2010). In
particular, the constraints of empirical investigations and experimental settings can be
overcome with social simulations. Some constraints relate to the impossibility of changing
numerous variables in an experimental setting, the risk of biases due to very complex
environments, and the limited investigation of dynamics and interactions between individuals.
Using social simulations, one can change numerous variables and conduct several simulation
runs in a relatively short time; simulate social interactions and build complex environments;
and investigate the processes over time, allowing for assumptions about the dynamics of the
investigated issue (Jager & Mosler, 2007). A major question remains, however, regarding how
to best construct a good model by taking into account existing theories and empirical evidence.
2.2.1.2 Modeling opinion dynamics
The topic of opinion dynamics addresses the question of how opinions change over time, based
on social interactions. A well-known model of opinion dynamics is the Deffuant-Weisbuch
model (Deffuant, Neau, Amblard, & Weisbuch, 2000; Deffuant, 2006). In this social simulation
model, opinions situated in an artificial continuous opinion space (from “against” to “in favor”)
are exchanged in interactions among an artificial population. Binary interactions are thought to
have occurred when the difference in opinion is below a threshold that is arbitrarily set in the
social network in which each agent is located. Variations in the thresholds show either the
convergence (high threshold) or the emergence of opinion clusters (low threshold). Although
this model is neither based on any psychological theory or empirical data nor refers to a specific
topic for practical application, it shows how abstract models can help in understanding social
system dynamics. A factor that underlines this statement is the effect of emergence (the agents
form opinion clusters) and downward causation (the effect observed at the macro-level is
caused by the single agent over the interactions) that is described in the model (see Gilbert,
2010 for an overview). Other scholars considered the theoretical foundation of opinion
dynamics. For instance, Jager and Amblard (2004) incorporated social judgment theory (SJT)
(Sherif & Hovland, 1961) into a model for attitude dynamics to simulate the effects of
assimilation and contrast (see section 1.2.1. for details about the theory) in a persuasion
interaction. Jager and Amblard (2004) demonstrated that the attitude structure of the agents
(i.e., thresholds determining the latitudes of acceptance and rejection) was the determining
factor for the occurrence of assimilation and contrast effects. These effects caused the agents in
the model to reach consensus (high latitude of acceptance, small latitude of rejection), hold two
extreme attitudes (i.e., small latitude of acceptance, high latitude of rejection), or form
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subgroups of individuals sharing the same attitudes (i.e., pluriformity) when both latitudes of
acceptance and rejection were small (i.e., high latitude of non-commitment). Other research
included the element of rejection in an opinion dynamics model (Huet, Deffuant, & Jager,
2008). When the attitudes of the agents were either far or close to each other, the rule of
bounded confidence from the Deffuant-Weisbuch model (Deffuant et al., 2000) was applied
(meaning that only agents within a determined confidence level set by the model rules were
taken into account; see also Hegselmann & Krause, 2002; Krause, 2000). However, when the
attitudes assumed a discrepancy (one is close and the other is far), this caused rejection and thus
a shift away from the other’s attitude.
These examples show that opinion dynamics can be investigated via social simulation models.
However, the assumptions made in these simulations most often rely on arbitrary values and
exclude real data. Including psychological theories combined with empirical data in a
simulation can fill this gap and provide results for the simulation models that better represent
real systems (which is one of the main aims of simulations) and real opinion dynamics
regarding a specific topic. However, determining how to actually create this combination is in
itself a challenge and is seldom pursued. We need to complement and adapt each of these
methods for satisfactory results. In this paper we share some insights and illustrate the
challenges of the mutual adaptation of empirics, theory, and a simulation model.
2.2.2 Theoretical background
2.2.2.1 Psychological theory
There are theoretical approaches in psychology that explain the underlying processes that may
occur during interactions between individuals. Popular models, such as the elaboration
likelihood model (ELM) (Petty & Cacioppo, 1986) or the heuristic systematic model (HSM)
(Eagly & Chaiken, 1993), have found many applications in empirical research. However, these
models are too complex to be included in a simulation model in combination with empirical
data. For modelers, it is crucial to find the right balance between complexity and simplification
(see section 1.1.). For this reason, and because we aim to combine social simulation with
empirical data, we draw on SJT as postulated by Sherif and Hovland (1961). This theory’s main
idea is that new information (i.e., attitudes, beliefs, cognitions) is compared to an individual’s
own point of view (anchor) at the instant of perception. The persuasive power of the message
depends on the way the receiver evaluates the position presented by the message (O’Keefe,
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1990; Sherif, Sherif, & Nebergall, 1965). This comparison evaluates the new information by
locating it within one of three possible latitudes:
•

latitude of rejection, in which the new information is evaluated as unreasonable or
objectionable;

•

latitude of acceptance, in which the new information is evaluated as acceptable or worthy of
consideration; and

•

latitude of non-commitment, in which the new information is evaluated as neither acceptable
nor objectionable.

These latitudes are located along a continuum with rejection at one extreme, acceptance at the
other, and non-commitment in the middle. The process of judging new information reflects the
cognitive structure of a person’s attitude or opinion. SJT describes two effects that explain
perceptual errors that may occur in this process. First, a contrast effect occurs when new
information that falls within the latitude of rejection is perceived as being further away from
one’s own anchor or point of view (and is therefore more opposed to one’s own attitude) than it
really is. Second, an assimilation effect occurs when new information that falls within the
latitude of acceptance is perceived as being much closer to one’s own anchor or point of view
(and is therefore less discrepant from one’s own attitude) than it really is.
The second step involves adjusting one’s own opinion either toward or away from the new
message that has been judged. This is the step in which changes in attitudes and opinions may
occur. The theory’s claim is that the greater the discrepancy, the bigger the change. The
direction of the change depends on whether the new information has been previously judged as
being in the latitude of acceptance, non-commitment, or rejection. If the new information has
been located in the latitude of acceptance, the receiver will adapt his or her attitude or opinion
toward it. If the opposite occurs (i.e., the latitude of rejection), the receiver will adjust his or her
attitude or opinion away from that of the other person. This is also called the boomerang effect,
in which the change occurs in the opposite direction of the one advocated by the message. As
for the new information located in the latitude of non-commitment, Sherif and Hovland (1961)
did not make any clear assumptions. However, the common interpretation is that no change
occurs and the information is taken as intended. One study that focused on the latitude of noncommitment hypothesized that information in a campaign based on the social norms approach3

3

“The social norms approach (SNA) predicts that providing information about true norms of the occurrence of
behaviors that are misestimated will result in less exaggerated misperceptions of norms and, ultimately, leads to a
reduction in the harmful or risky behavior. Communication is a key component of an SNA intervention in that
messages must be formed, tested, and used in an intensive exposure campaign designed to result in the desired
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that falls under the latitude of non-commitment should provoke a change in the direction of the
presented norm in attitude and behavior (Smith, Atkin, Martell, Allen, & Hembroff, 2006). This
information was presented several times during the period of the study, and the data collected
by Smith and colleagues (2006) supported their hypothesis. However, as no comparisons were
made with information about the latitude of acceptance or rejection, possible changes within
these two latitudes could not be ruled out.
Knowing how new information may be judged, how a person’s opinion structure can be built,
and how changes in opinion may occur are obviously related to the type of information that is
processed. Our investigation focuses on contested infrastructures; more precisely, it focuses on
the building of deep geological repositories (DGRs) for nuclear waste in Switzerland (see
section 2.2.3.2.). The next section explains how we captured the factors related to the opinions
about this specific issue.
2.2.2.2 Disaggregation of opinions: Arguments
Classical research about controversial technologies and infrastructures relies mostly on surveys
that ask respondents to evaluate risks and benefits (e.g., Poortinga & Pidgeon, 2006; Visschers
& Wallquist, 2013). The emphasis is on the cognitive and evaluative components of attitudes
and opinions about a specific topic. However, some scholars have already adopted a different
orientation, focusing more on ideological components (Sjöberg & af Wåhlberg, 2002), for
instance, by investigating the role of values in subjective decisions and attitudes toward new
and controversial technologies and innovations (e.g., Seidl, Krütli et al., 2013; Siegrist,
Cvetkovich, & Roth, 2000).
The risk–benefit approach is a valid method of investigating opinion formation, opinion
changes, and opinion dynamics; however, it needs to be extended to social interaction. The
exchange of information among people and the impacts of media, the government, and
incidents involve a dynamic process that occurs on differentiated levels of evaluation. For
example, we can imagine the exchange of information between two individuals about an
environmental problem. They probably will not communicate about their mean values of risk
and benefit evaluations on a scale and then suddenly form solid opinions on the topic. What we
usually observe is that when people discuss a topic, they use arguments (Hegselmann &
Krause, 2002) in favor of or against it, assign a certain importance to the arguments used, and
continuously choose to either adapt or not adapt their own points of view.
outcomes—a reduction in misperceptions of norms and a reduction in harmful or risky behavior” (Smith et al.,
2006, p. 142).
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These arguments can be regarded as bricks that build an individual’s own opinion structure.
One can have a structure mainly built by arguments against a specific topic. Others may have a
structure primarily constructed by arguments in favor of the topic (both of which are examples
of polarized opinions). Furthermore, some people may have an opinion that includes arguments
on both sides of the issue, which is a case of ambivalence and is often linked to moderate
opinions (for an overview, see Jonas, Broemer, & Diehl, 2000). These different opinion
structures can be continuously adapted, depending on the influences exerted by media, the
government, and the individual’s interactions with others (i.e., friends, family, etc.). This latter
type of interaction is crucial in building and adapting a person’s own opinion and is of central
relevance in a debate, such as the one about DGRs for nuclear waste.
Besides the risks and benefits of a DGR, it is relevant to also consider procedural aspects that
include the factors of fairness and transparency (Krütli, Stauffacher, Pedolin, Moser, & Scholz,
2012). For this reason, our investigation includes arguments that refer not only to the risks and
benefits of nuclear waste repositories, but also to the political aspects of the ongoing repository
site selection process in Switzerland (see section 2.2.3.2.).
2.2.2.3 Valence and importance of arguments
Arguments are statements that can be defined by the following two dimensions: valence and
importance. The valence dimension defines the direction of the argument from positive to
negative—in our case from “in favor of” to “against.” The importance dimension is perceived
as the weight of the argument. By attributing a certain importance to a single argument, the
valence acquires more or less relevance in the discourse in which the argument is used (see,
e.g., Latané & Nowak, 1994; Zeeman, 1976). Imagine two individuals talking about the
environmental impact of nuclear waste and using arguments to describe their respective
positions for or against this issue. However, not every possible argument is used with the same
emphasis and some arguments are not used at all to counter the other’s opposing stance. One
example is the following statement during a discussion: “Yes, I see your point, but in my view
this is not the most important one…” This refers to the degree of importance that every
individual assigns to single arguments.

20

2.2.3 Contested energy infrastructures: Nuclear waste repositories
2.2.3.1 Research on nuclear waste
Research on controversial technologies has responded to the challenge of combining perceived
hazards at the individual level with environmental changes. This combination is also used
when addressing research questions concerning nuclear waste. For example, Sweden is
currently in the process of solving its nuclear waste problem. Sjöberg (2004) showed that local
acceptance for a nuclear waste repository in Sweden was high because of the higher acceptance
of nuclear power and the extensive information programs conducted in the municipalities.
Slovic, Flynn, and Layman (1991) investigated the same issue in the US and showed that
dealing with nuclear waste could generate public defiance. They observed that political
opposition rooted in fear of radioactivity, as well as the mishandling of radioactive waste from
nuclear weapons, could create profound distrust among the population. Researchers addressed
the problem of nuclear waste in Switzerland as well. Seidl, Moser, and colleagues (2013)
analyzed the acceptance of nuclear waste repositories based on risk and benefit perceptions.
They found that opinions about the repositories can be clustered into four types, ranging from
polarized (i.e., risk- or benefit-focused) to moderate (i.e., ambivalent and indifferent).
Furthermore, they pointed out the importance of the often-neglected group of people with
moderate opinions. Another example is Finland, a country that is currently building a final
repository for high-level nuclear waste. Litmanen, Kojo, and Kari (2010) investigated the
acceptance of a repository expansion by analyzing the residents’ opinions and found that less
than half of the residents would be willing to accept expansion. Scholars found that this
opposition was correlated with factors such as social trust, perceived moral responsibility, and
perceived risks and threats. These research studies investigated different aspects related to
nuclear waste repositories, focusing not only on beneficial and risky features, but also on the
political process and the inclusion of local laypeople’s opinions.
2.2.3.2 Switzerland’s quest for a nuclear waste repository
Our research highlights the case of Switzerland, which is currently handling a stepwise process
for a participatory repository site selection (Swiss Federal Office of Energy, 2008). The nuclear
waste that has been produced for decades from nuclear power plants, industries, and medical
and pharmaceutical research is currently stored in two interim facilities and in nuclear power
stations in the country (Swiss Federal Office of Energy, 2011). Switzerland began civilian use
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of nuclear power in 1969. It has five nuclear power plants in operation and has a long history of
producing nuclear power.
Nuclear waste should be isolated from humans and the environment for either hundreds (lowlevel waste) or hundreds of thousands of years (high-level waste), depending on the type of
waste. The DGRs are the most recognized solution by the technical community, yet many
uncertainties and open questions still need to be clarified before building such an infrastructure.
Some of the factors that should be taken into account and tested for each potential construction
site include geological assessments, seismic risks, groundwater contamination, transport
facilities, economic aspects, and last but not least, social aspects (Swiss Federal Office of
Energy, 2008).
This issue calls for long periods of work and communication, not only among the experts, but
also with potentially affected municipalities and people, respectively. Switzerland has a longlasting tradition of direct democracy. Citizens’ opinions receive close attention, and in addition
to informing the public, the government offers Swiss citizens in potentially affected regions a
participatory process. Laypeople, experts, and interest groups meet and discuss the pros and
cons of such a repository during regional conferences. In this sense, the information exchange
among citizens becomes relevant during the process of opinion formation and further decision
making.
Additionally, if we consider the planned timeframe of the siting process (10–15 years), the
dynamics that may emerge will be crucial for the final decision. Switzerland is currently
completing the second stage of a three-stage site selection process (Swiss Federal Office of
Energy, 2008), in which participation has a fundamental role. At the moment, a first concrete
suggestion for at least two repository sites (i.e., one for high-level waste and the other for lowand intermediate-level waste) has been provided by researchers. The final decision about the
definitive repository site will be taken by the government after a critical revision of the
suggested solution. Moreover, at the end of the process, Swiss citizens will have the possibility
to contest the final decision with a national referendum. This situation highlights the importance
of focusing on the interactions among people, information exchanges, and the formation and
adaptation of citizens’ opinions.
2.2.4 Key questions and challenges
We addressed the explorative question regarding how to combine a sociopsychological theory,
an empirical study, and a social simulation. Besides the investigation on the real-world topic of
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people’s opinions on nuclear waste repositories, we wanted to gain a better understanding of the
advantages and limitations of such a methodological combination.
As our aim was to combine empirical methods with social simulation, we were especially
interested in the process of such a study and the potential leverage for environmental
psychology. We assume that conducting empirical research and the construction of a simulation
model goes beyond being merely a parallel and independent process that only compares the
final results in a validation process. The fruitful interdependence and influence that these two
methods possess is, in our view, a promising way to perform research and to obtain satisfactory
answers. Practically, we start from the Swiss case of the site selection for DGR and aim at
investigating people’s opinion dynamics. The assumptions postulated in the SJT form the basis
for our investigation. A longitudinal online questionnaire operationalizes this theory and will
provide the empirical data based on the disaggregation of opinions in arguments. This data will
be used in the ABM, which will investigate the opinion dynamics of Swiss people. Later in this
paper, the research process as such will be discussed more in detail.
The remaining part of this paper is organized as follows: In Section 2.3. the design and the
structure of the longitudinal online questionnaire are described, which is followed by the results
for this empirical part. Section 2.4. explains the ABM in detail, followed by the simulation
results and the discussion on the simulation. Both methods will be conjointly discussed in the
general discussion. Finally, limitations and suggestions for further research will be presented in
Section 2.5.

2.3 Empirical investigation
2.3.1 Method
2.3.1.1 Sample
The longitudinally designed questionnaire was distributed by a market research institute in
Switzerland to the members of an online panel. The participants were offered compensation in
the form of points for member cards or discounts in markets. The online design only allowed a
complete dataset with no missing values (only fully completed questionnaires were accepted in
the final dataset by the system), which was important for the modeling exercise. In the first
wave (January 2014), 1,328 Swiss citizens participated in the study, 45.6% of whom were
women and 54.4% were men. The age range was 18–83 years (M = 51.7, SD = 17.96). This
initial target population lived in the German-speaking part of Switzerland, comprising people
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living in both potentially affected regions (46%) and in non-affected regions (54%). This
information was provided by the Swiss Federal Office for Energy for the initial six potential
sites for storage (see Swiss Federal Office of Energy, 2008, p. 12–23). Of this initial sample,
697 participants (52%) had a high school education or higher. A year later, in January 2015, the
same people were asked to participate again. We obtained a sample of 844 people, 43.4% of
whom were women and 56.6% were men. The age range was 19–84 years (M = 56.2, SD =
16.86). For the next analyses, simulation data, and results, we will focus on the second wave
sample (N = 844) and exclude the participants who dropped out (36.4%).
2.3.1.2 Questionnaire
After a short factual description of the topic of nuclear waste in Switzerland and the ongoing
repository site selection process, participants were asked to evaluate ten arguments related to
this topic. Four arguments focused on the risks of a DGR (e.g., “A deep geological repository
would represent a health risk”), four on the benefits of a DGR (e.g., “A deep geological
repository would create new and lasting job opportunities in the region”), and two on the
ongoing site selection process (e.g., “The communication during the site selection process
should be transparent”).
The participants were first asked whether in their view each argument was in favor of or against
a DGR (dimension of valence) on a 7-point Likert scale (from “totally against” to “totally in
favor”), with the option of an “I don’t know” answer. The second item block asked the degree
of importance the participants ascribed to each argument (dimension of importance) on a 7point Likert scale (from “not important at all” to “very important”).
As only three of the ten arguments were used for the simulation (see also section 2.4.1.2.), for
reasons of simplicity we will only provide the analysis of these three arguments in the
following result section.
To measure the cognitive structure of the participants we used an operationalization of the SJT
known as the “ordered alternative scale” (OAS) (Sherif & Hovland, 1961; Sherif et al., 1965;
Smith et al., 2006) and adapted it in order to ensure the best implementation in the simulation
model leaning on the studies on conception measurements (see Jackson, 1960). Originally,
Sherif and Hovland (1961) developed this scale for assessing the person’s judgment of the
various possible positions on an issue. In the original OAS, a set of statements representing
different points of view (arranged from one extreme to the other extreme) had to be rated by the
participants. For the example of a presidential election campaign, the researchers presented nine
statements ranging from a pure Republican position (i.e., “The election of a Republican
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presidential and vice-presidential candidates […] is absolutely essential from all angles in the
country’s interests”) to a pure Democratic position (i.e., “The election of a Democratic
presidential and vice-presidential candidates […] is absolutely essential from all angles in the
country’s interests”) (Sherif & Hovland, 1961). In our investigation, we adapted the OAS so
that the statements to be rated would be represented by the ten arguments concerning the issue
of nuclear waste repositories in Switzerland. We therefore do not have a clear ranking from one
extreme to the other; however, we covered the range of arguments for this specific issue based
on prior research (Seidl et al., 2013). The participants were asked to sort the ten arguments on a
continuum representing the three latitudes previously described (i.e., acceptance, noncommitment, and rejection). First, they chose the most objectionable and most acceptable
argument to set the limits of the latitudes (i.e., acceptance and rejection). Second, they ordered
the remaining eight arguments into the following three categories: acceptable (latitude of
acceptance), neither acceptable nor objectionable (latitude of non-commitment), and
objectionable (latitude of rejection).
In addition, participants were also asked to report how many people they usually interact with
about the topic of nuclear waste repositories. This information was collected to provide
information about the network implementation in the ABM (see section 2.4.1.3.).
2.3.2 Empirical results
2.3.2.1 Arguments
Among the sample, a differentiated picture emerged from the analysis of the arguments at both
points in time (see Table 1). Higher valence ratings of the four benefit-oriented arguments and
lower valence ratings of the four risk-oriented arguments were obtained. The two processoriented arguments were rated as the most favorable type in the debate about DGRs in
Switzerland. For the dimension of importance, the process-oriented arguments were also
perceived as the most important. Higher importance ratings were obtained for the risk-oriented
arguments compared to the benefit-oriented arguments.
Table 1.
Means and standard deviations of valence ratings (1 = the argument is totally against a
repository; 7 = the argument is totally in favor of a repository) and importance ratings (1 = not
important at all; 7 = very important) for the ten arguments. Measurements at both points in
time (2014 and 2015) are displayed.
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Valence
Arguments

More working places
(BO)*
Better infrastructure
(BO)
Lower taxes for
citizens (BO)

Importance

M

M

SD

SD

M

M

SD

SD

(2014)

(2015)

(2014)

(2015)

(2014)

(2015)

(2014)

(2015)

5.0

5.1

1.60

1.55

4.1

4.3

1.75

1.78

4.2

4.4

1.81

1.73

3.8

3.9

1.69

1.73

4.6

4.7

1.81

1.73

3.8

3.8

1.85

1.89

4.0

4.2

1.78

1.70

3.8

3.9

1.69

1.72

3.3

3.3

1.92

1.90

4.8

4.8

1.87

1.89

3.8

3.9

1.89

1.92

4.8

4.7

1.83

1.83

3.3

3.3

1.88

1.88

4.9

4.8

1.90

1.93

3.1

3.1

1.79

1.80

4.3

4.1

1.99

2.02

6.1

6.2

1.31

1.29

6.0

6.0

1.38

1.37

6.2

6.3

1.27

1.18

6.1

6.0

1.31

1.28

Sustainable
development in the
region (BO)
Environmental
damages (RO)
Transport accidents
(RO)
Health risk (RO)*
Later generations reach
into the repository
(RO)
Fairness of political
process (PO)
Transparency of
communication process
(PO)*
Note. RO = risk-oriented argument; BO = benefit-oriented argument; PO = process-oriented argument.
*arguments used in the simulation.

We analyzed possible significant differences of the valence and importance ratings of the
arguments between the two points in time (2014 and 2015) by performing statistical analysis of
variance (ANOVA). No significant differences between valence ratings or between importance
ratings were obtained (at α = 0.01%).
Finally, our results showed that the majority of participants (73.2%) communicated with a
maximum of eight persons about the topic of nuclear waste repositories.
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2.3.2.2 Latitudes
Regarding the individual structure of the opinions, the results of the adapted OAS for the three
arguments used in the simulation showed that the process-oriented argument was the most
accepted type for a hypothetical real-world interaction. The distributions for the risk-oriented
and benefit-oriented argument are more differentiated. Figure 1 shows the proportions of three
arguments in each of the three categories (rejection, non-commitment, and acceptance) at both
points in time.

Figure 1. The latitudes of the social judgment theory for each of the three arguments from all
participants (N = 844, 100%) for the first (2014) and the second wave (2015) of investigation.
The percentages represent the portions of the population locating each argument in one of the
three latitudes. RO = risk-oriented argument; BO = benefit-oriented argument; PO = processoriented argument.
2.3.3 Discussion (empirical part)
Our empirical results showed that the process-oriented arguments obtained both the highest
favorability and the highest importance ratings at both points in time. The investigation of the
participants’ opinion structure showed that process-oriented arguments were rated as the most
acceptable type among the participants. The ratings of risk-oriented and benefit-oriented
arguments were lower and equally distributed on the latitudes, except for the risk-oriented
argument regarding the threat to later generations of exposure to repository leakage.
These findings suggest that Swiss citizens perceive the ongoing site selection process as more
relevant than the facts related to the risks and benefits of a DGR itself. The high valence values
for the process-oriented argument support this assumption; high importance values corroborate
that process-related issues are regarded as crucial. A possible interpretation for this is that Swiss
citizens will support the DGR solution in their country as long as transparency in
communication and fairness in the site selection process are assured (see Krütli et al., 2012).
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The explanation may be related to the long time period until the conclusion of the site selection
process (Swiss Federal Office of Energy, 2008), which may create uncertainty about the risks
and benefits that may be relevant in Switzerland 15 years from now. In contrast, people may
perceive the ongoing site selection process as more current and thus evaluate it as more
important. In this case, it becomes clear that the government and the institutions responsible for
the process should consider the positive evaluation (high valence) and crucial role (high
importance) that people attribute to the site selection process. This can inform the participatory
process, which is still focused on safety and risks, and accommodate the citizens’ interests.

2.4 Agent-based model
2.4.1 Method
We describe our ABM by following its standard protocol, which includes three main blocks:
overview, design concepts, and details (ODD) (Grimm et al., 2010; Müller et al., 2013). The
following six subsections are relevant for our model (the original protocol also comprises other
subsections that are not relevant in our case): purpose; entities, state variables, and scales;
process overview and scheduling; design concepts; implementation and initialization; and input
data.
2.4.1.1 Purpose
The purpose of our ABM was to simulate the German-speaking Swiss citizens’ opinions on
DGRs through the interactions between paired agents and based on the sociopsychological
assumptions of SJT (see section 2.2.2.1.). The model will shed light on the opinion dynamics of
individuals and the whole agent population regarding a specific issue over time. The results will
help provide an understanding of the potential shifts in opinions of the Swiss citizens during the
site selection process for a DGR in Switzerland. Moreover, the results are used to further reflect
on and develop the sociopsychological assumptions of SJT.
2.4.1.2 Entities, state variables, and scales
The argument values Ax for every agent i assumed values between [-1, 1] and were computed as
the product of valence Vx [-1, 1] and importance Ix [0, 1] for each argument taken from the
questionnaire period of 2014 (see Equation 1). For those participants who answered the valence
dimension with “I don’t know,” the arbitrary middle value of Vx = 0 was given for reasons of
simplicity. This was the case for 68 data items (7.9%) for the risk-oriented argument, 51 data
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items for the benefit-oriented argument (6%), and 26 data items (3.1%) for the process-oriented
argument.
(1)

Ax = Vx * Ix

Moreover, for all three arguments, each agent profile included the information about the
location of the respective arguments on the individual’s opinion structure based on the latitudes
described in the SJT and the evaluations made in the OAS in the questionnaire. Thus, it was
known whether each argument x was located in the agent’s latitude of rejection, acceptance, or
non-commitment for each agent. One time step t in the simulation represented one interaction
between all pairs of agents. The paired agents were randomly chosen from the social network
(see next section).
2.4.1.3 Process overview and scheduling
The 841 agents are located on a 29 x 29 grid with wrapped boundaries, meaning that the
simulation world has no borders and all agents are connected. For the local network we used the
so called Moore neighborhood , which consists of a 2-dimensional grid with eight links for each
agent. The choice of eight links is based on empirical information. In the online questionnaire,
the majority of the participants reported that they interacted with between one and eight persons
about the topic (73.2%; see section 2.3.2.1. for more details).
This network type allowed for simpler dynamics that were easier to track and explain;
furthermore, it was also selected because a spatial representation of the agent network was not
one of the aims of this model. Each agent randomly chose a neighbor in its social network and
started to interact according to the process, as described by the flowchart in Figure 2. The
interaction was one-directional, which meant that only one of the interacting agents, Ta (the
receiver), could adapt its argument value Axa. The adaptation depended on where the compared
argument was located on the agent’s social judgment continuum (i.e., in which of the three
latitudes) and whether the values of the compared arguments Axa and Axb had the same or
opposite directions (i.e., positive or negative).
During the interaction, agent Ta sequentially chose one of the arguments x and checked which
of its latitudes the argument belonged to. If the chosen argument was in the latitude of noncommitment, no adaptation occurred. The argument value Axa of the interacting agent Ta stayed
the same. Then the interacting agent Ta moved on and sequentially selected the next argument.
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Initialization of agents and
social network

Choose one neighbor
and interact

Choose a similar
argument and compare it

Latitude of
noncommitment

Latitude
of the
argument?

BO

Exit the
interaction

PO

RO

No adaptation of
the value

Latitude of
acceptance

Latitude of
rejection

Adjust your
value of the
argument

Figure 2. Flowchart of the interaction between two agents. Each argument (RO = risk oriented;
BO = benefit oriented; PO = process oriented) is sequentially compared within each time step.
The interaction is represented in the gray field.
If the argument belonged to the latitude of rejection or acceptance, then an adaptation would
occur based on function (2) and the adapted rules for every latitude (see Tables 2 and 3). The
quadratic term in function (2) has been chosen to best represent the two effects of contrast and
assimilation described in the SJT (see section 2.2.2.1.), as this allows for an asymptotic
approach to the extreme positions. The speed of change in the values of the arguments for each
agent is regulated by the constant s set at s = 0.01, which aims at slowing down the dynamics
(see also Jager & Amblard, 2004). This slower change in the values permits a better observation
and reflects the usually not-so-rapid changes in people’s opinions in the real world. The general
function for the rules is described in Equation 3.
(2)
(3)

f(x) = ± (x2 ∗ s) à f(x) = ± (Axb2∗ s)
Axa(t+1) = Axa(t) ± y à Axa(t+1) = Axa(t) ± (Axb2 ∗ s)
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If the compared argument lies in the latitude of non-commitment, no adaptation occurs and the
values of the argument remain unvaried. The interaction moves on and the next argument is
compared. If the compared argument lies in the latitude of rejection or acceptance, then an
adaptation will occur. Generally, when adaptation occurs, the values of Ax would be permitted
to shift up (down) to a maximum (minimum) of 1 (-1).
Table 2.
Formulae used when the argument lies in the latitude of acceptance.
Argument x in the

Axb

latitude of

+

-

+

Axa(t+1) = Axa(t) + (Axb2 ∗ s)

Axa(t+1) = Axa(t) – (Axb2 ∗ s)

-

Axa(t+1) = Axa(t) + (Axb2 ∗ s)

Axa(t+1) = Axa(t) – (Axb2 ∗ s)

acceptance
Axa

Note. Axa = value of argument x of agent Ta (positive or negative); Axb = value of argument x of agent Tb (positive
or negative); t = time step in the model ; s = speed of change constant ( s = 0.01).

Table 3.
Formulae used when the argument lies in the latitude of rejection.
Argument x in the

Axb

latitude of rejection
Axa

+

-

+

Axa(t+1) = Axa(t) – (Axb2 ∗ s)

Axa(t+1) = Axa(t) + (Axb2 ∗ s)

-

Axa(t+1) = Axa(t) – (Axb2 ∗ s)

Axa(t+1) = Axa(t) + (Axb2 ∗ s)

Note. Axa = value of argument x of agent Ta (positive or negative); Axb = value of argument x of agent Tb (positive
or negative); t = time step in the model; s = speed of change constant ( s = 0.01).

When the chosen argument has been compared and the argument value Axa has been updated,
the agent Ta would move to the next argument and go through the same process. When agent Ta
has updated all three arguments, agent Ta could exit the interaction. In the next time step,
another agent would be chosen from the social network, and another interaction would begin.
Every time step t in the model represented a unidirectional interaction between two agents.
Time in the model was thus a discrete measure and did not represent a real time interval.
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2.4.1.4 Design concepts
This ABM is empirically based; the data for the initialization and the process, based on the
assumptions of the SJT, were collected from the online longitudinal questionnaire (see section
2.3.1.). Each agent interacted within its local network (i.e., Moore neighborhood) and compared
its set of three arguments with that of randomly chosen neighbors. An adaptation of the
argument values would occur based on the theoretical assumptions of the SJT implemented in
the ABM algorithm.
2.4.1.5 Implementation and initialization
The model was implemented in the freely available, multi-agent, programmable modeling
environment NetLogo 5.0.3 (Wilensky, 1999). The model code is available at
www.openabm.com. In the initialization phase, each agent sequentially set up an individual
profile containing the following information about its state variables, based on the empirical
data in the online questionnaire:
•

values for the valence of each argument (Vx),

•

values for the importance of each argument (Ix), and

•

position in its own SJT range for each argument (i.e., latitude of rejection, acceptance,
or non-commitment).

2.4.1.6 Input data
The input data were read from files containing the empirical data from the online questionnaire.
For the initialization, the data from the first wave (N = 841) has been used. This means that
every agent represented exactly one of the participants of the online questionnaire at the start of
the simulation.
2.4.2 Simulation results
The first result to be reported concerns the translation from the online questionnaire (empirical
data) to the model. The algorithm in the code worked properly, meaning that the model was
able to represent the agents with the given characteristics (i.e., argument values, positions of the
arguments on the latitudes). This was also true for the dynamics of interactions based on the
theoretical assumptions of the SJT. The adaptations of the argument values occurred in the
directions postulated in the theory; thus, the assumptions of the SJT were successfully
implemented in the simulation.
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Simulation runs over 2,000 time steps showed different patterns for each argument (see
Appendix). The disaggregation in these results relates to the fact that we report arguments
instead of general opinions and also that we can show each agent singularly, not only
aggregated in a mean value over the entire simulation population. The simulation run over
2,000 time steps aimed to look for stabilizing patterns. In fact, concerning the time dimension
(i.e., the number of interactions), we generally observed that, ceteris paribus, most of the shifts
in the argument values occurred in the first 200–500 interactions. Figures 3 to 5 show the
development of each agent’s valuation of the three arguments at each time point (from 0 to 500)
as well as for the means over the entire sample.
Both the risk-oriented and benefit-oriented argument values showed pluriformity in the long run
(see Figures 3 and 4, as well as Figures 8 and 9 in the Appendix). A slight difference between
these two arguments could be noticed in the density of adaptation. The benefit-oriented
argument seemed to reach different values in a clearer way compared to the risk-oriented
argument, which had more differentiation and continuous adaptation over time. However, both
argument types indicated an increase in variability (higher standard deviations), resulting in a
state of pluriformity. The mean for the entire agent population showed a positive tendency for
both the risk-oriented and benefit-oriented argument values. This became stable over time, also
with slight fluctuations in later time steps for the risk-oriented argument.
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Figure 3. Values of the risk-oriented argument over 500 interactions. Each curve represents an
agent in the model. The mean values are represented in the black curve. For each agent
trajectory: Red = argument in the latitude of rejection; Yellow = argument in the latitude of
acceptance; Orange (parallel curves) = argument in the latitude of non-commitment. The
latitudes remain unvaried over the simulation.

Figure 4. Values of the benefit-oriented argument over 500 interactions. Each curve represents
an agent in the model. The mean values are represented in the black curve. For each agent
trajectory: Red = argument in the latitude of rejection; Yellow = argument in the latitude of
acceptance; Orange (parallel curves) = argument in the latitude of non-commitment. The
latitudes remain unvaried over the simulation.
A completely different picture emerged for the process-oriented argument. The initial
differentiation among the agents (less heterogeneous compared to the other two arguments)
converged to polarized positive values relatively early and stayed rather stable over time (see
Figures 5 and 10). On the other hand, a few agents with initial latitudes of rejection for this
argument reinforced their distance, resulting in extremely negative values. This argument’s
stable and relatively low variability was also remarkable compared to the other two arguments.
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Figure 5. Values of the process-oriented argument over 500 interactions. Each curve represents
an agent in the model. The mean values are represented in the black curve. For each agent
trajectory: Red = argument in the latitude of rejection; Yellow = argument in the latitude of
acceptance; Orange (parallel curves) = argument in the latitude of non-commitment. The
latitudes remain unvaried over the simulation.
As a further step, we used the empirical data of the second wave to ensure the replicative
validity of the model (cf., Troitzsch, 2004; Zeigler, 1985). In the simulation results, we tracked
the values for each of the three arguments that matched the empirical values of the 2015
measurements. We found the matching values after different numbers of interactions for every
argument (see Table 4). The adaptations obviously behaved differently and at different speeds
for every argument. Since the main difference in calculating the arguments concerns the
latitudes, we inspected the results more closely with respect to the latitudes.
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Table 4.
Replicative validity of the ABM.
Arguments

Empirical data 2015 (M)

Simulation data (M) (t
needed)

Process-oriented argument

0.652

0.652 (6)

Risk-oriented argument

-0.106

-0.106 (49)

Benefit-oriented argument

0.286

0.286 (100)

Note. Value ranges [-1, 1]. t = interactions in the simulation that are needed to match the empirical data
in 2015.

We thus looked at the latitudes in both questionnaire periods (2014 vs. 2015) not only
aggregated among all participants, but also at an individual level. Even if the picture of the
mean latitude distributions did not show significant differences (see Figure 1), looking at the
individual shifts between the latitude revealed a different picture. For each argument we
counted how many participants switched from one latitude to another, differentiating the
extreme changes (i.e., from the latitude of rejection to the latitude of acceptance and vice versa)
and the moderate changes (i.e., from the latitude of rejection to the latitude of non-commitment,
from the latitude of non-commitment to the latitude of acceptance, and vice versa). What we
see is a notable amount of fluctuations for every argument (see Figure 6). For the benefit
argument, slightly more than half of the sample stayed in the same latitude (53.6%). A similar
picture was true for the risk argument: 58% of the sample stayed in the same latitude. The
highest stability was found for the process-oriented argument, where the latitudes of the
participants did not change in 77.1% of the cases.
This closer inspection of the latitudes’ role in the simulation dynamics revealed that there had
indeed been changes on an individual level: participants changed latitudes, which is not part of
the SJT or the related literature. In the following discussion we will return to the implications of
this finding.
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Figure 6. Fluctuations in the latitudes reported by the participants for every argument.
2.4.3 Discussion (simulation part)
Our ABM simulated the German-speaking, Swiss citizens’ opinions on nuclear waste
repositories over time. Besides the achieved implementation of the empirical data and the
assumptions of the SJT, we observed that the three argument types used in the model (i.e., risk-,
benefit-, and process-oriented arguments) showed different patterns after many pairwise agent
interactions over time.
The risk-oriented and benefit-oriented argument values demonstrated pluriformity, as described
by Jager and Amblard (2004). This phenomenon suggests that subgroups of agents share similar
values, a pattern that remains stable over time. However, there were some differences between
these two arguments as the risk-oriented argument reached less consensus (as expected) in the
subgroups compared to the benefit-oriented argument (see Table 1). In contrast to prior models
of opinion dynamics using psychological assumptions (Huet et al., 2008; Jager & Amblard,
2004), our model represents empirical distributions of the parameters. In fact, the
heterogeneous distribution of the positions of the agents‘ arguments on the latitudes of the SJT
represented the empirical study’s sample. This distribution allowed for assimilation and contrast
effects, resulting in emerging patterns of pluriformity.
Regarding the process-oriented argument, agents rapidly shifted to the positive values and
remained stable over time. This clear tendency toward uniformity showed consensus for this
argument type for the majority of the agents, resulting from (a) mainly positive starting values
for this argument (see Table 1) and (b) the high number of agents locating this argument in the
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latitude of acceptance (see Figure 1). This result is in line with prior models of opinion
dynamics showing consensus patterns among the agents (e.g., Deffuant, 2006; Jager &
Amblard, 2004).
This example of the ABM can be considered an extension of previous models of opinion
dynamics (e.g., Huet et al., 2008; Jager & Amblard, 2004) because of the inclusion of empirical
data, the operationalized assumptions of a sociopsychological theory (i.e., SJT), and the linkage
to a specific issue (i.e., DGR).
The operationalization of the SJT, which we adapted for the specific case of DGRs in
Switzerland and for the implementation in the simulation model, allowed for an alternative
approach, shedding light on the opinion structures and dynamic mechanisms of opinion change
in a specific case. In fact, this evaluation of different argument types on the latitudes of the SJT
is a new application of this theory. Furthermore, we uncovered an interesting fact about the
opinion structures of our participants: The latitudes reported were subject to change over time.
This temporal variability is a new insight that has emerged by implementing the SJT into a
computer model and by investigating opinion (i.e., argument) dynamics longitudinally.
Following these results of the changes in latitudes, the question about the stability of the
opinion structure of individuals assumes a central position. In the existing literature, very little
is claimed about the stability patterns of the latitudes. Obviously, the stability of individual
latitudes is assumed. As there is a lack of longitudinal studies on this theory, very little can be
concluded by analyzing former studies (e.g., Eagly & Telaak, 1972; Hovland, Harvey, & Sherif,
1957; Powell, 1966; Smith et al., 2006). Moreover, when we think about SJT, we think about
the opinion structure of a person—what is more dynamic is the process of adaptation based on
this structure (e.g., O’Keefe, 1990; Sherif & Hovland, 1961). This was our assumption when
defining the model algorithm. Nonetheless, formalizing and implementing the theoretical
postulations caused us to rethink this assumption. Accepting the fact that latitudes are issuespecific and thus differ between categories (or arguments, respectively), the model may
represent the empirical setting rather well. However, when it comes to the latitudes’ temporal
variability found in our empirical results, the theory is silent with respect to a mechanism that
would drive such changes. It is likely that the causal dynamics are different than previously
assumed. A change in the way arguments are judged (via valence and importance) may trigger a
reconsideration of the acceptability of these arguments, which is an adaption of the latitudes.
We need to conduct more empirical research on these mechanisms. For further modeling
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exercises, this means that we could base the latitude-change-mechanism on assumptions and
test these assumptions with simulations, without waiting for further empirical studies.

2.5 General discussion
This contribution aimed at combining sociopsychologically based, longitudinal empirical data
with a social simulation model to gain insights into the process of opinion change and, in so
doing, highlight the challenges and benefits of such a methodological combination. Combining
empirical results with a social simulation model is helpful when the inclusion of dynamic
aspects in the investigation is desired. Opinion polls capture citizens’ views on nuclear waste
and potential repositories in different nations (e.g., European Commission, 2008). With the
general way of surveying public opinion (no disaggregation on argumentative dimensions),
there is no possibility to track and analyze mechanisms of changes over time.
Starting from the question of how people change their opinions on a specific topic over time,
we chose SJT as a theoretical foundation for our study. We used a longitudinal online
questionnaire to capture the dimensions of importance and valence of arguments related to the
building of nuclear waste repositories in Switzerland. Furthermore, we operationalized some of
the propositions of SJT in the questionnaire for the social simulation purpose. These
propositions refer to the latitudes of the arguments regarding DGRs in Switzerland, providing
information about the opinion structures of the participants. The social simulation (i.e., ABM)
primarily investigated whether the translation and implementation of empirical data in dynamic
modeling functioned as intended. Another goal was to attain a solid operationalization of the
latitudes of SJT under the dynamic perspective. With the analysis of data of both methods, we
attempted to combine empirical research and social simulation models to better understand
opinion change regarding a contested and current topic. This process that is depicted in Figure 7
is based on the cycles of empirical research and modelling (for an overview, see Goodwin &
Goodwin, 2012; Railsback & Grimm, 2012). The relevant arrows for our contribution in this
cycle are highlighted and compared to some of the principles formulated by Epstein (2008)
presented in section 2.2.1.1.
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Figure 7. A research cycle combining two methods, i.e., empirics and a simulation model.
Adapted from Goodwin and Goodwin (2012) and Railsback and Grimm (2012).Guidance of
data collection.
The arrow designated by an “a” in Figure 7 directs our attention to the mutual influence of the
methods used in the operationalization and implementation step. It may be difficult to directly
translate scales or measurement tools designed for a certain research purpose into an algorithm
or a simulation. It may therefore be necessary to modify this step and sometimes deviate from
the classical measurement tool. Thus, this mutual influence may alert us to the best way of
collecting data.
Illumination of core dynamics and uncertainties. Although it is a considerable advantage to run
the simulation with real data, this step would not be sufficient without a conjoint analysis of the
results from both the empirical data collection and the simulation part (b). This step is crucial
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for the interpretation of what has been produced in the study in order to find out what happens
dynamically in the model and to resolve the uncertainties that emerge from the obtained results.
Discovering new questions. The prior steps can lead to insights (such as the latitude fluctuations
in our case) that can enable researchers to rethink several aspects of their research process (c &
d). For example, should we modify our research question? Or should we adapt our methods in
order to clarify some crucial elements? Should we reconsider some theoretical assumptions?
Reveal the apparently complex (simple) to be simple (complex). In our case, both apply under
certain circumstances. On the one hand we took a complex dynamic system (i.e., the changes in
opinions of people on nuclear waste repositories in Switzerland) and translated it into a simple
simulation model in order to investigate its dynamics and structures. On the other hand, our
simple model influenced the whole process in a way that led us to more open-ended questions,
showing that the apparently simple can hide inherent complexity.
2.5.1 Limitations and suggestions for further research
Some limitations in our investigation need to be considered. The current ABM in our study is a
model that represents the opinions disaggregated into argument types on the DGR issue in
Switzerland. Using only three arguments is obviously a simplification that serves to provide a
better understanding of the model’s dynamics. However, other arguments may be relevant to
the debate. Adding further arguments from the survey data may offer the possibility of a more
realistic exchange between agents. Also, it would allow for further mechanisms to be
investigated, such as peripheral processing (Jager & Amblard, 2007), which states that attitudes
(or opinions) can be influenced by each other. Thus, shifts or adaptations would occur because
another attitude or opinion has been adapted independently of central processing mechanisms,
such as those described in SJT. This could imply that arguments from the same category (i.e.,
risk, benefit, or process) might exert this type of influence among each other, allowing for the
emergence of new dynamics. Nonetheless, this possibility should also be considered
empirically for a better understanding of this phenomenon.
Accordingly, extending the model to also investigate spatial aspects in the simulation world
would allow for the testing of the emergence of spatial clusters for the argument values. If
agents change their argument values in a negative or a positive way, the assumption would be
that some agents, at some point in time, would form negative or positive clusters that would be
visible in the simulation (see e.g., Axelrod, 1995; Nowak & Latané, 1994).
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Learning is another example of a phenomenon that can be investigated via simulation. Since
not every individual possesses a complete set of arguments (not everyone is aware of all
possible factors involved in a controversial topic such as nuclear waste), the interaction with
others who have different arguments will lead to learning processes that may influence the
process of opinion change. Some agents would possess fewer arguments and others would
possess many; thus, when interacting, the individual might add the missing arguments to their
own portfolio, thereby allowing for greater diversity and adaptation possibilities in the
simulation model. It would be interesting to empirically investigate how big this set of
arguments is—for instance, how many arguments regarding a specific topic each person
possesses—before implementing it into the simulation model.
Starting from the insight of intra-individual variability of latitudes for an argument, a further
step to take would be to allow the latitudes in the model to change over time. As we want to
keep a direct link between empirical data and ABM, it would be interesting to empirically
investigate which factors are responsible for a shift in latitudes. We can only speculate on the
possible influence from interaction per se. For instance, we can assume that the more one is
prone to adapt the own argument value based on social interactions, the higher the probability
of a shift in one’s own opinion structure (i.e., a shift in the latitudes) becomes. It might also be
the case that other factors are responsible for this shift, such as one’s own involvement in the
topic, the commitment one shows toward an exchange, the level of knowledge one possesses,
and so on.
Furthermore, the inclusion of external influences such as accidents, environmental disasters,
and political scandals, or the influence of communication through mass media, the Internet, and
social networks, can lead to a macro-level investigation. Social simulation can help test the
robustness of individual opinions given such types of events. Thus, a conceptual link may be
established between the micro-processes (i.e., argument exchanges among individual agents)
and the emergence of an aggregated “public opinion,” which in turn may influence the
formation of individual opinion. However, this link from the micro- to the macro-level remains
a challenge for future research. Notably, we did not aggregate the three arguments in any
arbitrary way to form a collective opinion or a mean “risk” argument for either the real sample
or for the agent population. First, we do not know how to aggregate single arguments into
opinions on the individual level. We also do not know how to aggregate individual opinions
into public opinions—should it be the sum, the mean, or the median? It is better for public
opinion research to ask only one question about the aggregate opinion on a certain topic to
avoid this aggregation problem. Second, at this stage of the research, we consider it more useful
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to disaggregate, gain a better understanding, and illustrate the micro-processes of social
interactions about single arguments. We assume this to be a reasonable first step toward a
theory of micro–macro opinion emergence on real topics (as opposed to solely hypothetical
simulation exercises).
As a final remark, the study only refers to the specific case of Switzerland and participants are
locally limited to the country’s German-speaking region. This indicates that the findings about
the opinion structures of individuals are not fully generalizable. However, the results of our
study may be taken as a reference for further investigations and can be compared with the cases
of other countries or other environmentally controversial issues. This can help identify common
factors and differences that may lead social researchers to more detailed and differentiated
conclusions.

2.6 Conclusion
This paper proposes that a focus on arguments may provide detailed insights into the underlying
structures and change of opinions. The arguments that are rated on two dimensions, valence and
importance, combined with the sociopsychological assumptions of SJT, constitute a valid and
realistic approach for examining opinions about specific environmental issues. Furthermore,
this provides a theoretical and empirical base for implementing an ABM and simulating the
dynamics resulting from social interaction.
The combination of empirical investigation (i.e., a longitudinal online questionnaire) and social
simulation (i.e., ABM) helps provide new insights into the opinion dynamics related to the
environmental issue of nuclear waste repositories. It also provides evidence that ABM can be
used as a tool in the social sciences, especially in social and environmental psychology.
Furthermore, it demonstrates how methodological obstacles and limitations can be overcome.
Gaps in classical empirical research, such as the lack of dynamic investigation, the embedding
into a complex system, and the limitation in the manipulation of variables (especially related to
major external events), can be filled by using social simulations. Conversely, the abstract nature
of social simulations can be overcome by including theoretical foundations and empirical data
in the investigation. In addition, this combination generates new questions that then feed back
into the sociopsychological theory that has been used. Allowing for new combinations of
methods is not only a search for the best outcomes; it is also a challenging and thrilling process
that might produce new questions and suggestions for a revision of assumptions.
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In sum, we suggest that the inclusion of empirical research into social simulation and their
interplay constitute a promising approach to investigating complex environmental issues that
concern individuals and their opinion dynamics. This approach might be more demanding than
research that uses only one type of method. Challenges such as the collection of empirical data,
the reliable operationalization of theories, the correct implementation of assumptions, the
coding of algorithms, and furthermore, the valid inclusion of qualitative data, need to be further
addressed in research. Nonetheless, the possibility to investigate phenomena such as
emergence, dynamic processes, catastrophic scenarios, accidents, and social interaction, should
give the researcher the enthusiasm to pursue this type of research. Especially for environmental
topics including social systems, some valid examples show that this field of study might be a
promising path to choose (e.g., Aktipis, 2015; Knoeri, Nikolic, Althaus & Binder, 2014;
Millington, 2012). This approach could also be adapted and generalized to topics such as risk
perception or stage models of behavior concerning environmentally related questions (see, e.g.,
Bamberg, 2013).

2.7 Appendix

Figure 8. Values of the risk-oriented argument over 2,000 interactions. Each curve represents
an agent in the model.

44

Figure 9. Values of the benefit-oriented argument over 2,000 interactions. Each curve
represents an agent in the model.

Figure 10. Values of the process-oriented argument over 2,000 interactions. Each curve
represents an agent in the model.
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3 Opinion communication on contested topics: How empirics and
arguments can improve social simulation
Original publication: Stefanelli, A., & Seidl, R. (submitted). Opinion communication on
contested topics: How empirics and arguments can improve social simulation.

47

48

3.1 Abstract
The effect of social interactions on how opinions are developed and changed over time is
crucial to public processes that involve citizens and their points of view. In this opinion
dynamics exercise, we address the topic of nuclear waste repositories in Switzerland and
suggest a more realistic investigation of public opinion using agent-based modeling in
combination with empirical data and sociopsychological theory. Empirical data obtained from
an online questionnaire (N = 841) is used for the initialization of the model, whose agents
directly represent the participants. We use social judgment theory (SJT) to describe how
opinions can be adapted during social interactions, including through mechanisms of contrast
and assimilation. Furthermore, we focus on the definition of “opinion” itself, claiming that
working with disaggregated opinions (i.e., arguments) can play a determining role if one aims
to capture real-world mechanisms of opinion dynamics. Simulation results show different
patterns for the three different argument categories used for this specific topic (i.e., risk, benefit,
and process), suggesting a mutual influence between an individual’s initial knowledge and
evaluations and an individual’s social dynamics and opinion changes. The importance of
content-related and empirical information, as well as the theory and mechanisms used in the
social simulation, are discussed.

Keywords: agent-based model; social judgment; arguments; opinion dynamics
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3.2 Introduction
People discuss their points of view about many topics that affect them personally and/or
socially. These social interactions are influenced by many factors, including prior knowledge,
the perception of new information, the judgment of interacting partners, and the situation in
which interaction occurs (Martin & Hewstone 2003; Wood 2000; Forgas & Williams 2001).
Based on these communications, people form and adapt their opinions. But how does this
work? In this study, we want to address this basic question, focusing especially on the content
and the form of opinions and using empirical evidence and agent-based modeling (ABM) to
analyze a part of the big picture of social interaction.
We based our investigation on models of continuous opinion dynamics under bounded
confidence (Deffuant, Neau, Amblard, & Weisbuch 2000; Deffuant 2006; Hegselmann &
Krause 2002; Salzarulo 2006), in which agents gradually adjust their opinions by comparing
them with those of other agents. This repeated averaging occurs within the context of bounded
confidence, by which agents only interact if they are close in opinion to each other.
An extension of these classical opinion dynamics models includes the implementation of
contrast effects (Huet, Deffuant, & Jager 2008; Dykstra, Elsenbroich, Jager, Lavalette, &
Verbrugge 2013; Jager & Amblard 2004). Contrast effects refer to the mechanism of shifting
away from an advocated position when this position is distant to the receivers’ initial position
(see also the section on theoretical background). For instance, in the model developed by Jager
and Amblard (2004), the inclusion of contrast effects permitted shifts in opinion and resulted in
the emergence of different patterns, including divergent, convergent, and pluriform
distributions.
Another method of understanding why these phenomena of converging or diverging opinions in
social interaction occur relates to social influence in terms of attraction (i.e., homophily) and
distancing (i.e., heterophobia) (Flache & Macy 2006; Flache & Mäs 2008; Mark 2003; Macy,
Kitts, Flache, & Benard 2003; Salzarulo 2006). In fact, in addition to positive influence among
social groups (i.e., seeking consensus in interactions), negative influence (i.e., moving away
from others’ opinions in interactions) is also shaping the way in which social influence occurs.
Positive and negative social influences are mainly used in studies that investigate in-group and
out-group dynamics, as well as those that examine social dynamics in different cultures (e.g.,
Axelrod 1997; Mark 1998, 2003; Mäs & Flache 2013; Salzarulo 2006). Experimental studies
(Mäs & Flache 2013; Takás, Flache, and Mäs 2014) have tested positive and negative
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mechanisms in social interactions, and their results have revealed the presence of homophily;
however, they have not found supporting results for negative social influence.
Despite the various successful studies of opinion dynamics, a commonality among these models
is the fact that agents only have their opinions represented as one-dimensional concepts. In such
studies, opinions are either positive or negative, with binary or continuum characteristics (e.g.,
Latané & Nowak 1997; Weisbuch, Deffuant, Amblard, & Nadal 2002, 2003). Some scholars
have pointed out the necessity of viewing opinions as multidimensional (Urbig & Malitz 2005);
however, the lack of empirical data in opinion dynamics remains. In fact, what we learn from
these models about opinion dynamics is often presented in artificial, abstract terms. The
concrete case may differ considerably, and real populations/samples do not always exist in the
same homo- or heterogeneous manner, as arbitrary distributions of agent populations assume.
With our contribution, we aim to test what happens when we fill these data gaps and explore a
more realistic model based on empirical data and a specific real-world issue (related to
contested infrastructures).
Switzerland is currently active in a participatory site selection process for the building of deep
geological repositories (DGR) for nuclear waste, and citizens’ opinions are important if the
overall support of the population is to be obtained (Swiss Federal Office of Energy 2008). Prior
research has shown that there are different opinion types regarding this specific topic, such as
extreme opinions (against or in favor) and moderate opinions (ambivalent or indifferent) (Seidl,
Moser, Stauffacher, & Krütli 2013).
Thus, it is important to determine how lay people communicate and adapt their opinions on this
topic in the long term. In fact, when people discuss any issue, what they compare is usually not
a mean value of their overall opinion on the discussed topic. What we observe is that people
communicate arguments to each other. An individual’s opinion is not an aggregate; rather, it is
split up into subcategories (arguments), which can have different valences.
Usually, each individual identifies pro and con arguments in different amounts and ratios
depending on the topic. This is also a reason why moderate opinions (i.e., ambivalence) can
occur (see Jonas, Broemer & Diehl 2000 for an overview). The disaggregation of opinions has
been inspired by prior work on arguments in opinion dynamic models.
For instance, in their paper on multidimensional opinion dynamics, Urbig and Malitz (2005)
emphasize the fact that attitudes are multidimensional by nature. They propose a simple attitude
model where evaluations and associations regarding the object are conceived as different
opinion dimensions. Mäs, Flache, Takás, and Jehn (2013) also approached multidimensional
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opinion dynamics and used arguments to represent the elements that form opinions in order to
explain homophily and social influence. These contributions, however, do not include empirical
data in their model dynamics. A successful attempt to include empirical data in
multidimensional opinion dynamics was performed by Mäs and Flache (2013). These scholars
tested their hypotheses regarding social influence through argument communication via a group
discussion experiment.
In line with the efforts of these prior research contributions, we concluded that in our
simulation, the use of concrete arguments rather than aggregated opinions was the path to
follow. Furthermore, we wished to emphasize the inclusion of empirical data in the model
parameters. We aim to conduct an opinion dynamic exercise that studies argument
communication on a specific topic; this examination will be made on the basis of
sociopsychological concepts. The results of this exercise should provide a grounds for
discussion regarding the implementation of empirical data into opinion dynamic models with
disaggregated opinions. Moreover, this study will introduce empirical groundings for
simulation models of contrast effects.
3.2.1 Theoretical Background
The theoretical pillar for our investigation on opinion changes comes from social psychology.
Social judgment theory (SJT) (Sherif & Hovland 1961) offers a good basis for modelers of
social simulations (e.g., Dykstra, Elsenbroich, Jager, Lavalette, & Verbrugge 2013; Jager &
Amblard 2004) because it allows for a good balance between complexity and simplification
(Railsback & Grimm 2012; Starfield, Smith, & Bleloch 1990). An anchor based on prior
knowledge and experience provides the basis for comparison and places the new information on
the social judgment continuum, which also determines the persuasive power of the message
(O’Keefe 1990; Sherif, Sherif, & Nebergall 1965). This social judgment continuum is divided
into three latitudes with rejection at one extreme, acceptance at the other, and non-commitment
in the middle.
In this process, people might stumble across perceptual errors explained in SJT as contrast and
assimilation effects. A contrast effect means that new information that falls within the latitude
of rejection is perceived as more opposed to one’s own attitude (because it is perceived as being
further away from one’s own anchor or point of view) than it really is. An assimilation effect
means that new information that falls within the latitude of acceptance is perceived as less
opposed to one’s own attitude (because it is perceived as being much closer to one’s own
anchor or point of view) than it really is.
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However, changes in opinion might occur during the second step, in which people adjust their
own attitude or opinion4 either toward or away from the new information, depending on
whether the new information has been previously judged as being in the latitude of acceptance,
non-commitment, or rejection. If the new information is judged to be in the latitude of
acceptance, the receiver will adapt his or her attitude or opinion toward it. If the opposite occurs
(i.e., the new information is judged to be in the latitude of rejection), the receiver will adjust his
or her attitude or opinion away from that of the other person. In both cases, it is believed that
the greater the discrepancy between opinions, the larger the change. For new information in the
latitude of non-commitment, the common interpretation is that no change occurs (Sherif &
Hovland 1961).
Born as a sociopsychological theory in the 60’s (and being underacknowledged in the last few
decades), SJT has found some recent applications in communication science. Smith, Atkin,
Martell, Allen, and Hembroff (2006) focused their investigation on the latitude of noncommitment. They found that information presented in social norm campaigns that fell under
the latitude of non-commitment provoked a change in attitude and behavior in the direction of
the presented norm. The latitudes of acceptance and rejection were not compared, which
impedes comparison between these latitudes for possible changes.
In an experimental study on persuasion, Park, Levine, Kingsley Westerman, Orfgen, and
Foregger (2007) focused on argument quality and involvement, which is an additional factor in
SJT determining the acceptance or rejection of persuasive messages. They found no evidence of
involvement’s relevance to attitude change. However, argument quality was found to be a
determinant of the ability of information to provoke attitude change.
All in all, the applicability of SJT remains to be proven in social simulations of opinion
dynamics with empirical cases. In the following section, we will describe our social simulation
model, in which we implement SJT and use empirical data for the investigation of opinion
dynamics based on arguments.

4

The terms “attitude” and “opinion” are often interchangeably used in the literature. In our understanding and for
the purpose of the study, we define both as overt evaluations—made up of affective and cognitive elements—of a
target or an object (for an overview, see Maio & Haddock 2010).
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3.3 Method
3.3.1 Empirical study
3.3.1.1 Sample
Our sample comprised 841 participants (43.4% women and 56.6% men) with an age range
between 19 and 84 years (M = 56.2, SD = 16.86); participants completed the online
questionnaire in January of 2014. The sample participants lived in the German-speaking part of
Switzerland, as the potential sites for nuclear waste repositories are all located in Germanspeaking regions. We recruited the sample in collaboration with a market research institute.
This permitted a wide distribution of the questionnaire based on specific quotes aimed at
recruiting a representative sample of the Swiss German-speaking population. Furthermore, the
selection of the final sample was directly linked to the quotes and to the completeness of the
responses; this allowed us to obtain a complete data set without missing values.
3.3.1.2 Questionnaire
A short factual description of the topic of nuclear waste in Switzerland and the ongoing
repository site selection process introduced the participants to the online questionnaire. In the
first part, ten arguments related to this topic were to be evaluated on (a) a valence scale, asking
participants if, in their opinion, the argument was in favor of or against a DGR on a seven-point
Likert scale (from “totally against” to “totally in favor”), with the option of an “I don’t know”
answer, and on (b) an importance scale, asking the degree of importance they would attribute to
each argument on a seven-point Likert scale (from “not important at all” to “very important”).
Of the ten arguments, four focused on the risks of a DGR (e.g., “A deep geological repository
would represent a health risk”), four on the benefits of a DGR (e.g., “A deep geological
repository would create new and lasting job opportunities in the region”), and two on the
ongoing site selection process (e.g., “The communication during the site selection process
should be transparent”) (see Table 5).
The decision to include the dimensions of risk and benefit was made in order to ascribe to
classical research on contested technologies and infrastructures (e.g., Slovic 1987). The focus
lies in the evaluative aspect of certain attitudes toward, for instance, nuclear issues, which in
many studies is described as the risk and benefit perception (e.g., Poortinga & Pidgeon 2006;
Visschers & Wallquist 2013). However, concerning the specific issue of nuclear waste in
relation to its political process, procedural aspects should also be taken into consideration.
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Factors such as fairness and transparency have been described as fundamental to the
participatory processes of contested infrastructures (Krütli, Stauffacher, Pedolin, Moser, &
Scholz 2012). Therefore, we included in our questionnaire the dimension of process, which
refers to the procedural aspects of the site selection process in Switzerland.
After the evaluation of the ten arguments, we measured the social judgment continuum of the
participants for each argument. For this purpose, we used an adapted measurement called the
ordered alternative scale (OAS) (Sherif & Hovland 1961; Sherif et al. 1965; Smith et al. 2006).
The adaptation of the original measurement rooted in the studies on conception measurements
(see Jackson 1960) was necessary for the best implementation in the ABM.5 In our online
questionnaire, participants had to sort the ten arguments on a three-point scale from
“objectionable” to “acceptable,” with a neutral position “neither acceptable nor objectionable.”
This neutral position represented arguments in the latitude of non-commitment. The arguments
reported as being objectionable were represented in the latitude of rejection, and arguments
reported as being acceptable were represented in the latitude of acceptance.
3.3.1.3 Results
The results of the evaluations of the arguments are depicted in Table 5. As expected, benefitoriented arguments were rated as more favorable to DGR in Switzerland (valence). The
process-oriented arguments were rated as the most favorable and the most important among the
sample. The importance ratings show higher values for risk-oriented arguments than for
benefit-oriented arguments.
Table 5.
Descriptive statistics for the valence and importance of the ten arguments.
Valence

Importance

Arguments

M

SD

M

SD

More working places (BO)

5.0

1.60

4.1

1.75

Better infrastructure (BO)

4.3

1.81

3.8

1.68

5

The original OAS, developed to assess an individual’s judgment on one issue, comprised a set of statements
(usually nine) representing different points of view on a defined issue, arranged from one extreme to the other
(Sherif & Hovland 1961). The adaptation in our investigation was that the statements would be represented by the
ten arguments on the issue of DGR in Switzerland. Even though we do not have a clear ranking from one extreme
to the other, we can confidently assume that we covered the full range of arguments for this specific issue based on
prior research (Seidl et al. 2013).
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Lower taxes for citizens (BO)

4.6

1.80

3.8

1.84

Sustainable development in the region (BO)

4.0

1.78

3.8

1.69

Environmental damages (RO)

3.3

1.92

4.8

1.87

Transport accidents (RO)

3.8

1.89

4.8

1.83

Health risk (RO)

3.3

1.87

4.8

1.90

Later generations reach into the repository (RO)

3.1

1.79

4.2

1.99

Fairness of the political process (PO)

6.1

1.31

6.0

1.38

Transparency of the communication process (PO)

6.2

1.27

6.1

1.30

Note. RO = risk-oriented argument; BO = benefit-oriented argument; PO = process-oriented
argument
For the computation of the scales (see the entities, state variables, and scales section), we ran a
factor analysis (FA) on the ten arguments both for the valence and importance dimension.
Results of the FA showed a three-factor solution, which was consistent with the argument types
defined as risk-, benefit-, and process-oriented. Each scale represented the mean values for
valence and the importance of the arguments by type (see Table 6).
Table 6.
Scale values for valence and importance.
Valence

Importance

Scale

M

SD

M

SD

Benefit-scale

4.5

1.75

3.9

1.74

Risk-scale

3.4

1.87

4.7

1.90

Process-scale

6.1

1.29

6.1

1.34

3.3.2 Agent-based model
For our simulation, we used an agent-based model (ABM) and described it by following the
ODD-protocol (Grimm et al. 2010; Müller et al. 2013). In the following sections, we will only
illustrate the protocol subsections relevant to our ABM.
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3.3.2.1 Purpose
The purpose of our ABM was to investigate the mechanisms of opinion dynamics over time on
the basis of the assumptions of SJT and arguments related to the specific issue of DGR. The
paired agents in the model interact unidirectionally, compare argument-scales, and adapt them
(or not) depending on the position of each argument on their own social judgment continuum
(see the input data section). Based on the simulation output, we will be able to draw
conclusions regarding the applicability of SJT, the differentiation of opinions into arguments
for opinion dynamics simulations, and the utilization of empirical data for simulation purposes.
3.3.2.2 Entities, state variables, and scales
The model consists of 841 agents representing Swiss citizens. The argument values Ai taken
from the empirical study have been computed as the product of valence ratings Vi [-1, 1] and
importance ratings Ii [0, 1]. The mean values of the arguments belonging to the same category
(i.e., risk, benefit, and process) resulted in the argument scales Sx, where x is the related
category, assuming values between -1 and 1 (see Figure 11). Therefore, each agent T possesses
a set of three argument-scales Sx computed as the mean of the argument values Ai belonging to
each category x.
The agents’ profiles were completed using information about the distribution of latitudes (i.e.,
rejection, non-commitment, and acceptance) for each of the three argument scales Sx on the
social judgment continuum SJCx of each agent (see Figure 11, step 1 on the right). This
information has been directly implemented using the empirical data that measured the
distribution of latitudes (i.e., OAS measurement, see section questionnaire for more details).
This data has been computed as a probabilistic distribution on the social judgment continuum
SJCx (see Figure 11, step 2 on the right). This means that for each scale, a minimal probability
of p=0.25 (p=0.5 for the process scale) was multiplied by the number of entries for each
latitude. As an example: if, for the risk scale, Participant i reported two arguments in the
latitude of rejection (Lay = 1), one argument in the latitude of non-commitment (Lay = 2), and
one argument in the latitude of acceptance (Lay = 3), the social judgment continuum for the risk
scale SJCrisk i would comprise the probabilities [0.5; 0.25; 0.25 ].
Each interaction between all pairs of agents randomly chosen from the social network is
represented by a one-time step t. Time in the model was thus a discrete measure and did not
represent a real time interval.
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Figure 11. Transformations of arguments to scales and latitudes to social judgment continua.
This empirical data is used as input data in the model (see the questionnaire and input data
section).
3.3.2.3 Process overview and scheduling
The simulation world consisted of a 29 x 29 two-dimensional grid with wrapped boundaries
(i.e., all agents are interconnected) based on a Moore neighborhood (i.e., eight neighbors for
each agent). This type of social network and the number of links for each agent was selected
based upon empirical information (73.2% of the participants reported having interactions with
between one and eight persons about DGR). Because spatial representation was not a focus in
our study, the Moore neighborhood was assumed to be a good compromise to facilitate simple,
readily explicable dynamics. It should be noted that the implementation of more complex social
networks (i.e., small worlds, preferential attachments, etc.) and the inclusion of agent
characteristics that can be attributed to the social dynamics of different groups have been
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explicitly omitted. With the exception of general interaction frequency, we do not have
empirical information about the network itself (i.e., to whom people may talk and how often
they do so). To assume other mechanisms based on arbitrary assumptions would have been
beyond the scope of this exercise.
As described in Figure 12, at each time step t, each agent randomly chose a neighbor from the
social network. The one-directional interaction (meaning that only the interacting agent Ta
could adapt its argument-scale value Sx) started with the comparison of a similar argument-scale
Sx.

Figure 12. Flowchart of the interaction between two agents. Each scale (RS = risk scale, BS =
benefit scale, PS = process scale) is sequentially compared within each time step. The
interaction is represented in the gray field (adapted from Stefanelli & Seidl 2016).
The choice of the latitude to use in the comparison for each agent and each argument-scale
depended on a random process using the probabilistic distributions of the social judgment
continuum related to each argument-scale SJCx. The occurrence of an adaptation directly
depended on the chosen latitude type and on the valence of the compared argument-scale values
Sxa and Sxb (i.e., positive or negative).
If the latitude for the chosen argument-scale was in the latitude of non-commitment, no
adaptation occurred. The argument-scale value Sxa of the interacting agent Ta remained
unvaried, and Ta moved on to the next argument-scale.
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An adaptation for agent Ta would only occur if the latitude for the chosen argument-scale was
in the latitude of rejection or acceptance. Based on the general quadratic functions (1 & 2) and
depending on the latitude (see Tables 7 and 8), the argument-scale value Sxa was permitted to
shift up or down to a maximum of 1 or a minimum of -1. The quadratic term in function (1)
leads to an asymptotic approach to the extreme positions so as to best represent the two effects
of contrast and assimilation described in SJT (see the theoretical background section).
The constant s set at s = 0.01 slowed down the speed of change in the argument-scale values
(see also Jager & Amblard 2004). This facilitates better observation during the simulation and
better reflects the generally slower changes in people’s opinions in the real world.

(1)

f(x) = ± (x2 ∗ s) à f(x) = ± (Sxb2∗ s)

(2)

Sxa(t+1) = Sxa(t) ± y à Sxa(t+1) = Sxa(t) ± (Sxb2 ∗ s)

Table 7.
Formulae used when the latitude of acceptance has been chosen for the compared argumentscale.
Latitude of

Sxb

acceptance

+

-

+

Sxa(t+1) = Sxa(t) + (Sxb2 ∗ s)

Sxa(t+1) = Sxa(t) – (Sxb2 ∗ s)

-

Sxa(t+1) = Sxa(t) + (Sxb2 ∗ s)

Sxa(t+1) = Sxa(t) – (Sxb2 ∗ s)

Sxa

Note: Sxa = argument-scale value for category x of agent Ta (positive or negative), Sxb =
argument-scale value for category x of agent Tb (positive or negative), t = time step in the
model, and s = speed of change constant (s = 0.01)
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Table 8.
Formulae used when the latitude of rejection has been chosen for the compared argumentscale.
Latitude of rejection

Sxb
+

-

+

Sxa(t+1) = Sxa(t) – (Sxb2 ∗ s)

Sxa(t+1) = Sxa(t) + (Sxb2 ∗ s)

-

Sxa(t+1) = Sxa(t) – (Sxb2 ∗ s)

Sxa(t+1) = Sxa(t) + (Sxb2 ∗ s)

Sxa

Note: Sxa = argument-scale value for category x of agent Ta (positive or negative), Sxb =
argument-scale value for category x of agent Tb (positive or negative), t = time step in the
model, and s = speed of change constant (s = 0.01)

Agent Ta exits the interaction as soon as every argument-scale has been compared and its value
Sxa has been updated. For the next time step, another neighbor agent Tb is chosen from the
social network, and agent Ta begins the same interaction process again.
3.3.2.4 Design concepts - Implementation and initialization
The model was implemented in the freely available, multi-agent, programmable modeling
environment NetLogo 5.0.3 (Wilensky 1999).
During the initialization, every agent profile was sequentially built upon the following
empirical information about its state variables:
•

values for each argument-scale (Sx) were computed as the mean of the argument-values
Ax and the argument-values Ax were computed as the product of valence Vx and
importance Ix and

•

the probability for every latitude (i.e., latitude of rejection, acceptance, or noncommitment) of location in each of the three social judgment continuum SJCx related to
a category x.
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3.3.2.5 Input data
The input data for every variable described above consisted of the empirical data from an online
questionnaire. This investigation was conducted in January, 2014 in the German-speaking part
of Switzerland. Thus, at the beginning of the simulation, every agent directly represents one of
the participants of the online questionnaire.

3.4 Results
We ran several prior sensitivity analyses using our model in order to define a level of stability
and to ensure the robustness of the parameters (the simulation was run over 2000 time-steps).
Examining the number of runs, the model showed relatively stable patterns at approximately
500 time-steps. After more than 500 time-steps, the change was negligible and no significant
deviations or emerging patterns were detected; thus, we decided to adopt this figure as the
maximum number of interactions for the purposes of our study. This would represent each
individual (i.e., agent) having 500 interactions with other people, which is apparently a great
deal of interaction. However, we must bear in mind that the process of DGR takes several
decades to complete; therefore, discussions regarding this issue could realistically entail such a
large number of interactions.
To test the parameters, we primarily focused on the trajectories of the latitudes to see if the
changes in the argument-scale values directly depended on the latitudes. This means that for
each argument-scale, only one distribution of the latitudes was taken sequentially, without
allowing for changes during the simulation in the first place (no random choice based on the
probabilistic distribution). Different runs showed that the trajectories did depend directly on the
latitudes and not on random effects not defined in the model.
3.4.1 Results among the entire sample
If we consider the entire sample of 841 agents, the runs on the three different argument-scales
(considering the individual social judgment continuum for each agent) showed different
pictures for all three scales6.
In our sample, the participants (and thus the agents in the model) varied in their evaluations of
the risk-scale, showing different initial states along the continuum from absolutely against to
absolutely in favor of (Figure 13). We observed a huge variance in the scale-values over the
course of the simulation, with a minor tendency to converge on the low extreme of -1 and a
6

The results displayed for the entire sample (this section) and those displayed for the subsamples (see section
“Results among subgroups of the entire sample”) are based on the mean data computed over 10 simulation runs.
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diffusion in the middle part. This heterogeneity is also noticeable in the social judgment
continuum, resulting in high variance during the simulation exercise. We also noted very
different trajectories for the agents (each represented by a curve in the graph), showing that they
adapted their values in different ways, without a clear general tendency.

Figure 13. Trajectories of the risk-scale values over 500 time steps for the entire sample (N =
841).
The benefit-scale produced a similar yet horizontally flipped picture of the scale-values in the
simulation (Figure 14). The agents possess more heterogeneous initial values compared to those
of the risk-scale, which converge to the neutral position with a slight positive tendency. Hence,
the lower part (benefit-scale as arguments against a DGR) is less represented, and we noted
only a small percentage of the sample in the lower part. During the simulation, we also noted
more stable trajectories for the agents in the model than for those in the risk-scale, with
distinguishable tendencies. It appears that agents starting with positive values tended to adapt
towards more positive values, whereas agents starting with negative values tended to adapt
toward more negative values. Additionally, we noted a remarkable number of agents in the
middle section, showing stable trajectories and indicating a less prominent adaptation of their
scale-values over time.
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Figure 14. Trajectories of the benefit-scale values over 500 time steps for the entire sample (N
= 841).
Finally, the process-scale shows a tendency toward a high degree of consensus that occurs
significantly more rapidly than in the other two scales (Figure 15). We can observe that already
after the first 200 interactions, process-scale agents began to converge to the upper limit of 1.
Only a small subset of agents shows either no significant change over the interactions or a falls
towards the negative limit of -1. This is related to the initial state values almost exclusively
represented in the positive segment, already showing a favorable evaluation of this scale. The
rapid adaptation towards a positive consensus is also triggered by a high representation of the
social judgment continuum, entailing almost the latitude of acceptance among the agents (see
below, Table 10).
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Figure 15. Trajectories of the process-scale values over 500 time steps for the entire sample (N
= 841).
3.4.2 Results among subgroups of the entire sample
To allow for a better comprehension of these graphs, we decided to divide each scale into the
different social judgment continua. We divided the sample into groups whose members
reported the same latitude distributions in each scale. As an example, Table 9 illustrates in
greater detail the grouping of the sample for the risk scale. We subsequently obtained 15
different cases for both the risk and benefit scales (3 latitudes x 4 arguments) and six cases for
the process scale (3 latitudes x 2 arguments). In Table 10, the cases are described and provided
along with the percentage of agents who share the same social judgment continuum across the
entire sample.
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Table 9.
A detailed description of the process of splitting up the scales into cases. Example refers to the
risk scale.
Case

Rej

N-Com

Acc

Description

1

100

0

0

4 arguments in Rej

2

75

25

0

3 arguments in Rej, 1 argument in N-Com

3

75

0

25

3 arguments in Rej, 1 argument in Acc

4

50

50

0

2 arguments in Rej, 2 arguments in N-Com

5

50

0

50

2 arguments in Rej, 2 arguments in Acc

6

50

25

25

2 arguments in Rej, 1 argument in N-Com, 1 argument in Acc

7

25

75

0

1 argument in Rej, 3 arguments in N-Com

8

25

50

25

1 argument in Rej, 2 arguments in N-Com, 1 argument in Acc

9

25

25

50

1 argument in Rej, 1 argument in N-Com, 2 arguments in Acc

10

25

0

75

1 argument in Rej, 3 arguments in Acc

11

0

100

0

4 arguments in N-Com

12

0

75

25

3 arguments in N-Com, 1 argument in Acc

13

0

50

50

2 arguments in N-Com, 2 arguments in Acc

14

0

25

75

1 argument in N-Com, 3 arguments in Acc

15

0

0

100

4 arguments in Acc

Note: Rej = Latitude of rejection; N-Com = Latitude of non-commitment; Acc = Latitude of acceptance.
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Table 10.
A visual representation of cases for the social judgment continuum for the three scales. Near
the graph, tables shows the percentage of the sample for each case.

In dividing the sample into subgroups of agents who share the same social judgment continuum
(cases), we observed different stylized facts related to this cases. For example, the distribution
of the cases among the scales is quite different. The largest difference is observed in the process
scale, which clearly indicates a skewed distribution. Only a few participants reported both
process arguments to be in their latitude of rejection (0.6%), whereas the majority (72.5%)
reported both arguments to be in the latitude of acceptance. The risk scale shows that half of the
sample participants (50.3%) reported a latitude of rejection that fell within the scale, at least to a
probability of p = 0.5 (which indicates that at least two of four arguments were reported to exist
in this latitude). For the benefit scale, however, this was the case for only 29.6% of the sample.
Conversely, the probability of an individual having at least p = 0.5 of their arguments fall
within the scale reported in the latitude of acceptance is similar for both the risk scale (32.5%)
and the benefit scale (35.1%).
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Shifting the focus to the dynamics in the simulation, we take the most extreme cases for every
scale as examples of the different trajectories in order to relate them to the initial values. Cases
1 and 15 were used for the risk-scale (17.5% and 9.3%, respectively) and the benefit-scale (9%
and 9.9%, respectively), and case 6 was used for the process-scale (72.5%). We omitted case 1
for the process scale because of the underrepresented sample (0.6%).

Figure 16. Diagrams of scale-value changes over 500 time steps, divided into scales and cases:
A: benefit-scale, case 1; B: risk-scale, case 1; C: benefit-scale, case 15; D: risk-scale, case 15;
E: process-scale, case 15.
For case 1 (in which the probability for the latitude of rejection in the social judgment
continuum equals 100%) we see a major difference in the dynamics if we compare the riskscale with the benefit-scale. The values for the risk-scale in case 1 (see Figure 16B) present
much more variability and less consensus than those for the benefit-scale. Both extreme values
of -1 and 1 are reached, and the dynamics of value adaptations do not show any clear tendencies
over time. Even if the social judgment continuum is the same for all agents represented in the
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graph, a clear relationship among the starting values, the adaptations, and the social judgment
continuum is absent.
The benefit-scale (see Figure 16A) in case 1 shows more homogeneous starting values and
presents a clear tendency in the dynamics. The direction of the dynamics is either negative
(reaching the extreme of -1) or more or less stable over time (diffusing the scale-values over the
negative spectrum). No changes are visible in the upper positive space of the graph. It seems
that agents with prevailing rejection tendencies in their social judgment continua also rate
benefit-related arguments as being against a DGR.
For case 15 (in which the probability for the latitude of acceptance in the social judgment
continuum equals 100%) differences between the risk-scale and the benefit-scale are visible
again. For the risk-scale in case 15 (see Figure 16D), we observe a variability in both the
dynamics and in the starting values. Even though there is a tendency for a convergence to the
extreme values of -1, the trajectories are of different speeds and in some cases are also of
different directions (stable or towards more positive values). Again, no clear relationship among
the starting values, the adaptations, and the social judgment continuum is present.
The benefit-scale in case 15 (see Figure 16C) presents more homogeneous values at the start of
the simulation than the risk-scale. Almost all agents’ initial values cover the entire positive
spectrum, meaning that those agents see the benefit-scale as representing arguments in favor of
a DGR. Except for a few outliers, the dynamic is rather stable, with a tendency toward the
positive extreme of 1. Thus, after the 500 time steps in the simulation, we notice a slightly
stronger consensus toward a favorable position.
Concerning the similar case for the process scale (i.e., case 6, the same social judgment
continuum with a 100% probability of acceptance) we observe a strong representation of the
initial values in the positive half of the spectrum (see Figure 16E). Moreover, the dynamics are
very fast, all in the same direction (positive), and reach consensus in the upper extreme of 1
after around 100 interactions. That is, agents rapidly accept the process-related arguments to be
in favor of a DGR.

3.5 Discussion
The simulation based on empirical data from an online questionnaire about DGR in Switzerland
provides insight regarding the structure of opinions in a context-specific opinion dynamic
exercise. The opinion structure is discussed in terms of the process of opinion disaggregation
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into arguments (empirical basis) and of disaggregation into scales representing different
categories of arguments. Our results show different patterns depending on these categories.
We adapted prior models of opinion dynamics based on SJT and contrast effects by allowing
for individual differences and variations in the latitudes during the simulation, as well as by
including real empirical data, which facilitates a content-based simulation related to a specific
topic.
Summing up the results, we can observe a mutual influence between individuals’ current
knowledge and what they value (initial state) and how they evaluate new information
(dynamics). However, it is important to note the large differences among the scales in this
respect.
This suggests that not only do dynamics and the initial values play a role in the simulation but
the content-related part is also very important. We see, based on our results, that the risk
category has a much more diffused dynamic compared to the other two categories (i.e., the
benefit and process categories). In addition, the process category has the most rapid adaptation
toward a positive consensus among the other categories (i.e., the risk and benefit categories).
This indicates that the dynamics over time depend on the category of an argument. This
category may be valued differently for different topics. Thus, the pattern of risk/benefit/process
is most likely linked to the topic at hand. We assume that a very different pattern and set of
related dynamics would exist for more controversial topics, such as the fair distribution of
refugees from Syria. In this case, for instance, the salience of the topic and the almost constant
media coverage might provide different sources of information and could affect the way in
which new information is being processed, considering also the cultural issues at hand (see e.g.,
González-Avella, Cosenza, Klemm, Eguiluz, & San Miguel 2007). It could be plausible to have
higher importance ratings that lead to stronger and more polarized positions (as the valence of
arguments is weighted in opinion communication). Furthermore, the debate would focus on
specific arguments that could be related to other categories, such as values or ethics. It is
therefore advisable to study the topic carefully and to derive assumptions that are possibly
based on empirical evidence.
3.5.1 Why not (only) psychology?
Studying human behavior and cognition is commonly related to the social sciences—such as
psychology and sociology, as well as neuroscience and biology—with their respective
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established methods. So, why should scientists bother to invest time in simulation models to
better understand human cognition and behavior?
Observing most social and psychological phenomena, we can state that they are not the results
of behaviors and/or cognitions performed by individuals alone. As social beings, people interact
with, learn from, and are influenced by each other. People repeatedly interact and hence build
their opinions, enhance their experiences, and make decisions.
Yet, domains such as social psychology use suboptimal theory-building and modeling
techniques to capture dynamic processes related to social interactions (Smith & Conrey 2007).
Social simulations can help overcome these shortcomings (Squazzoni, Jager, & Edmonds
2014). However, it is important to acknowledge the importance of keeping the investigations
near to the real world. This means that empirical information should be incorporated into the
models along with theories.
With our contribution, we provide an example of how this combination can be performed.
Sociopsychological theories can be used in empirical investigations and can be translated into
codes for computer simulations. Working with these assumptions using empirically-based
generated populations of agents can enable a different perspective, which is very helpful in
attempting to comprehend thematic social dynamics.
3.5.2 Why should social simulations incorporate real data, theories, and specific topics?
Our contribution aims to accomplish the following goals. We seek to:
(1) operationalize a sociopsychological theory,
(2) find a traceable compromise between very abstract models and very case-specific
models to facilitate the investigation of a specific problem, and
(3) include real data in order to better match real world opinion communications.
Concerning point (1), we can conclude from our examination that SJT applies well to
simulation studies. It allows researchers to capture structural information about individuals’
cognitions, provides a way to implement an algorithm that describes social interaction and
attitude changes, and captures specific effects such as assimilation and contrast. However, we
should note that from a sociopsychological perspective, the theory is not perfectly grounded and
has not been put forward in empirical investigations (e.g., Eagly & Telaak 1972; Hovland,
Harvey, & Sherif 1957).
Obviously, there are other theories that explain cognitive mechanisms related to persuasion and
attitude change in greater detail. The more popular dual-system models, such as the elaboration71

likelihood model (ELM) (Petty & Cacioppo 1986) or the heuristic-systematic model (HSM)
(Eagly & Chaiken 1993) have attracted a great deal of attention and have been widely studied in
psychology (for an overview, see Evans 2008). In addition, the social simulation community
has successfully implemented these models, albeit with considerable effort (e.g., Mosler,
Schwarz, Ammann, & Gutscher 2001).
Nonetheless, the complexity of the latter models restricts the inclusion of empirical data into
simulations. Our conclusion is that, in order to better comprehend social interaction and attitude
change, one must find the best possible compromise between a suitable theory, a
comprehensible model, and empirical information. And, especially for attitude change and
persuasion mechanisms, there is still an ongoing debate surrounding the establishment of a
standard in social psychology (Evans 2008). This means that there is not one theory one must
apply, but several more or less suited for the case at hand.
Referring to point (2), our contribution can be seen as a meso-level approach to the
investigation of opinion dynamics. This refers to the multidimensionality of attitudes (e.g.,
Urbig & Malitz 2005), which claims that an opinion should not be seen as a single general
variable, but rather should be divided to the best degree of disaggregation in order to capture
differences among the real content of what we call “opinions.” The “best degree,” however, is
not evident from the case but instead results from experience with this meso-level approach,
which is currently seldom applied. This refers again to the more general issue of complexity
and simplification when it comes to social dynamics, and as scientists we must face the fact that
we cannot have a perfect model:
“No one knows precisely the dynamics of a single individual, nor the way he interacts with
others. Moreover, even if one knew the very nature of such dynamics and such interactions,
they would be much more complicated than, say, the forces that atoms exert on each other. […]
Therefore, any modeling of social agents inevitably involves a large and unwarranted
simplification of the real problem. It is then clear that any investigation of models of social
dynamics involves two levels of difficulty. The first is in the very definition of sensible and
realistic microscopic models; the second is the usual problem of inferring the macroscopic
phenomenology out of the microscopic dynamics of such models. Obtaining useful results out of
these models may seem a hopeless task.” (Castellano, Fortunato, & Loreto 2009, p. 592).
To provide some hope, we assume that a meso-level approach can provide relevant benefits for
the investigation of social interaction and opinion dynamics, instead of focusing either on
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realistic microscopic models that are difficult to generalize or on macroscopic models, which
are usually too abstract and out of touch with reality.
We are of course aware of the fact that these types of model (such as the one in this
contribution), compared to works for instance by Hegselmann and Krause (2002), may appear
“messy” in their results and lack the beauty of the more mathematically exact models.
However, as well-done and interesting as such models are, they are devoid of empirical
application. As long as we do not apply models to simulate real world opinion dynamics on
actual topics, the contribution of social simulation to, for instance, social or environmental
psychological research is unclear. Of course one can learn from the results—for example by
gathering stylized facts derived from random distributions as input variables—and find
applications from empirical cases.
However, we noted that to some extent, the meso-level between fully empirically grounded
simulations (Tobias 2009) and very abstract simulations is missing (for physics-based
simulation models, see Sobkovicz 2009). This is obviously because such meso-level
simulations are difficult to execute and yield “messy” results. More research and simulation
studies are definitely needed to gain more experience and further test the value of empiricallybased agent-based models of opinion dynamics.
This leads us to point (3), which highlights the meaningful nature of gathering and using
empirical data for simulation purposes. Our study provides an example of how
multidimensional opinion dynamics can be investigated on the basis of empirical data that
concerns a specific real-world problem. Though limited by the study design, when considered
in conjunction with previous research on the topic of nuclear waste, we find that it is not
necessarily whole opinions that are communicated between people; rather, people communicate
various types of arguments (i.e., the differentiation of issues within an opinion). Thus, in the
context of modeling and the simulation of opinion dynamics, heterogeneity with respect to the
arguments and their latitudes of acceptance and rejection is of great importance. As stated
above, we assume that similar studies on other topics may reveal diverse risk-benefit-process
patterns and that simulation of opinion dynamics should consider this.
This insight becomes meaningful if we want to investigate the societal response to complex
issues, such as contested infrastructures or other controversial topics that entail risks and
benefits and in which the fairness of the process plays a role. From our experience in the
domain of nuclear waste and after this combination of empirical information with a social

73

simulation model, we conclude that a differentiation between short- and long-term social
discourses should be considered.
Regardless, social interaction is relevant to such debates about contested topics. Besides the
more methodological struggle related to social simulations and empirical investigations
discussed above, the subject matter of an issue plays a crucial role in how we formulate our
hypotheses about said issue. Short-term social discussions—such as those surrounding political
elections or the migration crisis—can offer more detailed insights into social interactions. This
is related to the usually high salience of those topics in the public and the media, and a
relatively manageable timespan. In these cases, one could build a simulation model and
initialize it with empirical data based on diary studies, which would allow for more detailed
parameters and dynamics.
However, additional work is required to establish a focus on more long-term topics such as the
location of nuclear waste repositories, renewable energy transitions, and climate change. In
these debates, people are not confronted with the topic on a daily basis. The processes
themselves typically encompass several decades prior to the development and communication
of concrete decisions that might affect the population. Reliable information about, for instance,
the frequency of social interaction concerning this specific topic is difficult to gather.
Monitoring would make sense at least for short-term interaction patterns. However, such studies
are demanding in terms of the costs and time required for long-term processes, and major
process steps usually occur only once per year. Thus, the time perspective is typically not clear
or manageable, which impedes the collection of fully satisfactory empirical data on personal
evaluations (e.g., about the risks and benefits to study participants).

3.6 Conclusion
Based on our simulation exercise, the empirical data gathered, and the results related to both the
dynamics and the context of the study, we claim that there is more need for social simulations
addressing concrete topics. It is highly important to find a good balance between empirical
details and modeling abstractions and to strike this balance on a content-specific level. In fact,
speaking about opinion dynamics, one should first define what “opinion” means for the
purposes of a given study.
The complexity and the effort of combining empirical information with cognitive theories and
of relating them to concrete topics in a social simulation model is very demanding. However,
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we claim that the insights gained from such efforts could significantly contribute to the
implementation of new policies and the building of new infrastructures.
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4 Opinions and argumentative content on nuclear waste
repositories
Original publication: Stefanelli, A., Seidl, R., & Siegrist, M. (submitted). Opinions and
argumentative content on nuclear waste repositories.
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4.1 Abstract
Despite the ongoing debate on the right energy system transformation pathway, one problem
remains: the safe storage of used nuclear fuel. Participatory approaches have been implemented
in many countries and studied by risk perception scholars. However, most research has focused
on quantitative cross-sectional data to explain the relationships among the variables of interest
(particularly risks) and to inform nuclear policies. In this paper, we introduce a complementary
perspective highlighting two fundamental factors: public opinions and their dynamics or
stability. We provide results of a longitudinal survey (2 measurements 1 year apart) on plans for
a nuclear waste repository in Switzerland. The respondents (N = 841) submitted their own
arguments with which they would discuss the site selection process. In addition, we surveyed
the respondents’ general opinions. We found a focus on values and responsibility. Those in
favor of the repository used different arguments than those who opposed it or were undecided
on it. Women perceived the repository more negatively (general opinion) but did not use
different arguments than men. A comparison over time showed that one third of the sample did
not change their argumentation. The use of descriptive data to enhance policy-making processes
is discussed.

Keywords: nuclear waste; risks and benefits perception; longitudinal; arguments; participatory
process
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4.2 Introduction
Reviewing the national and international efforts of governments and experts to find the best
solution for maintaining sustainable energy production makes clear that the process is not
simple or straightforward. One type of energy, however, is especially controversial and poses
policy makers with a difficult task: nuclear power. Nuclear waste remains an unsolved problem
(Dunlap et al., 1993), and the question of whether to build, maintain, or phase out nuclear
power plants is a hot topic among the governments and citizens of many nuclear-energyproducing countries. What is left over as nuclear waste (from not only the generation of nuclear
power but also industry and research) creates the challenge of finding the best solution for
storing this toxic waste for hundreds of thousands of years.
Many scholars working in this domain have conducted quantitative studies on factors related to
nuclear issues, including attitudes, values, and risks and benefits perceptions. Such research has
provided important insights, but real-life content and individual viewpoints have often been
neglected due to the difficulties of collecting and analyzing qualitative data. The aim of the
present longitudinal survey was to provide insights to improve the participatory process in the
site selection of nuclear waste repositories based on descriptive data gathered from open-ended
questions.

4.3 Thematic Background
4.3.1 Policy Process for Nuclear Waste
Countries across the world face the problem of nuclear waste repositories (Pickard, 2010).
Currently, nuclear waste is usually stored in canisters in interim storage facilities near nuclear
power plants. From a technical point of view, researchers can agree based on scientific
knowledge that deep-geological repositories (DGR) are the best solution for nuclear waste
storage (Filbert et al., 2008; Jin, 1994; Meserve, 2004; NEA, 2008; Rempe, 2007), but the
process of building such repositories is rarely straightforward. In addition to geological
restrictions and technical requirements, other factors are seen as necessary for a successful site
selection process, particularly the involvement and participation of citizens and those affected
(Stern and Fineberg, 1996), and the implementation of a stepwise procedure with defined rules
and responsibilities (Pescatore and Vari, 2006)
The siting process should be participatory in democratic countries, where governments have the
goal of being transparent and accountable to citizens, and issues, such as public trust, are seen
as essential to supporting policy legitimacy (Bäckstrand, 2003; Pretre, 2004). The reason for
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this choice arises from the concept of governance, which suggests that successful governments
involve stakeholders and the public to achieve societal goals (Wesselink et al., 2011). The
quality of policies should be enhanced in participative processes because collective intelligence
is believed to facilitate problem solving and improve decision making (Renn et al., 2014).
Studies on participatory governance in nuclear consultation processes (Mah and Hills, 2014)
have suggested that governments should complement their consultation styles with more
responsive and deliberative forms of participation. Emphasizing social learning (Stirling, 2005)
and empowerment (Conger and Kanungo, 1988), governments should give more strategic
attention and response to normative values.
This theory points to the high relevance of engaging in participatory processes and the need for
adequate communication among actors. Pretre (2004) suggested that rational argumentation
among actors that leads to policy making can be achieved only after societal communication, in
which sincere, competent officials listen to people, help them express their concerns, and then
acknowledge these concerns. Such communication implies that the discourse should be oriented
toward public interests. Therefore, a deeper understanding of what people’s arguments on
controversial topics involve, is crucial for successful policy and decision making. This point is
relevant to the nuclear literature, where we often find the statement that it is highly difficult to
reach a consensus through participatory processes (e.g., Juraku et al., 2007).
4.3.2 Examples and the Focus on Switzerland
Finland and Sweden are the most advanced European countries in the siting process for nuclear
waste repositories. In 2015, Finland approved building the world’s first high-level waste DGR
on Olkiluoto, an island on its western coast (Posiva, 2015), almost 30 years after beginning the
process. In 2011, Sweden submitted an application for building approval for a DGR for highlevel waste in Forsmark (SKB, 2014) after an almost 20-years siting process. In the United
States, the first licensed DGR went into operation in New Mexico in the spring of 1999
(Jenkins-Smith et al., 2011). This DGR, however, only stores low- and intermediate-level
nuclear waste and has already experienced its first leak, in February 2014. The planned DGR at
Yucca Mountain in Nevada is the only site in North America suitable for high-level waste.
However, in 2010, political opposition forced a stop to the construction after the investment of
many years and much money into research and development (Johnson et al., 2016). This
obstacle of opposition is not isolated. Moreover, it has been shown that opposition to nuclear
power has negative impacts on the site selection process (e.g., Rosa and Freudenberg, 1993).
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Switzerland has a long history of nuclear power and runs the world’s oldest nuclear power
plant, which began commercial operations in 1969. The amount of nuclear energy produced by
its five reactors over their estimated lifespans and during their dismantling, along with
medicine, industry, and research, through 2050 is predicted to be approximately 100,000 cubic
meters, which will need to be stored safely for a considerable amount of time.
Consequently, Switzerland, along with other nations worldwide, faces the need to select a site
for a DGR for low-, intermediate-, and high-level nuclear waste. In the Sectorial Plan for Deep
Geological Repositories (Swiss Federal Office of Energy, 2008), the government outlines three
necessary stages for selecting an appropriate repository site. In addition to geological and
technical factors, socioeconomic factors are taken into account in the final decision. As of
December 2014, the site selection process had reached the second of three stages, eliminating
all but two of six potential DGR sites. The Federal Council will review the sites and is expected
to make a final decision by 2017. The third stage will involve seismic surveys and depth
explorations, and the results will be submitted to the Federal Council around 2020, along with
an application for a general license for a DGR. The final decision, expected by 2027, must be
confirmed by the Parliament and could be subject to an optional referendum, giving Swiss
voters active decision-making power in the repository siting (Nagra, 2015). The second and
third stages involve not only the affected federal offices, cantons, and neighboring countries.
Moreover, interested organizations and individuals have had and will have opportunities to
express their views on the results, proposals, and decisions as part of a broad public
consultation process. Thus, Swiss citizens are directly involved in the siting process, and their
opinions and their viewpoints are seen as important and relevant.
4.3.3 Attitudes, Values, and Risks in Nuclear Issues
Clearly, controversial topics related to environmental and personal threats, such as nuclear
waste, are not a recent phenomenon. Over the decades, many scholars have explained and
clarified the factors that influence peoples’ perceptions and understandings of these issues (e.g.,
Solomon et al., 2010). To be participatory, the DGR siting process needs to focus not only on
applying technical knowledge but also on understanding the risk perceptions, beliefs, and
values of the different stakeholders and the public to develop nuclear policies that gain public
acceptance (Petts, 2008; Pretre, 2004; Stoutenborough et al., 2013).
All the facets of risk in many controversial topics, such as nuclear power and waste, have been
the subject of study. Risk perception is defined as judgments and evaluations of any hazards to
which people are or might be exposed (Rohrmann, 2008). This concept extends to the facilities
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or environments to which people relate and can be opposed to benefit perceptions. Based on
these perceptions (risks and benefits), people decide whether to accept or reject issues, such as
hazardous waste and nuclear facilities. This decision process (and the behavior resulting from
risk and benefit perceptions) is complex and depends on the type of hazards concerned (e.g.,
Jackson et al., 1972; Nicholson et al., 2005; Slovic, 1962, 1972).
Gender differences might also arise in risk perception (Davidson and Freudenburg, 1996; Flynn
et al., 1994; Greenberg and Schneider, 1995; Gustafson, 1998; Seidl et al., 2012) as women
generally perceive more risks than men. This implies that women’s perception of more risks
leads to more negative attitude toward controversial topics compared to men. However, other
studies have shown that gender does not have any direct effects on attitudes toward nuclear
topics (Whitfield et al., 2009).
Regarding nuclear waste and repositories, early studies on risk perception (Slovic, 1987)
showed that nuclear waste is perceived as more dreadful and more unknown than other risks
and that attitudes toward this topic are very much related to affectivity (Finucane et al., 2000;
Peters et al., 2004). Studies on opinions on nuclear waste have found that people hold different
opinions on nuclear waste repositories based on risk and benefit perceptions. Individuals who
perceive more risks tend to oppose repositories, while those who perceive more potential
benefits tend to support repositories (Sjöberg and Drottz-Sjöberg, 2009). In line with this
findings, research has shown that positive attitudes toward nuclear waste repositories arise not
only from a focus on benefits but more so from lower perceptions of risks (Seidl et al., 2012).
However, the use of such factors (i.e., risks) has been criticized as too general in nature and
problematic to thoroughly explain how these factors influence policy support. It is argued that
general measures of risks (or values or general attitudes) do not give a clear view of the
underlying meanings such factors might have (Stoutenborough et al, 2013, 2015). What if a
questionnaire does not include a specific risk? What if researchers are simply unaware of a
specific value important to people and do not include it in their studies? These assumptions
indicate that a general approach cannot exhaustively explain policy support. Researchers need
to focus on different aspects and attempt to highlight useful results for policy makers. For
instance, a complementary approach (e.g., qualitative, descriptive) could gather missing
information directly from the public.
4.3.4 Approaches focusing on content and time
Only a few studies have used descriptive or qualitative methodologies to investigate the topic of
nuclear waste. These few studies have been divided between those that consider the perspective
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of experts, who are concerned with the practices and facts about nuclear waste, and those that
consider the perspective of laypeople, who have more value-related concerns (Renn, 1999).
One study in which experts’ views are the focus was conducted by Morton et al. (2009). The
scholars interviewed members of the United Kingdom committee on radioactive waste
management. In addition to confirming the principles already used in the process (i.e., openness
and transparency; incorporation of public interests by inclusion of the public and stakeholders
in decision making; fairness in procedures and to communities, and future generations; a safe,
sustainable environment in the present and the future; the cost effectiveness and efficiency of
the process), Morton et al. (2009) urged that the process should respect alternative points of
view, encourage participation as individuals (not as stakeholders or members of interest
groups), and assign personal responsibility for recommendations.
A systematic analysis of statements in regular reports by Andersson et al. (2003) showed that
values are important factors in risk assessments on nuclear waste. In the results common topics
emerged, including the site selection process, safety assessment, and waste management
method (Andersson et al., 2003).
Considering values, Seidl et al. (2013) conducted in-depth interviews about views on the topic
of nuclear waste repositories in Switzerland to identify values regarded as important. After
potential interviewees completed a questionnaire to screen possible values related to DGR
acceptance based on Schwarz (1992), interviews were performed with a subsample (n = 42)
(Seidl et al., 2013). The quantitative data could not explain acceptance through value-related
concepts, but the in-depth interviews revealed interesting insights related to personal values,
including safety, information, trust, responsibility, and the location and site selection process
(Seidl et al., 2013).
The majority of studies on nuclear issues have had cross-sectional designs, and although they
can provide interesting information, only a longitudinal design permits investigations on change
(or stability) patterns in the issues of interest. To our knowledge, a longitudinal design has not
been applied to investigate public attitudes on nuclear waste repositories.
Longitudinal approaches have been used recently to explore attitudes toward nuclear power,
taking Fukushima’s nuclear accident in the spring of 2011 as a benchmark for comparison.
Comparing British and Japanese public attitudes before and after Fukushima, Poortinga et al.
(2013) showed that, after the incident, positive attitudes toward nuclear power remained stable
in the United Kingdom, but acceptance of nuclear power declined in Japan.
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In Switzerland, Siegrist and Visschers (2013) found that the Fukushima incident had a modest,
negative influence on public acceptance of nuclear power. The results, however, showed that it
was not the accident per se but attitudes before the incident that determined future attitudes
toward nuclear power. Moreover, the major impact of Fukushima was a shift in perceptions of
benefits (Siegrist et al., 2014). In other words, people changed their attitudes toward nuclear
power not because they perceived more risks, but because they perceived fewer benefits.

4.4 Rationale for the Present Study
To conduct a complementary analysis on the DGR site selection process in Switzerland and to
establish a complementary approach to investigating complex socio-technical problems in
general, this research captured descriptive contributions from the public. The general opinion
on the issue at hand and the individual argumentation on DGRs were analyzed, and associations
with gender as a relevant demographic variable explored. The gathered data (i.e., arguments)
shed light on the content of Swiss public discourses on DGRs.
We aimed to identify and analyze issues relevant to the public to see if there was any overlap
with quantitative research approaches. Therefore, the first research questions concerns the
content of the arguments reported by citizens. What were these arguments about? Were they
related to risks and benefits? Did they represent individual values? Were they broad and
general, or were there any shared views in the sample? This information relates to the way
people approach the discussion on the DGR topic in the framework of a participatory process. It
is thus not a direct representation of personal concerns on DGRs in general, but a representation
of the content of communication during the process.
Furthermore, we sought to investigate the general opinion about DGRs in Switzerland. Did
Swiss citizens oppose or accept such repositories? We next attempted to combine this general
opinion with the reported arguments to determine if there was a relationship between how
people discussed the topic and what their general views on the same topic were. The
longitudinal study (one sample with two time measurements) was aimed at revealing temporal
patterns in both general opinion and free argumentations on DGRs in Switzerland over one
year.
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4.5 Method
4.5.1 Participants
The longitudinal-design questionnaire was distributed online by a market research institute. The
target population was in the German-speaking part of Switzerland, where the original six
potential DGR sites are. This region has also seen more debate and conversation about the topic
than the French- and Italian-speaking regions (Swiss Federal Office of Energy, 2008). The
same participants were surveyed over an interval of one year, first in January 2014 and then in
January 2015. All the participants were rewarded with points which could be used for discounts
and vouchers. In the first wave in 2014, 1,328 participants responded to the questionnaire. In
the second wave in 2015, 841 participants (63.3% of the 2014 sample) completed the same
questionnaire again. In the analysis, we relied on the final sample of N=841 for the sake of the
longitudinal comparison. In the final sample, 476 participants were men (56.6%), and 365 were
women (43.4%), and their age ranged from 18 to 82 years in 2014 (M = 55.3, SD = 16.81). As
well, 51.6% (n = 435) reported that they had an education level of upper secondary vocational
school or higher.
4.5.2 Measures and Procedures
The questionnaire included a descriptive data section analyzed here (for a more detailed
explanation of the study, see Stefanelli and Seidl, 2016). The questionnaire was structured as
follows. After a brief explanation of the DGR debate and the site selection process in
Switzerland, the participants were asked to report their demographic information. They were
then asked to rate their general opinion about DGRs in Switzerland on a 7-point Likert scale
from “absolutely against” (1) to “absolutely in favor” (7) with a “don’t know” response option
(8), coded as a missing value. Next, the participants were asked to report the arguments they
would use in a discussion about DGR in Switzerland. They wrote full sentences or keywords in
a maximum of 12 blank fields.
After this part, the arguments participants reported before were shown again, and the
respondents were asked to rate them on a valence scale from “this argument is completely
against a DGR in Switzerland” (1) to “this argument is completely in favor of a DGR in
Switzerland” (7). Additionally, the respondents were asked to rate the importance of their
arguments on a scale from “this argument is not important at all” (1) to “this argument is very
important” (7).
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4.6 Results and Discussion
4.6.1 General Opinion in 2014 and 2015
The results on the reported general opinions on DGRs in Switzerland in 2014 showed a very
positive tendency in favor of DGRs (M = 5.38, SD = 1.69). One-way analysis of variance
ANOVA detected a significant gender difference in general opinion as women (M = 4.87, SD =
1.74) were less in favor of DGRs than men (M = 5.75, SD = 1.56, F(1,785) = 55.36, p < .001).
The general opinions reported in 2015 also showed that participants were very much in favor of
DGRs in Switzerland (M = 5.65, SD = 1.62). Again, we found a significant gender difference,
with women (M = 5.22, SD = 1.71) less in favor than men (M = 5.95, SD = 1.48, F(1,813) =
42.77, p < .001).
To see if the general opinion changed over time, repeated measures ANOVA were performed to
evaluate general opinion in 2014 (M = 5.42, SD = 1.66) and 2015 (M = 5.76, SD = 1.54). The
results showed that, after a year, the participants reported being more in favor of DGRs in
Switzerland, (F(1,766) = 42.98, p < .001).
These findings on the general opinion on DGRs in Switzerland show a very high level of
acceptance in the sample and suggest that the respondents differentiated between the topics of
nuclear waste repositories and nuclear power. Swiss citizens seemed to make rational
distinctions between nuclear power and nuclear waste, holding negative attitudes toward the
former (Kristiansen et al., 2016) and positive attitudes toward the latter.
At both time measurements, geographical affectedness (i.e., living in a potential siting region
based on ZIP code) did not affect general opinion or any other relevant variable in the study.
Living in a region that could become a DGR site did seem not to influence citizens’ general
view or way of discussing the topic. This finding is ambiguous in the literature, especially in the
Swiss case (Kristiansen et al., 2016; Seidl et al., 2012; Seidl et al., 2013). Other studies have
found clear differences in acceptance depending on proximity to nuclear infrastructures (e.g.,
Benford et al., 1993; Jenkins-Smith and Kunreuther, 2001; Jenkins-Smith et al., 2011), but
these results have been found in significantly larger countries, such as the United States.
4.6.2 Self-reported Arguments
4.6.2.1 Arguments from 2014
The self-reported arguments from 2014 consisted of 4,022 entries in 62 different categories.
The categories were defined based on the categorization developed by Seidl et al. (2013) in an
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investigation of values in the topic of DGR in Switzerland. This existing category system was
adapted in an iterative process based on team reflections and discussions. The 62 categories
were grouped into 13 main categories (see Table 11). Two independent raters categorized the
arguments reported by the participants. The inter-rater reliability (Cohen’s kappa) was
calculated based on 20% of the entire sample (n = 804) and was found to be very good (κ =
0.85).
For the purposes of this study, we look only at the first most-frequently mentioned category
because, based on similar to continued associations techniques, it is assumed to have the biggest
weight on evaluations of specific topics (Szalay and Deese, 1978).7 The mean reported valence
for the first mentioned category was M = 5.7 (SD = 1.95). The effect of gender was only
marginally significant, with female participants reporting arguments in favor of a DGR in
Switzerland (M = 5.48, SD = 2.06) less than male respondents (M = 5.86, SD = 1.86, F(1,767) =
7.46, p = .006).
Table 11 displays the specific content and number of entries for the 13 categories. We note that
the most cited categories by the sample were justice/responsibility, safety/protection,
disposal/site, and sanction.
4.6.2.2 Arguments from 2015
A year later, the self-reported arguments consisted of 3,670 entries in 62 categories, again
grouped into 13 main categories (see Table 11). Two independent raters categorized the
participants’ arguments, and inter-rater reliability (Cohen’s kappa) was very good (κ = 0.79)
calculated on 20% of the entire sample (n = 734).
Again, we look only at the first most-frequently mentioned category.8 In 2015, the mean
reported valence for the first category was M = 5.75 (SD = 1.92). The effect of gender was
significant, with female respondents reporting arguments in favor of a DGR in Switzerland (M
= 5.44, SD = 2.09) less than male participants (M = 5.97, SD = 1.76, F(1,772) = 14.99, p <
.001). Also, in 2015, the arguments reported by the participants were classified in the categories
7

To test this assumption, we conducted a dependent t-test to compare the importance ratings of the first four mostfrequently mentioned entries. The results showed that the first most-frequently mentioned category was rated as
significantly more important (M = 6.51, SD = .89) than the second category (M = 6.31, SD = 1.07, t(593) = 4.21, p
< .001, r = .33). The same effect was found when comparing the first category (M = 6.53, SD = .88) with the third
category (M = 6.27, SD = 1.07, t(440) = 4.63, p < .001, r = .25) and the first (M = 6.56, SD = .91) with the fourth
(M = 6.18, SD = 1.11, t(330) = 5.62, p < .001, r = .27).
8
A dependent t-test comparing the importance ratings for the first most-frequently mentioned four entries again
found that the first most-frequently mentioned category was rated as significantly more important (M = 6.53, SD =
.85) than the second category (M = 6.3, SD = 1.0, t(614) = 5.25, p < .001, r = .31). The same effect was true for the
comparison of the first category (M = 6.52, SD = .85) with the third (M = 6.16, SD = 1.19, t(499) = 6.67, p < .001,
r = .34) and the first (M = 6.56, SD = .83) with the fourth (M = 6.17, SD = 1.2, t(324) = 5.83, p < .001, r = .31).
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of justice/responsibility, safety/protection, disposal/site, and sanction. Examples of the
arguments in these four most-frequently mentioned categories can be found in Table 12.
Table 11.
Self-reported arguments: 62 subcategories and 13 main categories. The number of entries for
2014 and 2015 refers only to the first argument.
Subcategories
individual responsibility
polluter-pays principle beneficiaries
intergenerational justice and responsibility
justice
safety
environmental protection
control
civil defense
inland waste disposal
foreign waste disposal
waste disposal
site selection
geology
populousness
necessity
practical constraint
need for action
feasibility
prognoses and risk assessment
time period
radioactive half-life
advance planning
nuclear phase-out
nuclear energy
waist avoidance
radioactive waste from medicine/research
waste amount
deep geological repositories
retrievability
lack of alternatives
interim storage
type of disposal
research in alternative solutions
research in alternative energies
science and research
sustainability
radioactive releases
transport risks
health risks
political process
enough information
transparency
participatory process
institutions
global/European collective solution
past referendum
future referendum
foreign countries as example
Switzerland as example
other
acceptance
trust
life quality
fear

Category

2014

2015

Justice/responsibility

266

218

Safety/protection

192

200

Disposal/site

110

134

Sanction

80

96

Time period/future

41

33

Causes/nuclear energy

26

47

Repository

23

24

Science / research

17

16

Risksc

14

5

Politics/communicationc

14

6

Otherb

10

16

8

4

Feelings/emotions

89

a

strain
costs
monetary compensation
more workplaces
economy
socio-economic aspects

Economic aspectsa

Total entries for the first argument

7

5

808

804

Table 12.
Examples of arguments in the four most-frequently mentioned categories in 2014 and 2015.
Category

Examples

Justice/responsibility

Whoever produces waste should also dispose of it.
Responsibility for the present and future.
Also think about future generations.
I use electricity. I dispose of it.
We ourselves are responsible for our waste.

Safety/protection

It should be the safest site.
Safety for people and the environment.
Safe disposal.
Protection against radioactivity.
Radioactive waste should be safely stored.

Disposal/site

Which site?
It should be isolated away from populations.
A deep-geological repository is, in my view, a safe thing if it is at the right place.
The site must be geologically appropriate.
Waste has to be disposed of in our own country.

Sanction

A solution for the disposal has to be found.
The waste must be stored somewhere.
Necessary, as the problem was caused mainly by our generation.
Repositories must be built as long as we need nuclear products.
Who wants luxury must also undergo the negative.

4.6.2.3 Reasoning of the Self-reported Arguments
Based on the arguments reported by the sample, we can claim that people were primarily
concerned with issues related to their own responsibilities as citizens and with justice and
responsibility for future generations. These topics were mentioned even more frequently than
safety and protection. In this latter category, participants expressed their concerns about the
safety of the DGR itself, as well as the civil defense and environmental protection that would be
needed in the country. Only in the third most-frequently mentioned category do we find
arguments related to the specific site selection for nuclear waste disposal. In contrast, categories
related to economic factors, scientific evidence, and political concerns were not well
represented in the participants’ argumentation. Surprisingly, arguments regarding specific risks
(e.g., health risks, transport risks) and personal threats and emotional concerns (e.g., insecurity,
fear) were quite rare.
90

Notably, we found commonalities in the argumentation from the sample comprising 841
participants, showing that the majority of citizens in the investigated regions shared the same
views on the topic of DGR. By asking the respondents to report arguments which they would
use during a conversation on the topic of nuclear waste repositories in Switzerland, we obtained
a direct representation of the elements that one might encounter during a public discussion in a
participative process.
The categories representing individual arguments were not related to risks and benefits,
contrary to the results of earlier research on the primary factors influencing attitudes toward or
against nuclear issues (e.g., Sjöberg and Drottz-Sjöberg, 2009). In the present study, we found
that people did not focus on specific risks or material benefits. Instead, the content of their
arguments suggested a greater focus on value-related topics, such as the responsibility of Swiss
citizens, a safe future for the generations to come, DGR siting at the safest place in the country,
and acceptance of it and the subsequent actions (e.g., Damveld, 2004; Krütli et al., 2012; Seidl
et al., 2012).
Switzerland has conducted a decades-long representative investigation called the
Angstbarometer [Anxiety Barometer], which measures fears and threats related to various
issues (GfS Zürich, 2013). Among these, we find the fear of radioactive contamination, which
points to the persistent focus on the fear-based, individually threatening aspects of nuclearrelated issues. Of course, when we make a fear salient by asking people about their fears, they
can reflect on and provide a certain representation of their perceived fear on a scale. The more
pertinent questions are whether this fear shapes their general views on controversial, hazardous
issues, such as those related to potentially harmful radioactive material, and whether, under
normal conditions, people focus on matters other than fear. From our study, we can claim that
this factor (i.e., fear, anxiety) is indeed not part of the argument portfolio of the citizens.
4.6.3 Analysis by Category, Gender, and General Opinion
4.6.3.1 Frequencies in 2014
Before testing the relationships among the mentioned categories, gender, and general opinions,
general opinion had to be recoded for distribution purposes.9 The 7-point Likert scale from
“absolutely against” (1) to “absolutely in favor” (7) was recoded into a 2-point scale of

9

The distribution of the general opinion was skewed, so to obtain a more balanced comparison in the contingency
table and to permit further analysis, we decided to recode the variable to have only two values (against/undecided,
in favor).
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“against/undecided” (1–5) and “in favor” (6–7). For these categories, only those with more than
10 entries were taken into account (10 categories, see Table 11).
To gain an overview of the distribution of the categories by gender and reported general
opinion, a chi-square table was generated. Table 13 shows the relative frequency of the
categories entries by gender and general opinion (χ2(24) =182.7, p < .001). Those respondents
in favor of DGRs (independent of gender) reported more often arguments related to
justice/responsibility, whereas those against or undecided (independent of gender) more
frequently reported arguments related to safety/protection. The rest of the categories either did
not present differences among the groups or were not mentioned as frequently.
Table 13.
Relative frequencies of categories by gender and general opinion, 2014. Numbers in bold
indicate the main differences in frequency among the groups.
2014
Males

Females

Against /
undecided

In favor

Against /
undecided

In favor

Total

Justice/responsibility

23 (16.9%)

128 (42.7%)

42 (23.5%)

68 (54.8%)

261 (35.3%)

Safety/protection

48 (35.3%)

53 (17.7%)

56 (31.3%)

17 (13.7%)

174 (23.5%)

Disposal/site

15 (11.0%)

49 (16.3%)

22 (12.3%)

18 (14.5%)

104 (14.1%)

Sanction

8 (5.9%)

43 (14.3%)

16 (8.9%)

9 (7.3%)

76 (10.3%)

Time period/future

16 (11.8%)

5 (1.7%)

15 (8.4%)

1 (0.8%)

37 (5.0%)

Causes/nuclear energy

9 (6.6%)

6 (2.0%)

7 (3.9%)

2 (1.6%)

24 (2.3%)

Repository

4 (2.9%)

6 (2.0%)

7 (3.9%)

5 (4.0%)

22 (3.0%)

Science/research

5 (3.7%)

3 (1.0%)

6 (3.4%)

1 (0.8%)

15 (2.0%)

Risks

3 (2.2%)

2 (0.7%)

6 (3.4%)

2 (1.6%)

13 (1.8%)

Politics/communication

5 (3.7%)

5 (1.7%)

2 (1.1%)

1 (0.8%)

13 (1.8%)

Total

136 (100.0%)

300 (100.0%)

179 (100.0%)

124 (100.0%)

739 (100.0%)

To test if there was a relationship among gender, the content of self-reported arguments, and
general opinion about DGRs in Switzerland (and to statistically confirm the findings from the
chi-square tables), we conducted a three-way log-linear analysis with three main factors:
general opinion, gender, and the category of the first most-frequently mentioned argument. The
analysis showed that the main effects were significant (Pearson: χ2(39) = 1658.22, p < .001)
and that the two-way interactions were reported to be significant (Pearson: χ2 (28) = 122.98, p <
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.001). The three-way interaction, however, was non-significant (Pearson: χ2 (9) = 9.81, p =
.999).
The results of the partial associations (the calculation of partial chi-squares) revealed that all the
main effects were significant (general opinion: χ2 (1) = 18.04, p < .001; gender: χ2 (1) = 16.69,
p < .001; categories: χ2 (9) = 990.01, p < .001). For the two-way interactions, only two of the
three were significant (general opinion: x gender χ2 (1) = 46.27, p < .001; general opinion x
categories: χ2 (9) = 79.05, p < .001; gender x categories: χ2 (9) = 10.95, p = .279). These results
show that the categories reported by the participants opposed to DGRs differed significantly
from those in favor of DGRs. However, there were no gender differences in how participants
reported these categories.
4.6.3.2 Frequencies in 2015
For the categories used in 2015, again only those with more than 10 entries were taken into
account, resulting in one less category than in 2014 (9 categories, see Table 11). A chi-square
table showing the distributions and relative frequencies of the categories by gender and reported
general opinion one year later was calculated (χ2(24) = 82.7, p < .001; see Table 14). Again in
2015, those in favor (independent of gender) most often reported arguments related to
justice/responsibility, but those against or undecided (independent of gender) arguments related
to safety/protection. However, in this category, the difference between women
against/undecided and in favor was small.
Table 14.
Relative frequencies of categories by gender and general opinion, 2015. Numbers in bold
indicate the main differences in the frequencies among the groups.
2015
Males

Females

Against /

Against /

undecided

In favor

undecided

In favor

Total

Justice/responsibility

11 (10.7%)

115 (33.4%)

29 (19.6%)

61 (35.7%)

216 (28.2%)

Safety/protection

43 (41.7%)

65 (18.9%)

44 (29.7%)

41 (24.0%)

193 (25.2%)

Disposal/site

15 (14.6%)

60 (17.4%)

22 (14.9%)

34 (19.9%)

131 (17.1%)

Sanction

6 (5.8%)

53 (15.4%)

18 (12.2%)

17 (9.9%)

94 (12.3%)

Causes/nuclear energy

7 (6.8%)

24 (7.0%)

4 (2.7%)

10 (5.8%)

45 (5.9%)

Time period/future

8 (7.8%)

10 (2.9%)

11 (7.4%)

3 (1.8%)

32 (4.2%)

Repository

5 (4.9%)

9 (2.6%)

8 (5.4%)

2 (1.2%)

24 (3.1%)
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Science/resserach

4 (3.9%)

4 (1.2%)

6 (4.1%)

2 (1.2%)

16 (2.1%)

Other

4 (3.9%)

4 (1.2%)

6 (4.1%)

1 (0.6%)

15 (2.0%)

Total

103 (100.0%)

344 (100.0%)

148 (100.0%)

171 (100.0%)

766 (100.0%)

The same three-way log-linear analysis was performed for the 2015 data. Again, the main
factors were general opinion, gender, and the category of the first most-frequently mentioned
argument. The analysis showed that the main effects were significant (Pearson: χ2(35) =
1061.13, p < .001), as were the two-way interactions (Pearson: χ2 (25) = 117.01, p < .001). The
three-way interaction, however, was non-significant (Pearson: χ2 (8) = 13.1, p = .109).
The results of the partial associations (calculation of partial chi-squares) revealed that all the
main effects were significant (general opinion: χ2 (1) = 98.53, p < .001; gender: χ2 (1) = 21.58,
p < .001; categories: χ2 (8) = 645.52, p < .001). For the two-way interactions, only two of the
three were significant (general opinion x gender: χ2 (1) = 44.02, p < .001; general opinion x
categories: χ2 (8) = 59.71, p < .001; gender x categories” χ2 (8) = 4.04, p = .854).
The categories reported by the participants opposed to DGR differed significantly from those in
favor also a year later. Again, there were no gender differences in how participants reported
their categories.
4.6.3.3 Discussion on the Analyses by Categories, Gender, and General Opinion
Analyzing the arguments in relation to general opinion reveals a significant difference in the
categories used: participants in favor of a DGR in Switzerland preferred arguments related to
responsibility and justice, whereas those who were undecided about or opposed were more
concerned with issues of safety and protection. This phenomenon was relatively stable over
time. In general, it is surprising seeing that arguments about risks and emotional concerns (i.e.,
fear, uncertainty, etc.) were almost absent, even among those against a DGR building. This
observation suggests that factors influencing ones’ attitude toward an issue (e.g., risks, benefits,
etc.) are not the same that would come up during interaction on this same issue.
Moreover, it seems that the raised arguments are related to peoples’ general opinion on the
topic, and that gender does not play a major role (contrary to findings on risk perception, e.g.,
Davidson and Freudenburg, 1996; Gustafson, 1998). In fact, the expected gender difference
could only be partially confirmed. We found a significant gender difference in the general
opinion for both years as women tended to favor DGRs less than men. This result is in line with
prior research on nuclear issues in Switzerland (Keller et al., 2012; Kristiansen et al., 2016;
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Seidl et al., 2012). Interestingly, this difference disappeared in the personal arguments reported
by participants. No significant differences between men and women could be found for the
categories in both time measurements. This result suggests that gender differences might affect
general views, but on the level of argumentation and personal affirmations, gender did not seem
to play a role.
4.6.4 Change in Argument Categories over Time
As mentioned in the study rationale, the temporal analysis contributes to the uniqueness of this
study. The temporal patterns in the arguments reported by the sample are presented as follows.
From 2014 to 2015, only n = 11 (1.3%) participants did not report any argument, while n = 59
(7%) reported an argument only in 2014 or 2015. Of those who reported an argument at both
time measurements (n = 782), 263 (33.6%; 58.6% men, 41.4% women) participants repeated
the same argumentation category over this one-year interval.
Table 15 shows the frequencies over both time measurements for the 13 categories. The
diagonal grey fields represent the number of category entries which remained unchanged over
one year. For example, 32 people reported arguments related to disposal/site in both 2014 and
2015. The two thirds of participants who changed categories in their arguments mostly shifted
from 1) disposal/site to justice/responsibility; 2) disposal/site to safety/protection; 3)
justice/responsibility to safety/protection; and 4) justice/responsibility and sanction (highlighted
in light grey). For example, in the first category, 27 people who reported arguments related to
disposal/site in 2014 (24.8% of the respondents in this category) switched to arguments related
to justice/responsibility in 2015. As well, 41 people who reported arguments related to
justice/responsibility (15.8%) in 2014 switched to arguments related to disposal/site in 2015.
We observe that, in general, the participants shifted more frequently among the most mentioned
categories, such as disposal/site, justice/responsibility, and safety/protection. The factor of
sanction was of interest for people who shifted toward arguments related to this category,
pointing to the urgency and necessity to find a solution for nuclear waste storage. Intuitively
relevant categories, such as risks, feelings/emotions, and economic aspects, are less represented,
and almost nobody (n = 0-2) who mentioned these as their first argument stayed in them over
time. The results are similar for politics/communication and science/research.
This indicates that the types of arguments people would come up with during a discussion on
the siting of DGRs in Switzerland are quite stable over time. One third of the participants did
not change the category of their arguments, and those participants who did, mainly moved
among the most mentioned categories. A possible explanation for this observation refers to
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interpersonal communication. Based on psychological theories of attitudes and attitude change
(see Eagly & Chaiken, 1992; Olson & Zanna, 1993 for an overview), people evaluate new
information on the basis of several factors, and then adapt their attitudes accordingly. As in our
case the exchanged information is represented by personal arguments, the shifts among
categories could be due to interpersonal communication and the adoption of arguments heard
from others. However, it is important to highlight that these assumptions only apply if we relate
them to interpersonal communication among the lay public. This, because in participatory
processes the focus is usually set on technical information, risk management, and political
issues presented by experts and political representatives (Kemp, 1992; Kunreuther &
Easterling, 1996). Thus people are indeed confronted with other arguments than those reported
in this study, but somehow these are not getting integrated into their personal argument
portfolio. This raises the question about a potential asymmetry in the communication on the
participatory site selection process and the need for a clearer view on how this process is
performed, already raised up by several scholars in the past (Chess & Purcell, 1999; Krütli,
Stauffacher, Flüeler & Scholz, 2010).
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4.7 Conclusions and policy implications
This research was intended to complement the literature on the participatory processes involved
in the siting of nuclear waste repositories, focusing on the concrete case of Switzerland. A
longitudinal approach and the inclusion of descriptive data was adopted to shed light on the
spontaneous associations to the concrete topic, aimed at representing the arguments they would
raise in public discussions.
The study’s results suggest that the arguments used during debates on DGRs mostly focus on
concerns related to justice and (personal) responsibility, as well as to safety and protection.
These are, however, not completely coinciding with the factors used in quantitative studies on
attitudes towards nuclear issues. We thus propose a stronger focus on descriptive types of
investigations to enrich the already broad knowledge of significant factors affecting attitudes on
nuclear issues. This knowledge could have important implications for the site selection process
and for policy makers. In fact, acknowledging citizens’ arguments during potential debate could
result in more efficient communication among agents and in greater consideration of the public,
which, in turn, could increase acceptance and trust in authorities (Boulanger and Bréchet, 2005;
Ioannides et al., 2005; Renn, 1999, Mah and Hills, 2014). One could thus mitigate public
concerns reported in risk analysis communication that such processes are only “a political tool
that uses science as a rationalization for decisions that have already been made” (National
Research Council, 2005, p. 124). Therefore, descriptive information on peoples’ arguments on
complex topics, such as nuclear issues, could have major impacts on the quality of the
processes implemented by governments.
Switzerland has already done well informing the policy process because its participatory
process allows for personal exchanges among various actors. However, the communication
could be improved by enabling a discourse grounded in the same foundation. If experts and
policy makers were more aware of the public’s arguments, the policy-making process might be
more efficient, and policy acceptance be gained more rapidly. In a participatory process with
time spans of decades, such as the siting of nuclear waste, this approach could save precious
time.
Also, policy communication in general and its framing in public communication, such as the
media, could benefit from descriptive information on how people would discuss on the topic of
nuclear waste repositories. If factors, such as concrete risks, are irrelevant to the population at a
given stage of the political discourse, their coverage in the media would be obviously pointless.
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Another interesting factor worth more attention in the future is the relationship among general
opinion, arguments, demographic variables, and risk and benefit perceptions. The question of
mutual influences and their magnitudes remains open. Prior research has shown that risk and
benefit perceptions influence attitudes on nuclear issues (e.g., Sjöberg and Drottz-Sjöberg,
2009; Flynn et al., 1994) and that demographic variables, such as gender, influence risk and
benefit perceptions (e.g., Davidson and Freudenburg, 1996). Therefore, the question is where
individuals’ argumentation should be situated in the opinion-making process. Is argumentation
a direct consequence of general opinion on a specific issue, or does it influence general
opinion? Is individuals’ argumentation influenced by risk and benefit perceptions, or vice
versa? Further research should investigate these relationships in more detail to find the causal
paths among all these factors that have impacts on how a population forms its opinion on
nationally relevant issues.
Interestingly, only few participants mentioned the actual situation of the nuclear waste storage
in interim facilities and the potential risks for the community it raises. Indeed, very few
arguments were related to any potential risk caused by the current situation of nuclear waste in
the country. It seems as if the topic of nuclear waste repositories did not directly affect the risk
perception mechanisms that might alert people to current hazards. Of course, this assumption is
speculative, but future research should investigate this point more thoroughly.
A last point to specifically consider is geographical affectedness. In the study, we could not find
any effect related to geographical proximity to potential disposal sites. Therefore, it is
legitimate to rethink how such affectedness related only to geographical proximity might be an
influential factor at all. In Switzerland, the Federal Office of Energy establishes perimeters of
affectedness, which are direct representations on the surface of the underground geology where
the disposal would be constructed. It is pointless to assume that all those living within these
perimeters are fully aware of them. Furthermore, people might feel differently affected by such
repositories due to factors other than geographical limits. For instance, transportation routes and
the current sites of nuclear power plants also present potential risks for nuclear contamination.
Furthermore, if such contamination should occur, the geographical limits would become
obsolete. Where then does one start to be affected by a repository? This question should be
assessed more clearly in future policy-making decisions when considering populations’
affectedness by nuclear waste.
This study has focused on the case of a national site-selection process for nuclear waste, so the
contents of the results are not generalizable to other countries in similar situations. How Swiss
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people would discuss about the topic of DGRs might be different than how people in France,
Germany, Sweden, the United States, or any other country would do. However, in general,
descriptive approaches and the insight that people focus on arguments strongly related to values
should encourage the adoption of such ways to investigate public opinions and improve the
quality of participatory processes across countries.
Conducting similar investigations in other countries could be very promising. To our
knowledge, no studies have compared the participatory process for nuclear waste disposal in
different nations. Such a comparison would require a very well-informed research group that
has a broad knowledge of these countries’ national politics, general public opinion, history of
nuclear power and public consent, and characteristics of the ongoing participatory processes for
nuclear waste disposal siting. Nonetheless, the results could provide valuable insights that aid
nations and their governments in the policy making.
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5 How a multi-method approach can improve research on specific
and contested energy infrastructures
This dissertation focused on the opinion structures and dynamics about nuclear waste
repositories in Switzerland and proposes a multi-method approach for a dynamic and
empirically based investigation, which has been described in the three contributions presented
in chapters two to four. The aim was to investigate opinions over time by using empirical
designs as well as social simulation. This combination should fill in the gaps of lacking
dynamical perspective (from the empirical part) and not sufficiently realistic representations in
social simulations when investigating complex issues such as the process of nuclear waste
storage. Results from both the longitudinal study and the social simulation provide insights that
can be either translated into practice and/or raise potential inputs for future research on the topic
of nuclear waste and contested infrastructures in general. As follows, the main findings are
summarized, and overall conclusions are discussed.

5.1 Summary of the findings
From the perspective of the DGR topic we can draw the conclusion that in general, Swiss
people are in favor of the building of nuclear waste repositories in their country. Also, the topic
itself is seen as widely important. Breaking it down to an argumentative level it could be shown
that process-related issues in the process of nuclear waste storage, such as the transparency of
communication and fairness of the political process, are rated as the most important for Swiss
people, compared to issues related to risks and benefits (chapters two and three). This insight
can help understanding more deeply which factors are relevant to people in the ongoing process
of nuclear waste storage in Switzerland, as it puts a focus on the political process and on the
fairness that people perceive. This is different than focusing only on technical and/or social
risks and benefits of DGRs.
In relation to gender differences, results showed that for the general attitudes toward nuclear
waste men are found to be more in favor than women. However, for personal arguments,
women and men did not differ in their personal argumentation. This personal argumentation
refers to the qualitative analysis based on open-ended questions described in chapter four.
When asked to discuss about the topic of DGR in Switzerland, people tend to emphasize
arguments related to responsibility as citizens and justice (e.g., towards future generations), as
well as arguments related to safety and protection. Interestingly, these factors are usually not
part of quantitative studies on the issue of nuclear waste (e.g., Sjöberg & Drottz-Sjöberg, 2009;
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Seidl et al., 2012). Therefore, these findings on personal argumentation show that even if there
is already a vast amount of knowledge based on quantitative data mostly related to risk and
benefit perceptions (e.g., Finucane et al., 2000; Slovic, 1987), there can also be a less wellknown part, which relates to personal arguments on the topic. Fostering a successful policy
process and gaining acceptance from the broader public is possible if governments and experts
have enough information about the different actors involved in this process (Wesselink et al.,
2011). Asking people directly how they would argue on a determined topic, actually points out
what people focus on when they participate in the process. This can be seen a relevant
contribution and an input for further research in the domain of policy making and political
processes related to contested infrastructures, as these complex and long-term processes
involving the public rely on the efficient communication among all the actors (e.g., Ioannides et
al., 2005; Pretre, 2004; Renn, 1999; Mah & Hills, 2014). Following the rationale of these
findings, one can propose the assumption that complementary aspects in research should be
taken into account for a better communication among actors in a policy process.
From a more theoretical perspective, the operationalization of social judgment theory (SJT;
Sherif & Hovland, 1961) in a longitudinal design was novel and raised basic questions about
the theory itself, if observed from a dynamic perspective. The results suggest that people
change their way of accepting or rejecting new information over time (chapters two and three).
This dynamic has not been shown before in the literature; thus, it is a contribution that could
possibly evoke something of an SJT renaissance. Indeed, it would be very interesting to know
more about the underlying mechanisms that make people change the latitudes of their opinion
spaces over time.
The implementation of SJT in a dynamic model opened up the question of the time-related
implications of the theory and consequently helped in adapting the simulation model itself in a
more realistic way (chapter three). This implementation exercise supports the usefulness of
combining different methods for investigating one specific topic. Conceiving an adapted
research cycle including empirical research and social simulation permitted a structured
discussion on the advantages of the combination of several methods, in order to gain more
power for the analysis of a real-world problem (chapter two). Some valid examples especially
in the environmental domain support this claim (e.g., Aktipis, 2015; Knoeri et al., 2014;
Millington, 2012). Another major conclusion drawn from the results is that the utilization of the
SJT and empirical data both to gather information and to provide real data for simulation
models is a research approach that should be considered more often in different domains, as it
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allows overcoming methodological limitations such as the abstraction from the real world,
typical for simulation models (see also Squazzoni et al., 2014).
In chapter three, the concept of opinion itself is taking under more specific consideration. It is
claimed that looking only at the general opinion concerning a specific issue might not be
sufficient. The focus is here on the differentiation of opinions into arguments. This approach of
differentiating opinions into arguments was based on prior research (Hegselmann & Krause,
2002; Mäs & Flache, 2013; Mäs et al., 2013; Urbig & Malitz, 2005). In the current work it has
been extended with the inclusion of empirical data, which allowed for a realistic representation
of people’s arguments related to the specific topic of nuclear waste repositories in Switzerland
in a social simulation. The results showed that different types of arguments behave differently
during social interactions, underlining the importance of looking at argument categories (i.e.,
risk-, benefit-, and process categories in this case) separately. Omitting these dynamical
differences (and the differentiation of opinions) would provide only a very general opinion
dynamic and would not be able to explain the phenomena on a content level. The avoidance of
information loss through such types of opinion differentiation might be pivotal for the transfer
of powerful simulation results back to real-world problems. This would help overcoming the
issue of applicability of simulation models (see e.g., Bankes, 2002; Conte et al., 2001).
Summarized, the actual state of Swiss citizens’ opinions on DGRs has been elucidated showing
a general acceptance and a focus on process-related factors, as well as the emphasis on
arguments related to justice, responsibility, safety, and protection. Furthermore, potential
dynamical paths of change in argument categories related to the topic could be depicted through
an agent-based model, allowing for a visualization of the different argument categories over
time. Last but not least, the methodological combination of empirical research and computer
simulation has been analyzed and discussed, showing that the combination is fruitful but there
is more research needed in this direction. At this stage, it is legit to go a step further and to point
out the interdisciplinary nature of the project. In the next section, the role of interdisciplinarity
and transdisciplinarity and potential improvements in the future are discussed. These are
relevant especially regarding complex topics that have dynamics over large time periods as well
as an important impact to people lives.

5.2 Interdisciplinarity and transdisciplinarity
To achieve the objectives of the project, it was necessary to reach out to different disciplines,
such as psychology, computer science, sociology, and political science. Literature search in
different fields of research, such as public opinion, environmental psychology, social
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simulation, psychology of attitudes, as well as governmental documentations regarding the
process of nuclear waste repositories in Switzerland led to a broader understanding and
supported the contributions collected in this dissertation. Theories from psychology and the
progress in social simulation guided the incorporation of different methodologies that could
complement each other in a rational way, such as an empirical longitudinal study and an agentbased model.
Trying to cross boundaries, being able to think across them, and allowing for somehow
unconventional research (especially in the context of established disciplines) is an exercise with
roots in ancient Greece (Ausburg, 2006). This process is obviously not a simple one as, first of
all, the communication across disciplines is hindered by specific jargon and different
conception of similar concepts (Nissani, 1997). However, to create a system of different
knowledge sources to be able to explain or even solve an actual situation, is a path that should
be followed more often in future research projects: it allows for an enhancement of creativity,
better detection of errors, enhanced flexibility during the research process, growth of personal
knowledge across fields, new topics of research that fall into these interstices of disciplines, as
well as better communication in academics and the defense of academic freedom (Nissani,
1995, 1997).
For the field of research on nuclear issues, and especially focusing on the site selection
processes for nuclear waste, one might even go a step further than interdisciplinary studies.
Such contested topics involve the inclusion of different actors in their processes and demand a
better comprehension of social interactions and mechanisms that can occur in participatory
processes in a country. Therefore, a further step for ameliorating the research on nuclear issues
should include transdisciplinary knowledge.
Transdisciplinarity is an approach first defined in the 1970s as a multi-level combination of the
entire system under research (Jantsch, 1972). Over the years, transdisciplinarity has garnered
increasing attention, and several researchers have updated the definitions of this approach’s
characteristics. These characteristics include the relation to real-world problems, the
collaboration between scientists and practitioners, the integration of knowledge on different
levels, and the wide dissemination of the results between research and practice (Jahn, Bergman,
& Keil, 2012, Pohl & Hirsch-Hadorn, 2007).
For this project, a practical transdisciplinary approach was taken at the very beginning of the
process. In the Swiss participatory process, so-called Regionalkonferenzen (regional
conferences) are established to permit an exchange between experts, representatives of the
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government, and the public (Swiss Federal Office of Energy, 2008). It was also by attending
personally some of these conferences at the very beginning of the project that the study took
this specific pathway. This made salient that people are willing to discuss the topic and that
they have their own arguments to put forward in these discussions. In addition, they tend not to
debate about their very general attitude toward nuclear waste repositories but go into more
differentiated arguments. These insights supported the choice of the argumentative approach as
well as the analysis of the open-ended questions described in chapter four.
Talking with the experts and government representatives also brought to light that among them,
there is a conviction that the population is, by trend, opposed to such repositories and that the
main concerns revolve around fear and skepticism. This last insight might relate to the bias of
not discerning other nuclear issues (e.g., nuclear power) from nuclear waste repositories. In
fact, Swiss citizens hold a quite more negative attitude toward nuclear power (Kristiansen,
Bonfadelli, & Kovic, 2016) than they hold toward nuclear waste repositories (see also chapters
two and four). Again, diving into practice and capturing information and knowledge outside
academia revealed insights that research might miss. It would be interesting though, going back
to practice and present the results of the studies in this work to a broader public, in order to
inform the population and the representatives about the scientific description of peoples’
opinions on DGRs in Switzerland.

5.3 Outlook
Future steps are to be made in diverse approaches. Starting from an inter-individual perspective,
socio-psychological mechanisms that function during opinion exchange could be investigated in
more detail. It would be useful to observe the dynamics of discussions among people using the
arguments described in this dissertation. To do so, methods such as group discussions could be
taken into account.
It would also be interesting to put forward the dynamic perspective of SJT. Performing further
studies and experiments to investigate the underlying factors that make people change in their
latitudes could produce interesting results that could be implemented afterwards in other fields,
such as social simulations. Furthermore, one could confront socio-psychological mechanisms
by operationalizing alternative, more complex theories, such as the elaboration likelihood
model (ELM; Petty & Cacioppo, 1986) or the heuristic systematic model (HSM; Eagly &
Chaiken, 1993). These theories should then get embedded into a specific real-world problem,
comparable to what has been done in this case for the SJT and the issue of nuclear waste
repositories in Switzerland.
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For the modeling part, extensions of the existing ABM to more complex dynamics should be
pursued. The inclusion of social networks based on real networks (gathered from empirical
evidence) could be a first step. Also worthy of consideration is the addition of more parameters
that may lead to additional emerging patterns, such as individual learning (cf. chapter three).
Knowing more about individuals’ arguments could be fruitful in the modeling exercise. In fact,
instead of given arguments, agents could be able to interact on the basis of their own arguments
based on qualitative data. This would enhance the realistic component of such models and
provide more useful information about the investigated topic.
As the issue of nuclear waste repositories is affecting many nations throughout the world,
comparative studies among different countries would be very helpful. Learning about people’s
perspectives and attitudes, about the process and its successes and failures, and most of all,
individuating commonalities and differences among different countries could enhance the
learning process and provide better solutions for public consent. For this purpose,
interdisciplinarity and cross-cultural approaches should receive greater encouragement among
scientists. Furthermore, the developed simulation model at this stage could be applied to other
nations. A fundamental requirement, however, would be to gather the necessary empirical data
(e.g., valence and importance ratings of opinions, latitudes) from the target population over at
least two time measurements (e.g., with a questionnaire study). This would permit a direct
comparison on the argument dynamics on the issues of DGRs across countries.
Finally, an enhanced transdisciplinary approach might be the best choice to foster knowledge
transfer and co-production (Pohl et al., 2010) and to help in the long and contested process of
DGR siting. Some efforts have already been made for the Swiss case, focusing on collaborative
research (e.g., Krütli, Stauffacher, Flüeler, & Scholz, 2010). However, more work has to be
done both in Switzerland and in other countries facing the same problems, such as Germany or
France. The importance of communication among actors by integrating research approaches
needs more acknowledgment. People and their opinions are to be taken seriously to avoid
political opposition (e.g., Boulanger & Bréchet, 2005; Renn, 1999, Mah & Hills, 2014).
However, the way in which this has to be done demands a common ground and a conscientious
approach. Every party with the intention of working together must be acknowledged along with
their opinions, ideas, interests, and concerns. Only then can one examine the process and draw
attainable conclusions to be used as standards for the issue at hand.
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5.4 Conclusion
This dissertation has had two major outcomes. On the one hand, it has provided insights into the
participatory site selection process for nuclear waste repositories in Switzerland, showing how
people tend to approve the building of nuclear waste repository, highlighting the relevant
arguments that the population is concerned with (e.g., political process, justice, responsibility,
safety, etc.). The results and consequential assumptions can support the political process and
can contribute to a well-informed participatory process. Furthermore, these results can inform
future research and practice in other countries facing the same problem of nuclear waste
storage.
On the other hand, it has contributed to improving the interdisciplinary research in the field of
contested infrastructures. The use of a multi-method approach comprising longitudinal
empirical research and computer simulation has shown that such a methodological combination
can help scientists improving their research. Results from the empirically based social
simulation can inform scientists as well as representatives and interested parties about dynamic
changes in peoples’ opinions, enhancing the view on the differentiation of opinions into
arguments. But not only can the findings provide more detailed insights; the basic theories, the
way of conducting the research, the design, and the operationalization of the theoretical
assumptions can be revised with a differentiated perspective on the research topic. However, it
is important to keep in mind the challenges related to such an approach. As described in the
studies (chapters two and three), combining two different methods belonging to different
academic disciplines requires interdisciplinary knowledge and certain openness to
acknowledging new efforts in this direction.
Going back to a genius of the 19th century and the scientific movement that emerged as a result
of his work, Goethean science postulated centuries ago what seems to be of high relevance
today. In fact, for Goethe, knowledge was all about association, not separation. Furthermore,
the observer and the object observed change continuously as the scientific process proceeds.
This dynamic perspective only reminds us that the object of research might change its
characteristics depending on who is observing it and at which time point this observation
happens.
Translated into modern scientific terms, a researched topic is seen and approached differently
from a natural scientist than it would be by a social or computer scientist. Furthermore, as
systems are usually not static, a dynamic perspective becomes highly relevant. Therefore, it is
important to keep in mind that if we aim at acquiring better knowledge, we need to associate.
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This can include communication among disciplines or collaborations in research projects. Many
factors related to human beings and their social systems, are dynamic in nature. However their
timescales may vary to a big extent: a political process over decades has different dynamics
than a reaction to an imminent situation. The former is then obviously much more demanding to
monitor and investigate than the latter. Therefore, approaches that take into account dynamic
perspectives (e.g., social simulations) surely offer a considerable advantage in the research.
This might elicit a certain touch of romantic science. But perhaps, in an academic era, where
sometimes the personal interests of an individual soar past the purpose of science, which is
acquiring knowledge to produce useful models of reality and apply them in the real world, the
aim of working together gives a hopeful perspective for the future.
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10 Appendix
The longitudinally designed online questionnaire is presented in full length for both time
measurements in January 2014 and January 2015 in the original language (i.e., German). The
variables that have been used for the analyses in the different publications are tagged with a *.
The variables that have been presented only in one of the two time measurements are labeled
with the corresponding year in which they appeared in the questionnaire.

(2014) Unsere Forschungsgruppe Umweltnatur- und Umweltsozialwissenschaften der ETH
Zürich führt eine Befragung zum Thema "geologische Tiefenlager für die Entsorgung
radioaktiver Abfälle" durch.
(2015) Vor ca. einem Jahr haben Sie bereits an einer Umfrage teilgenommen zum Thema
"geologische Tiefenlager für die Entsorgung radioaktiver Abfälle". Unsere Forschungsgruppe
Umweltnatur- und Umweltsozialwissenschaften der ETH Zürich führt eine Langzeitbefragung
durch und wir würden uns freuen, wenn Sie sich erneut Zeit nehmen würden für diese Umfrage.
Die Erkenntnisse dieser Studie sollen zu einem besseren Verständnis der Meinungen über das
aktuelle Thema in der breiten Schweizer Bevölkerung führen.
Ihre Mitarbeit ist für unsere Studie von grosser Wichtigkeit, und wir sind Ihnen sehr dankbar,
dass Sie unsere Arbeit mit Ihrer Teilnahme unterstützen!
Das Beantworten der Fragen dauert ca. 15 Minuten.
Bitte folgen Sie den Anweisungen und beantworten Sie die Fragen spontan.
Ihre Meinung zählt. Es gibt keine richtigen oder falschen Antworten.
Die Teilnahme ist freiwillig und kann jederzeit abgebrochen werden.
Ihre Antworten werden streng vertraulich behandelt und bleiben anonym.
Ausser dem Forschungsteam werden Ihre Antworten niemandem bekannt und zugänglich sein.

* Geschlecht
Männlich

¡

¡

Weiblich

* Alter
Bitte wählen Sie Ihr Geburtsjahr
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(2014) Haben Sie Kinder?
Ja

¡

¡

Nein

* (2014) Welchen höchsten Schulabschluss haben Sie? Bitte wählen Sie eine der unten
aufgelisteten Alternativen
Obligatorische Schule (Primar-, Real-, Sekundarschule)

¡

Anlehre, Berufslehre, berufsvorbereitende Schule

¡

Mittelschule, Matura, Berufsmatura

¡

Universität, ETH, Fachhochschule

¡

Andere Ausbildung

¡

* Bitte geben Sie Ihre Postleitzahl an
____________________________________________
(2014) Wie würden Sie Ihre politische Position einstufen?
Gar

Sehr

nicht

stark

Links

¡

¡

¡

¡

¡

¡

¡

Rechts

¡

¡

¡

¡

¡

¡

¡

Liberal

¡

¡

¡

¡

¡

¡

¡

Konservativ

¡

¡

¡

¡

¡

¡

¡

Technisch

¡

¡

¡

¡

¡

¡

¡

Ökologisch

¡

¡

¡

¡

¡

¡

¡

(2014) Sind Sie in einer Partei und/oder Umweltschutzorganisation aktiv tätig?
Ja

Nein

Partei

¡

¡

Umweltschutzorganisation

¡

¡
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Es folgen einige Informationen über das Thema "geologische Tiefenlager in der Schweiz"
Radioaktive Abfälle entstehen seit Jahrzehnten bei der Stromproduktion, in der Medizin, der
Forschung und der Industrie. Diese werden gegenwärtig in zwei zentralen Lagern im Kanton
Aargau und bei den Kernkraftwerken zwischengelagert.
Nach heutigem Kenntnisstand sind sich Expertinnen und Experten darüber weltweit einig, dass
die langfristige Einlagerung in unterirdische Gesteinsschichten die sicherste Lösung ist. Das
Kernenergiegesetz schreibt deshalb geologische Tiefenlager vor, welche in einer geeigneten
Gesteinsformation in mehreren hundert Metern Tiefe liegen sollen.
(2014) Für die Entsorgung radioaktiver Abfälle und deren Kosten sind in der Schweiz die
Verursacher verantwortlich (Kernkraftwerkbetreiber und der der Bund). Die Nationale
Genossenschaft für die Lagerung radioaktiver Abfälle (Nagra) ist beauftragt, die Entsorgung zu
planen und die dazu notwendigen Abklärungen durchzuführen.
(2014) Die Standortsuche für geologische Tiefenlager wird als ein transparentes,
nachvollziehbares und verbindliches Auswahlverfahren definiert. Das Bundesamt für Energie
(BFE) trägt dabei die Gesamtverantwortung.
(2014) Dabei gelten folgende Grundsätze:
•

Die Sicherheit von Mensch und Umwelt hat oberste Priorität. Der Sicherheit nachgeordnet
sind Aspekte der Raumnutzung, Wirtschaft und Gesellschaft.

•

Mit den Gemeinden der Standortregionen und der betroffenen Bevölkerung ist eine
intensive Zusammenarbeit vorgesehen. Dazu wird eine regionale Partizipation aufgebaut.

•

Das Verfahren muss transparent sein.

Die Standortsuche erfolgt in drei Etappen– aktuell befindet sich die Standortsuche in der
zweiten Etappe.
(2014) In der ersten Etappe wurden die Gebiete, die sich aufgrund des aktuellen Kenntnisstand
geologisch für Tiefenlager eignen, definiert. In der zweiten und dritten Etappe werden vertiefte
sicherheitstechnische Untersuchungen durchgeführt, sowie raumplanerische und
sozioökonomische Aspekte analysiert.
Am Ende des Verfahrens reicht die Nagra Rahmenbewilligungsgesuche für geologische
Tiefenlager ein, die von Bundesrat und Parlament genehmigt werden müssen. Gegen diese
Entscheide kann ein fakultatives Referendum ergriffen werden.
Ich habe den Text gelesen

¡

Ich habe den Text nicht gelesen
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¡

* Wie stark haben Sie sich bisher mit dem Thema geologische Tiefenlager und
Entsorgung von nuklearen Abfällen beschäftigt?
(z.B. im Internet darüber recherchiert, Sendungen gesehen/gehört, darüber in Zeitungen
gelesen, mit anderen darüber gesprochen...)
Überhaupt
nicht stark

Sehr stark

¡

¡

¡

¡

¡

¡

¡

* Wie wichtig ist das Thema geologische Tiefenlager und Entsorgung von nuklearen
Abfällen für Sie?
Überhaupt
nicht

Sehr

wichtig

wichtig

¡

¡

¡

¡

¡

¡

¡

* Im Allgemeinen, wie ist Ihre Meinung zu den Tiefenlagern für nukleare Abfälle in der
Schweiz?
Ich bin

Ich bin

absolut

absolut

Ich weiss

dagegen

dafür

nicht

¡

¡

¡

¡

¡

¡

¡

¡

(2015) Wie gefestigt ist Ihre Meinung zu den geologischen Tiefenlager?
Meine
Meinung ist

Meine

überhaupt

Meinung ist

nicht gefestigt

sehr gefestigt

¡

¡

¡

¡
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¡

(2015) Wie sicher oder unsicher sind Sie Ihrer Meinung zu den geologischen Tiefenlager?
Ich bin meiner

Ich bin meiner

Meinung sehr

Meinung sehr

unsicher

sicher

¡

¡

¡

¡

¡

Wie schätzen Sie Ihr Wissen zum Thema der geologischen Tiefenlager in der Schweiz ein?
Ich weiss
überhaupt

Ich weiss

Ich weiss

Ich weiss

Ich weiss

Kann ich

nichts

ganz wenig

einiges

viel

sehr viel

nicht sagen

¡

¡

¡

¡

¡

¡

(2015) Haben Sie in den letzten 1-3 Wochen neue Informationen über das Thema der
geologischen Tiefenlager in der Schweiz gelesen oder gehört?
Ja

¡

¡

Nein

(2015) Wenn Sie die letzte Frage mit „ja“ beantwortet haben, können Sie sich noch daran
erinnern, was der Inhalt dieser Information war?
____________________________________
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* (2015) Wenn Sie an Ihr soziales Umfeld denken (Familie, Freunde, Arbeitskollegen,
etc.), mit wie vielen Personen haben Sie bis jetzt über das Thema der geologischen
Tiefenlager gesprochen?
Bitte wählen Sie unten eine Option aus. Wenn Sie keine genaue Angabe machen können, dann
bitten wir Sie eine Schätzung anzugeben.
In meinem Umfeld habe ich mit
0

¡

1-4

¡

5-8

¡

9-12

¡

13-16

¡

17 oder mehr

¡

Personen über geologische Tiefenlager in der Schweiz gesprochen.

(2015) Mit welchen dieser Personen sprechen Sie am häufigsten über dieses Thema?
Bitte geben Sie an, wer diese Person ist (z.B. Mutter/Vater, Partner/in, Arbeitskolleg/in,
ExpertIn, Vertrete BFE, etc...) und erstellen Sie eine Rangliste.
WICHTIG: Geben Sie NUR EINE PERSON PRO EINGABEFELD an. Sie müssen nicht alle
Felder ausfüllen.
Rang 1. Am häufigsten spreche ich über dieses Thema mit…

______________________

Rang 2. Am zweithäufigsten spreche ich über dieses Thema mit…

______________________

Rang 2. Am dritthäufigsten spreche ich über dieses Thema mit…

______________________

134

(2015) Denken Sie nun bitte an die Schweiz im Allgemeinen. Was meinen Sie, wie wichtig
schätzen die Schweizer Bürger das Thema der geologischen Tiefenlager in der Schweiz
ein?
Für Schweizer Bürger ist dieses Thema...
Überhaupt
nicht

Sehr

wichtig

wichtig

¡

¡

¡

¡

¡

¡

¡

(2015) Und nochmals bezogen auf die ganze Schweiz: Was meinen Sie, welche ist die
allgemeine Meinung der Schweizer Bürger zum Thema der geologischen Tiefenlager in
der Schweiz?
Die Schweizer Bürger sind im allgemeinen...
Absolut

Absolut

dagegen

dafür

¡

¡

¡

¡

¡

¡

¡

* Stellen Sie sich vor, über das Thema der Lagerung von radioaktiven Abfällen in der
Schweiz diskutieren zu müssen. Mit welchen Argumenten würden Sie darüber
diskutieren?
Zählen Sie spontan die Argumente auf, die Ihnen diesbezüglich in den Sinn kommen (jeweils ein
Argument pro Feld). Sie müssen nicht alle Felder ausfüllen.
______________

______________

______________

______________

______________

______________

______________

______________

* Nun werden die Argumente eingeblendet, die Sie soeben angegeben haben. Bitte
bewerten Sie jetzt jedes Argument: Wie stark spricht es für oder gegen in geologisches
Tiefenlager für radioaktive Abfälle in der Schweiz?
Bezogen auf ein geologisches Tiefenlager in der Schweiz, spricht dieses Argument meiner
Meinung nach…
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Ich bin

Ich bin

absolut

absolut

Ich weiss

dagegen

dafür

nicht

¡

¡

¡

¡

¡

¡

¡

¡

* Bitte geben Sie jetzt jeweils an, wie wichtig jedes der von Ihnen angegebenen
Argumenten für Ihre persönliche Meinung ist.
Dieses Argument ist für meine persönliche Meinung…
Überhaupt
nicht

Sehr

wichtig

wichtig

¡

¡

¡

¡

¡

¡

¡

* Nun werden Aussagen zu den geologischen Tiefenlagern eingeblendet, welche aus
früheren Umfragen gesammelt wurden. Bitte bewerten Sie jetzt jede Aussage: wie stark
spricht es für oder gegen ein geologisches Tiefenlager für radioaktive Abfälle in der
Schweiz?
Bezogen auf ein geologisches Tiefenlager in der Schweiz, spricht dieses Argument meiner
Meinung nach…
absolut

absolut

Ich weiss

dagegen

dafür

nicht

Ein Tiefenlager würde in der
Standortregion zusätzliche
dauerhafte Arbeitsplätze

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

schaffen.
Es besteht die Gefahr von
Transportunfällen, bei denen
Radioaktivität freigesetzt
werden könnte.
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Ein Tiefenlager würde ein
gesundheitliches Risiko

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

darstellen.
Ein Tiefenlager würde zur
Verbesserung der
Infrastruktur in der
Standortregion führen.
Die Umwelt würde durch das
Tiefenlager geschädigt.
Ein Tiefenlager würde eine
geringere Steuerbelastung der
Bürger bedeuten.
Ein Tiefenlager würde die
nachhaltige Entwicklung in
der Standortregion fördern.
Nachkommende
Generationen werden
(unbeabsichtigt) ins
Tiefenlager eindringen.
Das politische Verfahren für
die Standortsuche sollte fair
sein.
Die Kommunikation während
des Standortsuchverfahrens
sollte transparent sein.
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* Bitte geben Sie jetzt jeweils an, wie wichtig jede der angegebenen Aussagen für Ihre
persönliche Meinung ist.
Diese Aussage ist für meine persönliche Meinung...
Gar nicht

Sehr

wichtig

wichtig

Ein Tiefenlager würde in der Standortregion
zusätzliche dauerhafte Arbeitsplätze schaffen.

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

Es besteht die Gefahr von Transportunfällen,
bei denen Radioaktivität freigesetzt werden
könnte.
Ein Tiefenlager würde ein gesundheitliches
Risiko darstellen.
Ein Tiefenlager würde zur Verbesserung der
Infrastruktur in der Standortregion führen.
Die Umwelt würde durch das Tiefenlager
geschädigt.
Ein Tiefenlager würde eine geringere
Steuerbelastung der Bürger bedeuten.
Ein Tiefenlager würde die nachhaltige
Entwicklung in der Standortregion fördern.
Nachkommende Generationen werden
(unbeabsichtigt) ins Tiefenlager eindringen.
Das politische Verfahren für die
Standortsuche sollte fair sein.
Die Kommunikation während des
Standortsuchverfahrens sollte transparent
sein.
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* Unten aufgelistet sehen Sie verschiedene Aussagen zum Thema geologische Tiefenlager
und nukleare Abfälle.
Bitte wählen Sie von den 10 Aussagen, jeweils:
- Eine Aussage, welche Sie absolut unzulässig finden
- Eine Aussage, welche Sie äusserst zulässig finden
Wenn Sie mehrere Aussagen zulässig bzw. unzulässig finden, dann versuchen Sie sich trotzdem
nur für jeweils eine Aussage zu entscheiden.

Ein Tiefenlager würde in der Standortregion zusätzliche
dauerhafte Arbeitsplätze schaffen.
Es besteht die Gefahr von Transportunfällen, bei denen
Radioaktivität freigesetzt werden könnte.
Ein Tiefenlager würde ein gesundheitliches Risiko darstellen.
Ein Tiefenlager würde zur Verbesserung der Infrastruktur in der
Standortregion führen.
Die Umwelt würde durch das Tiefenlager geschädigt.
Ein Tiefenlager würde eine geringere Steuerbelastung der Bürger
bedeuten.
Ein Tiefenlager würde die nachhaltige Entwicklung in der
Standortregion fördern.
Nachkommende Generationen werden (unbeabsichtigt) ins
Tiefenlager eindringen.
Das politische Verfahren für die Standortsuche sollte fair sein.
Die Kommunikation während des Standortsuchverfahrens sollte
transparent sein.
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Absolut

Äusserst

unzulässig

zulässig

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

* Nun sehen Sie die restlichen 8 Aussagen zum Thema geologische Tiefenlager und
nukleare Abfälle.
Bitte geben Sie nun folgende Bewertungen ab:
- für alle Aussagen, die Sie unzulässig finden (mehrere Angaben möglich)
~ für alle Aussagen, die Sie neutral finden (mehrere Angaben möglich)
+ für alle Aussagen, die Sie zulässig finden (mehrere Angaben möglich)

Ein Tiefenlager würde in der Standortregion zusätzliche
dauerhafte Arbeitsplätze schaffen.
Es besteht die Gefahr von Transportunfällen, bei denen
Radioaktivität freigesetzt werden könnte.
Ein Tiefenlager würde ein gesundheitliches Risiko
darstellen.
Ein Tiefenlager würde zur Verbesserung der Infrastruktur
in der Standortregion führen.
Die Umwelt würde durch das Tiefenlager geschädigt.
Ein Tiefenlager würde eine geringere Steuerbelastung der
Bürger bedeuten.
Ein Tiefenlager würde die nachhaltige Entwicklung in der
Standortregion fördern.
Nachkommende Generationen werden (unbeabsichtigt) ins
Tiefenlager eindringen.
Das politische Verfahren für die Standortsuche sollte fair
sein.
Die Kommunikation während des Standortsuchverfahrens
sollte transparent sein.
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Unzulässig

Neutral

Zulässig

(-)

(~)

(+)

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡

Im Folgenden werden Ihnen Beispiele von Personen vorgestellt, die Sie während einer
Diskussion über Tiefenlager in der Schweiz antreffen könnten.
Bitte lesen Sie sorgfältig, was die Person Ihnen zu sagen hat und beantworten Sie anschliessend
die Fragen.
(Die Auswahl der Interaktionen erfolgt zufällig, aber immer nach folgendem Muster: Interaktion mit…
•

…einem positiven Argument (Auswahl aus vier Argumenten)
…einem negativen Argument (Auswahl aus vier Argumenten)

•

…einem prozessorientierten Argument (Auswahl aus zwei Argumenten)

•

…drei allgemeinen Meinungen (positiv, negativ und ambivalent))

Wie gerne würden Sie mit dieser Person über geologische Tiefenlager in der Schweiz
diskutieren und das Gespräch weiterführen?
Bitte geben Sie an, wie gerne oder nicht gerne Sie das Gespräch weiterführen würden, indem
Sie den Kreis in die gewünschte Richtung bewegen.

Wie gerne würden Sie mit dieser Person über geologische Tiefenlager in der Schweiz
diskutieren und das Gespräch weiterführen?
Bitte geben Sie an, wie gerne oder nicht gerne Sie das Gespräch weiterführen würden, indem
Sie den Kreis in die gewünschte Richtung bewegen.
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Bitte geben Sie an, wie gerne oder nicht gerne Sie das Gespräch weiterführen würden, indem
Sie den Kreis in die gewünschte Richtung bewegen.
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Sie den Kreis in die gewünschte Richtung bewegen.
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Bitte geben Sie an, wie gerne oder nicht gerne Sie das Gespräch weiterführen würden, indem
Sie den Kreis in die gewünschte Richtung bewegen.

Zum Schluss noch ein paar allgemeine Fragen zum Thema geologische Tiefenlager in der
Schweiz.
Wir in der Schweiz brauchen eine Lösung für das Problem der Lagerung von
radioaktiven Abfällen.
Stimme

Stimme

überhaupt

völlig zu

nicht zu
¡

¡

¡

¡

¡

¡

¡

Ich fühle mich hin und her gerissen, wenn es um das Thema der geologischen Tiefenlager
in der Schweiz geht.
Stimme

Stimme

überhaupt

völlig zu

nicht zu
¡

¡

¡

¡

¡

¡

¡

(2014) Vor ca. einem Jahr hatten Sie bereits an einer ähnlichen Befragung zum Thema
geologische Tiefelager in der Schweiz teilgenommen. Haben sich Ihre Einstellungen zu
diesem Thema seither geändert? Wenn ja, in welche Richtung?
Meine Einstellungen sind seit der letzten Befragung...
Negativer geworden

¡

Unverändert geblieben

¡

Positiver geworden

¡

Danke für das Ausfüllen der Fragen!
Falls Sie Kommentare/Bemerkungen zur Umfrage haben, können Sie diese hier schreiben:
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Für weitere Informationen zum Thema geologische Tiefenlager in der Schweiz:
Bundesamt für Energie: http://www.bfe.admin.ch/radioaktiveabfaelle/
Eidgenössisches Nuklearinspektorat: http://www.ensi.ch/de/
Nagra: http://www.nagra.ch/de
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